
Geraldo Wilson Fernandes
Yumi Oki
Milton Barbosa   Editors

Baccharis
From Evolutionary and Ecological 
Aspects to Social Uses and Medicinal 
Applications



Baccharis



Geraldo Wilson Fernandes • Yumi Oki 
Milton Barbosa
Editors

Baccharis
From Evolutionary and Ecological Aspects 
to Social Uses and Medicinal Applications



ISBN 978-3-030-83510-1    ISBN 978-3-030-83511-8 (eBook)
https://doi.org/10.1007/978-3-030-83511-8

© Springer Nature Switzerland AG 2021
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of 
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, 
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information 
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology 
now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, expressed or implied, with respect to the material contained herein or for any 
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional 
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Editors
Geraldo Wilson Fernandes
Universidade Federal de Minas Gerais
Belo Horizonte, Minas Gerais, Brazil

Milton Barbosa
Universidade Federal de Minas Gerais
Belo Horizonte, Minas Gerais, Brazil

Yumi Oki
Universidade Federal de Minas Gerais
Belo Horizonte, Minas Gerais, Brazil

https://doi.org/10.1007/978-3-030-83511-8


We dedicate this book to the memory of 
Graziela Maciel Barroso, known as the first 
lady of botany in Brazil. Graziela was born 
in the then small town of Corumbá near the 
border with Paraguay in 1912 and passed 
away in Rio de Janeiro in 2003. She started 
studying botany at the age of 30 to become 
the most iconic botanical taxonomist in 
Brazil. She was the first female naturalist to 
work in the Botanical Garden of Rio de 
Janeiro in 1946. When she was 47 years old, 
she started biology at the State University of 
Guanabara, today State University of Rio de 
Janeiro. Graziela was 60 years old when she 
received her PhD from the University of 
Campinas, working on the systematics of 
Brazilian Baccharis. She passed away when 
she was 91 years old, one month before 
entering the Brazilian Academy of Sciences. 
Dedicating this book to Graziela Barroso is 
fair and appropriate as her attitudes and way 
of life resemble that of Baccharis: conquer 
and thrive in unlikely places, under the most 
difficult pressures to circumvent.
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Foreword

Imagine that you want to find a plant model system to study ecology, evolutionary 
biology, phytochemistry, ethnobotany, plant-animal interactions, biogeography, 
plant development, and morphology. Imagine, also, that you want to use this model 
system for any of these subjects, or combinations thereof, in a variety of ecological 
settings—from drylands to rainy areas, from lowlands to relatively high elevations. 
Imagine, further, that you want to have access to a model system that, being of eth-
nobotanical importance—resulting from its use for medicinal purposes by tradi-
tional indigenous and rural cultures– is promising for bioprospecting and holds 
potential for industrial development. Your first option would be to compile a large 
group of plants that encompasses this diversity of ecological, evolutionary, ethnobo-
tanical, and pharmacological traits. To be sure, the exuberant plant kingdom—com-
posed of an estimated contingent of some 380,000 species of vascular plants—that 
currently populates the planet will allow you to find some species of some lineage 
to study one or two of the aspects of your research program; another species or 
group of species from another lineage would be convenient for you to examine other 
aspects, and so on, across multiple lineages of the plant kingdom.

Beyond the practical complexities that such an interspecific approach would 
bring, you will have to deal with the challenge of the correct interpretation of sev-
eral aspects of your research. Consider, by way of example, a hypothetical case of 
studies on the ecology and evolution of anti-herbivore plant compounds under con-
trasting edaphic environmental settings—poor-nutrient soils, compared to nutrient- 
rich soils, for instance. You could predict that species adapted to poor-nutrient soils 
will be more defended than those adapted to nutrient-rich soils under the Resource 
Availability Hypothesis. Suppose that you uncover differences in the profile of 
defensive compounds in your study plants, consistent with your theoretical expecta-
tions. However, your interpretations of such exciting differences will have to factor 
out the fact that the differences may have arisen due to the species’ different evolu-
tionary histories represented by their different lineages—a sort of phylogenetic 
inertia—instead of, or in addition to, the species adaptations to thrive in different 
soil environments. This challenge regarding the correct interpretation of your 
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findings will be applicable to many of the topics of your research program (although 
we now have analytical tools to at least partly take this into account).

A more direct, “cleaner” alternative would be to find a plant lineage that is rich 
in taxa that collectively represents a diversity of species and, yet, they are phyloge-
netically related, such that several of your fundamental and applied interrogations 
can be framed in the absence, or minimal influence of the plant’s phylogeny. If you 
had such an aspiration, then you would do well in selecting the genus Baccharis as 
a model system. On par with the remarkable features of the hyper cosmopolitan and 
specious Asteraceae mega-family—the lineage to which this genus belongs—Bac-
charis exhibits an explosive diversification, with 440 known species. Likely an 
underestimate, given the incomplete botanical exploration across its range, and the 
still limited application of molecular tools to fine tune the group’s taxonomy.

With an impressive geographical range, going from southern Chile to Nova 
Scotia, Canada, this cosmopolitan generic plant lineage includes species that thrive 
from sea level to elevations that surpass 5000 m, thriving under climatic envelopes 
that encompass a wide range from drylands to mesic forests. Naturally, the plant life 
forms (i.e., functional groups) that represent the adaptations necessary to thrive in 
such a diversity of ecological sceneries is equally diverse, ranging from leafless 
shrubs (in water-deficient locations) to evergreen shrubs (e.g., in chaparral systems), 
small herbs to lianas and treelets (in more climate-benign forests). In some of these 
ecological settings, some members of the genus are endemic, while others feature a 
much broader geographic distribution. Throughout their range, some species are 
very generalists (e.g., occurring in open and somewhat shaded sites), while others 
are much more stenoic (e.g., occurring exclusively in disturbed sites). Additionally, 
some are present at high local abundances and others thrive at low densities. Thus, 
Baccharis conforms an assemblage of closely related species that encompass the 
entire gradient of rarity—from stenoic species of narrow geographic distribution 
and low local density to sister species of broad geographic distribution, habitat- 
generalists, and locally abundant.

The ecological and evolutionary versatility of this unique plant lineage is mani-
fested, as could be expected, in a plethora of traits that add to its attractiveness as 
model study system, prominent among which is their phytochemical diversity rep-
resented in the (at least) 150 isolated and characterized secondary metabolites. Such 
a chemical repertoire underscores the importance of Baccharis in chemical pros-
pecting leading to the multiplicity of promising medical applications to deal with 
multiple maladies—including several types of cancer—as well as its importance in 
the ethnobotanical sphere. In my own experience as a field biologist, I have come 
across the case of Baccharis conferta, used by several Mexican indigenous and rural 
communities for diarrhea, or B. tricuneata, the local name of which, sanalotodo 
(rough translation from Spanish to English: “good cure for anything”), reflects the 
multi-faceted ethnomedical value of this species and the genus as a whole, and its 
promising potential in bioprospecting. From a very different perspective, it is worth 
noting that its ecological and evolutionary diversification that has allowed Baccharis 
to make presence in a significant portion of the Western Hemisphere also allows it 
to be present, as an accidentally or deliberately introduced species, in other parts of 
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the world—in several of which it represents a management challenge. In sum, this 
versatile genus offers opportunities of study on basically any field of enquiry for 
plant biologists.

To this summarized account of the biological and chemical aspects that make 
Baccharis a convenient cluster of closely related species, one can mention that, 
from a practical, logistical perspective, the genus is also friendly to researchers: the 
plants are frequently abundant, of reachable size, typically generous in seed produc-
tion, and a manageable plant to examine in terms of the multiple hosts it harbors. 
Indeed, several Baccharis species can be regarded as foundation species given their 
role as habitat or trophic resource for phytophagous insects (including an astonish-
ing diversity of galling taxa) and fungal associates (both mutualistic endophytes and 
pathogenic ones), as well as pollinators. Related to this aspect of Baccharis serving 
as a foundation species, I have personally benefited from having Baccharis pilularis 
at hand to study its role as a facilitating mechanism for the establishment and 
recruitment of oak seedlings and saplings in the biotically and abiotically stressing 
grassland ecosystems of Northern California. And not only that, for B. pilularis has 
proven to be a convenient teaching tool for my field ecology classes in the grassland 
areas of Stanford’s Jasper Ridge Biological Preserve. Using this friendly plant, stu-
dents can learn about facilitation ecology, habitat colonization, plant responses to 
global change factors, intersexual resource allocation (given the dioecious character 
of the species), and gall-plant interactions.

In this prologue, I have endeavored in showcasing the tremendous value of 
Baccharis as a model study system, given what we know, so far, of this genus. 
Although we know that there is much that we do not know yet, what we know is 
precious and is splendidly compiled in this volume that brings together, for the first 
time, the most thorough synthesis of this amazing plant lineage. The volume also 
aptly includes an articulation of the most critical remaining knowledge lacunae and 
spells out the promising avenues for the understanding of how the plant kingdom 
works, seen here through the lens of this unique cluster of sister species. Such 
botanical understanding is increasingly critical in this era of daunting anthropogenic 
global environmental change.

Stanford University Rodolfo Dirzo 
Stanford, CA, USA

Foreword



xi

Acknowledgements

We want to express our special gratitude to all authors for accepting the challenge 
of contributing chapters to this book, without whom this project would not have 
been possible. We are also indebted to many of them who also invested additional 
time and patience to review other chapters. We are thankful for the reviews kindly 
done by Carolina Siniscalchi, Fernão Braga, Gari Vidal Cana Capatinta, Germán 
Ávila, Gustavo Heiden, Lorena Ashworth, Paulete Romoff, Rosy Isaias, Sandra 
Ludwig, and Takanori Tsuda. We are grateful to Barbara Rubia Silveira, Barbara 
Araujo Dias, and Natalia Moia for helping with the formatting and editing of some 
chapters and to Patricia Angrisano for the colour pencil illustrations of the Baccharis 
species. We also thank the Conselho Nacional de Pesquisas – CNPq, Coordenação 
de Aperfeiçoamento de Pessoal de Nível Superior  – CAPES/Print, Fundação de 
Desenvolvimento da Pesquisa do Estado de Minas Gerais – FAPEMIG, Ministério 
da Ciência, Tecnologia e Inovações – MCTI, Planta Ltda, Reserva Vellozia, Instituto 
Brasileiro do Meio Ambiente e dos Recursos Naturais Renováveis (IBAMA), 
Associação Brasileira de Estudos das Abelhas – A. B. E. L. H. A. / Ministério do 
Meio Ambiente, Instituto Estadual de Florestas – IEF, Instituto Chico Mendes de 
Conservação da Biodiversidade  – ICMBio, Programa de Pesquisa Ecológica de 
Longa Duração – PELD/CNPq, Programa de Pesquisa em Biodiversidade (PPBio/
MCTI), and all other supporting agencies that contributed to the development of 
this book.

We dedicate this book to the memory of Graziela Maciel Barroso, known as the 
first lady of botany in Brazil. Graziela was born in the then small town of Corumbá 
near the border with Paraguay in 1912 and passed away in Rio de Janeiro in 2003. 
She began studying botany at the age of 30 to become the most iconic botanical 
taxonomist in Brazil. She was the first female naturalist to work in the Botanical 
Garden of Rio de Janeiro in 1946. When she was 47 years old, she began her study 
of biology at the State University of Guanabara, today State University of Rio de 
Janeiro. Graziela was 60 years old when she received her PhD from the University 



xii

of Campinas, working on the systematics of Brazilian Baccharis. She passed away 
when she was 91 years old, one month before entering the Brazilian Academy of 
Sciences. Dedicating this book to Graziela Barroso is fair and appropriate as her 
attitudes and way of life resemble that of Baccharis: conquer and thrive in unlikely 
places, under the most difficult pressures to circumvent.

Acknowledgements



xiii

About the Book

This unique book provides a comprehensive overview of the most up-to-date knowl-
edge of the plant genus Baccharis. The chapters cover a broad scope and are written 
by multiple authors who are experts in different subjects. The content of this book 
is organised into four major topics encompassing the evolution, ecology, chemistry, 
as well as environmental and medical applications of the genus. The genus Baccharis 
comprises more than 440 species, many of which are of primary ecological, eco-
nomic, and cultural importance. Several species play crucial roles in biodiversity 
maintenance as foundation species, while others are invasive species with economic 
implications around the world. Baccharis is also well-known for being the source of 
innumerable chemical compounds widely used in folk medicine, by the cosmetics 
and pharmaceutical industries. As a result, Baccharis is the most studied Neotropical 
plant genus, and it has been studied by researchers around the world within fields 
spanning from ecology to pharmacology, chemistry, medicine, molecular biology, 
and economy. Even countries where the genus is not found, such as Lithuania, 
Denmark, France, and Canada, have produced articles on Baccharis. This book 
dedicates a whole part to the chemistry and the unique pharmacological potential of 
the green propolis produced by bees using resins collected from Baccharis dracun-
culifolia, and used worldwide to treat various diseases. This book brings to light 
many new data and provides updated and new syntheses in many of its chapters. 
This publication is a major reference for an audience of practising researchers, aca-
demics, PhD students, and other scientists in a wide-ranging collection of fields, 
from sociology to medicine to bioeconomy.

Belo Horizonte, MG, Brazil Geraldo Wilson Fernandes 
 Yumi Oki
 Milton Barbosa
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Part I presents an evaluation of the ecological and evolutionary pathways of 
Baccharis and includes the most updated information on this genus taxonomy, ecol-
ogy and evolution.

Baccharis is a genus comprising more than 440 species distributed from the 
United States to Southern South America. The genus has enormous ecological 
importance since its species represent a year-round resource for a large number of 
organisms, including herbivores and pollinators. A diverse fauna of herbivorous 
insects feeds on these genus species, including the largest diversity of galling insects 
in the Neotropics. In addition, Baccharis species are mostly pioneers, with adapta-
tions to resist extreme environmental conditions and, therefore, have great potential 
for the restoration and maintenance of biodiversity in several habitats. Due to bio-
logical features, diverse associated fauna, and wide distribution—usually at high 
frequency and across gradients (altitudinal, hygrothermal, salinity, and habitat dis-
turbance)—the species of Baccharis have been extensively used as study models in 
ecological research; for instance, to monitor the impacts of climate change. On the 
other hand, several species of Baccharis are considered invasive species of difficult 
management that occupy ruderal areas, pasturelands, and crops in Australia, the 
USA, and Europe. This part covers it all, bringing to light plenty of new information 
on Baccharis ecological and evolutionary pathways, as well as opening space for 
more studies.

Part I
Ecological and Evolutionary Pathways
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Baccharis magnifica. Illustration by Patrícia Angrisano
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Chapter 1
The Ecological and Applied Potential 
of Baccharis

G. Wilson Fernandes, Yumi Oki, and Milton Barbosa

Abstract The genus Baccharis is composed of ca. 440 species, distributed primar-
ily in South and Central America, many of which are of great ecological, economic, 
and cultural importance. Baccharis species are mostly dioecious and highly diverse 
in chemistry, ecology, architecture, and phenology, occupying many different niches 
and habitats across several gradients of light, temperature, humidity, altitude, and 
succession. Its species are found in natural, urban, and highly polluted environ-
ments. Many species host a large number of associated organisms, including the 
largest fauna of gall-inducing insects in the Neotropics, and play crucial roles in 
biodiversity maintenance as foundation species or ecosystem engineers, while oth-
ers are invasive species with economic implications around the world. Many species 
are geographically restricted or endemic. Baccharis is also well known for being the 
source of innumerable chemical compounds widely used in folk medicine and in the 
cosmetics and pharmaceutical industries. It is one of the most studied genera in the 
world, owing to these multiple factors that have captured the attention of the scien-
tific community.

Keywords Asteraceae · Bioeconomy · Ecosystem engineer · Foundation species · 
Nurse species · Plant-animal interactions

1  The Universe of Baccharis

The genus Baccharis is relatively large with ca. of 440 species so far described in 
the New World. Its distribution is broad, ranging from 55 degrees South (Baccharis 
magellanica: Isla Hornos, Chile: Lat −55.9416629, Lon −67.26916559) to 43 
degrees North (Baccharis halimifolia: Nova Scotia, Canada: Lat 43.99676, Lon 
−65.869709); therefore, with an estimated 11,187 km distance between the most 
extreme species populations. Baccharis pilularis has the northwestern-most 

G. W. Fernandes (*) · Y. Oki · M. Barbosa 
Ecologia Evolutiva & Biodiversidade/DGEE, Universidade Federal de Minas Gerais,  
Belo Horizonte, Minas Gerais, Brazil

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-83511-8_1&domain=pdf
https://doi.org/10.1007/978-3-030-83511-8_1#DOI
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distribution (Seattle, EUA: Lat 47.660917, Lon −122.42093). The species of 
Baccharis are found from sea level at both the Pacific and Atlantic oceans up to 
5050 meters above sea level in the Andes. They inhabit forests, savanna, grassland, 
peat bogs, rocky outcrops, and desert ecosystems. They survive in mesic and xeric 
habitats, under saline conditions, in the shade and the sun, in extremely nutrient-
impoverished environments, and even in polluted or contaminated areas. Many are 
early succession species (Westman et al. 1975), thriving in habitat conditions where 
nutrients and light are abundant. Some are rare and endemic to very specific habi-
tats. Baccharis range from small herbaceous to treelet species and lianas, while 
some species are aphyllous. They are mostly dioecious and evergreen and provide 
the basis for the assembly of many animal communities and, in some cases, function 
as nurse species. The genus likely underwent true adaptive radiation in the New 
World, an aspect yet to be explored.

Several species of Baccharis are important whether for their beneficial or harm-
ful effects (Palmer 1986; Boldt and Robbins 1987, 1990; Boldt 1989; Palmer and 
Haseler 1992a, b; Palmer and Tomley 1993; Palmer et al. 1993; Torres et al. 2000; 
Park et al. 2004; Oliveira et al. 2005; Abad and Bermejo 2007; Morales et al. 2008; 
Resende et al. 2012; Rabelo and Costa 2018; Cock and Hierro 2020; Schild et al. 
2020). Beneficial effects include their use in controlling erosion, as ornamental 
plants or as a hedge (Thompson et al. 1995), and their medicinal properties (e.g., 
Budel et al. 2005; Verdi et al. 2005; Rabelo and Costa 2018). Baccharis species are 
important producers of hundreds of bioactive compounds used in several industries 
(e.g., fiber sensors coupled with an anti-theft alarm, food, chemical, cosmetics) or 
popularly used to treat many and different illnesses. The diversity of compounds 
produced by the species is probably a result of their wide range distribution in the 
most stressful conditions of the globe, which demands biochemical and physiologi-
cal adaptations to survive. Furthermore, many species of this genus show a high 
cultural relevance. On the other hand, several species of Baccharis are considered 
invasive species of difficult management that occupy ruderal areas, pasturelands, 
and crops in Australia, the United States, and Europe (Sims-Chilton et  al. 2010; 
Caño et al. 2016; Calleja et al. 2019). Other Baccharis species (e.g., B. megapota-
mica and B. coridifolia) produce toxic compounds that can kill livestock (Habermehl 
et al. 1985; Jarvis et al. 1987, 1988, 1996; Rizzo et al. 1997; Rissi et al. 2005).

Although this book brings to light the most recent update on the scientific studies 
on the use and relevance of Baccharis in the wild, as sources of compounds with 
potential industrial or commercial application, or as a model system in science, the 
gaps in the knowledge of the genus are still enormous. For most species, basic 
knowledge is still lacking, such as information on life span, interactions with other 
organisms including pollinators and herbivores, population genetics, and propaga-
tion, among others. Only a few species (e.g., B. halimifolia, B. trimera, and B. dra-
cunculifolia) have been studied in more detail (Gene et al. 1996; Caño et al. 2016; 
Fernandes et al. 2018; Rabelo and Costa 2018; Barbosa et al. 2017, 2019; Calleja 
et al. 2019; Monteiro et al. 2020; Rodrigues et al. 2020). There are few works on 
niche modeling developed for Baccharis (Gonzáles et al. 2019).
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While we have often argued that Baccharis is highly successful in habitat colo-
nization due to its large seed production and long-distance dispersion, this has only 
been studied for very few species (e.g., B. pilularis, B. halimifolia, B. dracunculifo-
lia). Most species are not that abundant in nature and inhabit harsh habitats in des-
erts and mountaintops. The ability to germinate under dark conditions, seed 
tolerance to shade, wide adaptability to soil nutrient conditions and salinity, survival 
under high soil humidity, and resprouting capabilities after fire (Westman et  al. 
1975; Gomes and Fernandes 2002) have also been listed as important causes of 
Baccharis success and widespread distribution. Boldt (1989) argue that these char-
acteristics associated with high root growth capacity, intense sprouting after dam-
age, high carbohydrate storage in the root system, and efficient water uptake and 
water use suggest several mechanisms responsible for the widespread occurrence 
and diversity of the genus. But these studies were mostly done for common species 
in North America, while most species are unknown beyond their taxonomy (e.g., 
Fernandes et al. 2007).

Baccharis represents a relatively large genus with wide distribution in the New 
World and presents high scientific and cultural relevance and huge economic poten-
tial, such as in producing important goods and services for human well-being. 
Among the countries that have published scientific literature about Baccharis spe-
cies in the last 40 years are Brazil, United States, Argentina, Chile, Canada, and 
Mexico. More recently, even countries where the genus does not naturally occur, 
such as Spain, Japan, Lithuania, Denmark, and France, have produced articles on 
Baccharis.

2  The Ecological Path of Baccharis

Baccharis species are widely distributed from their origin, likely the mountaintop 
areas in eastern Brazil (Barroso 1976; Heiden et al. 2019). In the process of expan-
sion and adaptation of Baccharis species, colonization by many species of insects 
and pathogens occurred, originating several types of associations. Some Baccharis 
species offer excellent resources for herbivorous and pollinating insects since they 
remain green and in bloom throughout the year (Boldt 1989; Espírito-Santo and 
Fernandes 1998; Espírito-Santo et al. 2004, 2007, 2012; Marques and Fernandes 
2016; Watts et al. 2016; Fernandes et al. 2018; Moreira et al. 2018; Matilde-Silva 
et al. 2019; Monteiro et al. 2020). Some species bloom in autumn, which makes 
them very attractive to honey bees in a period when other flowers are absent. For 
example, B. salicifolia, B. pilularis and B. sarothroides are late summer and autumn 
honey plants (Boldt 1989). Baccharis dracunculifolia is a very important honey 
plant in Brazil and the main source of substances for the production of green propo-
lis (Bastos and Oliveira 1999; Santos et  al. 2011; Fernandes et  al. 2018), while 
B. concinna produces flowers throughout the year (Madeira and Fernandes 1999; 
Espírito Santo and Fernandes 1998; Espírito Santo et al. 2012; Marques et al. 2002). 
These characteristics provide a unique scenario where problems of central relevance 
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in ecology and biodiversity can be studied in detail (see Fagundes et al. 2005; Silva 
et al. 2007) and across large biogeographical regions.

Baccharis species are, to a large extent, primary colonizers of disturbed habitats 
(eg, B. dracunculifolia, B. concinna, B. pseudomyriocephala, B. halimifolia, B. pil-
ularis) and, thus, are very important for the recovery, functioning and maintenance 
of biodiversity in various ecosystems, including those under natural succession 
(Boldt 1989; Araújo et al. 2003). Due to their biological features, diverse associated 
fauna, and wide distribution – usually in high frequency and across gradients (alti-
tudinal, hygrothermal, and of habitat disturbance) – the species of Baccharis have 
been extensively used as study models in ecological research; such as in monitoring 
the impacts of climate change. Baccharis pilularis, for instance, a major facilitating 
species in the chaparral of California (Pelaez et al. 2019), has been used as a model 
for studies of climate change due to its biological characteristics and ease of experi-
mental manipulation (see Zavaleta 2006; Zavaleta and Kettley 2006). In Brazil, sev-
eral aspects of the species B. dracunculifolia have also been studied, including its 
invasiveness, environmental recovery capacity (see Julião et  al. 2005; Fernandes 
et al. 2016; Adenesky-Filho et al. 2017), function as a nurse species (Perea et al. 
2019) and experimental species for testing the effects of climate change (e.g., Sá 
et al. 2014; Oki et al. 2020).

Several species of Baccharis are, on the other hand, considered pests that are 
difficult to manage in pastures, growing in recreational areas. These invasions usu-
ally occur after changes in the environment and, due to their rapid growth, dense 
stands are formed (Boldt 1989). In central Chile, the formation of degraded vegeta-
tion resulted in optimal conditions for the establishment of hybrids and backcross 
progenies for some species of Baccharis (Faini et al. 1991). Some species interfere 
with the use of soil water and the maintenance of irrigation and drainage channels 
(Timmons 1959; Parker 1972; Ellis 2001; Caño et al. 2016; Fried et al. 2016). At 
least one species is invasive, Baccharis halimifolia, which was introduced in 
Australia (Bailey 1900), France, Spain (Dupont 1966) and Italy (Boldt 1989), being 
the only species occurring outside the Americas. On the other hand, recent studies 
point to other Baccharis invasions in Europe, such as that of B. spicata, and may 
represent a worrying threat (Verloove et al. 2018). In Brazil, pastures are completely 
unviable when the invasion by B. dracunculifolia is intense (Lorenzi 1992; Kissmann 
and Groth 1992; Altesor et al. 2005). However, it is a plant that colonizes degraded 
or abandoned areas and an abandoned pasture can be considered a degraded area 
compared to the natural environment.

Many studies have been carried out in the United States, Mexico, Brazil, and 
Australia to verify the richness and importance of insects on some native and intro-
duced Baccharis species. In Australia, these studies focus on potential agents for the 
biological control of B. halimifolia, which has reached high population densities, 
replacing native vegetation (Palmer 1986; Boldt and Robbins 1987, 1990; Boldt 
1989; Palmer and Haseler 1992a, b; Palmer et al. 1993; Palmer and Tomley 1993; 
Donders et al. 2005, Sims-Chilton et al. 2010; Green et al. 2012). This same species 
is becoming one of the most troublesome invaders in the European continent (Caño 
et al. 2013; Calleja et al. 2019). Among the organisms that cause damage to the host 
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plant, the most significant are Chrysomelidae, Curculionidae, Tephritidae, and 
Cecidomyiidae (Tilden 1953; Palmer 1986; Boldt 1989; Cordo et al. 1999; Oki et al. 
2009; Fagundes and Fernandes 2011; Espirito-Santo et al. 2012; Fernandes et al. 
2014; Monteiro et  al. 2020). Chrysomelidae species consume large amounts of 
Baccharis spp. in South America (Blackwelder 1946), and the Brazilian species 
Lioplacis elliptica was introduced into Australia for biological control of B. halimi-
folia (Buzzi 1977; McFadyen 1978). Although only distributed in the North 
American Southwest, B. pilularis is another species that has been widely studied 
due to its importance as an invader of urban areas and water sources in the United 
States (Ellis 2001; Laris et al. 2017).

Gall-inducing insects can reach large population densities on some hosts and 
hence could be of importance in the biological control of Baccharis species (see 
reviews in Fernandes and Santos 2014). The potential for using the gall inducer 
Baccharopelma dracunculifoliae (Homoptera: Psyllidae) to control B. dracunculi-
folia where it represents potential problems due to its invasibility (e.g., Cochabamba, 
Bolivia) can be high due to its high frequency, impact, and wide distribution (Lara 
and Fernandes 1996; Espírito Santo and Fernandes 1998; Burkhadt et  al. 2004; 
Araujo et al. 2006). Seed predator and borer insects are also of great relevance in 
studies of Baccharis biological control (Brailovsky 1982; Palmer 1986; McFadyen 
1978) but have not been studied with the detail it deserves in recent years.

Thirty-three species of insects cause parasitic diseases on Baccharis in the 
United States (Cummings 1978). However, very little is known about the herbivo-
rous insect fauna that attacks the hundreds of other native Baccharis species in the 
Americas, despite some timid advances made in recent years (e.g., Collevatti and 
Sperber 1997; Hudson and Stiling 1997; Espírito Santo and Fernandes 1998; 
Burkhardt et al. 2004; Carneiro et al. 2005, 2006, 2009a, b; Fagundes et al. 2005; 
Fagundes and Fernandes 2011; Neves et al. 2011; Oki et al. 2009; Espirito-Santo 
et al. 2012; Monteiro et al. 2020). Less well known are the most attacked species 
and circumstances or factors that influence the resistance and/or susceptibility to 
attack by natural enemies, although some initial progress has also been made (e.g., 
Espírito Santo et al. 2007, 2012).

3  Baccharis Interactions and Community Structuring

In the wilderness, Baccharis plays a key role in creating opportunities for commu-
nity assembly and maintenance. A few other genera or species have been reported 
to be superhosts of gall-inducing insects in the Nearctic and Palearctic regions: 
Quercus (Felt 1940; Abrahamson et al. 1998; Manos et al. 1999; Maldonado-Lopez 
et al. 2016; Pérez-Lopez et al. 2016), Larrea tridentata (Waring and Price 1990), 
Salix (Price et al. 1995), Populus (Floate and Whitham 1995), Rosa (Shorthouse and 
Rohfritsch 1992; Stone et al. 2002), Chrysothamnus in southwestern North America 
(Fernandes et al. 2000), and Solidago (Abrahamson and Weis 1997). These widely 
colonized host species have served as laboratories to test for generalities of 
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ecological interactions (see Fernandes and Barbosa 2014). In the Neotropics and 
southern temperate region, some host plant genera have the same role, such as 
Copaifera (Leguminosae) (Costa et  al. 2010, 2011), Nothofagus (Quintero et  al. 
2014), Protium (Maia 2011; Julião et  al. 2014), and Baccharis (Fernandes et  al. 
1996; Fernandes and Barbosa 2014; Formiga et al. 2015; Barbosa et al. 2017, 2019). 
In the reviews by Fernandes et al. (1996) and Fernandes and Barbosa (2014), the 
Baccharis hosts that supported the highest numbers of galling insects were B. dra-
cunculifolia (17 spp.), B. concinna (15 spp.), B. salicifolia (13 spp.), and Baccharis 
sp. 1 (11 spp.). In the southeastern mountains of Brazil, the Mantiqueira and 
Espinhaço Mountains, Coelho et  al. (2018) reported 106 galling species on 17 
Baccharis species. The highest richness of galling insects (13 galling species) was 
recorded on B. dracunculifolia, confirming the previous literature surveys for the 
species. The study also recorded a high richness of galling insects on B. minutiflora 
(12 spp.), B. cognata (10 spp.), B. reticularia (9 spp.), B. intermixta (8 spp.), and 
B. concinna (7 spp.). The hosts B. ramosissima, B. helychrysoides, and B. truncata 
supported six galling species each, while B. serrulata, B. ligustrina, and B. glutin-
osa each had three galling species recorded. A remarkable feature of Baccharis is 
that its galling organisms are from many different orders; e.g., Diptera, Lepidoptera, 
and Hemiptera. Based on a Web of Science search with the words “insect galls, 
galls, cecidia, galling insects, galhas, gallmucken, and agallas,” we were able to 
record at least 47 studies on galling insects on 8 species of Baccharis in the last 
75 years (1945–2020).

While no one has yet listed the number of insects attracted to the flowers of 
Baccharis (but see Ferracini et al. 1995), our own experience indicates it is large. In 
a short observation on the number of insects attracted to the flowers of Baccharis 
dracunculifolia during a very limited number of days (2–3 days), we have been able 
to list more than 30 different species (in review). These data confirm that some 
Baccharis species are extremely important in providing resources to pollinators. 
They also confirm that this species’ effects on ecosystem functioning must be even 
higher where these plants are abundant or are key strategic resources for the com-
munity, such in mountaintop regions and deserts (e.g., Boldt 1989; Griffin 1997). 
Hence, Baccharis species could be used in programs to attract pollinators.

On the other hand, the understanding of some ecological and evolutionary paths 
in Baccharis is incipient. For instance, genetic studies are in their infancy, and more 
applied aspects such as propagation for several uses are not well developed. Genetic 
studies could be of great relevance in promoting other sorts of ecological and evo-
lutionary studies in the future.

4  The Chemistry of Baccharis

Baccharis species are known in traditional culture for the treatment of diseases such 
as gastrointestinal and liver disorders, anemia, diabetes, diarrhea, infections, cancer, 
gout, rheumatism, ulcers, and skin problems, among others (Vidari et  al. 2003; 
Abad and Bermejo 2007; Hocayen et  al. 2016; Rabelo and Costa 2018; 
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Romero-Benavides et al. 2018; Ascari et al. 2019; Basso et al. 2019; Costa et al. 
2019; Bonin et al. 2020; Paniagua-Zambrana et al. 2020; Souza et al. 2020). Several 
studies present the most updated information on the production of phytochemicals 
for pharmaceutical, cosmetic, and other applications, and therefore we will not 
review these here (Verdi et al. 2005; Grecco et al. 2010; Galvão et al. 2012; Vannini 
et al. 2012; González et al. 2018; Jaramillo-García et al. 2018; Ueno et al. 2018).

This high usage in folk medicine and interest by the pharmaceutical industry has 
its origin in the rich chemical properties of the genus. Several species of Baccharis 
produce chemical compounds that are under investigation by many institutes and 
laboratories around the world (e.g., Jarvis et al. 1988; Brown 1994; Fournet et al. 
1994; Verdi et al. 2005; Pereira et al. 2017; Romero-Benavides et al. 2018; Bonin 
et al. 2020). In folk medicine, tea made from B. douglasii is used to treat ulcerations 
and wounds. Other teas are used to treat headaches and as emetics (Boldt 1989). 
B. trimera ethyl acetate extracts have been used against Schistosoma infections in 
Brazil (Herz et al. 1977). In Argentina, about 50 species of Baccharis are used in 
folk medicine (Boldt 1989). Bandoni et  al. (1978) found that two flavonoids 
extracted from B. crispa and B. notosergila have antimicrobial activity, but since 
then this number of studies has continued to grow, showing the relevance of 
this genus.

Various chemical compounds in Baccharis are potentially effective in fighting 
cancer. Baccharin trichothecene extracted from the leaves, buds, and dried flowers 
of B. megapotamica acts against leukemia and tumors of the colon of mice (Kupchan 
et  al. 1976, 1977; Arcamone et  al. 1980; Carvalho et  al. 2016; Rodrigues et  al. 
2020). Two additional groups of trichothecenes, roridins, and verrucarins, found in 
B. coridifolia, are active against nasopharyngeal tumor cells (Jarvis et al. 1988, see 
also Budel et al. 2005; Verdi et al. 2005). About 180 species have already been ana-
lyzed chemically, leaving about 260 species to be prospected for their chemical 
constituents and efficacy. On the other hand, the potential for discovering new 
chemicals is greatly expanded when long-term studies are carried out. Collections 
of botanical material for phytochemical studies are generally gathered in a single 
opportunity, thus losing the enormous variability and seasonality of the production 
of compounds (Gershenzon 1984). Hence, the genus has an enormous potential to 
contribute a large number of chemical substances, some of which might be new to 
science.

According to Abad and Bermejo (2007), over 150 compounds have been isolated 
and identified from the Baccharis genus. Many substances isolated from this genus 
have been used as medicine (e.g., B. trinervis, used as anti-HIV), perfumes (essen-
tial oils of B. dracunculifolia, B. uncinella, B. genistelloides, B. trimera), and repel-
lents (terpenoids and flavonoids found in many species), among other products 
(Jarvis et al. 1988; Argandoña and Faini 1993; Ferracini et al. 1995; Palomino et al. 
2002; Agostini et  al. 2005; Verdi et  al. 2005; Wollenweber et  al. 2006). The 
Baccharis species more deeply studied chemically are B. megapotamica, B. incarum, 
B. trimera, B. trinervis, B. salicifolia, B. crispa, B. coridifolia, B. dracunculifolia, 
B. uncinella, B. retusa, B. linearis, B. grisebachii, B. obtusifolia, and B. tricuneata 
(Bohlmann et  al. 1982; Verdi et  al. 2005; Budel et  al. 2005; Besten et  al. 2012; 
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Campos et al. 2016; Moraes Neto et al. 2019). This arsenal of applicability has led 
to the filing of 226 Baccharis patents. Half of these patents are aimed at the pharma-
cological area (53.5% of patents), mainly in the treatment of cancer (40 patents). 
Among the patents, another highlight is the application of B. gaudichaudiana in the 
treatment of coronavirus (Junxing et  al. 2003). This information emphasizes the 
pharmacological potentialities around this genus. In southeastern Brazil, oils 
extracted from leaves and stems of B. dracunculifolia and B. genistelloides are used 
as fragrances (Chialva and Doglia 1990; Suttisri et al. 1994; Fabiane et al. 2008; 
Frizzo et al. 2001, 2008; Queiroga et al. 1990, 2014), but the potential for new find-
ings is enormous as most of the species were not yet screened for the production 
of them.

5  Other Applications

Despite their low nutritional content and known unpalatability (Pelaez et  al. 
2019; Cock and Hierro 2020), some species of Baccharis, considered to be non-
toxic, have been used as fodder for cattle (Benson and Darrow 1981). B. sarothroi-
des has been used as vegetation cover and to correct soils degraded by copper 
mining in Arizona, USA (Day and Ludeke 1980; Norem et al. 1982; Haque et al. 
2008; Haque et al. 2009). In Brazil, mainly in Minas Gerais, where mineral explora-
tion is carried out in the open, studies on the use of plants of this genus for the 
recovery of degraded areas were initiated, and the species B. dracunculifolia and 
B. concinna are suggested as viable alternatives to the introduction of exotic species 
to habitat and region (e.g., Fernandes et al. 2007; Negreiros et al. 2014; Gomes et al. 
2015; Fernandes et al. 2016).

A serious problem is cattle poisoning by Baccharis. Animal death cases have 
been recorded in Brazil (Occhioni 1944; Tokarnia and Dobereiner 1976), Uruguay, 
and Argentina (Schang 1929). The vegetative parts are toxic throughout the year, 
while the flowers are 4–8 times more toxic (Tokarnia and Dobereiner 1976). The 
most common toxic compounds found in some Baccharis species studied were 
macrocyclic trichothecenes (Kupchan et  al. 1976, 1977; Habermehl et  al. 1985; 
Jarvis et al. 1988, 1996; Rizzo et al. 1997; Driemeier et al. 2000; Varaschin and 
Alessi 2003). The symptoms exhibited by the poisoned cattle are anorexia, lack of 
coordination and direction in walking, tremors, and convulsions. Postmortem analy-
ses reveal lesions in the rumen, necrosis, and detachment of the intestinal mucosa 
(Tokarnia and Dobereiner 1976; see also Jarvis et al. 1996; Driemeier et al. 2000; 
Budel et al. 2005; Verdi et al. 2005; Oliveira-Filho et al. 2011; Panziera et al. 2015).

An important applied aspect is that of B. dracunculifolia and Africanized honey 
bee Apis mellifera (Kumazawa et  al. 2003). This bee collects resins from apical 
buds of B. dracunculifolia and uses it to produce a resinous layer inside the hive, 
known as green propolis (Teixeira et al. 2005; Fernandes et al. 2018). This resinous 
mass has antiseptic, anti-inflammatory, anticancer, and healing properties and thus 
has been widely studied, commercialized, and used, primarily by the 
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pharmaceutical and cosmetics industry (Banskota et  al. 2001; Chan et  al. 2012; 
Veiga et al. 2017; Endo et al. 2018). Among the chemicals isolated from propolis, it 
is worth mentioning the presence of flavonoids, phenylpropanoids, phenolic acids, 
and essential oils (Kumazawa et al. 2003; Teixeira et al. 2005; Takashima et al. 2019).

Another application of Baccharis is associated with its high diversity of symbi-
otic organisms (bacteria, endophytic fungi, and mycorrhizae), which not only helps 
in plant survival and development but generates a potential for use in the field of 
bioprospecting (Oki et al. 2009, 2016; Cuzzi et al. 2012; Vieira et al. 2014; Coutinho 
et al. 2019). Baccharis endophytic fungi have been shown to be effective in antimi-
crobial and antifungal (Oki et al. 2016; Vieira et al. 2014), as well as anti-herbivory, 
activities (Oki et al. 2016, 2021).

6  The Content of the Book

This book is arranged into four main parts. Chapter 1 focuses on the main ecological 
and evolutionary aspects of the genus. Chapter 2 presents the most current under-
standing of the taxonomy and distribution of the 442 species of Baccharis, discuss-
ing the genus origins and diversification. Chapter 3 offers a historical overview of 
genetic studies on Baccharis species, including recent method developments. 
Chapter 4 addresses the relationship between intersexual differences in resource 
allocation and herbivory in dioecious Baccharis species. Chapter 5 provides a 
detailed description of the network of direct and indirect interactions among arthro-
pods in the well-studied B. dracunculifolia system. Chapter 6 brings to light the 
world of endophytic fungi associated with Baccharis and their importance in help-
ing plants cope with environmental stresses and natural enemies and as a source of 
bioactive compounds. Chapter 7 reveals the crucial role of Baccharis species as 
nurse plants and in community assembly, particularly in stressful and herbivore-
dominated environments in the Americas. Then, Chap. 8 closes the section discuss-
ing the causes and consequences of biological invasion by Baccharis in the world.

The second part concentrates on the structural and chemical particularities of the 
Baccharis species. Chapter 9 provides a comprehensive review of the morphology 
and anatomy of Baccharis, including morphological and anatomical features of par-
ticular taxonomic relevance. Chapter 10 reviews the chemical composition of essen-
tial oils of Baccharis species and their wide range of biological activities. Chapter 
11 shows a comprehensive overview of the wide variety of flavonoids present in 
Baccharis species. Chapter 12 presents ethnopharmacological uses of phenolic 
compounds, focusing on folk medicine, and it also discusses the toxicity of some 
Baccharis species. The main volatile terpenes, which play key roles in the biologi-
cal activities of Baccharis species, are presented in Chap. 13. Trichothecenes are 
covered in detail in Chap. 14, while in Chap. 15 livestock poisoning by some spe-
cies of Baccharis is reviewed.

Part three explores the social and economic importance of Baccharis. Chapter 16 
reviews the wide variety of popular uses of several species of Baccharis in South 
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America. Chapter 17 describes the development of the cultivar of B. trimera, the 
first Brazilian medicinal plant to be registered and patent-protected. Chapter 18 
exposes the potential of Baccharis secondary metabolites in the development of 
new drugs to fight cancer. The last chapter in this part, Chap. 19, portrays the current 
status of scientific and technological innovations involving species of Baccharis.

This book’s final part is devoted to green propolis, whose chief plant source is 
B. dracunculifolia. Chapter 20 reviews the chemical constituents and antioxidant 
properties of Brazilian green propolis. Chapter 21 examines the potential of green 
propolis components in the prevention and treatment of obesity and diabetes. 
Chapter 22 discusses the effects of the green propolis on the immune response. 
Finally, Chap. 23 presents the current status of innovation and markets of propolis, 
emphasizing green propolis.
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Chapter 2
Baccharis: Diversity and Distribution

Gustavo Heiden

Abstract Baccharis is a monophyletic genus characterized by functionally uni-
sexual florets, generally distributed in distinct individuals (dioecy), but also includ-
ing monoecious, gynodioecious, and polygamous species. The genus has not been 
revised taxonomically as a whole for nearly two centuries. Recent country- or 
dependent territory-level checklists are hardly comparable and mostly outdated. A 
comprehensive checklist on the diversity and distributions of Baccharis at generic, 
infrageneric, and specific levels, including putative hybrids, and adventitious occur-
rences is provided. Baccharis comprises 442 species classified into 47 sections and 
7 subgenera. The genus is native in the Americas, from southeastern Canada and 
northwestern USA to Tierra del Fuego, with species native to the Falkland/Malvinas 
Islands, across most of the Caribbean islands and the Galápagos archipelago. 
Complete lists of species per country and territory are provided. Brazil (185 species, 
114 endemics), Argentina (110 species, 25 endemics), and Bolivia (76 species, 22 
endemic) are the richest countries for the genus. Four species are highlighted for 
occurring in more than ten countries or territories within their native range (B. dio-
ica, B. pedunculata, B. trinervis, B. salicifolia), while at least 218 species are 
endemic to a single country or territory. The role of hybridization in the genus diver-
sity, ecology, and evolution is still a neglected subject, and 38 putative hybrid taxa 
were described so far. Some species were spread outside the American continent by 
anthropogenic dispersals, and at least two have established naturalized alien popula-
tions: B. halimifolia in Europe and Oceania and B. spicata in Europe.
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1  What Is Baccharis?

Baccharis L. (Asteraceae, Astereae, Baccharidinae) is a monophyletic American 
genus mostly characterized by a tufted indumentum of trichomes with several 
adjoining basal cells on leaves and stems and functionally unisexual florets (Heiden 
et al. 2019). The broad circumscription of Baccharis proposed by Nesom (1988) 
and Müller (2006), including monoecious (Baccharidastrum Cabrera), gynodioe-
cious (Heterothalamus Less.), and polygamous taxa (Baccharidiopsis G.M.Barroso), 
is supported by molecular data and phylogenetic reconstructions (Heiden et al. 2019).

Nesom (2020) presented an updated subtribal classification of Astereae and pro-
posed a new expanded concept of Baccharidinae including hypothesis of relation-
ships within the subtribe influenced by the phylogenetic molecular data published 
by Vargas et al. (2017), Vargas (2018) and Heiden et al. (2019). Baccharis and sev-
eral genera formerly placed in the now synonymized subtribes Podocominae and 
Hinterhuberinae are currently included in Baccharidinae. So, subtribe Baccharidinae 
encompasses 24 genera and is advocated to represent a monophyletic group sister to 
the North American lineages (Nesom 2020).

The best available evidence points that Baccharis is sister to Exostigma G.Sancho 
(Vargas 2018). These two genera are sisters of a clade composed by the Central 
Andean genera Floscaldasia Cuatrec., Parastrephia Nutt., and Diplostephium 
Kunth. This clade containing Baccharis, Exostigma, and the Central Andean genera 
is then nested in a clade with Central and South American Archibaccharis Heering, 
Aztecaster G.L.Nesom, Laennecia Cass., Lagenophora Cass., and Westoniella 
Cuatrec., which is sister of a mostly North Andean clade composed by Laestadia 
Kunth ex Less, Hinterhubera Sch.Bip., Blakiella Cuatrec., and Linochilus Benth. 
(Vargas et al. 2017).

The available phylogenies support a South American origin of Baccharis. The 
most recent common ancestor of Baccharis and Exostigma has split about 6.93 mil-
lion years ago (Vargas et al. 2017) in the Miocene. After an early diversification in 
South America (Heiden et  al. 2019), some derived lineages entered the North 
America subcontinent several times by multiple events of dispersal followed by 
subsequent radiations as represented by the occurrence of independent but not 
closely related lineages (Heiden et al. 2019) such as Baccharis sect. Aristidentes 
G.L.Nesom, B. sect. Baccharis, B. sect. Bogotenses Cuatrec., B. sect. Corymbosae 
Heering, and B. sect. Punctatae Giuliano & G.L.Nesom in North America, Central 
America, and the Caribbean. The most recent common ancestor of B. subgen. 
Heterothalamus (Less.) G.Heiden and B. subgen. Baccharis has split 4.02 million 
years ago in the Pliocene, and the first divergence event within B. subgen. Baccharis 
(B. sect. Caulopterae and the remaining sections within the subgenus) occurred 
2.44 million years ago (Vargas et al. 2017) in the Pliocene/Pleistocene transition.

Functionally unisexual florets are present in all lineages of Baccharis, while its 
disposition in distinct plants (dioecy) is known in all the subgenera and most of the 
sections (Fig. 2.1). Variations from perfect dioecy are scattered in some lineages as 

G. Heiden



25

Fig. 2.1 Representative of a functionally dioecious species: Baccharis tarchonanthoides. (a) 
Habit. (b) Male capitula with only tubulose staminate florets. (c) Female capitula with only fili-
form pistillate florets. (Photos a, b, c: G.Heiden)

2 Baccharis: Diversity and Distribution
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secondarily derived states. Monoecious taxa are represented by the sister species 
B. breviseta DC. and B. vulneraria Baker (Fig.  2.2), as well as B. monoica 
G.L.Nesom. Gynodioecious species are represented by B. aliena (Spreng.) Joch.
Müll. (Fig. 2.3), B. hyemalis Deble, and B. psiadioides (Less.) Joch.Müll., while 
B. pohlii (Baker) Deble & A.S.Oliveira, B. polygama Ariza, and B. punctulata 
DC. (Fig. 2.4) are polygamous taxa sister to dioecious species.

The tufted indumentum cannot be considered as a synapomorphy of Baccharis, 
as suggested by Müller (2006), since it is absent in B. subgen. Tarchonanthoides 
Heering, which is the first diverging lineage within the genus. This subgenus shares 
the functionally unisexual florets with its sister clade composed of the remaining 
species of Baccharis but lacks the tufted indumentum. So, the tufted indumentum 
occurs only in the sister clade composed of the remaining species of Baccharis, with 
a posterior reversal (loss) in B. subgen. Coridifoliae (Heiden et al. 2019).

Baccharis has never been revised taxonomically as a whole since Candolle 
(1836). Recently published checklists are hardly comparable and mostly outdated 
due to differences in the genus circumscription, nomenclatural changes, description 
of new species, and adoption of conflicting taxa circumscriptions by different 
authors. Heiden et al. (2019) published a revised checklist at infrageneric and spe-
cies level, but data on distribution was not encompassing species distributions at 
country, dependent territory, and first political division level. In this chapter, an 
updated checklist on the diversity and distributions of Baccharis at generic, infrage-
neric, and specific levels, including putative hybrids, and adventitious occurrences 
for countries and dependent territories is provided.

2  How Was This List Built?

The taxonomic checklist and geographical distributional data provided here are the 
results of the collation of published and original information. An updated checklist 
was obtained by means of literature species citations revisited based on nomencla-
tural updating, author circumscription of the accepted species, and double-checking 
of vouchers cited in references. This checklist was then complemented by fieldwork 
data, revision of herbaria specimens personally or remotely, and punctual additions 
of occurrence data from databases with verifiable and confident information, hence 
representing the most updated and solid information on this genus.

The baseline for the new checklist construction is the infrageneric classification 
published by Heiden et  al. (2019), complemented with data from Malagarriga 
(1976), Müller (2013), Plants of the World Online (POWO 2019), and Vascular 
Plants of the Americas (Ulloa et al. 2018). These sources resulted in the addition of 
ten neglected names missing from the previous list by Heiden et al. (2019) (B. argen-
tina Heering, B. concava (Ruiz. & Pav.) Pers., B. cordobensis Heering, B. douglasii 
DC., B. emoryi A.Gray, B. glomerata Joch.Müll., B. isabelae Soria & Zardini, 
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Fig. 2.2 Representative of a gynodioecious species: Baccharis aliena. (a) Habit. (b) Hermaphrodite 
capitula with pistillate ray florets and tubulose staminate disk florets. (c) Female capitula with only 
short-rayed pistillate florets. (Photos a, b, c: G.Heiden)
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Fig. 2.3 Two representatives of monoecious species. Baccharis breviseta: (a) Habit. (b) 
Hermaphrodite capitula with marginal filiform pistillate florets and one to few central tubulose 
staminate florets. B. vulneraria: (c) Habit. (d) Hermaphrodite capitula with marginal filiform pis-
tillate florets and few central tubulose staminate florets. (Photos a, b, c, d: G.Heiden)
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Fig. 2.4 Representative of a polygamous species: Baccharis punctulata. (a) Habit. (b) Male capit-
ula with only tubulose staminate florets. (c) Female capitula with only filiform pistillate florets. 
Hermaphrodites are rare and not shown here; their capitula have marginal filiform pistillate florets 
and few central tubulose staminate florets. (Photos a, b, c: G.Heiden)
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B. lancifolia DC., B. polygama Ariza, and B. vitis-idaea Oliver. ex Thurn.), plus the 
acceptance of the recircumscription of B. trimera (Less.) DC. by Valtierra (2018), 
and other two new species described later (B. funkiae Bonif. et al. and B. rectialata 
V.Valtierra et al.).

Subsequently, regional floras and checklists available for North America 
(Sundberg and Bogler 2006), Mesoamerica (Pruski and Robinson 2018), the 
Caribbean (Acevedo-Rodríguez and Strong 2007), the United Kingdom Overseas 
Territories (UKOT 2020), the Guiana Shield (Funk et al. 2007), and the Southern 
Cone of South America (Zuloaga et al. 2008) were consulted for country and first 
political order geographical subdivision distribution records. Country-level check-
lists, floras, and new occurrences were then consulted to Argentina (Giuliano and 
Plos 2014), Bolivia (Müller 2006; Hind 2011), Brazil (Heiden 2020), Canada 
(Fielding 2001), Chile (Heering 1903; Hellwig 1990; Moreira-Muñoz et al. 2016), 
Colombia (Cuatrecasas 1967; Ávila et  al. 2020), Cuba (Alain 1962; Greuter and 
Rodriguez 2017), Ecuador (Robinson et al. 1999), Mexico (Villaseñor 2016), Peru 
(Brako and Zarucchi 1993; Beltrán et  al. 2006; Gonzáles et  al. 2019), Uruguay 
(Valtierra and Bonifacino 2014; Valtierra 2018), and Venezuela (Hocke et al. 2008). 
All the species lists and voucher specimens, when cited, were nomenclaturally 
updated and taxonomically checked for identification. The information on this 
regard is comprehensive for most cases; however, it is clearly not perfect and reflects 
current knowledge, especially for subdivisions of countries lacking recent taxo-
nomic studies focusing on Baccharis, especially the Northern Andean countries of 
Colombia, Ecuador, and Peru.

The data from literature were checked and complemented with information from 
herbaria specimens consulted personally (B, BAA, BAB, BHCB, BHZB, BM, C, 
CDS, CEN, CEPEC, CESJ, COL, CORD, CTES, E, ECT, ESA, F, FCAB, FLOR, 
FUEL, FURB, G, GB, GUA, HAC, HAJB, HAS, HB, HBG, HBR, HEPH, HPL, 
HRJ, HUCS, HUEFS, HURG, HVAT, IAC, IBGE, ICN, INPA, IPA, JPB, K, LIL, 
LP, MBM, MBML, MEDEL, MEXU, MG, MO, MOL, MT, MVFA, MVFQ, 
MVJB, MVM, NY, O, OUPR, P, PACA, PAMG, QCEN, PEL, R, RB, RBR, RFFP, 
RUSU, S, SI, SP, SPF, SPSF, TOLI, UB, UEC, UFP, UFRN, UPCB, US, USZ) or 
remotely (BR, GH, GOET, HCSM, HDCF, JE, LE, M, MA, OBI, OXF, W, WU).

GBIF (2020) data were used for building the genus overview distribution map 
(Fig. 2.5). This database was also used when species records contributed for occur-
rence knowledge in some states, provinces, or departments and some Caribbean 
Islands that were missing from previous publications. However, GBIF data were 
included only when these specimens’ records were determined by specialists who 
have published confident taxonomic studies on the genus along the last hundred 
years (Barroso, Bonifacino, Cuatrecasas, Giuliano, Heiden, Hellwig, Hind, 
Malagarriga Heras, Müller, Nesom, Pruski, Robinson, Soria, and Valtierra).

Modern taxonomic revisions independent of regional constraints and revising 
monophyletic groups are scarce, and the work of Heiden & Pirani (2016) is still the 
only recent revision under this framework. Doubtlessly, revisions of other clades 
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currently underway and fully or almost fully sampled in the phylogeny (B. subgen. 
Oblongifolia, B. subgen. Heterothalamus, B. subgen. Coridifoliae, and B. subgen. 
Heterothalamulopsis) will greatly improve the understanding of these subgenera 
and its sections, series, and species composition and relationships. Whereas deeper 
knowledge for B. subgen. Molina and B. subgen. Baccharis are still far from being 

Fig. 2.5 Schematic phylogenetic infrageneric classification of Baccharis (Asteraceae) comprising 
7 subgenera, 47 sections, and 248 sampled taxa out of 442 accepted species. (Based on Heiden 
et al. 2019)
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achieved completely, progress continues to be done with the reevaluation of compli-
cated species complexes and description of new species by several botanists.

Despite the great efforts for herbaria revision, 105,952 specimens were consulted 
by the author so far, while GBIF (2020) has a current record of 147,141 occur-
rences, and lots of herbaria collections are still to be digitized, and most of the digi-
tized ones do not have digital images of the specimens which would allow confirming 
more identification records and permit acceleration of the taxonomy of a large and 
widespread group such Baccharis. Doubtlessly, the genus still has many new spe-
cies never collected to be described to science or housed at herbaria and waiting for 
taxonomists to describe them, as well as it is not a secret that uncountable areas of 
the Americas has never been stepped and sampled by a plant collector. Several of 
these areas are being destroyed even before scientists had a chance to study them, 
and conservation actions could be taken (Tedesco et  al. 2012; Pimm and Joppa 
2015). Time urges for a great effort on sampling the genus in potential areas and for 
funding towards digitizing all the collections allowing the taxonomic work to be 
sped up. Moreover, even well-explored and relatively accessible areas keep surpris-
ing researchers with noteworthy and remarkable new taxa being described even in 
well-known and well-sampled areas (e.g., Heiden et al. 2009, 2012, 2014; Heiden 
and Pirani 2014). A reasonable knowledge would allow the proposition of conserva-
tion measures and avoid the irreversible loss of biodiversity which characterizes the 
Anthropocene.

3  How Many Species of Baccharis Are There and Where?

Baccharis comprises 442 formally described and accepted species classified into 47 
sections and 7 subgenera (Fig. 2.5). The infrageneric placement of 33 species at 
sectional level, 17 in B. subgen. Molina and 16 in B. subgen. Baccharis, remains 
pending. The genus is native in the Americas (Fig. 2.6), from the southeastern island 
of Nova Scotia in Canada and coastal Washington State in northwestern USA to 
southern Isla Hornos in Tierra del Fuego in the Chilean Patagonia, with species 
native to the Falkland/Malvinas Islands, most of the Caribbean islands, including 
several endemics, and the Galápagos archipelago, including one endemic species 
too. Baccharis halimifolia L. from North America was introduced as an ornamental 
in Europe and Oceania and became naturalized in coastal environments (Fried et al. 
2016), while B. spicata (Lam.) Baill. was accidentally introduced in Europe and 
became naturalized (Verloove et al. 2018).

The highlands of eastern Brazil are the main area for the early radiations of 
Baccharis with the likely highest phylogenetic and species diversity. This assump-
tion is attested by the presence of all the seven recognized subgenera and by the 
distribution of several of the earliest-divergent lineages of the genus.

Most of the infrageneric taxa accepted here are based on the results of the 
Bayesian analyses of combined molecular data (nuclear ETS and ITS and 

G. Heiden



33

chloroplastidial trnH-psbA and trnL-F DNA) and are mostly strongly supported by 
statistical posterior probability (PP) values, as published by Heiden et al. (2019). 
The complete infrageneric classification of Baccharis comprising the subgenera, 
sections, and taxa accepted at species level is presented in a simplified schematic 
tree (Fig. 2.5) based on the cladograms as an index/guideline to reflect the hierarchi-
cal divergence events and relationships among subgenera and sections. Therefore, 
subgenera and sections are presented in the text following the divergence events 
reconstructed in the trees and from less-diversified to more-diversified/sampled 
groups when no hierarchical order (polytomies) was recovered. Species placed 
within each section, sections with unknown relationships within a subgenus (not 
sampled in the phylogeny, but confident taxonomic position in a subgenus proposed 
based on morphology), and species with unknown relationships within a subgenus 
(not sampled in the phylogeny, but confident taxonomic position possible based on 
morphology in a subgenus but not within a section) are presented alphabetically by 
the end of Baccharis subgen. Molina and Baccharis subgen. Baccharis.

Synthetic data on Baccharis diversity and distributions are further recorded and 
detailed in this chapter. The complete list of subgenera, sections, and species distri-
butions across the 35 American sovereign countries and the 24 dependent territories 
from the Americas along with the introduced potentially naturalized occurrences in 
Europe and Oceania are presented in the paragraph: “Baccharis diversity and dis-
tribution: who they are and where to find them?” section. Countries with the 
higher number of species richness are Brazil (185 species, 114 endemics), Argentina 
(110 species, 25 endemics), Bolivia (76 species, 22 endemic), Peru (61 species, 21 
endemics), Uruguay (54 species, 5 endemic), Chile (48 species, 15 endemics), 
Paraguay (47 species, 2 endemics), Mexico (46 species, 22 endemic), Colombia (39 

Fig. 2.6 World distribution of Baccharis within its native range in the Americas and naturalized 
introduced populations in Europe and Oceania. Orange spots and dots represent specimens and 
observation records distributions based on cleaned GBIF occurrence data
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species, 15 endemics), Ecuador (38 species, 10 endemic), and the USA (23 species, 
4 endemics). Conversely, 2 Caribbean countries (Barbados and Grenada) and 16 
dependent territories (Anguilla, Aruba, Bonaire, British Virgin Islands, Clipperton 
Island, Curaçao, French Guiana, Greenland, Navassa Island, Saint Barthélemy, 
Saint Martin, Saint Pierre and Miquelon, Sint Eustatius, Sint Maarten, South 
Georgia and the South Sandwich Islands, and Turks and Caicos Islands) do not have 
any record of native Baccharis species. All of them are island countries or territories 
except for French Guiana, which lies within the Amazon rainforest and the 
Guiana Shield.

A list of “Confirmed and putative hybrid species: who are them?” is pre-
sented subsequently and separately. Taxonomic status of most of the putative 
hybrids proposed based on morphology and distribution of likely sympatric parent 
species remains to be confirmed or rejected by means of further experimental 
crosses and in situ population genetic studies.

Complete checklists of recorded species and endemics for the 35 American sov-
ereign countries and the 24 dependent territories from the Americas are presented in 
the “Distribution of Baccharis by sovereign countries or dependent territories: 
how many species are out there?” section followed by the “Going worldwide? 
List of introduced naturalized adventitious distributions outside the Americas” 
section, where records of established self-sustained populations (historically 
recorded but currently eradicated or still thriving and under no efficient human 
intervention for extirpation) are presented. Furthermore, there are sparse records in 
herbaria and literature of historical or recent exotic species occurrences, beyond the 
listed areas of Europe and Oceania, of species of Baccharis out of their native range 
in Africa, Asia, Europe, and Oceania, but these other punctual records representing 
cultivate or waifs (not naturalized, not persistent introductions) are not presented 
here, since they do not represent sustainable alien introductions.

Several Baccharis species have the potential to become invasive outside the 
Americas, as have happened with B. halimifolia (Caño et al. 2013; Fried et al. 2016) 
and B. spicata (Verloove et  al. 2018). Thus, on purpose introductions should be 
avoided as well as preventive measures and monitoring to suppress any new record 
of introduction outside the native range should always be considered priorities.

The genus is commonly seen as weedy or invasive because some species of 
Baccharis are widespread within the Americas. Twenty-eight species occur in more 
than five countries or territories within their native ranges. Four species of Baccharis 
are highlighted since they are recorded to more than ten countries and territories 
(Fig. 2.7). B. dioica Vahl (Fig. 2.7a) grows in coastal vegetations from 12 Caribbean 
countries and territories, many of them occupying smallish lands, including the 
Caribbean coast of Mexico and USA, although it is locally extinct in the later and 
currently recorded for this country only under cultivation. B. pedunculata (Mill.) 
Cabrera (Fig. 2.7b) is a common forest species occurring in the understory and for-
est edges and climbing up to the canopy in tropical forests, being widespread in 19 
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Fig. 2.7 Four species of Baccharis recorded to more than ten countries and territories (a) 
Baccharis dioica in the USA. (b) B. pedunculata in Bolivia. (c) B. salicifolia in Argentina. (d) 
B. trinervis in Brazil. (Photos a, b, c, d: G.Heiden)
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countries and territories from Central America, the Caribbean islands, and Northern 
Andean South America countries. B. salicifolia (Ruiz & Pav.) Pers. (Fig. 2.7b) is by 
far the most widespread species of the genus occurring in a wide range of biomes 
from deserts to tropical forests and high-elevation vegetations.  It is considered a 
phreatophyte and always occurs in sunny sites around springs and along riverine 
vegetation from North America, Central America, and South America, but it is not 
recorded in the Caribbean Islands. B. trinervis Pers. (Fig. 2.7d) is also a common 
forest species occurring in the understory and forest edges and climbing up to the 
canopy in tropical forests, but it also grows as a shrub in savannas and anthropo-
genic areas, being widespread in 18 countries and territories in Central America, 
South America, and Trinidad and Tobago.

There are other widely distributed species occurring in 7 (B. glutinosa Pers., 
B. linearifolia (Lam.) Pers., B. nitida (Ruiz & Pav.) Pers., B. oblongifolia (Ruiz & 
Pav.) Pers., and B. sagittalis (Less.) DC.) or 6 countries (B. alpina Kunth, B. chilco 
Kunth, B. latifolia (Ruiz & Pav.) Pers., and B. trimera (Less.) DC.), while 47 species 
are recorded occurring in 3–5 countries and 105 recorded from 2 countries or 
territories.

Some of the widespread species are highly variable morphologically, which 
could be a result of the wide distribution and/or the fate caused by the merging of 
distinct species into a single broad species concept, such as B. linearifolia, B. oblon-
gifolia, B. sagittalis, B. salicifolia, and B. trinervis. These taxa have an extensive list 
of synonyms, some segregated as distinct species by different authors, and the cir-
cumscription of them and their segregates or synonyms is far from consensus, 
demanding further taxonomic research to elucidate narrower or broader hypothesis 
for these entities.

Conversely, the genus is prolific in species restricted to just one country or 
dependent territory with 263 species in this situation, although several of them 
could be common and widely distributed within countries as big as Argentina, 
Brazil, Mexico, and the USA. Countries with the higher absolute number of endemic 
species are Brazil (114 endemics), Argentina (25 endemics), Bolivia (22 endemics), 
Mexico (22 endemics), Peru (21 endemics), Chile (15 endemics), Colombia (15 
endemics), and Ecuador (10 endemics). However, it is important to keep in mind 
that political borders are generally not a precise way to count endemics, due to the 
incomparable size of political entities, distinct levels of geographical isolation, and 
frequent geographical meaninglessness of several political frontiers. Moreover, 
some really narrow distributed species could occur exactly along geographical bar-
riers that divide political territories giving the false idea that such species are largely 
spread. Anyway, counting of endemics under political geographical boundaries 
gives an idea of the importance of endemism within the genus and allows us to rec-
ognize the responsibility of each political entity in protecting its endemic biota.

Narrow endemics are found from the USA (e.g., B. glabrata (Hoover) G.Heiden) 
to Chilean Patagonia (e.g., B. mylodontis F.H.Hellw.), including endemics in the 
Caribbean (e.g., B. mornicola (Urb.) G.Heiden) and Galápagos (e.g., B. steetzii 
Andersson) islands. All the seven recognized subgenera have narrow endemic spe-
cies, and some of them are depicted (Figs.  2.8 and 2.9) and exemplified here, 
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Fig. 2.8 Narrow endemic species of Baccharis. (a) B. (subgen. Tarchonanthoides) chionolaenoi-
des in Santa Catarina, Brazil. (b) B. (subgen. Oblongifoliae) friburgensis in Rio de Janeiro, Brazil. 
(c). B. (subgen. Heterothalamus) magnifica in Espírito Santo, Brazil. (d). B. (subgen. Molina) 
bifrons in Rio de Janeiro, Brazil. (Photos a, b, d: G.Heiden; c: M.A.T.Silva)
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Fig. 2.9 Narrow endemic species of Baccharis. (a) B. (subgen. Heterothalamulopsis) wagenitzii 
in Santa Catarina, Brazil. (b) B. (subgen. Coridifoliae) pluricapitulata in Rio Grande do Sul, 
Brazil. (c). B. (subgen. Baccharis) scopulorum in Santa Catarina, Brazil. (d). B. (subgen. 
Baccharis) obdeltata in Minas Gerais, Brazil. (Photos a, b, c: G.Heiden; d: C.M.Siniscalchi)
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although the number of narrow endemics is much higher than the eight illustrative 
examples shown.

For example, B. chionolaenoides D.B.Falkenb. & Deble (Fig. 2.8a), belonging to 
B. subgen. Tarchonanthoides Heering, is one of the narrowest endemic species of 
the genus occurring only adhered to steep cliffs in Morro da Igreja, Parque Nacional 
de São Joaquim, in Urubici, Santa Catarina, Brazil (Heiden and Pirani 2016). B. fri-
burgensis G.Heiden & al. (Fig. 2.8b), belonging to B. subgen. Oblongifoliae (DC.) 
G.Heiden, is only known for a few inselbergs within the Atlantic Rainforest in a 
small area of Macaé de Cima District, in Nova Friburgo, Rio de Janeiro, Brazil 
(Heiden et al. 2009). B. magnifica G.Heiden & al. (Fig. 2.8c), belonging to B. sub-
gen. Heterothalamus (Less.) G.Heiden, is a rare endemic from the escarpments of 
Pico da Bandeira massif, at Parque Nacional do Caparaó, in the border between 
Espírito Santo and Minas Gerais, Brazil (Heiden et  al. 2014). B. bifrons Baker, 
belonging to B. subgen. Molina (Pers.) Heering (Fig. 2.8d), has a restricted area of 
occurrence and is only known for the seasonally dry tropical forests and coastal 
vegetation in the Cabo Frio peninsula in Rio de Janeiro, Brazil (Heiden et al. 2012).

Another example is B. wagenitzii (F.H.Hellw.) Joch.Müll. (Fig. 2.9a), the only 
species belonging to B. subgen. Heterothalamulopsis (Deble, A.S.Oliveira & 
Marchiori) G.Heiden that only occurs amid basaltic and sandstone rock outcrops or 
edges of cloud forests on the canyon cliffs of Parque Nacional Aparados da Serra 
and Serra Geral, along the borders of Rio Grande do Sul and Santa Catarina, Brazil 
(Hellwig 2003). B. pluricapitulata (Deble) G.Heiden (Fig.  2.9b), belonging to 
B. subgen. Coridifoliae (DC.) G.Heiden, is known only for few localities in swamps 
and peat bogs in the hilltops of Serra do Sudeste, amid the pampas temperate grass-
lands, in the municipalities of Pedras Altas and Pinheiro Machado, Rio Grande do 
Sul, Brazil (Heiden 2013). B. scopulorum A.A.Schneid. & G.Heiden (Fig. 2.9c), 
belonging to the first early divergent lineage from the remaining B. subgen. 
Baccharis, is restricted to a single locality growing on sandstone shaded cliffs in 
Serra do Corvo Branco, the boundary between Grão Pará and Urubici municipali-
ties at Santa Catarina, Brazil (Schneider et al. 2011), while B. obdeltata G.Heiden 
(Fig. 2.9d), belonging to the core of B. subgen. Baccharis, is endemic to the moun-
taintop quartzite tropical grasslands (campos rupestres) on the slopes of Pico do 
Breu, a massif in the Espinhaço Range at Santana do Riacho, Minas Gerais, Brazil 
(Heiden and Pirani 2014). Baccharis has plenty of other examples of narrow 
endemic species, and mapping their occupied area and studying their species popu-
lation demography and ecology would be worthwhile for conservation measures to 
be proposed and put into action.
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4  What Do We Know (or Not) About the Role 
of Hybridization on Baccharis Diversity?

The role of hybridization on Baccharis diversity, distribution, evolution, and ecol-
ogy remains a neglected subject deserving more attention. Several authors were 
puzzled by complexes of similar species and morphologically intermediate speci-
mens between not morphologically closely related taxa. Natural interspecific 
hybrids are scarcely properly documented in the literature and herbaria, although it 
is commonly advocated as a widespread phenomenon within the genus. Alboff and 
Kurtz (1896) and Spegazzini (1896), as cited by Hellwig (1990), were among the 
first ones to highlight the hybridization of B. magellanica (Lam.) Pers. and B. pata-
gonica Hook. & Arn., on studies of the Tierra del Fuego flora.

Malagarriga (1949, under his priest name Irmão Teodoro Luis) was the first to 
formally recognize a putative hybrid (B. × paulopolitana L.Teodoro & W.Hoehne). 
Later, he described other specimens as additional natural hybrids (B. × fraudulenta 
L.Teodoro, B. × heeringiana L.Teodoro, B. × hoehneana L.Teodoro, B. × wilsoni-
ana L.Teodoro) suggesting the likely parental taxa (Malagarriga 1954, also as Irmão 
Teodoro Luis). This author defended the legitimacy of naming and describing 
hybrid taxonomical entities and the indication of putative parental species towards 
the recognition of the role of hybridization for the understanding of hybrid com-
plexes represented by the segregation of an offspring between not closely related 
species. Malagarriga (1954) also briefly discussed the role of dioecy in hybridiza-
tion and introgression and their consequences, for example, the hybrids’ occupancy 
of intermediate ecological niches, not suitable for the parental taxa.

Hellwig (1990) described 18 hybrid species and 15 hybrid subspecies and 
hypothesized the hybrid origin of 3 taxa (B. × concava (Ruiz & Pav.) Pers., B. × 
intermedia DC., and B. × volckmannii Phil.) published by former authors, discuss-
ing their likely origins, geography, and ecology in Chile, intending to draw attention 
from future collectors and deeper research on this subject. He highlighted the fact 
that B. intermedia behaves as a complex of hybridization, with the parental B. mac-
raei Hook. & Arn. occurring along sandy soils by the coast, while B. linearis (Ruiz 
& Pav.) Pers., the other parent species, is widespread but restricted to inland, never 
found close to the sea. The gap of ecological distribution, as well as the morphologi-
cal spectrum between the two parental species, is filled by B. × intermedia. Besides 
the case of B. intermedia, whose individuals can be easily spotted as hybrids, 
Hellwig (1990) also explained other cases as the hybrids between B. obovata and 
B. magellanica, yielding large and easily recognizable swarms of intermediate 
forms. Meanwhile, on the opposite side, he also gave the example of other hybrids 
more difficult to recognize, as when hybridization takes part between morphologi-
cally similar parent species as the cases of crosses of B. neaei versus B. linearis, 
whose offspring is hard to tell apart from the parent species.

The case of B. × intermedia was later investigated by Faini et al. (1991), who 
examined a zone of sympatric occurrence between B. linearis and B. macraei, to 
determine the hybrid nature of B. × intermedia using morphological and chemical 
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data. The authors found that hybrids show intermediate branching pattern, all inter-
mediate shapes of leaves, and intermediate peduncle size and capitula arrangement. 
For the chemical profile, it was found that while B. linearis has five species-specific 
components, predominantly aromatic derivatives, B. macraei metabolizes mainly 
furanoclerodane diterpenes and, apart from the triterpenoids of common occurrence 
in the genus, the chemical composition of B. × intermedia is a clear combination of 
the metabolites present in the two parent species. The main conclusion of the work 
was that these abovementioned taxa form part of a homogamic complex which 
comprises almost the whole genus in Chile with the species adapted to conditions 
which characterize their habitats and connected by hybrids that inhabit transitional 
zones between the ranges of the parental species. They highlight that in some cases, 
alteration of the natural vegetation by human impact resulted in the formation of 
degraded vegetation types where contact zones create conditions for the establish-
ment of hybrids and backcross progeny which are favorable.

Zanowiak (1991) investigated, by the mean of cpDNA, nrDNA, and pollen fertil-
ity data, a region of overlapping distribution for B. halimifolia L. and B. neglecta 
Britton, where a continuum of leaf morphology from broader to narrower, charac-
terizing the first and the last species respectively, occurs. The results confirmed that 
hybridization does indeed exist between the two species and that hybrids retain a 
level of fertility sufficient for introgression to occur. By the way, according to 
Sundberg and Bogler (2006), not formally named natural hybrids between B. halimi-
folia and B. angustifolia Michx. or B. neglecta have been recorded in Arkansas, 
Louisiana, and East Texas, while hybrids between B. halimifolia and B. angustifolia 
are also known in Florida.

Meanwhile, many doubts remain concerning the patterns and processes of 
hybridization in Baccharis; this mechanism is being successfully explored by the 
applied sciences since a while, and it gives a lot of clues of what could be happening 
under natural circumstances. Artificial hybrids, between the allopatric B. pilularis 
(coyote bush), from California and Oregon, and B. sarothroides (desert broom), 
from Arizona, California, New Mexico, and Texas in the USA and Baja California, 
Baja California Sur, Sinaloa, and Sonora in Mexico, were successfully obtained by 
Thompson et al. (1976). The aim of the author was to apply the desirable hybrid 
forms as an ornamental shrub for desert landscaping combining desirable features 
of arid-land adaptability and drought tolerance of the desert broom with the leafi-
ness and compact, procumbent growth habit of the coyote bush. A total of 301 
hybrid plants within the progeny of this cross were evaluated by Lee et al. (1984) 
over a period of 6 years, and individual plant selections were successfully propa-
gated asexually by means of rooted cuttings. Thompson et al. (1995) later described 
in detail the whole process of obtaining these hybrids, and the reading is worthwhile 
as the most thorough case study of hybridization and backcrossing in Baccharis. 
The hybrid plants started to flower during the second year of growth. Morphologically, 
the size and shape of the leaves of the fully grown hybrid plants were intermediate 
between the two parental types at the same stage of maturity. The pistillate capitula 
of the hybrid plants were identical to those of the desert broom maternal parent, but 
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they were variable in size and reduced in length and diameter, and the bristles of the 
pappus were noticeably shorter. In general, hybrid plants produced fewer capitula 
and smaller and lighter seeds. The high degree of variation in height, width, width/
height ratio, leaf shapes, branching habit, and number of florets per plant suggests a 
high level of genetic heterogeneity within the hybrid population. Although the 
hybrid plants have not been subjected to rigorous testing, according to Thompson 
(1995), they appeared to have a high level of tolerance to various abiotic stresses, 
especially drought and low humidity. The plants survived summer heat of 45 °C 
without wilting and winter cold as low as −10  °C.  After evaluations (Lee et  al. 
1984), one plant was selected as having the best combination of desirable horticul-
tural characteristics and was released as a new cultivar called “Centennial” to com-
memorate the 100th year of the University of Arizona. All the interspecific hybrid 
plants were pistillate, and the reason for this type of sex expression has not been 
determined by Thompson (1985), but he proposed that maternal cytoplasmic factor 
could be operating. Because excessive production of pappus on female plants can be 
a nuisance and fire hazard, in an area naturally prone for this phenomena, male or 
staminate flowering would be preferred, and later Thompson (1995) selected hybrid 
plants that have been backcrossed to the parental B. sarothroides, and seedlings of 
the resulting progenies were evaluated and utilized to clarify the mechanism and 
inheritance of sex expression with the aim to obtain superior selections from these 
progenies to combine drought tolerance, procumbent and compact growth habit, 
and staminate sex expression. The second-generation seedling plants displayed a 
wide range of leaf types. As the plants matured, most tended to exhibit either the 
oblong, serrated leaf shape of “Centennial” or the smooth, linear shape of the desert 
broom parent. Backcrossed hybrids revealed the presence of several staminate 
plants. Because some genetic segregation for sex expression was evident in the 
second- generation hybrid seedlings, propagation focused on an all-staminate hybrid 
that would eliminate the dispersion of unwanted seedlings, although potentially cre-
ating backcross hybrid progeny via pollen dispersal. Thompson (1995) stated that 
the most positive aspect would be eliminating dispersal of unwanted pappus, and 
after growing the selections in field plots for 3 years, a staminate, second-generation 
hybrid plant, which had the desirable degree of procumbency and vigor, was chosen 
and propagated resulting in a plant which has a leaf shape intermediate between 
“Centennial” and the male backcross parent. This new cultivar was named 
“Thompson” and represents a second-generation interspecific hybrid.

Although it was not the aim of the plant breeders, the development of the two 
cultivars demonstrated the feasibility of hybridization and backcrossing in 
Baccharis, resulting in a wide range of intermediate forms and factual evidence of 
introgression. Conversely, if it is proven possible for different Baccharis species to 
hybridize, it is still not understood what are the genetic and ecological barriers that 
keep species boundaries working at a high degree in nature, and research on this 
field would raise lots of interesting questions and answers on the evolution and ori-
gins of diversity in the genus.
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5  Baccharis Diversity and Distribution: Who They Are 
and Where to Find Them?

The complete list of subgenera, sections, and species distributions across the 35 
American sovereign countries and the 24 dependent territories from the Americas 
along with the introduced potentially naturalized occurrences in Europe and Oceania 
is presented in the following section.

I. Baccharis subgen. Tarchonanthoides Heering: Two sections and thirteen species. 
The group has diversified mainly in open vegetation of southeastern South 
America, occurring in Brazil, Paraguay, Uruguay, and Argentina. The main cen-
ter of species richness is found in the southern Brazilian highlands along the 
states of Paraná, Santa Catarina, and Rio Grande do Sul. Nonetheless, endemic 
taxa also occur in the highland rocky grasslands (campos rupestres) of Minas 
Gerais, in southeastern Brazil, and in the lowland temperate grasslands from the 
pampas of Argentina, Uruguay, and southern Brazil (Heiden et al. 2019).

I.I. Baccharis sect. Tarchonanthoides (Heering) Cuatrec.: Six species occurring in 
savannas and grasslands from southeastern Brazil to southern Uruguay.

 1. B. chionolaenoides D.B.Falkenb. & Deble. Brazil (Santa Catarina).
 2. B. curitybensis Heering ex Malme. Brazil (Minas Gerais, Paraná, Rio de 

Janeiro, Rio Grande do Sul, Santa Catarina, São Paulo).
 3. B. lychnophora Gardner. Brazil (Minas Gerais).
 4. B. nebularis G.Heiden. Brazil (Paraná, Santa Catarina).
 5. B. patens Baker. Brazil (Rio Grande do Sul). Uruguay (Canelones, Lavalleja, 

Maldonado, Montevideo, Rocha, San José).
 6. B. tarchonanthoides DC. Brazil (Bahia, Minas Gerais, Paraná, Rio de 

Janeiro, Santa Catarina, São Paulo).

I.II. Baccharis sect. Canescentes Giuliano: Seven species occurring in a wide array 
of ecosystems in southeastern South America, from eastern Paraguay and south-
eastern Brazil south to the province of Buenos Aires in Argentina.

 7. B. gibertii Baker. Brazil (Rio Grande do Sul). Uruguay (Canelones, Cerro 
Largo, Maldonado, Montevideo, Rocha, San José).

 8. B. gnaphalioides Spreng. Argentina (Buenos Aires). Brazil (Rio Grande 
do Sul, Santa Catarina). Uruguay (Canelones, Maldonado, Montevideo, 
Rivera, Rocha, Tacuarembó, San José).

 9. B. helichrysoides DC. Argentina (Misiones). Brazil (Mato Grosso do Sul, 
Minas Gerais, Paraná, Rio de Janeiro, Rio Grande do Sul, Santa Catarina, 
São Paulo). Paraguay (Alto Paraná, Amambay, Caaguazú, Caazapá, 
Guairá).

 10. B. leucocephala Dusén. Brazil (Paraná, Rio Grande do Sul, Santa Catarina).
 11. B. leucopappa DC. Brazil (Rio Grande do Sul, Santa Catarina).
 12. B. phylicifolia DC. Brazil (Minas Gerais, Rio de Janeiro, Rio Grande do 

Sul, Paraná, Santa Catarina, São Paulo).
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 13. B. uleana Malag. Brazil (Rio Grande do Sul, Santa Catarina, São Paulo).

II. Baccharis subgen. Oblongifoliae (DC.) G.Heiden: 18 species mostly in the sum-
mits of the main mountainous ranges of South America, the highest diversity 
found in southeastern Brazil. Species such as B. oblongifolia (Ruiz & Pav.) Pers. 
and B. rufidula (Spreng.) Joch.Müll. occur in submontane forests. Baccharis 
sect. Oblongifoliae is the only known section to this subgenus (Heiden et  al. 
2019).

II.I. Baccharis sect. Oblongifoliae DC.: Same composition and distribution of the 
subgenus.

 14. B. alpestris Gardner. Brazil (Rio de Janeiro).
 15. B. antioquensis Killip & Cuatrec. Colombia (Antioquia, Valle de Cauca).
 16. B. ciliata Gardner. Brazil (Rio de Janeiro).
 17. B. coronata Giuliano. Brazil (Rio Grande do Sul, Santa Catarina).
 18. B. crassipappa Deble & A.S.Oliveira. Brazil (Minas Gerais).
 19. B. cutervensis Hieron. Ecuador (Azuay). Peru (Amazonas, Cajamarca).
 20. B. densa (N.E.Br.) V.M.Badillo. Guyana. Brazil (Roraima). Venezuela 

(Amazonas, Bolívar).
 21. B. dichotoma G.Heiden & L.D.Meireles. Brazil (Minas Gerais, São Paulo).
 22. B. friburgensis G.Heiden & al. Brazil (Rio de Janeiro).
 23. B. grandimucronata L.Teodoro & J.Vidal. Brazil (Espírito Santo, Minas 

Gerais, Paraná, Rio de Janeiro, Santa Catarina, São Paulo).
 24. B. ligustrina DC. Brazil (Bahia, Distrito Federal, Goiás, Minas Gerais, 

Paraná, São Paulo).
 25. B. macrophylla Dusén. Brazil (Minas Gerais, Rio de Janeiro, São Paulo).
 26. B. meridensis Steyerm. Venezuela (Mérida).
 27. B. myricifolia DC. Brazil (Distrito Federal, Goiás, Minas Gerais, Paraná, 

Santa Catarina, São Paulo).
 28. B. oblongifolia (Ruiz & Pav.) Pers. Argentina (Misiones). Bolivia 

(Cochabamba, La Paz, Santa Cruz). Brazil (Amazonas, Bahia, Espírito 
Santo, Minas Gerais, Paraná, Rio de Janeiro, Rio Grande do Sul, Roraima, 
Santa Catarina, São Paulo). Colombia (Antioquia, Boyacá, Caquetá, Cauca, 
Cesar, Chocó, Cundinamarca, La Guajira, Huila, Magdalena, Meta, Nariño, 
Norte de Santander, Putumayo, Santander, Valle de Cauca). Ecuador 
(Azuay, Carchi, Loja, Morona-Santiago, Napo, Pichincha, Sucumbios, 
Tungurahua, Zamora-Chinchipe). Peru (Amazonas, Cajamarca, Cuzco, 
Junín, Huánuco, Loreto, Pasco, San Martín, Ucayali). Venezuela (Amazonas, 
Bolívar, Lara, Mérida, Táchira, Trujillo, Zulia).

 29. B. rufidula (Spreng.) Joch.Müll. Brazil (Espírito Santo, Minas Gerais, Rio 
de Janeiro).

 30. B. vismioides DC. Brazil (Minas Gerais, Paraná, São Paulo).
 31. B. vitis-idaea Oliver. ex Thurn. Brazil (Amazonas, Roraima). Guyana. 

Venezuela (Amazonas, Bolívar).
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III. Baccharis subgen. Heterothalamus (Less.) G.Heiden: Three sections and seven 
species. The three lineages are found in distinct regions, in Serra do Caparaó, 
southeastern Brazil, along the Andes from northern Argentina to Peru, and in 
pampean mountains and hilly ranges of Argentina, southern Brazil, and Uruguay 
(Heiden et al. 2019).

III.I. Baccharis sect. Bradeanae G.Heiden: Two species, both endemic to Serra do 
Caparaó in southeastern Brazil.

 32. B. dubia Deble & A.S.Oliveira. Brazil (Espírito Santo, Minas Gerais).
 33. B. magnifica G.Heiden & al. Brazil (Espírito Santo, Minas Gerais).

III.II. Baccharis sect. Psila (Phil.) Cuatrec.: Two species restricted to salt plains, 
marshes, and streams in high-elevation areas along the Andes.

 34. B. acaulis (Wedd. ex R.E.Fr.) Cabrera. Argentina (Catamarca, Jujuy, Salta). 
Bolivia (Cochabamba, La Paz, Oruro, Potosí, Tarija). Chile (Arica y 
Parinacota, Tarapacá). Peru (Cusco, Puno).

 35. B. davidsonii Cuatrec. Peru (Junín).

III.III. Baccharis sect. Heterothalamus (Less.) Giuliano: Three species occurring 
in central Argentina, southern Brazil, and Uruguay.

 36. B. aliena (Spreng.) Joch.Müll. Argentina (Córdoba, La Rioja, San Luis). 
Brazil (Rio Grande do Sul, Santa Catarina). Uruguay (Canelones, Cerro 
Largo, Durazno, Florida, Lavalleja, Maldonado, Montevideo, Río Negro, 
Rivera, Rocha, Tacuarembó, Treinta y Tres).

 37. B. hyemalis Deble. Brazil (Rio Grande do Sul).
 38. B. psiadioides (Less.) Joch.Müll. Brazil (Rio Grande do Sul, Santa Catarina). 

Uruguay (Cerro Largo, Rivera, Tacuarembó, Treinta y Tres).

IV. Baccharis subgen. Molina (Pers.) Heering: 21 sections and 150 species, from 
southwestern USA to southern South America. Mexico, the Andes, and south-
eastern Brazil are the main centers of species richness. 27 species are still placed 
in 8 sections with unknown relationships, and 18 species still lack a hypothesis 
of relationships with any of the remaining sections and species of the subgenus 
(Heiden et al. 2019).

IV.I. Baccharis sect. Palenia Giuliano: Baccharis nivalis is the only species placed 
in the section, occurring in Argentinean and Chilean Patagonia.

 39. B. nivalis (Wedd.) Sch.Bip. ex Phil. Argentina (Chubut, Neuquén, Río 
Negro, Santa Cruz, Tierra del Fuego). Chile (Aysén, Araucanía, Los Lagos, 
Los Ríos, Magallanes y Antártica, Maule).

IV.II. Baccharis sect. Subliguliflorae Giuliano: Seven species occurring mostly in 
the monte dry thorn scrub and prepuna and puna mountain vegetations from 
northwestern Argentina and Bolivia.

 40. B. beckii Joch.Müll. Bolivia (Chuquisaca, Potosí, Tarija).
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 41. B. cabrerae Ariza. Argentina (Catamarca, Salta, Tucumán).
 42. B. niederleinii Heering. Argentina (La Rioja, San Juan).
 43. B. potosiensis H.Rob. Bolivia (Chuquisaca, Potosí).
 44. B. potrerillana (Ariza) G.Heiden. Argentina (La Rioja, San Juan).
 45. B. torricoi Joch.Müll. Bolivia (Cochabamba, Potosí, Tarija).
 46. B. woodii Joch.Müll. Bolivia (Potosí).

IV.III. Baccharis sect. Thymifoliae Giuliano: Two species from the prepuna and 
puna vegetations from northwestern Argentina and Bolivia.

 47. B. grisebachii Hieron. Argentina (Catamarca, Jujuy, La Rioja, Mendoza, 
Salta, San Juan, Tucumán). Bolivia (Potosí, Tarija).

 48. B. thymifolia Hook. & Arn. Argentina (Mendoza).

IV.IV. Baccharis sect. Trinervatae DC.: 13 species, most of them are widespread 
and distributed in forest edges of tropical Central and South America. Baccharis 
pedunculata (Mill.) Cabrera and B. trinervis Pers. are widespread species, while 
B. steetzii Andersson is endemic to the Galápagos, and B. acutata (Alain) 
Borhidi, B. nipensis Urb., and B. orientalis Alain are endemic to Cuba. Baccharis 
retamoides Phil. is a desert subshrub from central Argentina.

 49. B. acutata (Alain) Borhidi. Cuba.
 50. B. bifrons Baker. Brazil (Rio de Janeiro).
 51. B. cinerea DC. Brazil (Alagoas, Bahia, Ceará, Distrito Federal,  Espírito 

Santo, Minas Gerais, Paraíba, Pernambuco, Rio de Janeiro, Rio Grande do 
Norte, Sergipe, São Paulo).

 52. B. debilis Rusby. Argentina (Chaco, Corrientes, Formosa, Jujuy, Misiones, 
Salta). Bolivia (Beni, Chuquisaca, Cochabamba, La Paz, Pando, Santa Cruz, 
Tarija). Paraguay (Concepción). Peru (Cajamarca, Cusco, Huánuco, San 
Martín). Venezuela (Aragua, Mérida).

 53. B. nervosa DC. Guadeloupe. Martinique. Trinidad and Tobago.
 54. B. nipensis Urb. Cuba.
 55. B. orientalis Alain. Cuba.
 56. B. pedunculata (Mill.) Cabrera. Bolivia (Beni, Cochabamba, La Paz, Santa 

Cruz). Colombia (Antioquia, Boyacá, Caldas, Cauca, Chocó, Cundinamarca, 
Huila, Nariño, Norte de Santander, Putumayo, Quindío, Santander, Tolima, 
Valle de Cauca). Costa Rica. Dominica. Ecuador (Azuay, Cañar, 
Chimborazo, Cotopaxi, Imbabura, Morona-Santiago, Napo, Pastaza, 
Pichincha, Sucumbíos, Tungurahua, Zamora-Chinchipe). El Salvador. 
Guatemala. Honduras. Martinique. Mexico (Chiapas). Montserrat. 
Nicaragua. Panama. Peru (Cajamarca, Cusco, Huánuco, Junín, Madre de 
Dios, Pasco, Piura, San Martín). Saba. Saint Kitts and Nevis. Saint Lucia. 
Saint Vincent and the Grenadines. Venezuela (Distrito Federal, Mérida, 
Miranda, Portuguesa, Táchira, Trujillo).

 57. B. quitensis Kunth. Argentina (Catamarca, Jujuy, La Rioja, Salta, Tucumán). 
Bolivia (Chuquisaca, Cochabamba, La Paz, Santa Cruz, Tarija). Brazil 
(Mato Grosso, Mato Grosso do Sul, Minas Gerais, Rondônia, São Paulo). 
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Ecuador (Guayas, Loja, Pichincha). Peru (Amazonas, Apurimac, 
Cajamarca, La Libertad, Loreto, Piura, Puno).

 58. B. retamoides Phil. Argentina (Catamarca, La Rioja, Mendoza, Salta, San 
Juan, Tucumán).

 59. B. spartea Benth. Peru (Ancash, Ayacucho, Cajamarca, La Libertad, Lima).
 60. B. steetzii Andersson. Ecuador (Galápagos).
 61. B. trinervis Pers. Argentina (Chaco, Corrientes, Formosa, Jujuy, Misiones, 

Salta, Santiago del Estero). Belize. Bolivia (Beni, Chuquisaca, Cochabamba, 
La Paz, Pando, Santa Cruz, Tarija). Brazil (Acre, Alagoas, Bahia, Distrito 
Federal, Espírito Santo, Minas Gerais, Pará, Paraná, Pernambuco, Rio de 
Janeiro, Rio Grande do Sul, Rondônia, Roraima, Santa Catarina, São Paulo). 
Colombia (Antioquia, Atlántico, Bolívar, Boyacá, Caldas, Caquetá, Cauca, 
Cesar, Chocó, Cundinamarca, La Guajira, Guaviare, Huila, Magdalena, 
Meta, Nariño, Norte de Santander, Putumayo, Quindío, Risaralda, Santander, 
Sucre, Tolima, Valle de Cauca). Costa Rica. Ecuador (Azuay, Bolívar, 
Carchi, Chimborazo, Cotopaxi, El Oro, Esmeraldas, Guayas, Imbabura, 
Loja, Los Ríos, Manabí, Morona-Santiago, Napo, Orellana, Pastaza, 
Pichincha, Sucumbíos, Tungurahua, Zamora-Chinchipe). El Salvador. 
Guatemala. Guyana. Honduras. Mexico (Campeche, Chiapas, 
Colima, Estado de México, Guerrero, Hidalgo, Jalisco, Michoacán, Morelos, 
Nayarit, Oaxaca, Puebla, Querétaro, Quintana Roo, San Luis Potosí, Sinaloa, 
Tabasco, Tamaulipas, Veracruz, Yucatán). Nicaragua. Panama. Paraguay 
(Alto Paraguay, Amambay, Boquerón, Canindeyú, Central, Concepción, 
Cordillera, Guairá, Paraguarí, Presidente Hayes, San Pedro). Peru 
(Amazonas, Cajamarca, Cuzco, Huánuco, Junín, Lambayeque, La Libertad, 
Loreto, Madre de Dios, Pasco, Piura, Puno, San Martín, Tumbes, Ucayali). 
Trinidad and Tobago. Venezuela (Amazonas, Anzoátegui, Aragua, Barinas, 
Bolívar, Carabobo, Distrito Federal, Lara, Mérida, Miranda, Monagas, 
Nueva Esparta, Portuguesa, Sucre, Táchira, Trujillo, Zulia).

IV.V. Baccharis sect. Australes Giuliano: Baccharis racemosa is the only species 
and occurs in Patagonia.

 62. B. racemosa (Ruiz & Pav.) DC. Argentina (Chubut, Neuquén, Río Negro). 
Chile (Araucanía, Aysén, Bío Bío, Coquimbo, Los Lagos, Los Ríos, Maule, 
Ñuble, O’Higgins, Valparaíso).

IV.VI. Baccharis sect. Bogotenses Cuatrec.: 18 species occurring from Argentina 
and Uruguay to North America, where it is slightly more diverse.

 63. B. bogotensis Kunth. Colombia (Boyacá, Cesar, Cundinamarca, Meta, 
Norte de Santander, Santander).

 64. B. brachyphylla A.Gray. Mexico (Baja California, Baja California Sur, 
Chihuahua, Sonora). USA (Arizona, California, Nevada, New Mexico, Texas).

 65. B. charucoensis G.L.Nesom. Mexico (Michoacán).
 66. B. erosoricola Rzed. Mexico (Estado de México, Hidalgo, Quintana Roo).
 67. B. glabrata (Hoover) G.Heiden. USA (California).

2 Baccharis: Diversity and Distribution



48

 68. B. gracilis DC. Brazil (Distrito Federal, Goiás, Minas Gerais, Paraná, Rio 
de Janeiro, São Paulo). Paraguay (Caazapá, Guairá).

 69. B. macrocephala Sch.Bip. ex Greenm. Mexico (Estado de México, Hidalgo, 
Morelos, Puebla, Veracruz).

 70. B. maxima Baker. Brazil (Minas Gerais, Rio de Janeiro, São Paulo).
 71. B. mutisiana Cuatrec. Colombia (Boyacá, Cundinamarca, Meta, Norte de 

Santander, Santander). Venezuela (Mérida, Táchira, Trujillo).
 72. B. occidentalis S.F.Blake. Mexico (Guanajuato, Guerrero, Jalisco, Nayarit, 

Sinaloa, San Luis Potosí, Zacatecas).
 73. B. plummerae A.Gray. USA (California).
 74. B. pteronioides DC. Mexico (Aguascalientes, Chihuahua, Coahuila, Colima, 

Durango, Estado de México,  Guanajuato, Guerrero, Hidalgo, Jalisco, 
Michoacán, Morelos, Nayarit, Nuevo León, Oaxaca, Puebla, Querétaro, San 
Luis Potosí, Sinaloa, Sonora, Tamaulipas, Tlaxcala, Veracruz, Zacatecas). 
USA (Arizona, New Mexico, Texas).

 75. B. ramiflora A.Gray. Mexico (Guanajuato, Guerrero, Hidalgo, Querétaro, 
San Luis Potosí, Veracruz, Yucatán).

 76. B. saliens Rusby. Bolivia (Cochabamba, La Paz, Santa Cruz). Peru (Cusco).
 77. B. serranoi H.Rob. Bolivia (Chuquisaca, Cochabamba, La Paz, Santa Cruz).
 78. B. solomonii H.Rob. Bolivia (La Paz).
 79. B. texana (Torr. & A.Gray) A.Gray. Mexico (Chihuahua, Coahuila, Durango, 

Nuevo León, Tamaulipas). USA (New Mexico, Oklahoma, Texas).
 80. B. wrightii A.Gray. Mexico (Chihuahua, Durango, Sonora). USA (Arizona, 

Colorado, Kansas, New Mexico, Oklahoma, Texas, Utah).

IV.VII. Baccharis sect. Paniculatae Heering: Two species, B. paniculata, from 
Chile, and B. effusa, from northwestern Argentina and southwestern Bolivia.

 81. B. effusa Griseb. Argentina (Catamarca, Jujuy, Salta, Tucumán).
 82. B. paniculata DC. Chile (Atacama, Bío Bío, Coquimbo, Maule, 

Metropolitana, Ñuble, O’Higgins, Valparaíso).

IV.VIII. Baccharis sect. Arenariae Giuliano: Baccharis arenaria is the only species 
and occurs in riverine and lake shore vegetation in northeastern Argentina, south-
ern Brazil, and Uruguay.

 83. B. arenaria Baker. Argentina (Corrientes, Entre Ríos). Brazil (Rio Grande 
do Sul). Uruguay (Canelones, Cerro Largo, Colonia, Florida, Lavalleja, 
Maldonado, Montevideo, Rocha, San José, Tacuarembó).

IV.IX. Baccharis sect. Polifoliae G.Heiden: Baccharis polifolia is the only spe-
cies  and occurs in the Andes from northwestern Argentina to southwestern 
Bolivia.

 84. B. polifolia Griseb. Argentina (Catamarca, Jujuy, La Rioja, Mendoza, Salta, 
San Juan, Tucumán). Bolivia (Tarija).
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IV.X. Baccharis sect. Pseudobaccharis (Cabrera) Cuatrec.: Three species, occur-
ring in the puna, prepuna, and altoandina vegetations in northwestern Argentina 
and Bolivia.

 85. B. boliviensis (Wedd.) Cabrera. Argentina (Catamarca, Jujuy, Salta, 
Tucumán). Bolivia (Cochabamba, La Paz, Oruro, Potosí, Tarija). Chile 
(Arica y Parinacota, Antofagasta, Tarapacá). Peru (Arequipa, Cusco, La 
Libertad, Puno, Tacna).

 86. B. spartioides (Hook. & Arn. ex DC.) Remy. Argentina (Buenos Aires, 
Catamarca, Chubut, Córdoba, Jujuy, La Pampa, La Rioja, Mendoza, 
Neuquén, Río Negro, Salta, Santa Cruz, San Juan, San Luis, Tucumán). 
Chile (Atacama).

IV.XI. Baccharis sect. Angustifoliae Baker: Seven species from the northern Andes 
(B. arguta) to Patagonia, where most of the species are found, with one species 
(B. orbignyana Klatt) in the eastern Bolivian and central Brazilian tropical 
savannas (cerrado).

 87. B. arguta Gillies ex Hook. & Arn. Argentina (Catamarca, Córdoba, Jujuy, 
La Rioja, Mendoza, Salta, San Juan, San Luis, Tucumán). Bolivia 
(Chuquisaca, Cochabamba, La Paz, Santa Cruz). Peru (Apurímac, Ayacucho, 
Cusco, Puno).

 88. B. darwinii Hook. & Arn. Argentina (Buenos Aires, Catamarca, Chaco, 
Chubut, Córdoba, Corrientes, Entre Ríos, Formosa, La Pampa, La Rioja, 
Mendoza, Neuquén, Río Negro, Salta, Santa Cruz, Tucuman). Bolivia 
(Cochabamba, La Paz, Potosí). Uruguay (Río Negro).

 89. B. gilliesii A.Gray. Argentina (Buenos Aires, Catamarca, Chaco, Chubut, 
Córdoba, Corrientes, Entre Ríos, Jujuy, La Pampa, La Rioja, Mendoza, 
Río Negro).

 90. B. melanopotamica Speg. Argentina (Buenos Aires, Chubut, Córdoba, La 
Pampa, Río Negro, San Luis).

 91. B. orbignyana Klatt. Bolivia (Santa Cruz). Brazil (Bahia, Distrito Federal, 
Goiás, Minas Gerais).

 92. B. petrophila R.E.Fr. Argentina (Jujuy, Salta).
 93. B. ulicina Hook. & Arn. Argentina (Buenos Aires, Catamarca, Chaco, 

Córdoba, Corrientes, Entre Ríos, Jujuy, La Pampa, La Rioja, Río Negro, 
Salta, Santa Cruz, Santiago del Estero, Santa Fe, San Luis, Tucumán). 
Bolivia (Chuquisaca, Cochabamba, Potosí, Santa Cruz, Tarija).

IV.XII. Baccharis sect. Serrulatae Cuatrec.: Eight species from the páramos vege-
tation of the northern Andes, mainly Colombia and Ecuador.

 94. B. arbutifolia Vahl. Ecuador (Azuay, Bolívar, Carchi, Chimborazo, 
Cotopaxi, Imbabura, Morona-Santiago, Napo, Pichincha, Tungurahua).

 95. B. caldasiana Cuatrec. Colombia (Caldas, Risaralda, Tolima).
 96. B. ledifolia Kunth. Colombia (Amazonas, Cajamarca).
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 97. B. padifolia Hieron. Colombia (Cauca, Magdalena, Nariño). Ecuador 
(Azuay, Carchi, Chimborazo, Cotopaxi, Imbabura, Napo, Pichincha, 
Tungurahua).

 98. B. prunifolia Kunth. Colombia (Antioquia, Arauca, Boyacá, Caldas, 
Cauca, Cesar, Cundinamarca, Magdalena, Meta, Nariño, Norte de 
Santander, Santander, Valle de Cauca). Venezuela (Lara, Mérida, Táchira, 
Trujillo).

 99. B. revoluta Kunth. Colombia (Boyacá, Caldas, Cundinamarca, Tolima, 
Santander, Valle de Cauca).

 100. B. rupicola Kunth. Colombia (Arauca, Boyacá, Caldas, Cauca, 
Cundinamarca, Meta, Norte de Santander, Risaralda, Santander, Tolima, 
Valle de Cauca).

 101. B. vacciniifolia Cuatrec. Colombia (Boyacá, Cundinamarca, Tolima, Valle 
de Cauca).

IV.XIII. Baccharis sect. Corymbosae Heering: 37 species occurring from the south-
western USA to central Argentina and Chile. Two centers of diversity: one along 
the eastern slope of the Andes and the other along the mountain ranges of south-
eastern Brazil.

 102. B. alnifolia Meyen & Walp. Chile (Arica y Parinacota, Antofagasta, 
Tarapacá). Peru (Arequipa, La Libertad, Moquegua, Tacna).

 103. B. anomala DC. Argentina (Entre Ríos, Misiones). Brazil (Minas Gerais, 
Paraná, Rio Grande do Sul, Santa Catarina, São Paulo). Paraguay (Alto 
Paraná, Caaguazú, Caazapá, Guairá). Uruguay (Artigas, Cerro Largo, 
Durazno, Maldonado, Río Negro, Rivera, Rocha, Tacuarembó, Treinta 
y Tres).

 104. B. auriculigera Hieron. Ecuador (Chimborazo, Cañar, Loja). Peru 
(Amazonas, Cajamarca, Cusco, La Libertad, Lambayeque, Piura).

 105. B. breviseta DC. Argentina (Buenos Aires, Chaco, Corrientes, Entre Ríos, 
Misiones). Brazil (Bahia, Distrito Federal, Mato Grosso, Mato Grosso do 
Sul, Minas Gerais, Paraná, Rio de Janeiro, Rio Grande do Sul, Santa 
Catarina, São Paulo). Colombia (Antioquia, Boyacá, Cundinamarca). 
Paraguay (Caazapá, Central, Concepción, Cordillera, Guairá, Itapúa, 
Paraguarí). Uruguay (Canelones, Cerro Largo, Colonia, Florida, 
Montevideo, Río Negro, Rocha, San José, Tacuarembó).

 106. B. calliprinos Griseb. Argentina (Catamarca, La Rioja, Mendoza, Salta, 
San Juan, Tucumán).

 107. B. cana Joch.Müll. Bolivia (Chuquisaca).
 108. B. capitalensis Heering. Argentina (Jujuy, Salta, Tucumán). Bolivia 

(Santa Cruz, Tarija).
 109. B. clavata (Joch.Müll.) G.Heiden. Argentina (Catamarca, Jujuy, La Rioja, 

Salta). Bolivia (Cochabamba, La Paz, Oruro, Potosí, Tarija).
 110. B. conyzoides (Less.) DC. Brazil (Paraná, Rio Grande do Sul, Santa 

Catarina, São Paulo).
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 111. B. decussata (Klatt) Hieron. Colombia (Antioquia, Boyacá, Caldas, 
Cauca, Cundinamarca, Huila, Nariño, Norte de Santander, Putumayo, 
Santander, Tolima, Valle de Cauca). Ecuador (Cotopaxi, Loja, Morona- 
Santiago, Pichincha). Peru (Amazonas, Cajamarca, Huánuco). Venezuela 
(Mérida, Táchira, Trujillo).

 112. B. douglasii DC. Mexico (Baja California). USA (California, Oregon).
 113. B. densiflora Wedd. Bolivia (Chuquisaca, Cochabamba, La Paz).
 114. B. famatinensis Ariza. Argentina (La Rioja).
 115. B. floribundoides Cuatrec. Colombia (Valle de Cauca).
 116. B. glutinosa Pers. Argentina (Buenos Aires, Catamarca, Chaco, Chubut, 

Córdoba, Corrientes, Distrito Federal, Entre Ríos, Formosa, Jujuy, La 
Pampa, La Rioja, Mendoza, Misiones, Neuquén, Río Negro, Salta, Santiago 
del Estero, Santa Fe, San Juan, San Luis, Tucuman). Bolivia  (Chuquisaca, 
Cochabamba, La Paz, Santa Cruz, Tarija). Brazil (Bahia, Espírito Santo, 
Mato Grosso, Mato Grosso do Sul, Minas Gerais, Paraná, Pernambuco, Rio 
de Janeiro, Rio Grande do Sul, Santa Catarina, São Paulo). Chile (Bío Bío, 
Los Lagos, Los Ríos, Maule, Metropolitana, Ñuble, O’Higgins, Valparaíso). 
Paraguay (Alto Paraguay, Amambay, Caaguazú, Canindeyú, Central, 
Chaco, Concepción, Cordillera, Guairá, Misiones, Nueva Asunción, 
Paraguarí, Presidente Hayes). Peru (Cusco). Uruguay (Canelones, Cerro 
Largo, Colonia, Maldonado, Montevideo, Paysandú, Río Negro, Salto, San 
José, Soriano).

 117. B. haitiensis Heering. Dominican Republic. Haiti.
 118. B. imbricata L.Teodoro & J.Vidal. Brazil (Espírito Santo, Minas Gerais).
 119. B. jelskii Hieron. Bolivia (Cochabamba, La Paz). Colombia (Antioquia, 

Boyacá, Cauca, Cundinamarca, Huila, Meta, Nariño, Tolima, Valle de 
Cauca). Ecuador (Azuay, Bolívar, Chimborazo, Loja, Napo, Pastaza, 
Pichincha, Tungurahua, Zamora-Chinchipe). Peru (Amazonas, 
Cajamarca, Pasco).

 120. B. juncea (Lehm.) Desf. Argentina (Buenos Aires, Catamarca, Chubut, 
Córdoba, Entre Ríos, Jujuy, La Pampa, La Rioja, Mendoza, Neuquén, Río 
Negro, Salta, Santa Cruz, Santiago del Estero, Santa Fe, San Juan, San 
Luis, Tucumán). Chile (Arica y Parinacota, Antofagasta, Atacama, 
Coquimbo, Maule, Tarapacá). Uruguay (Montevideo).

 121. B. latifolia (Ruiz & Pav.) Pers. Argentina (Catamarca, Jujuy, La Rioja, 
Salta, Tucumán). Bolivia (Chuquisaca, Cochabamba, La Paz, Santa Cruz, 
Tarija). Colombia (Antioquia, Bolívar, Boyacá, Caldas, Cauca, Chocó, 
Cundinamarca, La Guajira, Huila, Magdalena, Meta, Nariño, Norte de 
Santander, Putumayo, Quindío, Risaralda, Santander, Tolima, Valle de 
Cauca). Ecuador (Azuay, Bolívar, Cañar, Carchi, Chimborazo, Cotopaxi, 
Imbabura, Loja, Morona-Santiago, Napo, Orellana, Pastaza, Pichincha, 
Sucumbíos, Tungurahua, Zamora-Chinchipe). Peru (Amazonas, Ancash, 
Apurimac, Arequipa, Ayacucho, Cajamarca, Callao, Cuzco, Huánuco, 
Huancavelica, Junín, La Libertad, Lima, Moquegua, Pasco, Puno). 
Venezuela (Mérida, Táchira, Trujillo).

2 Baccharis: Diversity and Distribution



52

 122. B. lewisii (H.Rob.) Joch.Müll. Bolivia (La Paz).
 123. B. lilloi Heering. Argentina (Catamarca, Jujuy, Salta, Tucumán). Bolivia 

(Tarija).
 124. B. monoica G.L.Nesom. El Salvador. Guatemala. Honduras. Nicaragua.
 125. B. multibracteata (Joch.Müll.) G.Heiden. Peru (Apurimac, Cusco, Junín).
 126. B. multiflosculosa Heering. Argentina (Catamarca, Salta Tucumán). 

Bolivia (Tarija).
 127. B. oxyodonta DC. Argentina (Misiones). Brazil (Espírito Santo, Minas 

Gerais, Paraná, Rio de Janeiro, Rio Grande do Sul, Santa Catarina, São 
Paulo). Paraguay (Alto Paraná, Alto Paraguay, Amambay, Caazapá, 
Central, Guairá, Paraguarí). Uruguay (Canelones, Colonia, Florida, 
Maldonado, Montevideo).

 128. B. pentlandii DC. Bolivia (Cochabamba, La Paz). Peru (Puno).
 129. B. perulata Kuntze. Argentina (Catamarca, Jujuy, La Rioja, Salta, 

Tucumán).
 130. B. pingraea DC. Argentina (Buenos Aires, Catamarca, Chaco, Chubut, 

Córdoba, Corrientes, Distrito Federal, Entre Ríos, Formosa, Jujuy, La 
Pampa, La Rioja, Mendoza, Misiones, Neuquén, Río Negro, Salta, San 
Juan, San Luis, Santa Fé, Santiago del Estero). Chile (Araucanía, Atacama, 
Bío Bío, Coquimbo, Maule, Metropolitana, Ñuble, O’Higgins, Tarapacá, 
Valparaíso). Brazil (Rio Grande do Sul). Paraguay (Misiones). Uruguay 
(Colonia, Lavalleja, Montevideo, Salto, San José, Soriano).

 131. B. polygama Ariza. Argentina (Tucumán).
 132. B. punctulata DC. Argentina (Buenos Aires, Catamarca, Chaco, 

Corrientes, Entre Ríos, Formosa, Jujuy, Misiones, Santa Fe, Tucumán, 
Salta). Bolivia (Chuquisaca, Santa Cruz). Brazil (Espírito Santo, Mato 
Grosso do Sul, Minas Gerais, Paraná, Rio de Janeiro, Rio Grande do Sul, 
Santa Catarina, São Paulo). Paraguay (Alto Paraná, Amambay, Caaguazú, 
Caazapá, Canindeyú, Central, Cordillera, Guairá, Paraguarí, San Pedro). 
Uruguay (Artigas, Cerro Largo, Colonia, Durazno, Florida, Maldonado, 
Montevideo, Paysandú, Salto, San José, Soriano, Tacuarembó, Treinta 
y Tres).

 133. B. pycnantha Phil. Chile (Atacama, Tarapacá).
 134. B. salicifolia (Ruiz & Pav.) Pers. Argentina (Buenos Aires, Catamarca, 

Chaco, Chubut, Córdoba, Corrientes, Distrito Federal, Entre Ríos, Formosa, 
Jujuy, La Pampa, La Rioja, Mendoza, Misiones, Neuquén, Río Negro, 
Salta, Santa Cruz, Santiago del Estero, Santa Fe, San Juan, San Luis, 
Tucumán). Bolivia (Beni, Chuquisaca, Cochabamba, La Paz, Oruro, 
Potosí, Santa Cruz, Tarija). Brazil (Acre, Mato Grosso, Minas Gerais). 
Chile (Antofagasta, Araucanía, Arica y Parinacota, Atacama, Bío Bío, 
Coquimbo, Los Lagos, Los Ríos, Maule, Metropolitana, Ñuble, O’Higgins, 
Tarapacá, Valparaíso). Colombia (Casanare, Cauca, Huila, Meta, 
Putumayo, Tolima). Ecuador (Chimborazo, Loja, Napo, Zamora-
Chinchipe). El Salvador. Guatemala. Honduras. Mexico (Aguascalientes, 
Baja California, Baja California Sur, Chiapas, Chihuahua, Coahuila, 
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Colima, Durango, Estado de México,  Guanajuato, Guerrero, Hidalgo, 
Jalisco, Michoacán, Morelos, Nayarit, Nuevo León, Oaxaca, Puebla, 
Querétaro, San Luis Potosí, Sinaloa, Sonora, Tamaulipas, Tlaxcala, 
Veracruz, Zacatecas). Paraguay (Alto Paraguay, Boquerón, Central, Nueva 
Asunción, Presidente Hayes). Peru (Amazonas, Ancash, Arequipa, 
Apurímac, Cajamarca, Callao, Cusco, Huánuco, Ica, Junín, La Libertad, 
Lambayeque, Lima, Loreto, Madre Dios, Pasco, San Martín, Tacna, 
Tumbes, Ucayali). USA (Arizona, California, Colorado, Nevada, New 
Mexico, Texas, Utah). Uruguay (Colonia). Venezuela (Portuguesa, 
Trujillo).

 135. B. scandens (Ruiz & Pav.) Pers. Chile (Antofagasta, Arica y Parinacota, 
Atacama, Tarapacá). Peru (Arequipa, Cajamarca, Lambayeque, La 
Libertad, Lima, Tacna).

 136. B. sculpta Griseb. Argentina (Catamarca, Jujuy, La Rioja, Salta, Tucumán). 
Bolivia (Chuquisaca, Cochabamba, Oruro, Potosí, Tarija).

 137. B. serrulata (Lam.) Pers. Brazil (Alagoas, Bahia, Espírito Santo, Minas 
Gerais, Paraíba, Pernambuco, Rio de Janeiro, São Paulo).

 138. B. sphaerocephala Hook. & Arn. Chile (Araucanía, Bío Bío, Los Lagos, 
Los Ríos).

 139. B. stenophylla Ariza. Argentina (Buenos Aires, Catamarca, Córdoba, La 
Pampa, La Rioja, Santa Fe, San Luis). Uruguay (Colonia, Flores, Florida, 
Montevideo, Río Negro).

 140. B. stylosa Gardner. Brazil (Minas Gerais, Rio de Janeiro, São Paulo).
 141. B. vulneraria Baker. Argentina (Buenos Aires, Chaco, Corrientes, Entre 

Ríos, Misiones, Santa Fe). Brazil (Espírito Santo, Mato Grosso, Mato 
Grosso do Sul, Minas Gerais, Paraná, Rio de Janeiro, Rio Grande do Sul, 
Santa Catarina, São Paulo). Paraguay (Caaguazú, Central, Cordillera, 
Guairá, Paraguarí). Uruguay (Artigas, Canelones, Colonia, Florida, 
Maldonado, Montevideo, Río Negro, Rivera, Rocha, Salto, San José, 
Tacuarembó, Treinta y Tres).

Sections of unknown relationships within Baccharis subgen. Molina.
IV.XIV. Baccharis sect. Albidae Giuliano: Baccharis albida is the only species and 

occurs in marshes in northeastern Argentina.

 142. B. albida Hook. & Arn. Argentina (Buenos Aires, Chaco, Corrientes, 
Entre Ríos, Santa Fe).

IV.XV. Baccharis sect. Aristidentes G.L.Nesom: Nine species, mostly from North 
America, except for B. hirta DC. Native to southeastern Brazil and Uruguay.

 143. B. brevipappa (McVaugh) G.L.Nesom. Mexico (Aguascalientes, Colima, 
Durango, Guerrero, Jalisco, Michoacán, Zacatecas).

 144. B. herbacea (McVaugh) G.L.Nesom. Mexico (Michoacán).
 145. B. hirta DC. Brazil (Espírito Santo, Minas Gerais, Paraná, Rio Grande do 

Sul, Santa Catarina, São Paulo). Uruguay (Maldonado, Montevideo, 
Rivera).

2 Baccharis: Diversity and Distribution



54

 146. B. horizontalis G.L.Nesom. Mexico (Durango, Sinaloa).
 147. B. malibuensis R.M.Beauch. & Henrickson. USA (California).
 148. B. multiflora Kunth. Mexico (Chiapas, Durango, Estado de 

México, Guanajuato, Guerrero, Hidalgo, Jalisco, Morelos, Oaxaca, Puebla, 
Querétaro, San Luis Potosí, Sinaloa, Tlaxcala, Veracruz, Zacatecas).

 149. B. praetermissa G.L.Nesom. Mexico (Baja California Sur).
 150. B. serrifolia DC. El Salvador. Guatemala. Honduras. Mexico (Chiapas, 

Estado de México, Guerrero, Hidalgo, Oaxaca, Puebla, San Luis Potosí, 
Tlaxcala, Veracruz). Nicaragua.

 151. B. sordescens DC. Mexico (Chiapas, Estado de México, Guanajuato, 
Guerrero, Hidalgo, Michoacán, Morelos, Oaxaca, Puebla, Querétaro, San 
Luis Potosí, Tamaulipas, Tlaxcala, Veracruz).

IV.XVI. Baccharis sect. Gladiatae Cuatrec.: Baccharis marcetiifolia is the only 
pecies and occurs in the Andes from southern Colombia to Ecuador.

 152. B. marcetiifolia Benth. Ecuador (Chimborazo, Napo, Pichincha). 
Colombia (Nariño).

IV.XVII. Baccharis sect. Pinnatae Cuatrec.: Three species that occur in the north-
ern Andes from Colombia to Ecuador.

 153. B. ayacuchensis Cuatrec. Peru (Ayacucho).
 154. B. buddlejoides Kunth. Colombia (Antioquia, Cauca, Nariño, Tolima, 

Valle de Cauca). Ecuador (Imbabura, Morona-Santiago, Napo, Pastaza, 
Pichincha, Sucumbíos, Tungurahua, Zamora-Chinchipe).

 155. B. raulii S.Díaz & Cuatrec. Colombia (Quindío).

IV.XVIII. Baccharis sect. Punctatae Giuliano & G.L.Nesom: Eight North American 
species, from Mexico and southwestern USA.

 156. B. bigelovii A.Gray. Mexico (Chihuahua, Coahuila, Durango, Nuevo León, 
San Luis Potosí, Sonora, Tamaulipas). USA (Arizona, New Mexico, Texas).

 157. B. crassicuneata G.L.Nesom. Mexico (Coahuila, Nuevo León, 
Tamaulipas).

 158. B. mexicana Cuatrec. Mexico (Guerrero, Oaxaca, Puebla, Tamaulipas, 
Tlaxcala, Veracruz).

 159. B. sulcata DC. Mexico (Aguascalientes, Chihuahua, Coahuila, Durango, 
Guanajuato, Hidalgo, Jalisco, Michoacán, Nuevo León, Querétaro, San 
Luis Potosí, Tamaulipas, Zacatecas). USA (New Mexico, Texas).

 160. B. supplex G.L.Nesom. Mexico (Durango).
 161. B. thesioides Kunth. Mexico (Aguascalientes, Chihuahua, Durango, 

Estado de México,  Guanajuato, Hidalgo, Jalisco, Michoacán, Morelos, 
Nayarit, Nuevo León, Querétaro, San Luis Potosí, Sinaloa, Sonora, 
Tamaulipas, Tlaxcala, Veracruz, Zacatecas). USA (Arizona, New Mexico).

 162. B. zamoranensis Rzed. Mexico (Guanajuato, Queretaro).
 163. B. zamudiorum Rzed. Mexico (Queretaro).
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IV.IX. Baccharis sect. Rodriguezianae Giuliano: Baccharis rodriguezii is the only 
species and occurs in the prepuna vegetation in northwestern Argentina.

 164. B. rodriguezii Ariza. Argentina (Salta, Tucumán).

IV.XX. Baccharis sect. Tenellae Giuliano: Baccharis tenella is the only species 
placed in the section and occurs in central and southern Argentina.

 165. B. tenella Hook. & Arn. Argentina (Buenos Aires, Catamarca, Chubut, 
Córdoba, Corrientes, La Pampa, La Rioja, Mendoza, Néuquen, Río Negro, 
San Luis, Santa Cruz).

IV.XXI. Baccharis sect. Tubulatae Cuatrec.: Seven species, occurring mostly in the 
northern Andes, mainly between Peru and Venezuela.

 166. B. farallonensis (Cuatrec.) G.Heiden. Colombia (Valle de Cauca).
 167. B. fraterna Cuatrec. Colombia (Antioquia, Quindío).
 168. B. grandiflora Kunth. Ecuador (Azuay, Carchi, Chimborazo, Cotopaxi, 

Imbabura, Napo, Pichincha, Sucumbíos). Colombia (Caldas, Cauca, 
Cundinamarca, Nariño, Tolima, Valle de Cauca).

 169. B. huairacajensis Hieron. Ecuador (Azuay, Chimborazo, Cañar, 
Cotopaxi, Loja).

 170. B. klattii Benoist. Ecuador (Azuay, Carchi, Chimborazo, Imbabura, Napo, 
Pichincha). Colombia (Nariño, Putumayo).

 171. B. volubilis Kunth. Ecuador (Azuay, Cañar, Loja, Napo, Pichincha). Peru 
(Amazonas, Lambayeque, Piura, San Martín).

 172. B. zumbadorensis V.M.Badillo. Venezuela (Táchira).

IV.XXX. Species with unknown relationships in B. subgen. Molina.

 173. B. alamosana S.F.Blake. Mexico (Sonora).
 174. B. cymosa Phil. Chile (Los Lagos, Los Ríos).
 175. B. gnidiifolia Kunth. Bolivia (La Paz). Chile (Tarapacá). Ecuador 

(Chimborazo, Loja, Orellana). Peru (Amazonas, Ancash, Ayacucho, 
Cajamarca, La Libertad, Lambayeque, Lima, Piura, Tacna).

 176. B. hambatensis Kunth. Ecuador (Chimborazo, Tungurahua).
 177. B. hutchisonii Cuatrec. Peru (Cajamarca, La Libertad, Lambayeque, Piura).
 178. B. johnwurdackiana H.Rob. Peru (Cusco).
 179. B. libertadensis (S.B.Jones) H.Rob. Peru (La Libertad).
 180. B. mandonii Klatt. Bolivia (Cochabamba, La Paz).
 181. B. mollis Kunth. Ecuador (Pichincha).
 182. B. palmeri Greenm. Mexico (Aguascalientes, Durango, Guanajuato, 

Jalisco, Zacatecas).
 183. B. pohlii (Baker) Deble & A.S.Oliveira. Brazil (Distrito Federal, Goiás, 

Minas Gerais).
 184. B. seemannii A.Gray. Mexico (Aguascalientes, Durango, Guanajuato, 

Jalisco, Nayarit, San Luis Potosí, Zacatecas).
 185. B. taltalensis I.M.Johnst. Chile (Antofagasta, Atacama).

2 Baccharis: Diversity and Distribution



56

 186. B. tarmensis Cuatrec. Peru (Amazonas, Cajamarca, Junín).
 187. B. uniflora (Ruiz & Pav.) Pers. Peru (Ancash, Cusco, Ica, Junín, La 

Libertad, Lambayeque).
 188. B. vanessae R.M.Beauch. USA (California).
 189. B. zongoensis Joch.Müll. Bolivia (Cochabamba, La Paz).

V. Baccharis subgen. Heterothalamulopsis (Deble, A.S.Oliveira & Marchiori) G.
Heiden: Baccharis sect. Heterothalamulopsis is the only known section to belong 
to the subgenus, and B. wagenitzii, a rupicolous shrub found in cloud forest 
edges on basaltic cliffs in southern Brazil, is the only species known to belong to 
this depauperate lineage (Heiden et al. 2019).

V.I. Baccharis sect. Heterothalamulopsis (Deble, A.S.Oliveira & Marchiori) G.
Heiden: A monospecific section, as stated above.

 190. B. wagenitzii (F.H.Hellw.) Joch.Müll. Brazil (Santa Catarina).

VI. Baccharis subgen. Coridifoliae (DC.) G.Heiden: Two sections and ten species 
occurring in moist or dry grasslands and savannas from Bolivia and central 
Brazil, south to central Argentina (Heiden et al. 2019).

VI.I. Baccharis sect. Pluricephalae (Deble) G.Heiden: Two narrowly endemic spe-
cies from southern Brazil, occurring in highland marshes and peat bogs.

 191. B. pluricapitulata (Deble) G.Heiden. Brazil (Rio Grande do Sul).
 192. B. scabrifolia G.Heiden. Brazil (Rio Grande do Sul, Santa Catarina).

VI.II. Baccharis sect. Coridifoliae Giuliano: Eight species occurring in grasslands 
and savannas from Bolivia and central Brazil, south to central Argentina.

 193. B. albilanosa A.S.Oliveira & Deble. Brazil (Rio Grande do Sul).
 194. B. artemisioides Hook. & Arn. Argentina (Buenos Aires, Catamarca, 

Córdoba, Corrientes, Entre Ríos, La Pampa, Río Negro, Santa Fe, San 
Luis, Tucumán). Uruguay (Soriano).

 195. B. bicolor (Joch.Müll.) G.Heiden. Bolivia (Cochabamba, La Paz).
 196. B. coridifolia DC. Argentina (Buenos Aires, Catamarca, Chaco, Córdoba, 

Corrientes, Entre Ríos, Formosa, Jujuy, La Pampa, La Rioja, Mendoza, 
Misiones). Bolivia (Chuquisaca, Santa Cruz, Tarija). Brazil (Paraná, Rio 
Grande do Sul, Santa Catarina, São Paulo). Paraguay (Misiones). Uruguay 
(Artigas, Canelones, Cerro Largo, Colonia, Durazno, Flores, Florida, 
Lavalleja, Maldonado, Montevideo, Paysandú, Río Negro, Rivera, Rocha, 
Salto, San José, Soriano, Tacuarembó, Treinta y Tres).

 197. B. erigeroides DC. Argentina (Misiones). Brazil (Distrito Federal, Goiás, 
Mato Grosso do Sul, Minas Gerais, Paraná, Rio Grande do Sul, Santa 
Catarina, São Paulo).

 198. B. napaea G.Heiden. Brazil (Paraná, Rio Grande do Sul, Santa Catarina).
 199. B. ochracea Spreng. Argentina (Entre Ríos). Brazil (Paraná, Rio Grande 

do Sul, Santa Catarina). Uruguay (Cerro Largo, Lavalleja, Maldonado, 
Montevideo, Rivera, Rocha, Tacuarembó, Treinta y Tres).

 200. B. suberectifolia A.S.Oliveira & Deble. Brazil (Paraná).
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VII. Baccharis subgen. Baccharis: 17 sections and 241 species, occurring from the 
northeastern USA to southern South America.

VII.I. Baccharis sect. Caulopterae DC.: 15 species occurring from Colombia to 
central Argentina, with the greatest diversity in southeastern and southern Brazil 
(Heiden et al. 2019).

 201. B. alpina Kunth. Argentina (Catamarca, Jujuy, Salta, Tucumán). Bolivia 
(Chuquisaca, Cochabamba, La Paz, Oruro, Potosí, Tarija). Chile (Arica y 
Parinacota, Tarapacá). Colombia (Caldas, Cauca, Cundinamarca, La 
Guajira, Risaralda). Ecuador (Azuay, Carchi, Chimborazo, Cotopaxi, 
Imbabura, Napo, Pichincha, Tungurahua). Peru (Apurimac, Arequipa, 
Cusco, Huancavelica, Junín, Pasco, Puno, Tacna).

 202. B. altimontana G.Heiden & al. Brazil (Minas Gerais, Rio de Janeiro, 
São Paulo).

 203. B. crispa Spreng. Uruguay (Lavalleja, Maldonado).
 204. B. decurrens (Vell.) Stellf. Brazil (Rio de Janeiro),
 205. B. dunensis A.A.Schneid. & G.Heiden. Brazil (Rio Grande do Sul).
 206. B. genistelloides (Lam.) Pers. Bolivia (Cochabamba, La Paz, Oruro). Chile 

(Arica y Parinacota, Tarapacá). Colombia (Antioquia, Caldas, Cauca, 
Cundinamarca, Huila, Nariño, Putumayo, Risaralda, Tolima, Valle de 
Cauca). Ecuador (Azuay, Bolívar, Cañar, Carchi, Chimborazo, Cotopaxi, 
El Oro, Imbabura, Loja, Morona-Santiago, Napo, Orellana, Pastaza, 
Pichincha, Sucumbíos, Tungurahua, Zamora-Chinchipe). Peru (Amazonas, 
Ancash, Arequipa, Cajamarca, Cuzco, Junín, Huancavelica, Huánuco, La 
Libertad, Lambayeque, Lima, Loreto, Moquegua, Pasco, Piura, Puno, San 
Martín, Tacna).

 207. B. jocheniana G.Heiden & Macias. Brazil (Rio Grande do Sul). Uruguay 
(Canelones, Lavalleja, Maldonado, Rocha).

 208. B. lorentzii (Joch.Müll.) Deble. Argentina (Buenos Aires, Córdoba).
 209. B. microcephala (Less.) DC. Argentina (Chaco, Corrientes, Distrito 

Federal, Entre Ríos, Formosa, Misiones, Santa Fe). Brazil (Bahia, Minas 
Gerais, Paraná, Rio Grande do Sul, Santa Catarina, São Paulo). Paraguay 
(Caaguazú, Caazapá, Central, Concepción, Cordillera, Guairá, Ñeembucú, 
Paraguarí, Presidente Hayes, San Pedro). Uruguay (Artigas, Canelones, 
Cerro Largo, Florida, Lavalleja, Maldonado, Montevideo, Paysandú, Río 
Negro, Rocha, Salto, San José, Soriano, Tacuarembó, Treinta y Tres).

 210. B. myriocephala DC. Brazil (Bahia, Ceará, Distrito Federal, Espírito 
Santo, Goiás, Minas Gerais, Paraná, Pernambuco, Rio de Janeiro, Rio 
Grande do Sul, Santa Catarina, São Paulo). Paraguay (Caazapá).

 211. B. opuntioides Mart. ex Baker. Brazil (Espírito Santo, Minas Gerais).
 212. B. polygona Baker. Brazil (Rio Grande do Sul).
 213. B. rectialata V.Valtierra et  al. Uruguay (Cerro Largo, Durazno, Treinta 

y Tres).
 214. B. riograndensis L.Teodoro & J.Vidal. Brazil (Rio Grande do Sul). 

Uruguay (Cerro Largo, Rivera, Treinta y Tres).
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 215. B. scopulorum A.A.Schneid. & G.Heiden. Brazil (Santa Catarina).
 216. B. triangularis Hauman. Argentina (Buenos Aires, Chubut, La Pampa, 

Río Negro, San Luis).
 217. B. trimera (Less.) DC. Argentina (Buenos Aires, Catamarca, Chubut, 

Córdoba, Corrientes, Entre Ríos, Jujuy, La Pampa, La Rioja, Mendoza, 
Misiones, Río Negro, Salta, Santa Fe, San Juan, San Luis, Tucumán). 
Bolivia (Chuquisaca, Cochabamba, La Paz, Santa Cruz, Tarija). Brazil 
(Bahia, Distrito Federal, Espírito Santo, Goiás, Mato Grosso, Mato Grosso 
do Sul, Minas Gerais, Paraná, Pernambuco, Rio de Janeiro, Rio Grande do 
Sul, Santa Catarina, São Paulo). Paraguay (Alto Paraná, Amambay, 
Caaguazú, Caazapá, Canindeyú, Central, Concepción, Guairá, Itapúa, 
Misiones, Paraguarí, San Pedro). Peru (Cusco, Puno). Uruguay (Artigas, 
Canelones, Cerro Largo, Colonia, Durazno, Lavalleja, Maldonado, 
 Montevideo, Paysandú, Río Negro, Rivera, Rocha, Salto, San José, Soriano, 
Tacuarembó, Treinta y Tres).

VII.II. Baccharis sect. Aphyllae Baker: 33 species found along a diverse array of 
habitats, from sand dunes and dry grasslands to edges of forests and swampy 
environments, reaching its greatest diversity in southern Brazil, but with many 
endemic taxa in marginal areas of distribution such as Bolivia, Peru, and the 
Argentinean Patagonia.

 218. B. aphylla (Vell.) DC. Bolivia (La Paz, Santa Cruz). Brazil (Bahia, Minas 
Gerais, Paraná, São Paulo).

 219. B. apicifoliosa A.A.Schneid. & Boldrini. Brazil (Rio Grande do Sul, Santa 
Catarina).

 220. B. articulata (Lam.) Pers. Argentina (Buenos Aires, Catamarca, Chaco, 
Córdoba, Corrientes, Entre Ríos, Jujuy, La Pampa, La Rioja, Misiones, 
Salta, Santiago del Estero, Santa Fe, San Luis, Tucumán). Bolivia 
(Chuquisaca, Santa Cruz). Brazil (Paraná, Rio Grande do Sul, Santa 
Catarina, São Paulo). Paraguay (Alto Paraná, Amambay, Caaguazú, 
Central, Cordillera, Guairá, Itapúa, Paraguarí, San Pedro). Uruguay 
(Artigas, Canelones, Cerro Largo, Colonia, Durazno, Florida, Lavalleja, 
Maldonado, Montevideo, Paysandú, Río Negro, Rivera, Rocha, Salto, San 
José, Soriano, Treinta y Tres).

 221. B. burchellii Baker. Brazil (Minas Gerais, Rio de Janeiro, São Paulo).
 222. B. campos-portoana Malag. Brazil (São Paulo).
 223. B. chubutensis Speg. Argentina (Chubut).
 224. B. deblei A.S.Oliveira & Marchiori. Brazil (Rio Grande do Sul, Santa 

Catarina).
 225. B. flexuosiramosa A.A.Schneid. & Boldrini. Brazil (Rio Grande do Sul, 

Santa Catarina).
 226. B. genistifolia DC. Argentina (Buenos Aires, Chubut, Córdoba, La Pampa, 

Santa Fe). Uruguay (Canelones, Flores, Maldonado, Montevideo, Rocha, 
San José).
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 227. B. glaziovii Baker. Brazil (Mato Grosso do Sul, Minas Gerais, Paraná, Rio 
de Janeiro, Rio Grande do Sul, Santa Catarina, São Paulo). Paraguay (Alto 
Paraná).

 228. B. hemiptera G.Heiden & A.A.Schneid. Brazil (Espírito Santo, Minas 
Gerais).

 229. B. junciformis DC. Brazil (Espírito Santo, Minas Gerais, Paraná, Rio de 
Janeiro, Rio Grande do Sul, Santa Catarina, São Paulo). Uruguay (Cerro 
Largo, Rivera).

 230. B. megapotamica Spreng. Argentina (Misiones). Brazil (Espírito Santo, 
Minas Gerais, Paraná, Rio de Janeiro, Rio Grande do Sul, Santa Catarina, 
São Paulo). Paraguay (Caaguazú, Caazapá, Guairá). Uruguay (Rivera, 
Rocha, Tacuarembó, Treinta y Tres).

 231. B. milleflora (Less.) DC. Brazil (Minas Gerais, Paraná, Rio Grande do 
Sul, Santa Catarina, São Paulo).

 232. B. organensis Baker. Brazil (Minas Gerais, Paraná, Rio de Janeiro, Rio 
Grande do Sul, Santa Catarina, São Paulo).

 233. B. palustris Heering. Brazil (Minas Gerais, Rio Grande do Sul, Santa 
Catarina). Uruguay (Canelones, Florida).

 234. B. paranensis Heering & Dusén. Brazil (Paraná, Rio Grande do Sul, Santa 
Catarina, São Paulo).

 235. B. penningtonii Heering. Argentina (Buenos Aires, Corrientes, Distrito 
Federal, Entre Ríos, Santa Fe). Brazil (Rio Grande do Sul). Uruguay 
(Canelones, Cerro Largo, Colonia, Lavalleja, Rocha, San José, Treinta 
y Tres).

 236. B. pentaptera (Less.) DC. Brazil (Minas Gerais, Paraná, Rio Grande do 
Sul, Santa Catarina, São Paulo).

 237. B. phyteuma Heering. Argentina (Buenos Aires, Entre Ríos, Santa Fe).
 238. B. phyteumoides (Less.) DC. Argentina (Buenos Aires, Chaco, Corrientes, 

Entre Ríos, Misiones, Santa Fe). Brazil (Rio Grande do Sul). Paraguay 
(Ñeembucú). Uruguay (Artigas, Canelones, Cerro Largo, Colonia, Flores, 
Florida, Lavalleja, Maldonado, Montevideo, Paysandú, Río Negro, Rivera, 
Rocha, Salto, San José, Soriano, Tacuarembó).

 239. B. pseudovillosa L.Teodoro & J.Vidal. Brazil (Rio Grande do Sul, Santa 
Catarina).

 240. B. ramboi G. Heiden & Macias. Brazil (Paraná, Rio Grande do Sul, Santa 
Catarina).

 241. B. regnellii Sch.Bip. ex Baker. Brazil (Espírito Santo, Minas Gerais, 
São Paulo).

 242. B. reticulata (Ruiz & Pav.) Pers. Ecuador (Azuay, Loja, Morona- Santiago, 
Napo, Zamora-Chinchipe). Peru (Amazonas, Cajamarca, Huánuco, San 
Martín).

 243. B. sagittalis (Less.) DC. Argentina (Chubut, Mendoza, Neuquén, Río 
Negro, San Juan). Bolivia (Cochabamba, La Paz, Santa Cruz). Brazil 
(Bahia, Espírito Santo, Minas Gerais, Paraná, Rio Grande do Sul, Santa 
Catarina, São Paulo). Chile (Aysén, Araucanía, Atacama, Bío Bío, 
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Coquimbo, Los Lagos, Los Ríos, Maule, Metropolitana, Ñuble, O’Higgins, 
Valparaíso). Ecuador (Azuay, Loja). Paraguay (Alto Paraná, Caaguazú, 
Caazapá). Peru (Amazonas, Cajamarca, Junín, La Libertad, Pasco, Piura).

 244. B. sphagnophila A.A.Schneid. & G.Heiden. Brazil (Paraná, Rio Grande 
do Sul, Santa Catarina).

 245. B. subalata Wedd. Bolivia (Chuquisaca, Cochabamba, La Paz, Santa 
Cruz). Peru (Cusco, Puno).

 246. B. subbimera Hieron. Ecuador (Zamora-Chinchipe). Peru (Amazonas, 
Cajamarca, Loreto, San Martín).

 247. B. subtropicalis G.Heiden. Uruguay (Florida, Maldonado, Montevideo, 
Rocha, San José, Soriano).

 248. B. vargasii (Joch.Müll.) G.Heiden. Bolivia (Cochabamba, Santa Cruz).
 249. B. vincifolia Baker. Brazil (Paraná, Rio Grande do Sul, Santa Catarina, 

São Paulo).
 250. B. weirii Baker. Brazil (Paraná, Rio Grande do Sul, Santa Catarina, São 

Paulo). Uruguay (Rivera).
 251. B. woytkowskii Joch.Müll. Peru (Amazonas, Cajamarca).

VII.III. Baccharis sect. Agglomeratae Giuliano: 34 species with a high level of 
diversity and endemism in southeastern Brazil, mainly in the tropical savannas 
and tropical high-elevation grasslands, some species reaching subtropical high-
land grasslands from southern Brazil, while B. platypoda has a disjunct distribu-
tion occurring in the eastern slope of the Andes close to the Bolivian and Peruvian 
border and along the main mountain chains of eastern Brazil.

 252. B. alleluia A.S.Oliveira & Deble. Brazil (Bahia).
 253. B. angusticeps Heering ex Malme. Brazil (Paraná, Santa Catarina).
 254. B. claussenii Baker. Brazil (Minas Gerais).
 255. B. concinna G.M.Barroso. Brazil (Minas Gerais).
 256. B. elliptica Gardner. Brazil (Bahia, Minas Gerais).
 257. B. intermixta Gardner. Brazil (Bahia, Minas Gerais, Espírito Santo, 

Paraná, Rio de Janeiro, Rio Grande do Sul, Santa Catarina, São Paulo).
 258. B. itatiaiae Wawra. Brazil (Minas Gerais, Rio de Janeiro).
 259. B. lateralis Baker. Brazil (Minas Gerais, Paraná, Rio de Janeiro, Rio 

Grande do Sul, Santa Catarina, São Paulo).
 260. B. mesoneura DC. Brazil (Paraná, Rio Grande do Sul, Santa Catarina, 

São Paulo).
 261. B. obdeltata G.Heiden. Brazil (Minas Gerais).
 262. B. orbiculata Deble & A.S.Oliveira. Brazil (Bahia).
 263. B. oreophila Malme. Brazil (Minas Gerais, Paraná, Rio de Janeiro, Santa 

Catarina, São Paulo).
 264. B. parvidentata Malag. Brazil (Espírito Santo, Minas Gerais, Rio de 

Janeiro, São Paulo).
 265. B. pauciflosculosa DC. Brazil (Paraná, Minas Gerais, Santa Catarina, 

São Paulo).
 266. B. perlata Sch.Bip. ex Baker. Brazil (Minas Gerais).
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 267. B. platypoda DC. Bolivia (La Paz). Brazil (Bahia, Espírito Santo, Minas 
Gerais, Rio de Janeiro, São Paulo). Peru (Puno).

 268. B. polyphylla Gardner. Brazil (Bahia, Minas Gerais).
 269. B. pseudomyriocephala Malag. Brazil (Minas Gerais, Paraná, Rio de 

Janeiro, São Paulo).
 270. B. pseudovaccinioides L.Teodoro. Brazil (Rio de Janeiro).
 271. B. ramosissima Gardner. Brazil (Bahia, Distrito Federal, Goiás, Mato 

Grosso, Mato Grosso do Sul, Minas Gerais, Paraná, Pernambuco, Rio de 
Janeiro, São Paulo).

 272. B. reticularia DC. Brazil (Bahia, Distrito Federal, Espírito Santo, Goiás, 
Mato Grosso do Sul, Minas Gerais, Paraná, Rio de Janeiro, Santa Catarina, 
São Paulo).

 273. B. reticularioides Deble & A.S.Oliveira. Brazil (Paraná, São Paulo).
 274. B. retusa DC. Brazil (Rio Grande do Sul, Santa Catarina).
 275. B. salzmannii DC. Brazil (Bahia, Minas Gerais).
 276. B. schultzii Baker. Brazil (Minas Gerais, Rio de Janeiro, São Paulo).
 277. B. serrula Sch.Bip. ex Baker. Brazil (Minas Gerais).
 278. B. simplex G.Heiden. Brazil (Minas Gerais).
 279. B. truncata Gardner. Brazil (Bahia, Minas Gerais).

VII.IV. Baccharis sect. Axillares (Giuliano) G.Heiden: 14 species diversified on the 
high-elevation tropical and subtropical grasslands from eastern Brazil and on the 
low-elevation temperate grasslands from southern Brazil and Uruguay.

 280. B. aracatubaensis Malag. Brazil (Paraná, Santa Catarina).
 281. B. axillaris DC. Brazil (Paraná, Rio Grande do Sul, Santa Catarina, 

São Paulo).
 282. B. cultrata Baker. Brazil (Rio Grande do Sul, Santa Catarina). Uruguay 

(Lavalleja, Maldonado, Rivera, Tacuarembó).
 283. B. floccosa Deble & A.S.Oliveira. Brazil (Rio Grande do Sul, Santa 

Catarina).
 284. B. gaucha G.Heiden. Brazil (Rio Grande do Sul).
 285. B. hypericifolia Baker. Brazil (Rio Grande do Sul, Santa Catarina).
 286. B. incisa Hook. & Arn. Brazil (Paraná, Rio Grande do Sul, Santa Catarina, 

São Paulo).
 287. B. leptospermoides DC. Brazil (Minas Gerais, Paraná, Rio Grande do Sul, 

Santa Catarina, São Paulo).
 288. B. lymanii G.M.Barroso ex G.Heiden. Brazil (Paraná, Rio Grande do Sul, 

Santa Catarina).
 289. B. minutiflora Mart. ex Baker. Brazil (Minas Gerais).
 290. B. sphenophylla Dusén ex Malme. Brazil (Minas Gerais, Paraná, Santa 

Catarina, São Paulo).
 291. B. trilobata A.S.Oliveira & Marchiori. Brazil (Paraná, Santa Catarina).
 292. B. trineura Soria & Zardini. Brazil (Minas Gerais, São Paulo).
 293. B. umbellata G.Heiden & Ribas. Brazil (Paraná).
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VII.V. Baccharis sect. Cuneifoliae DC.: 14 species, all from Argentinean and 
Chilean Patagonia.

 294. B. concava (Ruiz. & Pav.) Pers. Chile (Bío Bío).
 295. B. elaeoides Remy. Argentina (Chubut, Río Negro). Chile (Los Lagos).
 296. B. macraei Hook. & Arn. Chile (Coquimbo, Maule, Metropolitana, Ñuble, 

O’Higgins, Valparaíso).
 297. B. magellanica (Lam.) Pers. Argentina (Chubut, Mendoza, Neuquén, Río 

Negro, Santa Cruz, Tierra del Fuego). Chile (Aysén, Araucanía, Bío Bío, 
Los Lagos, Los Ríos, Magallanes y Antártica, Maule, Metropolitana, 
Ñuble, O’Higgins). Falkland/Malvinas Islands.

 298. B. minor (F.H.Hellw.) G.Heiden. Chile (Magallanes y Antártica).
 299. B. mylodontis F.H.Hellw. Chile (Magallanes y Antártica).
 300. B. neaei DC. Argentina (Chubut, Mendoza, Neuquén, Río Negro). Chile 

(Aysén, Bío Bío, Coquimbo, Los Lagos, Los Ríos, Maule, Metropolitana, 
Ñuble, O’Higgins, Valparaíso).

 301. B. neotruncata G.Heiden. Chile (Bío Bío, Maule, O’Higgins, Valparaíso).
 302. B. palenae Phil. Chile (Aysén, Araucanía, Bío Bío, Los Lagos, Los Ríos).
 303. B. patagonica Hook. & Arn. Argentina (Chubut, Neuquén, Río Negro, 

Santa Cruz, Tierra del Fuego). Chile (Araucanía, Aysén, Los Lagos, Los 
Ríos, Magallanes).

 304. B. pilcensis F.H.Hellw. Chile (Bío Bío, Maule).
 305. B. rhomboidalis Remy. Chile (Araucanía, Bío Bío, Los Lagos, Los Ríos).
 306. B. umbelliformis DC. Argentina (Neuquén). Chile (Araucanía, Bío Bío).
 307. B. vernalis F.H.Hellw. Chile (Bío Bío, Coquimbo, Maule, Ñuble, 

O’Higgins, Valparaíso).
 308. B. zoellneri F.H.Hellw. Chile (Aysén, Los Lagos, Magallanes y Antártica). 

Falkland/Malvinas Islands.

VII.VI. Baccharis sect. Illinitae G.Heiden: Two species of moist or flooded grass-
lands from southern and central Brazil and eastern Paraguay.

 309. B. illinita DC. Brazil (Distrito Federal, Goiás, Mato Grosso, Mato Grosso 
do Sul, Minas Gerais, Paraná, Rio Grande do Sul, Santa Catarina, São 
Paulo). Paraguay (Amambay, Caaguazú).

 310. B. illinitoides Malag. Brazil (Mato Grosso do Sul). Paraguay (Amambay, 
Caaguazú).

VII.VII. Baccharis sect. Racemosae Ariza: Nine species, most of them from north-
eastern Argentina, southeastern Brazil, and eastern Paraguay and Uruguay in 
grasslands, forests, and savannas. Baccharis dracunculifolia has a wider distri-
bution and is also recorded from the Bolivian Andes.

 311. B. amambayensis Zardini & Soria. Paraguay (Amambay).
 312. B. calvescens DC. Brazil (Bahia, Espírito Santo, Minas Gerais, Paraná, 

Pernambuco, Rio Grande do Sul, Rio de Janeiro, Santa Catarina, São Paulo).
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 313. B. dracunculifolia DC. Argentina (Buenos Aires, Catamarca, Chaco, 
Corrientes, Entre Ríos, Formosa, Jujuy, Misiones, Salta, Santiago del 
Estero, Santa Fe, Tucumán). Bolivia (Chuquisaca, Cochabamba, La Paz, 
Oruro, Potosí, Santa Cruz, Tarija). Brazil (Bahia, Distrito Federal, Espírito 
Santo, Goiás, Mato Grosso, Mato Grosso do Sul, Minas Gerais, Paraná, 
Rio Grande do Sul, Rio de Janeiro, Santa Catarina, São Paulo). Paraguay 
(Amambay, Caaguazú, Caazapá, Canindeyú, Central, Cordillera, Guairá, 
Misiones, Paraguarí). Uruguay (Artigas, Canelones, Cerro Largo, Florida, 
Lavalleja, Maldonado, Montevideo, Paysandú, Río Negro, Rivera, Rocha, 
Salto, Tacuarembó, Treinta y Tres).

 314. B. erioclada DC. Brazil (Minas Gerais, Paraná, Rio de Janeiro, Rio Grande 
do Sul, Santa Catarina, São Paulo). Paraguay (Amambay).

 315. B. longiattenuata A.S.Oliveira & Deble. Brazil (Rio Grande do Sul, Santa 
Catarina). Uruguay (Cerro Largo, Treinta y Tres).

 316. B. montana DC. Argentina (Misiones). Brazil (Espírito Santo, Minas 
Gerais, Paraná, Rio de Janeiro, Rio Grande do Sul, Santa Catarina, São 
Paulo). Paraguay (Alto Paraná, Caaguazú, Canindeyú, Guairá, Itapúa, 
Paraguarí).

 317. B. rivularis Gardner. Brazil (Distrito Federal, Goiás, Mato Grosso do Sul, 
Minas Gerais, São Paulo, Tocantins).

 318. B. semiserrata DC. Argentina (Misiones). Brazil (Minas Gerais, Paraná, 
Rio de Janeiro, Rio Grande do Sul, Santa Catarina, São Paulo). Paraguay 
(Guairá, Itapúa, Paraguarí).

 319. B. uncinella DC. Brazil (Espírito Santo, Minas Gerais, Paraná, Rio de 
Janeiro, Rio Grande do Sul, Santa Catarina, São Paulo).

VII.VIII. Baccharis sect. Tridentatae Giuliano: Six species, from Bolivia and 
southeastern Brazil south to eastern Argentina, most of the species occurring in 
southern Brazil.

 320. B. caprariifolia DC. Argentina (Buenos Aires, Corrientes, Entre Ríos, 
Misiones). Brazil (Minas Gerais, Paraná, Rio de Janeiro, Rio Grande do 
Sul, Santa Catarina, São Paulo). Paraguay (Alto Paraná, Caaguazú, 
Canindeyú, Guairá, San Pedro). Uruguay (Rivera, Treinta y Tres).

 321. B. deltoidea Baker. Brazil (Rio Grande do Sul).
 322. B. isabelae Soria & Zardini. Paraguay (Central, Cordillera, Paraguarí).
 323. B. nummularia Heering ex Malme. Brazil (Paraná, Rio Grande do Sul, 

Santa Catarina).
 324. B. spicata (Lam.) Baill. Argentina (Buenos Aires, Chaco, Córdoba, 

Corrientes, Distrito Federal, Entre Ríos, Formosa, La Pampa, Santiago del 
Estero, Santa Fe). Brazil (Paraná, Rio Grande do Sul, Santa Catarina, São 
Paulo). Paraguay (Central, Cordillera, Paraguarí, Presidente Hayes). 
Uruguay (Canelones, Cerro Largo, Colonia, Florida, Lavalleja, Maldonado, 
Montevideo, Río Negro, Rocha, Salto, San José, Soriano, Tacuarembó, 
Treinta y Tres). Introduced in Portugal.
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 325. B. tridentata Vahl. Argentina (Buenos Aires, Chaco, Córdoba, Corrientes, 
Entre Ríos, Formosa, Jujuy, La Pampa, Misiones, Salta, Santa Fe). Bolivia 
(Chuquisaca, Cochabamba, Santa Cruz, Tarija). Brazil (Distrito Federal, 
Goiás, Mato Grosso, Mato Grosso do Sul, Minas Gerais, Paraná, Rio de 
Janeiro, Rio Grande do Sul, Santa Catarina, São Paulo). Paraguay 
(Amambay, Central, Caaguazú, Caazapá, Canindeyú, Concepción, 
Cordillera, Guairá, Misiones). Uruguay (Canelones, Lavalleja, Maldonado, 
Montevideo, Rivera, Tacuarembó).

 326. B. urvilleana Brongn. Brazil (Rio Grande do Sul, Santa Catarina).

VII.IX. Baccharis sect. Caespitosae Giuliano: 20 Andean species, occurring from 
Colombia to Argentina and Chile.

 327. B. buchtienii H.Rob. Bolivia (Cochabamba, La Paz, Santa Cruz). Peru 
(Cusco).

 328. B. caespitosa (Ruiz & Pav.) Pers. Bolivia (Cochabamba, La Paz, Oruro, 
Potosí, Tarija). Peru (Ancash, Apurímac, Arequipa, Ayacucho, Cajamarca, 
Cusco, Huánuco, Huancavelica, Junín, La Libertad, Lambayeque, Lima, 
Moquegua, Pasco, Puno).

 329. B. chaparensis (Joch.Müll.) G.Heiden. Bolivia (Cochabamba).
 330. B. chrysophylla (F.H.Hellw.) G.Heiden. Bolivia (Oruro). Chile (Arica y 

Parinacota, Tarapacá).
 331. B. corymbosa (Ruiz & Pav.) Pers. Peru (Huánuco, Pasco).
 332. B. fimbriata (Joch.Müll.) G.Heiden. Argentina (Jujuy, Salta). Bolivia 

(Potosí, Oruro, Tarija).
 333. B. incarum (Wedd.) Perkins. Argentina (Jujuy). Bolivia (Cochabamba, 

La Paz, Oruro, Potosí, Tarija). Chile (Tarapacá). Peru (Arequipa, 
Puno, Tacna).

 334. B. integrifolia (Joch.Müll.) G.Heiden. Bolivia (Cochabamba, La Paz, 
Santa Cruz).

 335. B. kessleri (Joch.Müll.) G.Heiden. Bolivia (Cochabamba).
 336. B. lapidosa Deble & A.S.Oliveira. Bolivia (Chuquisaca, Santa Cruz).
 337. B. longipedicellata (Joch.Müll.) G.Heiden. Bolivia (La Paz). Peru (Puno).
 338. B. neoaustralis G.Heiden. Bolivia (Chuquisaca, Cochabamba, Potosí).
 339. B. neorupestris Deble & A.S.Oliveira. Argentina (Catamarca, Jujuy, 

Salta, Tucumán).
 340. B. odorata Kunth. Colombia (Nariño).
 341. B. papillosa Rusby. Bolivia (Chuquisaca, Cochabamba, La Paz, Potosí).
 342. B. procumbens Hieron. Peru (Cajamarca, La Libertad).
 343. B. santelicis Phil. Argentina (Mendoza, San Juan). Chile (Arica y 

Parinacota).
 344. B. tola Phil. Argentina (Catamarca, Jujuy, La Rioja, Mendoza, Salta, San 

Juan, Tucumán). Bolivia (Chuquisaca, Oruro, Potosí, Tarija). Chile 
(Atacama, Tarapacá).

 345. B. viscosissima (Kuntze) G.Heiden. Argentina (Salta). Bolivia (Potosí). 
Chile (Antofagasta).
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 346. B. yungensis (Joch.Müll.) G.Heiden. Bolivia (Cochabamba, La Paz).

VII.X. Baccharis sect. Baccharis: 24 species, most from North America and the 
Caribbean. Species in the section show a wide array of variation, from broom- 
like shrubs with leaves reduced to scales to leafy treelets.

 347. B. angustifolia Michx. Bahamas. USA (Alabama, Massachusetts, Florida, 
Georgia, Louisiana, Mississippi, North Carolina, South Carolina).

 348. B. angustior (DC.) Britton ex Malag. Cuba.
 349. B. buxifolia (Lam.) DC. Colombia (Nariño). Ecuador (Azuay, Bolívar, 

Cañar, Carchi, Chimborazo, Cotopaxi, Imbabura, Loja, Morona-Santiago, 
Napo, Pichincha, Tungurahua). Peru (Ancash, Ayacucho, Apurímac, 
Cajamarca, Cusco, Huánuco, Junín, La Libertad, Lima, San Martín).

 350. B. conferta Kunth. Mexico (Chiapas, Durango, Estado de 
México,  Guanajuato, Guerrero, Hidalgo, Jalisco, Michoacán, Morelos, 
Oaxaca, Puebla, Querétaro, San Luis Potosí, Tlaxcala, Veracruz).

 351. B. confertoides G.L.Nesom. El Salvador. Guatemala. Honduras. Mexico 
(Chiapas).

 352. B. dioica Vahl. Antigua and Barbuda. Bahamas. Cayman Islands. 
Cuba. Dominican Republic. Haiti. Jamaica. México (Campeche, 
Quintana Roo, Yucatán). Montserrat. Puerto Rico. United States Virgin 
Islands. USA (Florida).

 353. B. emoryi A.Gray. Mexico (Baja California, Sonora). USA (Arizona, 
California, Nevada, Utah).

 354. B. glandulifera G.L.Nesom. Guatemala. Mexico (Chiapas, Oaxaca).
 355. B. glomeruliflora Pers. Bahamas. Bermuda. Cuba. USA (Alabama, 

Massachusetts, Florida, Georgia, Mississippi, North Carolina, South 
Carolina).

 356. B. halimifolia L. Bahamas. Canada (Nova Scotia). Mexico (Nuevo León, 
San Luis Potosí, Tamaulipas, Veracruz). USA (Alabama, Arkansas, 
Connecticut, Delaware, Florida, Georgia, Louisiana, Massachusetts, 
Maryland, Mississippi, North Carolina, New Jersey, New York, Oklahoma, 
Pennsylvania, Rhode Island, South Carolina, Texas, Virginia). Introduced 
in Australia (New South Wales, Queensland, Victoria, Western Australia). 
Belgium. France. Georgia. Italy. Netherlands. New Zealand. Spain. 
United Kingdom (England, Scotland).

 357. B. heterophylla Kunth. Guatemala. Mexico (Aguascalientes, Chiapas, 
Chihuahua, Colima, Durango, Estado de México, Guanajuato, Guerrero, 
Hidalgo, Jalisco, Michoacán, Morelos, Nayarit, Nuevo León, Oaxaca, 
Puebla, Querétaro, San Luis Potosí, Sinaloa, Sonora, Tamaulipas, Tlaxcala, 
Veracruz, Zacatecas).

 358. B. kurtziana Ariza. Argentina (La Rioja, Salta, San Juan).
 359. B. lancifolia DC. Mexico (Hidalgo, Queretaro, Veracruz).
 360. B. mornicola (Urb.) G.Heiden. Dominican Republic. Haiti.
 361. B. myrsinites (Lam.) Pers. Dominican Republic. Haiti. Puerto Rico.
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 362. B. neglecta Britton. Mexico (Chihuahua, Coahuila, Durango, Nuevo León, 
San Luis Potosí, Sonora, Tamaulipas, Zacatecas). USA (Texas).

 363. B. nesomiana Rzed. & Zamudio. Mexico (Tamaulipas).
 364. B. notosergila Griseb. Argentina (Buenos Aires, Chaco, Córdoba, 

Corrientes, Entre Ríos, Formosa, Santiago del Estero, Santa Fe). Brazil 
(Mato Grosso do Sul, Rio Grande do Sul). Paraguay (Caaguazú, Central, 
Cordillera, Presidente Hayes). Uruguay (Canelones, Flores, Florida, 
Maldonado, Montevideo, Paysandú, Río Negro, Salto, San José, Soriano, 
Tacuarembó).

 365. B. pilularis DC. Mexico (Baja California). USA (California, New Mexico, 
Oregon).

 366. B. salicina Torr. & A.Gray. Mexico (Baja California, Chihuahua, Coahuila, 
Durango, Nuevo León, Sonora, Tamaulipas). USA (Arizona, California, 
Colorado, Kansas, Nevada, New Mexico, Oklahoma, Texas, Utah).

 367. B. sarothroides A.Gray. Mexico (Baja California, Baja California Sur, 
Chihuahua, Sinaloa, Sonora). USA (Arizona, California, New 
Mexico, Texas).

 368. B. scoparia (L.) Sw. Cuba. Jamaica.
 369. B. scoparioides Griseb. Cuba.
 370. B. sergiloides A.Gray. Mexico (Baja California, Baja California Sur, 

Sonora). USA (Arizona, California, Nevada, Utah).
 371. B. shaferi Britton. Cuba.
 372. B. tucumanensis Hook. & Arn. Argentina (Catamarca, Córdoba, Jujuy, 

La Rioja, Salta, San Luis, Tucumán). Bolivia (Tarija).

VII.XI. Baccharis sect. Andina G.Heiden: 15 species of shrubs and treelets mostly 
from subpáramo and páramos of the northern Andes, from Venezuela to Ecuador.

 373. B. angelica Benoist. Ecuador (Carchi).
 374. B. balnearia Benoist. Ecuador (Bolívar, Chañar, Cotopaxi, Loja, 

Morona-Santiago).
 375. B. boyacensis Cuatrec. Colombia (Boyacá, Cundinamarca).
 376. B. cochensis Hieron. Colombia (Nariño).
 377. B. emarginata (Ruiz & Pav.) Pers. Peru (Amazonas, Ancash, Ayacucho, 

Cajamarca, Huánuco, Junín, Lambayeque, Piura).
 378. B. grandicapitulata Hieron. Peru (Amazonas, Ayacucho, Ancash, 

Cajamarca, Huánuco, Piura).
 379. B. lehmannii Klatt. Colombia (Antioquia, Cauca, Cundinamarca, Meta, 

Nariño, Tolima).
 380. B. lloensis Hieron. Colombia (Arauca, Boyacá, Caldas, Cauca, Cesar, 

Chocó, Cundinamarca, La Guajira, Huila, Meta, Nariño, Putumayo, 
Tolima). Ecuador (Azuay, Bolívar, Carchi, Chañar, Chimborazo, Cotopaxi, 
Imbabura, Loja, Morona-Santiago, Napo, Pichincha, Tungurahua).

 381. B. pachycephala Hieron. Peru (Cajamarca).
 382. B. paramicola Cuatrec. Colombia (Caldas, Cauca, Tolima).
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 383. B. sinuata Kunth. Ecuador (Azuay, Chañar, Loja, Orellana, Zamora- 
Chinchipe). Peru (Amazonas, Cajamarca, Piura).

 384. B. teindalensis Kunth. Colombia (Cauca, Cundinamarca, Nariño). 
Ecuador (Azuay, Cañar, Carchi, Cotopaxi, Imbabura, Morona-Santiago, 
Napo, Pichincha).

 385. B. tetroica G.Heiden. Colombia (Boyacá, Cundinamarca, Norte de 
Santander, Santander). Venezuela (Mérida, Táchira, Trujillo).

 386. B. tricuneata (L.f.) Pers. Colombia (Antioquia, Arauca, Boyacá, Caldas, 
Cundinamarca, Magdalena, Meta, Norte de Santander, Quindío, Risaralda, 
Santander, Tolima, Valle de Cauca). Venezuela (Mérida, Táchira, Trujillo).

VII.XII. Baccharis sect. Nitidae Cuatrec.: Four species, inhabiting the edges of 
tropical rainforests, in the Atlantic Rainforest of Brazil or in the Yungas from the 
northern Andes.

 387. B. dentata (Vell.) G.M.Barroso. Argentina (Misiones). Brazil (Espírito 
Santo, Minas Gerais, Paraná, Pernambuco, Rio de Janeiro, Rio Grande do 
Sul, Santa Catarina, São Paulo). Paraguay (Amambay, Guairá).

 388. B. malmei Joch.Müll. Brazil (Bahia, Distrito Federal, Espírito Santo, 
Goiás, Minas Gerais, Paraná, Pernambuco, Rio de Janeiro, Santa Catarina, 
São Paulo).

 389. B. nitida (Ruiz & Pav.) Pers. Argentina (Salta). Bolivia (Chuquisaca, 
Cochabamba, La Paz, Santa Cruz, Tarija). Colombia (Antioquia, Bolívar, 
Boyacá, Caldas, Caquetá, Cauca, Cesar, Chocó, Cundinamarca, La Guajira, 
Huila, Magdalena, Meta, Nariño, Norte de Santander, Putumayo, Quindío, 
Risaralda, Santander, Tolima, Valle de Cauca). Ecuador (Bolívar, Carchi, 
Chimborazo, Cotopaxi, Loja, Napo, Pastaza, Pichincha, Tungurahua). 
Guyana. Peru (Amazonas, Ayacucho, Cajamarca, Cuzco, Huánuco, Junín, 
La Libertad, Lambayeque, Pasco, Puno, San Martín, Ucayali). Venezuela 
(Aragua, Distrito Federal, Lara, Mérida, Miranda, Táchira, Trujillo).

 390. B. singularis (Vell.) G.M.Barroso. Brazil (Bahia, Espírito Santo, Paraná, 
Rio de Janeiro, Rio Grande do Sul, Santa Catarina, São Paulo).

VII.XIII. Baccharis sect. Cylindricae Heering: 24 species from South America, the 
highest diversity in the grasslands and savannas from Argentina, Brazil, and 
Uruguay.

 391. B. argentina Heering. Argentina (Catamarca, La Rioja, Salta).
 392. B. brevifolia DC. Brazil (Bahia, Mato Grosso, Mato Grosso do Sul, Minas 

Gerais, Paraná, Rio de Janeiro, Rio Grande do Sul, Santa Catarina, São 
Paulo). Uruguay (Treinta y Tres).

 393. B. chilco Kunth. Bolivia (Beni, La Paz, Santa Cruz). Brazil (Mato Grosso). 
Colombia (Boyacá, Caldas, Caquetá, Cauca, Cundinamarca, Huila, Meta, 
Nariño, Tolima, Valle de Cauca). Ecuador (Chimborazo, Imbabura, Loja, 
Pichincha, Zamora-Chinchipe). Paraguay (Presidente Hayes). Peru 
(Amazonas, Ancash, Cajamarca, Cusco, Huánuco, Junín, Puno, San 
Martín).
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 394. B. cognata DC. Argentina (Corrientes, Misiones). Brazil (Bahia, Distrito 
Federal, Goiás, Mato Grosso, Mato Grosso do Sul, Minas Gerais, Paraná, 
Rio Grande do Sul, Santa Catarina, São Paulo). Paraguay (Amambay, 
Caaguazú, Caazapá, Central, Concepción, Cordillera, Guairá, Misiones, 
Paraguarí). Uruguay (Tacuarembó, Treinta y Tres).

 395. B. cordobensis Heering. Argentina (Córdoba).
 396. B. flabellata Hook. & Arn. Argentina (Córdoba, La Pampa, La Rioja, 

Santiago del Estero, San Juan, San Luis).
 397. B. funkiae Bonif. et al. Uruguay (Treinta y Tres).
 398. B. gracillima Heering & Dusén. Brazil (Paraná).
 399. B. humilis Sch.Bip. ex Baker. Brazil (Distrito Federal, Goiás, Mato 

Grosso, Mato Grosso do Sul, Minas Gerais, São Paulo).
 400. B. inexspectata Deble & A.S.Oliveira. Brazil (Rio Grande do Sul).
 401. B. linearifolia (Lam.) Pers. Argentina (Buenos Aires, Catamarca, Chaco, 

Córdoba, Corrientes, Entre Ríos, Jujuy, La Pampa, La Rioja, Mendoza, 
Misiones, Río Negro, Salta, Santa Fe, San Juan, San Luis). Brazil 
(Amazonas, Bahia, Distrito Federal, Goiás, Maranhão, Mato Grosso, Mato 
Grosso do Sul, Minas Gerais, Pará, Paraná, Pernambuco, Piauí, Rio de 
Janeiro, Rio Grande do Sul, Rondônia, Roraima, Santa Catarina, São Paulo, 
Tocantins). Guyana. Paraguay (Alto Paraná, Amambay, Caaguazú, 
Caazapá, Canindeyú, Central, Cordillera, Guairá, Paraguarí, Presidente 
Hayes, San Pedro). Suriname. Uruguay (Canelones, Colonia, Florida, 
Maldonado, Montevideo, Paysandú, Río Negro, Rivera, Rocha, 
Tacuarembó, Treinta y Tres). Venezuela (Bolívar).

 402. B. maritima Baker. Brazil (Rio Grande do Sul, Santa Catarina). Uruguay 
(Maldonado, Montevideo, Rocha, San José).

 403. B. microdonta DC. Argentina (Catamarca, Corrientes, Jujuy, Misiones, 
Salta, Tucumán). Bolivia (Chuquisaca, Cochabamba, Santa Cruz, Tarija). 
Brazil (Minas Gerais, Paraná, Rio de Janeiro, Rio Grande do Sul, Santa 
Catarina, São Paulo). Paraguay (Cordillera). Uruguay (Canelones, 
Florida, Lavalleja, Maldonado, Montevideo, Rocha, Salto).

 404. B. multifolia A.S.Oliveira & al. Brazil (Rio Grande do Sul).
 405. B. pampeana A.S.Oliveira & al. Brazil (Rio Grande do Sul).
 406. B. pedersenii Cabrera. Argentina (Corrientes, Entre Ríos, Santa Fe). 

Brazil (Rio Grande do Sul). Paraguay (Cordillera, Ñeembucú). Uruguay 
(Colonia).

 407. B. pentodonta Malme. Brazil (Paraná, Rio Grande do Sul, Santa Catarina, 
São Paulo). Paraguay (Caaguazú, Guairá).

 408. B. petraea Heering. Argentina (Misiones). Brazil (Rio Grande do Sul, 
Santa Catarina, São Paulo). Paraguay (Central, Cordillera, Paraguarí). 
Uruguay (Flores, Florida).

 409. B. polycephala Wedd. Argentina (Jujuy, Salta). Bolivia (Chuquisaca, 
Cochabamba, La Paz, Potosí, Santa Cruz, Tarija). Peru (Puno).

 410. B. saltensis Baker. Uruguay (Salto).
 411. B. santiagensis Heering. Chile (Metropolitana).
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 412. B. sessiliflora Vahl. Argentina (Corrientes, Misiones, Salta). Bolivia 
(Santa Cruz). Brazil (Bahia, Distrito Federal, Goiás, Mato Grosso, Mato 
Grosso do Sul, Minas Gerais, Paraná, Pernambuco, Rio Grande do Sul, 
Santa Catarina, São Paulo, Sergipe). Paraguay (Alto Paraná, Alto Paraguay, 
Amambay, Caaguazú, Canindeyú, Central, Concepción, Cordillera, 
Presidente Hayes, San Pedro). Uruguay (Maldonado, Montevideo, 
Paysandú, Rivera).

 413. B. subdentata DC. Brazil (Bahia, Distrito Federal, Goiás, Mato Grosso, 
Mato Grosso do Sul, Maranhão, Minas Gerais, Paraná, Rio Grande do Sul, 
Santa Catarina, São Paulo). Paraguay (Caaguazú, Caazapá).

 414. B. subopposita DC. Brazil (Rio Grande do Sul). Paraguay (Caaguazú, 
Caazapá, Canindeyú, Cordillera, Guairá, Misiones).

 415. B. variabiliflora Deble & A.S.Oliveira. Brazil (Minas Gerais).
 416. B. vernicosa Hook. & Arn. Argentina (Misiones). Brazil (Rio Grande do 

Sul). Uruguay (Artigas, Paysandú, Rivera, Salto).

Sections of unknown relationships within Baccharis subgen. Baccharis.
VII.XIV. Baccharis sect. Discolores DC.: Baccharis phylicoides is the only species 

and occurs along the Andes from Ecuador to Bolivia.

 417. B. phylicoides Kunth. Bolivia (Amazonas, Ancash, Ayacucho, Cajamarca, 
Cusco, Huánuco, Junín, La Libertad, Lambayeque, Piura). Peru (La Paz).

VII.XV. Baccharis sect. Divaricatae Giuliano: Baccharis divaricata is the only 
species and occurs in coastal dunes of the Argentinean Patagonia.

 418. B. divaricata Hauman. Argentina (Buenos Aires, Chubut, Río Negro).

VII.XVI. Baccharis sect. Frenguellianae Giuliano: Baccharis frenguelli is the only 
species and occurs in riverine vegetation in northeastern Argentina and Paraguay.

 419. B. frenguellii Cabrera. Argentina (Chaco, Corrientes, Entre Ríos, Santa 
Fe). Paraguay (Central, Cordillera, Paraguarí).

VII.XVII. Baccharis sect. Pedicellatae Heering: Seven species from Argentina and 
Chile.

 420. B. austropedicellata (F.H.Hellw.) G.Heiden. Argentina (Neuquén). Chile 
(Bío Bío, Maule, Ñuble, O’Higgins).

 421. B. linearis (Ruiz & Pav.) Pers. Argentina (Chubut, Mendoza, Neuquén, 
Río Negro, San Juan). Chile (Araucanía, Atacama, Bío bío, Coquimbo, 
Los Lagos, Los Ríos, Maule, Metropolitana, Ñuble, O’Higgins, Valparaíso).

 422. B. lycioides Remy. Argentina (Neuquén). Chile (Araucanía, Bío Bío, Los 
Lagos, Los Ríos).

 423. B. obovata Hook. & Arn. Argentina (Chubut, Neuquén, Río Negro, Santa 
Cruz). Chile (Aysén, Araucanía, Bío Bío, Los Lagos, Los Ríos, Maule, 
Ñuble, O’Higgins, Valparaíso).

 424. B. ocellata Phil. Argentina (Neuquén). Chile (Bío Bío, Maule, Ñuble, 
O’Higgins).
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 425. B. poeppigiana DC. Argentina (Neuquén). Chile (Coquimbo, 
Metropolitana, Valparaíso).

 426. B. pycnocephala (F.H.Hellw.) G.Heiden. Argentina (Chubut, Neuquén, 
Río Negro). Chile (Araucanía, Bío Bío, Los Lagos, Los Ríos, Maule, 
Ñuble, Valparaíso).

Species of unknown relationships within Baccharis subgen. Baccharis.

 427. B. alaternoides Kunth. Peru (Amazonas, Áncash, Cajamarca, Cuzco, La 
Libertad, Lima).

 428. B. chachapoyasensis Cuatrec. Peru (Amazonas, Cajamarca).
 429. B. dependens (Ruiz & Pav.) Pers. Peru (Huánuco).
 430. B. erectifolia Steyerm. Venezuela (Anzoátegui, Sucre, Trujillo).
 431. B. glomerata Joch.Müll. Bolivia (La Paz).
 432. B. hieronymi Heering. Ecuador (Azuay, Cañar, Morona-Santiago).
 433. B. humifusa Kunth. Ecuador (Azuay, Bolivar, Chañar, Chimborazo, 

Cotopaxi, Imbabura, Napo, Pastaza, Pichincha, Tungurahua).
 434. B. itapirocensis A.S.Oliveira & Deble. Brazil (Paraná).
 435. B. paucicostata Joch.Müll. & Giuliano. Argentina (Mendoza, San Juan).
 436. B. pseudoalpestris L.Teodoro. Brazil (Minas Gerais).
 437. B. pumila Joch.Müll. Bolivia (Tarija).
 438. B. samensis Joch.Müll. Argentina (Salta). Bolivia (Tarija).
 439. B. scabra (Ruiz & Pav.) Pers. Peru (Junín).
 440. B. schomburgkii Baker. Brazil (Roraima). Guyana. Venezuela 

(Amazonas, Bolívar, Táchira, Trujillo).
 441. B. tenuicapitulata Joch.Müll. Ecuador (Azuay, Chimborazo, Chañar, Loja).
 442. B. tomentosa (Ruiz & Pav.) Pers. Peru (Ancash).

6  Confirmed and Putative Hybrid Species: Who Are Them?

Putative hybrid species and subspecies were formally described 38 times for 
Baccharis (Malagarriga 1949, 1954; Hellwig 1990). They are presented here 
ordered alphabetically. Likely parental species are within bracts, followed by geo-
graphic distribution and, when pertinent, comments on current taxonomic status. 
Taxonomic status of most of the putative hybrids proposed based on morphology 
and distribution of likely sympatric parent species remains to be confirmed or 
rejected by means of further experimental crosses and in situ population genetic 
studies.

×1. B. × alboffii F.H.Hellw. (B. patagonica × B. zoellneri). Chile (Los Lagos).
×2. B. × antucensis F.H.Hellw. (B. umbelliformis × B. neaei). Chile (Bío Bío).
×3. B. × arcuata F.H.Hellw. (B. magellanica × B. obovata). Chile (Aysén).
×4. B. × arcuata F.H.Hellw. nothosubsp. arcuata. (B. magellanica × B. obovata). 

Chile (Aysén).

G. Heiden



71

×5. B. × arcuata F.H.Hellw. nothosubsp. chamaearcuata. (B. magellanica × B. 
obovata × B. umbelliformis). Argentina (Neuquén). Chile (Araucanía).

×6. B. × australis F.H.Hellw. (B. magellanica × B. zoellneri). Chile (Los Lagos, 
Magallanes y Antárctica). Falkland/Malvinas Islands.

×7. B. × australis F.H.Hellw. nothosubsp. australis. (B. magellanica × B. zoellneri). 
Chile (Los Lagos, Magallanes y Antárctica). Falkland Islands.

×8. B. × australis F.H.Hellw. nothosubsp. minutifolia. (B. magellanica × B. minor). 
Chile. (Araucanía).

×9. B. × caramavidensis F.H.Hellw. (B. minor × B. obovata). Chile (Bío Bío).
×10. B. × caramavidensis F.H.Hellw. nothosubsp. caramavidensis. (B. minor × B. 

obovata). Chile (Bío Bío).
×11. B. × caramavidensis F.H.Hellw. nothosubsp. maior. (B. zoellneri × B. obo-

vata). Chile (Los Lagos).
×12. B. × chillanensis F.H.Hellw. (B. magellanica × B. ocellata). Chile (Bío Bío).
×13. B. × chillanensis F.H.Hellw. nothosubsp. chillanensis. (B. magellanica × B. 

ocellata). Chile (Bío Bío).
×14. B. × chillanensis F.H.Hellw. nothosubsp. procumbens. (B. magellanica × B. 

austropedicellata). Chile (Bío Bío, Maule).
×15. B. × concava (Ruiz & Pav.) Pers. (B. rhomboidalis × B. obovata). Chile (Bío 

Bío). =Currently accepted as B. concava.
×16. B. × concavoides F.H.Hellw. (B. rhomboidalis × B. elaeoides × B. obovata). 

Chile (Los Lagos).
×17. B. × crenatolycioides F.H.Hellw. (B. obovata × B. lycioides). Chile (Bío Bío).
×18. B. × demissa F.H.Hellw. (B. magellanica × B. mylodontis). Chile (Magallanes 

y Antáctica).
×19. B. × exspectata F.H.Hellw. (B. obovata × B. patagonica). Chile (Los Lagos).
×20. B. × exspectata F.H.Hellw. nothosubsp. expectata. (B. obovata × B. patagon-

ica). Chile (Los Lagos).
×21. B. × exspectata F.H.Hellw. nothosubsp. crenatopalenae. (B. palenae × B. 

patagonica). Chile (Los Lagos).
×22. B. × fraudulenta L.Teodoro. (B. subopposita × B. subdentata). Brazil (São 

Paulo). =Currently accepted as B. linearifolia.
×23. B. × heeringiana L.Teodoro (B. junciformis × B. milleflora). Brazil (São 

Paulo). =Currently accepted as B. sagittalis.
×24. B. × hoehneana L.Teodoro. (B. linearifolia × B. cognata). Brazil (São Paulo). 

=Currently accepted as B. linearifolia.
×25. B. × intermedia DC. (B. macraei × B. linearis). Chile (Coquimbo, O’Higgins, 

Valparaíso). Hybrid status supported by morphological and chemical data (Faini 
et al. 1991).

×26. B. × paulopolitana L.Teodoro & W.Hoehne. (B. dracunculifolia × B. lineari-
folia). Brazil (São Paulo). Currently accepted as B. linearifolia.

×27. B. × pseudolycioides F.H.Hellw. (B. neaei × B. lycioides). Chile (Bío Bío, 
Araucanía).
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×28. B. × pseudoneaei F.H.Hellw. (B. neaei × B. magellanica). Chile. (Maule).
×29. B. × pseudopalenae F.H.Hellw. (B. elaeoides × B. palenae). Chile (Los 

Lagos).
×30. B. × pseudopilcensis F.H.Hellw. (B. pilcensis × B. neaei). Chile (Bío Bío).
×31. B. × septentrionalis F.H.Hellw. (B. macraei × B. vernalis). Chile (Coquimbo, 

Valparaíso).
×32. B. × spegazzinii F.H.Hellw. (B. magellanica × B. patagonica). Chile 

(Magallanes y Antáctica).
×33. B. × subaequalis F.H.Hellw. (B. elaeoides × B. rhomboidalis). Chile (Los 

Lagos).
×34. B. × tarapacana F.H.Hellw. (B. viscosissima × B. santelicis or B. chryso-

phylla). Chile (Tarapacá).
×35. B. × volckmannii Phil. (B. linearis × B. neaei). Chile (Coquimbo, Valparaíso, 

Metropolitana).
×36. B. × volckmannii Phil. nothosubsp. volckmannii. (B. linearis × B. neaei). 

Chile (Coquimbo, Metropolitana, Valparaíso).
×37. B. × volckmannii Phil. nothosubsp. hybrida. (B. pycnocephala × B. neaei). 

Chile (Bío Bío, Maule).
×38. B. × wilsoniana L.Teodoro. (B. linearifolia × B. pentodonta). Brazil (São 

Paulo). Currently accepted as B. microdonta.

7  Distribution of Baccharis by Sovereign Countries or 
Dependent Territories: How Many Species Are Out There?

A checklist of recorded species and endemics for the 35 American sovereign coun-
tries and the 24 dependent territories from the Americas is presented in the follow-
ing section.

Sovereign Countries
Argentina. 110 species, 25 of them endemic*: B. acaulis, B. albida*, B. aliena, B. 

alpina, B. anomala, B. arenaria, B. argentina*, B. arguta, B. artemisioides, B. 
articulata, B. austropedicellata, B. boliviensis, B. breviseta, B. cabrerae*, B. cal-
liprinos*, B. capitalensis, B. caprariifolia, B. chubutensis*, B. clavata, B. cog-
nata, B. cordobensis*, B. coridifolia, B. darwinii, B. debilis, B. dentata, B. 
divaricata*, B. dracunculifolia, B. effusa, B. elaeoides, B. famatinensis*, B. fim-
briata, B. flabellata*, B. frenguellii, B. genistifolia, B. gilliesii*, B. glutinosa, B. 
gnaphalioides, B. grisebachii, B. helichrysoides, B. incarum, B. juncea, B. kurtz-
iana*, B. latifolia, B. lilloi, B. linearifolia, B. linearis, B. lorentzii*, B. lycioides, 
B. magellanica, B. megapotamica, B. melanopotamica*, B. microcephala, B. 
microdonta, B. montana, B. multiflosculosa, B. neaei, B. neorupestris*, B. nie-
derleinii*, B. nitida, B. nivalis, B. notosergila, B. oblongifolia, B. obovata, B. 
ocellata, B. ochracea, B. oxyodonta, B. patagonica, B. paucicostata*, B. peder-
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senii, B. penningtonii, B. perulata*, B. petraea, B. petrophila*, B. phyteuma*, B. 
phyteumoides, B. pingraea, B. poeppigiana, B. polifolia, B. polycephala, B. 
polygama*, B. potrerillana*, B. punctulata, B. pycnocephala, B. quitensis, B. 
racemosa, B. retamoides*, B. rodriguezii*, B. sagittalis, B. salicifolia, B. samen-
sis, B. santelicis, B. sculpta, B. semiserrata, B. sessiliflora, B. spartioides, B. 
spicata, B. stenophylla, B. tenella*, B. thymifolia*, B. tola, B. triangularis, B. 
tridentata, B. trimera, B. trinervis, B. tucumanensis, B. ulicina, B. umbelliformis, 
B. vernicosa, B. viscosissima, B. vulneraria.

Antigua and Barbuda. 1 species: B. dioica.
Bahamas. 4 species. B. angustifolia, B. dioica, B. glomeruliflora, B. halimifolia.
Barbados. 0 species native, 1 cultivated: B. halimifolia.
Belize. 1 species: B. trinervis.
Bolivia. 76 species, 22 endemic*: B. acaulis, B. alpina, B. aphylla, B. arguta, B. 

articulata, B. beckii*, B. bicolor*, B. boliviensis, B. buchtienii, B. caespitosa, B. 
cana*, B. capitalensis, B. chaparensis*, B. chilco, B. chrysophylla, B. clavata, B. 
coridifolia, B. darwinii, B. debilis, B. densiflora*, B. dracunculifolia, B. effusa, 
B. fimbriata, B. genistelloides, B. glomerata*, B. glutinosa, B. gnidiifolia, B. 
grisebachii, B. incarum, B. integrifolia*, B. jelskii, B. kessleri*, B. lapidosa*, B. 
latifolia, B. lewisii*, B. lilloi, B. longipedicellata, B. mandonii*, B. microdonta, 
B. multiflosculosa, B. neoaustralis*, B. nitida, B. oblongifolia, B. orbignyana, B. 
papillosa*, B. pedunculata, B. pentlandii, B. phylicoides, B. platypoda, B. poli-
folia, B. polycephala, B. potosiensis*, B. pumila*, B. punctulata, B. quitensis, B. 
sagittalis, B. salicifolia, B. saliens, B. samensis, B. sculpta, B. serranoi*, B. ses-
siliflora, B. solomonii*, B. subalata, B. tola, B. torricoi*, B. tridentata, B. 
trimera, B. trinervis, B. tucumanensis, B. ulicina, B. vargasii*, B. viscosissima, 
B. woodii*, B. yungensis*, B. zongoensis*.

Brazil. 185 species, 114 of them endemic*: B. albilanosa*, B. aliena, B. alleluia*, 
B. alpestris*, B. altimontana*, B. angusticeps*, B. anomala, B. aphylla, B. api-
cifoliosa*, B. aracatubaensis*, B. arenaria, B. articulata, B. axillaris*, B. 
bifrons*, B. brevifolia, B. breviseta, B. burchellii*, B. calvescens*, B. campos- 
portoana*, B. caprariifolia, B. chilco, B. chionolaenoides*, B. ciliata*, B. cine-
rea*, B. claussenii*, B. cognata, B. concinna*, B. conyzoides*, B. coridifolia, B. 
coronata*, B. crassipappa*, B. cultrata, B. curitybensis*, B. deblei*, B. decur-
rens*, B. deltoidea*, B. densa, B. dentata, B. dichotoma*, B. dracunculifolia, B. 
dubia*, B. dunensis*, B. elliptica*, B. erigeroides, B. erioclada, B. flexuosira-
mosa*, B. floccosa*, B. friburgensis*, B. gaucha*, B. gibertii, B. glaziovii, B. 
glutinosa, B. gnaphalioides, B. gracilis, B. gracillima*, B. grandimucronata*, B. 
helichrysoides, B. hemiptera*, B. hirta, B. humilis*, B. hyemalis*, B. hypericifo-
lia*, B. illinita, B. illinitoides, B. imbricata*, B. incisa*, B. inexspectata*, B. 
intermixta*, B. itapirocensis*, B. itatiaiae*, B. jocheniana, B. junciformis, B. 
lateralis, B. leptospermoides*, B. leucocephala*, B. leucopappa*, B. ligus-
trina*, B. linearifolia, B. longiattenuata, B. lychnophora*, B. lymanii*, B. mac-
rophylla*, B. magnifica*, B. malmei*, B. maritima, B. maxima*, B. megapotamica, 
B. mesoneura*, B. microcephala, B. microdonta, B. milleflora*, B. minutiflora*, 
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B. montana, B. multifolia*, B. myricifolia*, B. myriocephala, B. napaea*, B. 
nebularis*, B. notosergila, B. nummularia*, B. obdeltata*, B. oblongifolia, B. 
ochracea, B. opuntioides*, B. orbiculata*, B. orbignyana, B. oreophila*, B. 
organensis*, B. oxyodonta, B. palustris, B. pampeana*, B. paranensis*, B. 
parvidentata*, B. patens, B. pauciflosculosa*, B. pedersenii, B. penningtonii, B. 
pentaptera*, B. pentodonta, B. perlata*, B. petraea, B. phylicifolia*, B. phyteu-
moides, B. pingraea, B. platypoda, B. pluricapitulata*, B. pohlii*, B. polygona*, 
B. polyphylla*, B. pseudoalpestris*, B. pseudomyriocephala*, B. pseudovac-
cinioides*, B. pseudovillosa*, B. psiadioides, B. punctulata, B. quitensis, B. 
ramboi*, B. ramosissima*, B. regnellii*, B. reticularia*, B. reticularioides*, B. 
retusa, B. riograndensis, B. rivularis*, B. rufidula*, B. sagittalis, B. salicifolia, 
B. salzmannii*, B. scabrifolia*, B. schomburgkii, B. schultzii*, B. scopulorum*, 
B. semiserrata, B. serrula*, B. serrulata*, B. sessiliflora, B. simplex*, B. singu-
laris*, B. sphagnophila*, B. sphenophylla*, B. spicata, B. stylosa*, B. subden-
tata, B. suberectifolia*, B. subopposita, B. tarchonanthoides*, B. triangularis, B. 
tridentata, B. trilobata*, B. trimera, B. trinervis, B. trineura*, B. truncata*, B. 
uleana*, B. umbellata*, B. uncinella*, B. urvilleana*, B. variabiliflora*, B. ver-
nicosa, B. vincifolia*, B. vismioides*, B. vitis-idaea, B. vulneraria, B. wagenit-
zii*, B. weirii.

Canada. 1 species: B. halimifolia.
Chile. 48 species, 15 endemics*: B. acaulis, B. alnifolia, B. alpina, B. austropedi-

cellata, B. boliviensis, B. chrysophylla, B. concava*, B. cymosa*, B. elaeoides, 
B. genistelloides, B. glutinosa, B. gnidiifolia, B. incarum, B. juncea, B. linearis, 
B. lycioides, B. macraei*, B. magellanica, B. minor*, B. mylodontis*, B. neaei, 
B. neotruncata*, B. nivalis, B. obovata, B. ocellata, B. palenae*, B. paniculata*, 
B. patagonica, B. pilcensis*, B. pingraea, B. poeppigiana, B. pycnantha*, B. 
pycnocephala, B. racemosa, B. rhomboidalis*, B. sagittalis, B. salicifolia, B. 
santelicis, B. santiagensis*, B. scandens, B. spartioides, B. sphaerocephala*, B. 
taltalensis*, B. tola, B. umbelliformis, B. vernalis*, B. viscosissima, B. 
zoellneri.

Colombia. 39 species, 15 endemic*: B. alpina, B. antioquensis*, B. bogotensis*, B. 
boyacensis*, B. breviseta, B. buddlejoides, B. buxifolia, B. caldasiana*, B. 
chilco, B. cochensis*, B. decussata, B. farallonensis*, B. floribundoides*, B. fra-
terna*, B. genistelloides, B. grandiflora, B. jelskii, B. klattii, B. latifolia, B. lehm-
annii*, B. lloensis, B. marcetiifolia, B. mutisiana, B. nitida, B. oblongifolia, B. 
odorata*, B. padifolia, B. paramicola*, B. pedunculata, B. prunifolia, B. raulii*, 
B. revoluta*, B. rupicola*, B. salicifolia, B. teindalensis, B. tetroica, B. tricune-
ata, B. trinervis, B. vacciniifolia*.

Costa Rica. 2 species: B. pedunculata, B. trinervis.
Cuba. 9 species, 6 endemic*: B. acutata*, B. angustior*, B. dioica, B. glomeruli-

flora, B. nipensis*, B. orientalis*, B. scoparia, B. scoparioides*, B. shaferi*.
Dominica. 1 species: B. pedunculata.
Dominican Republic. 4 species: B. dioica, B. haitiensis, B. mornicola, B. 

myrsinites.
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Ecuador. 38 species, 10 endemic*: B. alpina, B. angelica*, B. arbutifolia*, B. 
auriculigera, B. balnearia*, B. buddlejoides, B. buxifolia, B. chilco, B. cuterven-
sis, B. decussata, B. genistelloides, B. gnidiifolia, B. grandiflora, B. hambaten-
sis*, B. hieronymi*, B. huairacajensis*, B. humifusa*, B. jelskii, B. klattii, B. 
latifolia, B. lloensis, B. marcetiifolia, B. mollis*, B. nitida, B. oblongifolia, B. 
padifolia, B. pedunculata, B. quitensis, B. reticulata, B. sagittalis, B. salicifolia, 
B. sinuata, B. steetzii*, B. subbimera, B. teindalensis, B. tenuicapitulata*, B. 
trinervis, B. volubilis.

El Salvador. 6 species: B. confertoides, B. monoica, B. pedunculata, B. salicifolia, 
B. serrifolia, B. trinervis.

Grenada. 0 species.
Guatemala. 8 species: B. confertoides, B. glandulifera, B. heterophylla, B. mono-

ica, B. pedunculata, B. salicifolia, B. serrifolia, B. trinervis.
Guyana. 7 species: B. densa, B. linearifolia, B. nitida, B. oblongifolia, B. schom-

burgkii, B. trinervis, B. vitis-idaea.
Haiti. 4 species: B. dioica, B. haitiensis, B. mornicola, B. myrsinites.
Honduras. 6 species: B. confertoides, B. monoica, B. pedunculata, B. salicifolia, B. 

serrifolia, B. trinervis.
Jamaica. 2 species: B. dioica, B. scoparia.
Mexico. 46 species, 22 endemic*: B. alamosana*, B. bigelovii, B. brachyphylla, B. 

brevipappa*, B. charucoensis*, B. conferta*, B. confertoides, B. crassicuneata*, 
B. dioica, B. douglasii, B. emoryi, B. erosoricola*, B. glandulifera, B. halimifo-
lia, B. herbacea*, B. heterophylla, B. horizontalis*, B. lancifolia, B. macroceph-
ala*, B. mexicana*, B. monoica, B. multiflora*, B. neglecta, B. nesomiana*, B. 
occidentalis*, B. palmeri*, B. pedunculata, B. pilularis, B. praetermissa*, B. 
pteronioides, B. ramiflora*, B. salicifolia, B. salicina, B. sarothroides, B. see-
mannii*, B. sergiloides, B. serrifolia, B. sordescens*, B. sulcata, B. supplex*, B. 
texana, B. thesioides, B. trinervis, B. wrightii, B. zamoranensis*, B. 
zamudiorum*.

Nicaragua. 4 species: B. monoica, B. pedunculata, B. serrifolia, B. trinervis.
Panama. 2 species: B. pedunculata, B. trinervis.
Paraguay. 47 species, 2 endemic*: B. amambayensis*, B. anomala, B. articulata, 

B. breviseta, B. caprariifolia, B. chilco, B. cognata, B. coridifolia, B. debilis, B. 
dentata, B. dracunculifolia, B. erigeroides, B. erioclada, B. frenguellii, B. glazio-
vii, B. glutinosa, B. gracilis, B. helichrysoides, B. illinita, B. illinitoides, B. isa-
belae*, B. linearifolia, B. megapotamica, B. microcephala, B. microdonta, B. 
montana, B. myriocephala, B. notosergila, B. oxyodonta, B. pedersenii, B. 
pentodonta, B. petraea, B. phyteumoides, B. pingraea, B. punctulata, B. retusa, 
B. sagittalis, B. salicifolia, B. semiserrata, B. sessiliflora, B. spicata, B. subden-
tata, B. subopposita, B. tridentata, B. trimera, B. trinervis, B. vulneraria.

Peru. 61 species, 21 endemic*: B. acaulis, B. alaternoides*, B. alnifolia, B. alpina, 
B. arguta, B. auriculigera, B. ayacuchensis*, B. boliviensis, B. buchtienii, B. 
buxifolia, B. caespitosa, B. chachapoyasensis*, B. chilco, B. clavata, B. corym-
bosa*, B. cutervensis, B. davidsonii*, B. debilis, B. decussata, B. dependens*, B. 
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emarginata*, B. genistelloides, B. glutinosa, B. gnidiifolia, B. grandicapitulata*, 
B. hutchisonii*, B. incarum, B. jelskii, B. johnwurdackiana*, B. latifolia, B. ledi-
folia*, B. libertadensis*, B. longipedicellata, B. multibracteata*, B. nitida, B. 
oblongifolia, B. pachycephala*, B. pedunculata, B. pentlandii, B. phylicoides, B. 
platypoda, B. polycephala, B. procumbens*, B. quitensis, B. reticulata, B. sagit-
talis, B. salicifolia, B. saliens, B. scabra*, B. scandens, B. sinuata, B. spartea*, 
B. subalata, B. subbimera, B. tarmensis*, B. tomentosa*, B. trimera, B. trinervis, 
B. uniflora*, B. volubilis, B. woytkowskii*.

Saint Kitts and Nevis. 1 species: B. pedunculata.
Saint Lucia. 1 species: B. pedunculata.
Saint Vincent and the Grenadines. 1 species: B. pedunculata.
Suriname. 1 species: B. linearifolia.
Trinidad and Tobago. 2 species: B. nervosa, B. trinervis.
United States of America. 23 species, 4 endemic*: B. angustifolia, B. bigelovii, B. 

brachyphylla, B. dioica, B. douglasii, B. emoryi, B. glabrata*, B. glomeruliflora, 
B. halimifolia, B. malibuensis*, B. neglecta, B. pilularis, B. plummerae*, B. pte-
ronioides, B. salicifolia, B. salicina, B. sarothroides, B. sergiloides, B. sulcata, 
B. texana, B. thesioides, B. vanessae*, B. wrightii.

Uruguay. 54 species, 5 endemic*: B. aliena, B. anomala, B. arenaria, B. artemisi-
oides, B. articulata, B. brevifolia, B. breviseta, B. caprariifolia, B. cognata, B. 
coridifolia, B. crispa*, B. cultrata, B. darwinii, B. dracunculifolia, B. funkiae*, 
B. genistifolia, B. gibertii, B. glutinosa, B. gnaphalioides, B. hirta, B. joche-
niana, B. juncea, B. junciformis, B. linearifolia, B. longiattenuata, B. maritima, 
B. megapotamica, B. microcephala, B. microdonta, B. notosergila, B. ochracea, 
B. oxyodonta, B. palustris, B. patens, B. pedersenii, B. penningtonii, B. petraea, 
B. phyteumoides, B. pingraea, B. psiadioides, B. punctulata, B. rectialata*, B. 
riograndensis, B. salicifolia, B. saltensis*, B. sessiliflora, B. spicata, B. steno-
phylla, B. subtropicalis*, B. tridentata, B. trimera, B. vernicosa, B. vulneraria, 
B. weirii.

Venezuela. 19 species, 3 endemic*: B. debilis, B. decussata, B. densa, B. erectifo-
lia*, B. latifolia, B. linearifolia, B. meridensis*, B. mutisiana, B. nitida, B. 
oblongifolia, B. pedunculata, B. prunifolia, B. salicifolia, B. schomburgkii, B. 
tetroica, B. tricuneata, B. trinervis, B. vitis-idaea, B. zumbadorensis*.

Dependent Territories
Anguilla. 0 species.
Aruba. 0 species.
Bermuda. 1 species: B. glomeruliflora.
Bonaire. 0 species.
British Virgin Islands. 0 species.
Cayman Islands. 1 species: B. dioica.
Clipperton Island. 0 species.
Curaçao. 0 species.
Falkland/Malvinas Islands. 2 species: B. magellanica, B. zoellneri.
French Guiana. 0 species.
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Greenland. 0 species.
Guadeloupe. 1 species: B. nervosa.
Martinique. 2 species: B. nervosa, B. pedunculata.
Montserrat. 2 species: B. dioica, B. pedunculata.
Navassa Island. 0 species.
Puerto Rico. 2 species: B. dioica, B. myrsinites.
Saba. 1 species: B. pedunculata.
Saint Barthélemy. 0 species.
Saint Martin. 0 species.
Saint Pierre and Miquelon. 0 species.
Sint Eustatius. 0 species.
Sint Maarten. 0 species.
South Georgia and the South Sandwich Islands. 0 species.
Turks and Caicos Islands. 0 species.
United States Virgin Islands. 1 species: B. dioica.

Going Worldwide? List of Introduced Naturalized Adventitious Distributions 
Outside the Americas
Records of established self-sustained populations of Baccharis species, historically 
recorded outside their native range but currently eradicated or still thriving and 
under no efficient human intervention for extirpation, are presented as follows.

EUROPE.
Belgium. France. Georgia. Great Britain. The Netherlands. Spain. B. 

halimifolia.
Portugal. B. spicata.

OCEANIA.
Australia (New South Wales, Queensland, Victoria, Western Australia).
New Zealand. B. halimifolia.
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Chapter 3
The Evolution of Genetic Studies on 
Baccharis
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Abstract The genetic studies on the genus Baccharis started in 1945 and 
accompanied the development of tools for genetics investigation. First of all, the 
karyotype of some Baccharis species was determined, followed by reports on the 
chromosome number for some species. The majority of the information on the 
molecular biology of the Baccharis genus was generated to clarify the taxonomic 
identity of the taxon. In the 2000s, an intraspecific genetic study with the rare and 
endemic Baccharis concinna using randomly amplified polymorphic DNA markers 
was performed in an altitudinal gradient in Southeastern Brazil. Despite the high 
genetic variability within populations of B. concinna, the populations studied were 
very similar, and genetic variability was not related to variation in altitude. It was an 
important study that marked the population genetic investigation on the genus 
Baccharis. Then, next-generation sequencing technology was used to develop 
microsatellite markers for B. dracunculifolia. This set of microsatellite markers was 
efficient in kinship and gene flow analyses, and a low combined probability of 
genetic identity was attained when the six loci were included in the analysis. Two 
other species, B. concinna and B. aphylla, were evaluated for the transferability of 
microsatellite markers developed for B. dracunculifolia. Five microsatellite markers 
that successfully amplified fragments were obtained both in B. concinna and 
B. aphylla. Otherwise, more genetic studies on Baccharis genus are called for as the 
importance of its species in community assembly and ecosystem services is 
increasing.

P. de Abreu Moreira (*) 
Laboratório de Genética Evolutiva e de Populações, Universidade Federal de Ouro Preto, 
Ouro Preto, Brasil 

H. N. de Novaes · G. W. Fernandes 
Ecologia Evolutiva & Biodiversidade, Departamento de Genética, Ecologia & Evolução 
/ ICB, Universidade Federal de Minas Gerais, Belo Horizonte, Brasil

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-83511-8_3&domain=pdf
https://doi.org/10.1007/978-3-030-83511-8_3#DOI


82

Keywords Genetic variability · Heterozygosity · Molecular biology · 
Microsatellite markers · Phylogeny

Until the mid-1960s, the genetic diversity of populations was accessed by 
morphological traits as sizes, shapes, or color patterns. These kinds of markers 
contributed to broaden our knowledge about population genetics. However, there 
are innumerous limitations to morphological traits; for instance, genetic variation 
could be overestimated because of phenotypic plasticity (Freeland 2005). Later, the 
genetic diversity was accessed by the sizes, shapes, and numbers of chromosomes, 
which was used to reconstruct the evolutionary history of Drosophila pseudoobscura 
by Sturtevant and Dobzhansky (1936). Chromosomal variation was studied between 
species and populations, but there was no consistent relationship between morpho-
logical and chromosomal variation (Rowe et al 2004). Hence, the development of 
molecular markers revolutionized this scenario, and genetic variation could be 
accessed from polymorphic proteins or DNA sequences.

A very large amount of information about different species could be performed, 
which allowed quantifying genetic diversity, population subdivision, gene flow, 
effective population size, breeding structure, inbreeding depression, natural selec-
tion, and genetic drift. All these studies are predominantly intraspecific (within a 
particular species). Nevertheless, molecular markers as DNA sequences are used in 
both systematics and phylogenetic studies which focus on the species level of clas-
sification (Rowe et  al  2004). All this genetic knowledge has become extremely 
important for the effective conservation of many species.

The studies on the genus Baccharis accompanied the development of tools for 
genetics investigation. Genetic studies of Baccharis started in 1945 when chromo-
some numbers of 28 families of angiosperms were described by Bowden (1945) and 
included Baccharis pingraea, B. genistelloides, B. genistifolia, B. halimifolia, and 
B. phyteumoides. This report contained polar views of meiotic stages and mitotic 
metaphases of different species. The same number of chromosomes was registered 
for all these species (n = 9 or 2n = 18). On the other hand, reports on the chromo-
some number for species in the genus have increased dramatically (see Table 3.1), 
mainly to better understand the systematics and phylogeny of the group. The chro-
mosome number of B. dracunculifolia (n = 9) was first described in 1970 using 
botanical materials collected in the state of Minas Gerais, Brazil (Coleman 1970). It 
was suggested that the ancestral chromosome number of the family Asteraceae is 
n = 9 (Solbrig et al. 1969; Solbrig 1977; Nesom 2000; Mota et al. 2016). While the 
majority of Baccharis species has a basic chromosome number of x  =  9, some 
exceptions were detected as in B. latifolia (Turner et  al. 1967; Powell and King 
1969; Spooner et al. 1995), B. glutinosa (Ariza-Espinar 1974), and B. salicifolia 
(Solbrig et al. 1969), all of them with n = 18 or in B. nitida where n = 25 (Powell 
and King 1969). There is a description of n = 10 for B. tricuneata (Turner et al. 
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Table 3.1 Gametic (n) and somatic (2n) chromosome numbers in Baccharis

Species n 2n References

B. acaulis (Wedd. ex R.E.Fr.) Cabrera – 18 + 1B Hellwig (1990)
B. aliena (Spreng.) Joch.Müll. (as 
Heterothalamus alienus (Spreng.) O. Kuntze)

9 – Bernardello (1986)

B. anomala DC. – 18 Ruas et al. (1989)
B. articulata (Lam.) Pers. 9 – Rozenblum et al. 

(1985)
B. boliviensis (Wedd.) Cabrera (as 
Heterothalamus boliviensis Wedd.)

9 – Rozenblum et al. 
(1985)

B. brachyphylla A.Gray 9 – Keil and Pinkava 
(1976)

9 – Spellenberg and 
Ward (1988)

B. braunii (Polak.) Standl. 9 – Anderson et al. 
(1974)

B. brevifolia DC. 9 – Coleman (1970)
9 – Solbrig et al. 

(1969)
B. breviseta DC. (as Baccharidastrum argutum 
(Less.) Cabrera

9 – Coleman (1968)

B. burchellii Baker 9 – Coleman (1970)
B. buxifolia (Lam.) Pers. (as B. revoluta Kunth) 9 – Hunziker et al. 

(1989)
B. chachapoyasensis Cuatrec. ca. 9 – Turner et al. (1967)
B. chilco Kunth 9 – Turner et al. (1967)
B. coridifolia DC. 9 – Ariza-Espinar 

(1974)
9 18 Hunziker et al. 

(1990)
B. cutervensis Hieron. (as B. spathulata Klatt) 9 – Turner et al. (1967)
B. darwinii Hook. & Arn. (as B. 
heterothalamoides Britton)

9 – Turner et al. (1979)

B. decussata (Klatt) Hieron. 9 + 3–5 
fragments

– Powell and King 
(1969)

9 + 1B – Turner et al. (1967)
B. dracunculifolia DC. 9 – Casas (1981)

9 – Coleman (1970)
B. effusa Griseb. 9 II – Wulff et al. (1996)
B. elaeoides Remy – 18 Hellwig (1990)
B. flabellata Hook. & Arn. 9II – Wulff et al. (1996)
B. flabellata Hook. & Arn. var. argentina 
(Heering) Ariza

9II – Wulff et al. (1996)

B. genistelloides (Lam.) Pers. 9 – Coleman (1968)
9 – Bowden (1945)

B. genistifolia DC. 9 – Bowden (1945)

(continued)
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Table 3.1 (continued)

Species n 2n References

B. glutinosa Pers. ca. 9 – Anderson et al. 
(1974)

B. glutinosa Pers. (as B. douglasii DC.) 9 – Keil and Pinkava 
(1976)

9 – Solbrig et al. 
(1964)

B. glutinosa Pers. (as B. pingraea DC.) 9 – Bowden (1945)
9 – Covas and Schnack 

(1946)
18 – Ariza-Espinar 

(1974)
9 – Hunziker et al. 

(1989)
9 – Turner et al. (1979)

B. gnidiifolia Kunth (as B. sternbergiana 
Steud.)

9 II – Sundberg et al. 
(1986)

B. grandicapitulata Hieron. 9 – Turner et al. (1967)
9II – Sundberg et al. 

(1986)
B. halimifolia L. 9 – Bowden (1945)

9 – Westman et al. 
(1975)

B. helichrysoides DC. 9 – Coleman (1968)
B. heterophylla Kunth 9 – Keil and Stuessy 

(1977)
B. latifolia (Ruiz & Pav.) Pers. ca. 18 – Powell and King 

(1969)
18 – Spooner et al. 

(1995)
ca. 18 – Turner et al. (1967)
– 18 Müller (2006)

B. linearifolia (Lam.) Pers. (as B. leptophylla 
DC.)

9 – Hunziker et al. 
(1989)

B. linearifolia (Lam.) Pers. (as B. rufescens 
Spreng.)

9 – Ariza-Espinar 
(1974)

B. linearifolia (Lam.) Pers. (as B. subcapitata 
Gardner)

ca. 9 Turner et al. (1967)

B. ligustrina DC. 9 – Coleman (1970)
B. linearis (Ruiz & Pav.) Pers. 9 – Jansen and Stuessy 

(1980)
9 – Hunziker et al. 

(1990)
– 18 Hellwig (1990)

B. mexicana Cuatrec. 9 – Jackson (1970)

(continued)
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Table 3.1 (continued)

Species n 2n References

B. mesoneura DC. 9 – Coleman (1970)
B. microdonta DC. – 18 Müller (2006)
B. montana DC. (as B. elaegnoides Steud. ex 
Baker)

9 – Coleman (1970)

B. multiflora Kunth 9 – Jackson (1970)
B. nitida (Ruiz & Pav.) Pers. 25 – Powell and King 

(1969)
B. nivalis (Wedd.) Sch. Bip. ex Phil. 9 – Solbrig et al. 

(1964)
B. notosergila Griseb. 9 – Hunziker et al. 

(1989)
B. oblongifolia (Ruiz & Pav.) Pers. 9 – Turner et al. (1967)
B. obovata (Ruiz & Pav.) DC. – 18 Hellwig (1990)
B. oxyodonta DC. (as B. melastomifolia Hook. 
& Arn.)

9 – Turner and Irwin 
(1960)

B. oxyodonta DC. 9 – Coleman (1968)
B. patagonica Hook. & Arn. – 18 Dollenz (1976)
B. petiolata DC. 9 – Hunziker et al. 

(1989)
B. phylicoides Kunth 9 II – Sundberg et al. 

(1986)
ca. 9 – Turner et al. (1967)

B. phyteumoides (Less.) DC. 9 – Bowden (1945)
B. pilularis DC. subsp. consanguinea (DC.) 
C.B.Wolf

9 – Raven et al. (1960)

B. pilularis DC. subsp. pilularis 9 – DeJong and 
Montgomery 
(1963)

B. plummerae A.Gray 9 – Raven et al. (1960)
B. poeppigiana DC. subsp. ocellata 
F.H. Hellwig

– 18 + 1B Hellwig (1990)

B. polifolia Griseb. 9 – Turner et al. (1979)
B. prunifolia Kunth 9 + 2B – Powell and 

Cuatrecasas (1970)
B. punctulata DC. 9 – Carr et al. (1999)

9 – Rozenblum et al. 
(1985)

9 + 4B – Rozenblum et al. 
(1985)

9 – Turner et al. (1979)
B. racemosa (Ruiz & Pav.) DC. 9 – Jansen and Stuessy 

(1980)
B. rhomboidalis Remy var. rhomboidalis – 18 Hellwig (1990)
B. rhomboidalis Remy subsp. truncata (Phil.) 
F.H. Hellwig

– 18 Hellwig (1990)

(continued)
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Species n 2n References

B. riograndensis Teodoro & J.E.Vidal 18 Heiden et al. (2006)
B. rupicola Kunth 9 – Jansen et al. (1984)
B. salicifolia (Rui & Pav.) Pers. 9 – DeJong and 

Montgomery 
(1963)

9 – Jackson (1970)
9 – Keil and Stuessy 

(1975)
9 – Keil and Stuessy 

(1977)
9 – Pinkava and Keil 

(1977)
9 – Rozenblum et al. 

(1985)
9 – Solbrig et al. 

(1964)
18 – Solbrig et al. 

(1969)
9 –  Turner and Irwin 

(1960
ca. 9 – Turner et al. (1979)
– 18 Müller (2006)

B. salicifolia Pers. (as B. lanceolata Kunth) 9 – Covas and Schnak 
(1946)

B. sarothroides A.Gray 9 – DeJong and 
Montgomery 
(1963)

9 – Keil and Pinkava 
(1976)

B. scandens (Ruiz & Pav.) Pers. (as B. alnifolia 
Meyen & Walp.)

– 18 Dillon and Turner 
(1982)

B. sergiloides A.Gray 9 – DeJong and 
Montgomery 
(1963)

B. serranoi H.Rob. – 18 H. Rob.
B. serrifolia DC. 9 + 1 fragment 

+ 2B
– Anderson et al. 

(1974)
– 18 Sundberg et al. 

(1986)
B. sordescens DC. 9 + 1B – Keil and Stuessy 

(1977)
9 – Powell and Turner 

(1963)
B. tarchonanthoides Baker 9 – Coleman (1970)

Table 3.1 (continued)

(continued)
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1967), but it is a questionable count since authors pointed that it is possible that a 
supernumerary or “B” chromosome was mistaken as a bivalent. In fact, B chromo-
some and some fragments were described in species of the genus as in B. decussata 
(Turner et  al. 1967; Powell and King 1969), B. flabellata (Wulff et  al. 1996), 
B. prunifolia (Powell and Cuatrecasas 1970, 1975), B. punctulata (Rozenblum et al. 
1985), B. serrifolia (Anderson et al. 1974), and B. thesioides (Spellenberg and Ward 
1988). However, as the genus Baccharis appears to exhibit chromosomal stability 

Species n 2n References

B. thesioides Kunth 9 + 3–4 s – Spellenberg and 
Ward (1988)

Baccharis tola Phil. subsp. sanctelicis (Phil.) 
Joch.Müll. (published as B. santelicis Phil.)

– 18 Hellwig (1990)

B. tricuneata (L. f.) Pers. (as B. magellanica 
(Lam.) Pers.)

9 – Wulff (1984)
– 18 + 1B Hellwig (1990)

B. tricuneata Pers. (as B. tricuneata (L. f.) 
Pers. var. callaenis Cuatrec.

10 – Turner et al. (1967)

B. tricuneata Pers. (as B. tricuneata (L. f.) 
Pers. var. paramorum Cuatrec.)

9 – Powell and King 
(1969)

B. trinervis (lam.) Pers. Ca. 
9 + fragments

– Anderson et al. 
(1974)

9 – Jackson (1970)
9 – Solbrig et al. 

(1969)
9 – Turner and Irwin 

(1960)
B. trinervis (Lam.) Pers. (as B. trinervis 
(Lam.) Pers. var. rhexioides (Kunth) Baker)

9 – Powell and 
Cuatrecasas (1970)

9 II – Wulff et al. (1996)
B. vulneraria Baker (as Baccharidastrum 
triplinervium (Less.) Cabrera))

9 – Coleman (1970)

B. tucumanensis Hook. & Arn. 9 II – Wulff et al. (1996)
B. ulicina Hook. & Arn. 9 – Ariza-Espinar 

(1974)
9 – Turner et al. (1979)

B. vanessae R.M.Beauch. 9 – Beauchamp (1980)
Baccharis ventanicola (Cabrera) Soria & 
Zardini (published as B. rufescens var. 
ventanicola Cabrera)

9 – Hunziker et al. 
(1989)

B. vernalis F.H.Hellw. – 18 Hellwig (1990)
B. wrightii A.Gray 9 II + 1I Powell and Powell 

(1977)
9 II + 2B Weedin and Powell 

(1978)

Adapted from Heiden et al. (2006)

Table 3.1 (continued)
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(Solbrig et  al. 1969; Solbrig 1977), molecular markers are needed to provide 
information about genetic diversity within and between populations.

The majority of the information on the molecular biology of the Baccharis genus 
was generated to clarify the taxonomic identity of this taxon. Despite being the 
fourth largest genus of the family Asteraceae and the most specious within the tribe 
Astereae (Heiden 2014), the evolutionary relationship of the genus is still in discus-
sion. Zanowiak (1991) studied the systematic and phyletic relationships within the 
subtribe Baccharidinae. This chloroplast DNA study suggests that South American 
Conyza spp. should be included in the subtribe Baccharidinae, that the Baccharidinae 
consists of some species of Baccharis (published as Heterothalamus) and 
Archibaccharis clades, while another clade includes South American Exostigma 
notebellidiastrum (published as Conyza notebellidiastrum), Baccharis, and 
Baccharidastrum. In this same study, Zanowiak (1991) verified that B. neglecta and 
B. halimifolia hybridize, with B. neglecta being the maternal parent. Some novelties 
towards a phylogenetic infrageneric classification of Baccharis were published by 
Heiden and Pirani (2016) which includes names of new taxa, new combinations, 
and names at new rank for subgenera and sections of the genus. Later, Heiden et al. 
(2019), based mostly on phylogenetic grounds, proposed that Baccharis should 
comprise 440 species classified into 7 subgenera and 47 sections.

In the 2000s, Gomes et al. (2004), for the first time, conducted an intraspecific 
genetic study in this genus. These authors investigated the genetic variability in 
Baccharis concinna using randomly amplified polymorphic DNA (RAPD) markers. 
This species is a rare, dioecious, and threatened shrub, endemic to Serra 
do Espinhaço, Southeastern Brazil. The authors studied 335 individuals belonging 
to 6 populations along an altitudinal gradient. Despite the high genetic variability 
within populations of B. concinna, the populations studied were very similar, and 
genetic variability was not related to the altitudinal gradient. The authors argued 
that their findings could be explained by the B. concinna mating system. This shrub 
is pollinated and dispersed by wind, which may promote an intense gene flow 
among the studied species patches, independent of elevation. The authors also 
emphasized the absence of a physical barrier to gene flow by pollen and seed disper-
sal among the studied patches of individuals in the landscape.

The RAPD technique was developed in the 1990s (Welsh and Mcclelland 1990; 
Williams et al. 1990); it is quick and easily generated by PCR and requires no prior 
DNA sequence information. Although RAPD markers were commonly used for 
genetic diversity in plants (e.g., Wachira et al. 1995; Iqbal et al. 1997; Ram et al. 
2008), they are subject to some limitations. Due to the dominance of the RAPD 
markers, it is not possible to distinguish between homozygotes (one copy of allele) 
and heterozygotes (two copies of allele) individuals. Furthermore, the RAPD mark-
ers do not allow the investigation of direct gene flow using paternity analysis. In 
addition, RAPD markers are of limited reproducibility because the segments of 
DNA are amplified by PCR using arbitrary primers that copy genome regions 
according to the annealing temperature of user selection. Nowadays, the use of 
other molecular markers is needed to investigate the genetic diversity of plant spe-
cies with confidence.
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Alternatively, the microsatellite markers, also known as simple sequence repeats 
(SSRs) and short tandem repeats (STR) (Jacob et al. 1991; Edwards et al. 1991), 
have been used in population and conservation genetics studies (Guichoux et  al. 
2011). The microsatellite markers are repeating motifs in tandem that are found at 
high frequency in most taxa genomes and exhibit high levels of polymorphism due 
to the high mutation rate that make them more informative than other molecular 
markers (i.e., single nucleotide polymorphism  – SNP) (Bhargava and Fuentes 
2010). The microsatellite markers are relatively uniformly distributed in the 
genomes of species, and due to their co-dominance, the distinction between homo-
zygote and heterozygote individuals is possible. Traditionally, microsatellite devel-
opment was slow, costly, and labor-intensive and required the construction of 
genomic libraries using recombinant DNA enriched for a few targeted SSR motifs. 
The repeating motifs can be mono-, di-, tri-, tetra-, penta-, and hexanucleotide 
repeats (Litt and Luty 1989; Zane et al. 2002).

Dinucleotide microsatellite repeats are commonly produced by the genomic 
library technique. However, dinucleotide repeats are prone to polymerase slippage 
during the PCR amplification (slipped-strand mispairing) and suffer from stutter 
bands (PCR products from the same fragment that are shorter by one or a few 
repeats) (Chambers and MacAvoy 2000). Unfortunately, this feature of dinucleotide 
repeats may lead to genotype scoring errors (Clarke et al. 2001; McDowell et al. 
2002) making allele definition difficult (Levinson and Gutman 1987; Meldgaard 
and Morling 1997), especially for heterozygotes with adjacent alleles (Guichoux 
et al. 2011). Besides that, tri-, tetra-, and pentanucleotide loci perform better than 
dinucleotides because they are less prone to enzyme slippage (Edwards et al. 1991; 
Acharige et al. 2012).

The conservation of the sequence in the primer sites flanking the microsatellite 
loci and the stability of those sequences during evolution (Dayanandan et al. 1997; 
Ciampi et al. 2008; Feres et al. 2009) allows the use of SSR markers developed from 
one species to another. The transfer of polymorphic markers in plants is mainly suc-
cessful within genera, and it has been successfully applied to the genetic analysis of 
tropical species (Zucchi et al. 2002; Cota et al. 2012; Moreira et al. 2012). Thus, in 
the last two decades, microsatellite markers have been used to assess gene flow at 
the population level and recent demographic events and aided in phylogenetic infer-
ences (Braga et al. 2007; Ciampi et al. 2008; Moreira et al. 2008; Cruz et al. 2012; 
Muñoz-Pajares et al. 2017; Larranaga et al. 2017; Morris and Shaw 2018).

Despite the great number of species in the genus Baccharis, there are microsatellite 
markers developed for B. dracunculifolia only (Belini et  al. 2016). A set of 17 
markers was developed for B. dracunculifolia using a genomic microsatellite library 
(Belini et al. 2016), but out of 17, 12 are dinucleotide microsatellite that implies 
genotype scoring errors detailed above. Besides, six of them were monomorphic for 
three B. dracunculifolia populations (N = 315 individuals), which reinforced the 
need to advance in the development of new microsatellite markers for this species.
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1  Development of Microsatellite Markers for Baccharis 
dracunculifolia Using NGS Technology

A good strategy to develop microsatellite markers with better performance is using 
next-generation sequencing (NGS) technology (Zalapa et al. 2012; Ambreen et al. 
2015; Bonatelli et  al. 2015; Hodel et  al. 2016). The NGS allows the rapid and 
efficient development of microsatellite markers for non-model organisms for 
ecological and evolutionary studies. Moreover, the advent of NGS provided a 
cheaper and faster microsatellite development (Guichoux et al. 2011). We followed 
this approach to develop microsatellite markers for B. dracunculifolia, as 
described next.

A genomic library was built from 100 μg of one individual of B. dracunculifolia, 
in which DNA was extracted from leaves, through paired-end strategy that was 
sequenced using MiSeq® platform (Illumina©, San Diego, CA) to produce paired- 
end 250 base reads. A total of 21.4 million reads were obtained, and we used the 
Perl script PAL_FINDER_v0.02.04 (see Castoe et  al. 2012) to identify 11,296 
potentially amplifiable locus (PAL) (Table 3.2). We extracted reads that contained 
perfect dinucleotide, trinucleotide, tetranucleotide, pentanucleotide, and hexanucle-
otide tandem SSRs, totaling 7,277 PALs.

The SSR repeat motifs consisted of 24.08% dinucleotide, 58.55% trinucleotide, 
6.95% tetranucleotide, 5.35% pentanucleotide, and 5.04% hexanucleotide repeat 
units (Fig.  3.1a). The AT/TA motif repeats were the most abundant dinucleotide 
SSR, accounting for 76.32% of all dinucleotide repeats (Fig. 3.1b). The trinucleo-
tide AAT/TAA motif repeats were the most abundant type, accounting for 27.20% 
of all trinucleotide repeat motifs, while ATA/TAT and ATT/TAA repeats accounted 
for 17.10% and 14.90%, respectively (Fig. 3.1c).

Then, a manual filtering step was performed to select exclusively SSR loci with 
long and perfect repeats motifs since they tended to be more polymorphic (Zalapa 
et al. 2012). Thus, we chose tri-, tetra-, penta-, or hexanucleotide repeats present in 
long reads, larger than 274 bp, and obtained 1356 microsatellite loci candidates for 
microsatellite markers. To ensure that SSR loci chosen for B. dracunculifolia could 

Table 3.2 Simple sequence repeat types in Baccharis dracunculifolia contigs sequences

Motif length Number of SSR Frequency (%)

Mononucleotide 523 4.6
Dinucleotide 1753 15.5
Trinucleotide 4261 37.7
Tetranucleotide 506 4.5
Pentanucleotide 390 3.5
Hexanucleotide 367 3.2
Compound 3240 28.7
Broken 256 2.3
Total 11,296
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follow as much as possible the stepwise mutation model used in coalescent-based 
methods to infer demographic events as proposed by Estoup et  al. (2001), we 
selected just perfect motifs. Thus, 36 primer pairs flanking the SSR loci were 
designed using Primer3 software (Untergasser et al. 2012). Following, a set of 17 
perfect microsatellite markers were chosen for amplification screening using 15 
B. dracunculifolia individuals from the rupestrian grassland vegetation in Serra do 
Cipó, Brazil (Fig. 3.2). The PCR products were viewed on a polyacrylamide gel 
electrophoresis (PAGE) 6% and stained with silver nitrate (Sanguinetti et al. 1994).

A total of 12 microsatellite loci (Bdr6, Bdr7, Bdr9, Bdr11, Bdr13, Bdr20, Bdr21, 
Bdr22, Bdr25, Bdr26, Bdr31, Bdr34) produced clear amplicons with expected size 
in the acrylamide gel (Fig. 3.3). Then, we designed all these 12 primer pairs, and the 
forward primers were marked with 4 dyes: VIC®, 6-FAM™, PET®, and NED™.

To assess the polymorphism and population genetic parameters with these 
microsatellite markers, we genotyped 60 individuals of Baccharis dracunculifolia 
from the Serra do Cipó region: 20 individuals between 760 and 839 m, 20 between 

Fig. 3.1 Characteristics of SSR motifs identified in Baccharis dracunculifolia using NGS 
sequencing. (a) Frequency of di-, tri-, penta-, tetra-, and hexanucleotide SSR motif repeats. (b) 
Frequency of different dinucleotide SSR motifs. (c) Frequency of different trinucleotide SSR motifs
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Fig. 3.2 Sites where individuals of Baccharis dracunculifolia were sampled in the rupestrian 
grassland vegetation in Serra do Cipó, Brazil

Fig. 3.3 An acrylamide gel stained with silver nitrate to verify polymorphism in Bdr6 microsatellite 
marker developed for Baccharis dracunculifolia before labeling them with fluorophores. The 
numbers above correspond to B. dracunculifolia individuals

P. de Abreu Moreira et al.
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1026 and 1040 m, and 20 from 1348 to 1356 m altitudes (Fig. 3.2). The DNA was 
extracted from leaves using CTAB 2% protocol (Doyle and Doyle 1990). DNA 
purity and concentration were checked using NanoDrop 2000 Spectrophotometer 
(Thermo Fisher Scientific, Waltham, Massachusetts, USA).

All B. dracunculifolia individuals were genotyped with six microsatellite loci 
(Bdr6, Bdr7, Bdr22, Bdr25, Bdr26, Bdr31). PCR amplifications were performed in 
a 13 μL volume containing 10.0 μM of each primer, 1.5 μL of 5X special IVB PCR 
buffer, 1 unit of Taq DNA polymerase (Phoneutria, BR), 0.25 mM of each dNTP, 
0.215–2.15 mM of MgCl2 (according to each primer – Table 3.3), and 10.0 ng of 
template DNA.  DNA amplification was accomplished in a PCR system (Veriti™ 
96-Well Thermal Cycler; Applied Biosystems, California, USA) under the follow-
ing conditions: 94 °C for 5 min (one cycle); 94 °C for 1 min, 52–62 °C for 1 min 
(according to each primer – Table 3.3); 72 °C for 1 min (35 cycles); and 72 °C for 
50 min. The PCR products were electrophoresed on an ABI Prism 3730 automated 
DNA sequencer (Fig. 3.4) (Applied Biosystems, California, USA) and were sized 
by comparison to a GeneScan 500 LIZ dye Size Standard (Applied Biosystems, 

Table 3.3 Characterization of 12 polymorphic microsatellite markers developed in Baccharis 
dracunculifolia

Locus Primer sequence (5′–3′)
Repeat 
motif

Expected allele 
size (bp)

Ta 
(°C) [MgCl2]

Bdr6a F: ACAGGCGGGAATACTTACCA
R: CCCTAATGAAACCAGGACCA

(AATT)6 231 60 2.15 mM

Bdr7a F: GAGAAGGGGGAGAGGCTTTA
R: CCCATTTTAAGGCTGTTTGA

(AGAA)6 245 52 2.15 mM

Bdr9 F:GGAGCCGAAAGTGAAAAACA
R: TGTTCAGCGGGTGTTGTAAA

(TGA)7 272 52 2.15 mM

Bdr11 F: TCCTTCATCTTGTTGCTCCA
R: TGTCCGCCATTTTCTTCTCT

(GGAT)6 213 60 2.15 mM

Bdr13 F: GATGGTGGTTCGGGTAAGAA
R: CGCCATTGAAATTGTTGTTG

(TATC)6 200 62 0.43 mM

Bdr20 F: CCCAAAGAAATGGATGAAGC
R: TGGAATGGAGTTGTGTGTTGA

(TCTT)6 195 60 2.15 mM

Bdr21 F: TGCCACCATCTCTCTCTCTCT
R: AATTAGCACCCACGCCATT

(TTTA)6 197 56 0.86 mM

Bdr22a F: 
CCAATTTGAAACGACATGACTC
R: CGGCTACGTCAACGACTATG

(ATTT)6 157 58 0.43 mM

Bdr25a F: GGAGCCGAAAGTGAAAAACA
R: TGTTCAGCGGGTGTTGTAAA

(TGA)7 272 52 2.15 mM

Bdr26a F: AGCTGTTGTTGTGCCTGAGA
R: GGATCGTCATCTCGTGTCCT

(ATG)8 171 60 0.215 mM

Bdr31a F: CCTGCATATTGAAAGCTCGTC
R: GCTTGAATGACCCACGAAC

(GCTCG)5 246 60 2.15 mM

Bdr34 F: CCGAGGCCAAATGAAATCT
R: CTTGTCGAATGCCGAAAAAT

(TATTT)7 221 52 2.15 mM

aMicrosatellite markers used to genotype a Baccharis dracunculifolia population
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California, USA). Fluorescent PCR products were automatically sized using 
Geneious 10.2.3 (Kearse et al. 2012).

The number of alleles (A) ranged from 2 to 8 per locus, and the average number 
of alleles in this population was 5.33 (Table 3.4). Despite the use of just 6 microsat-
ellite markers, we found higher allelic richness than Belini et al. (2016) using 11 
microsatellite markers based on 315 samples from 3 populations. Besides, Belini 
et al. (2016) developed six other microsatellite markers which were monomorphic 
in all these individuals. All these monomorphic markers were dinucleotide repeats, 
and the polymorphic markers were composed of six dinucleotide and five com-
pound markers. Also, these authors used the traditional genomic microsatellite 

Fig. 3.4 Microsatellite profile of Bdr31 marker developed for Baccharis dracunculifolia detecting 
different heterozygote peaks
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library to develop microsatellite markers. This result reinforces the better outcomes 
when using NGS to identify microsatellites that could enable the selection of tri-, 
tetra-, or pentanucleotide motif repeats to avoid “stutter” bands and genotype scor-
ing errors because of dinucleotide repeat. All microsatellite markers developed by 
us have tri- or more motif repeats, and all of them are perfect microsatellite markers, 
which are considered more polymorphic. These characteristics highlight the poten-
tial of our markers.

The observed heterozygosity (Ho) ranged from 0.231 to 0.789 per locus, and the 
average was 0.461. The expected heterozygosity (He) ranged from 0.408 to 0.807 
per locus, and the average was 0.603. For most loci (except Bdr25), the observed 
heterozygosity was lower than expected under the Hardy-Weinberg equilibrium 
(HWE), with fixation indexes (Fis) significantly different from zero (Table  3.4). 
These HWE deviations may be the presence of null alleles or due to the low number 
of analyzed individuals, which must be insufficient to reveal all possible genotypic 
combinations (López-Márquez et al. 2016), hence leading to a possible underesti-
mation of allele frequencies and heterozygosity (McInerney et al. 2011). In addi-
tion, the observed heterozygosity was lower than expected under HWE which may 
be due to excess homozygotes since all evaluated individuals belong to only one 
population and inbreeding can occur in this population.

The probability of excluding two individuals as related when they are not was 
74.3% with the Bdr6 locus. However, the combined probability of paternity exclu-
sion increased to 99.5% when the six loci were included in the analysis (QC = 0.995 – 
Table 3.4), indicating that this set of microsatellite markers is efficient in kinship 
and gene flow analyses. The probability of genetic identity (I) ranged from 0.187 to 
0.934 per locus (Table 3.3), and a low combined probability of genetic identity (IC) 
was attained when the six loci were included in the analysis (IC = 5.1 × 10−05 – 
Table 3.3). Although some loci presented a significant excess of homozygotes, the 
higher combined probability of paternity exclusion and lower combined probability 
of genetic identity show that this battery of microsatellite markers is suitable for 
population genetic analyses.

Table 3.4 Characterization of 6 microsatellite loci based on a sample of 60 adult individuals of 
Baccharis dracunculifolia from Serra do Cipó, Brazil

Locus Alleles range (bp) A Ho He Fis Q I

Bdr6 131–234 8 0.231 0.808 0.714*** 0.743 0.061
Bdr7 225–253 8 0.545 0.594 0.082*** 0.743 0.187
Bdr22 152–168 5 0.333 0.605 0.449*** 0.595 0.210
Bdr25 270–273 2 0.286 0.408 0.300ns 0.187 0.433
Bdr26 164–170 3 0.789 0.547 −0.443* 0.370 0.270
Bdr31 225–249 6 0.583 0.659 0.115** 0.659 0.178
Over all loci 194–224 5.33 0.461 0.603 0.202 QC = 0.995 IC = 5.1 × 10−05

A number of alleles, He expected heterozygosity, Ho observed heterozygosity, Fis fixation index, 
Q probability of paternity exclusion, QC combined probability of paternity exclusion, I probability 
of genetic identity, IC combined probability of genetic identity
*Loci deviating from HWE equilibrium after Bonferroni corrections (values followed by ns did 
not statistically differ from zero, *p < 0.05, **p < 0.01, ***p < 0.001)
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2  Cross-Amplification in Baccharis

We sampled other two species, B. concinna and B. aphylla, to evaluate the 
transferability of microsatellite markers developed for B. dracunculifolia. All of 
these three species occur in sympatry in the rupestrian grasslands of Serra do Cipó. 
We collected leaves from eight individuals of B. concinna and nine individuals of 
B. aphylla and extracted their DNA using the CTAB 2% protocol (Doyle and Doyle 
1990). DNA purity and concentration were checked using NanoDrop 2000 
Spectrophotometer (Thermo Fisher Scientific, Waltham, Massachusetts, USA).

The cross-amplification analysis was realized with the six microsatellite markers 
characterized in B. dracunculifolia (see Table 3.3) under the same PCR conditions 
used to amplify B. dracunculifolia. The PCR fragments were viewed on a 6% poly-
acrylamide gel electrophoresis (PAGE) stained with silver nitrate (Sanguinetti et al. 
1994). Five microsatellite markers that successfully amplified fragments were 
obtained both in B. concinna (Bdr6, Bdr7, Bdr25, Bdr26, Bdr31) (Fig. 3.5a) and in 
B. aphylla (Bdr6, Bdr7, Bdr22, Bdr25, Bdr31) (Fig. 3.5b).

Modifications of the tested PCR conditions (mainly annealing temperature, DNA 
and MgCl2 concentration) may have increased this preliminary success of cross- 
species amplification in Baccharis. In addition, other microsatellites developed for 
B. dracunculifolia, but not yet characterized for this species, can be used in future 
cross-amplification in this genus. These microsatellite markers must provide new 
information about the population genetic structure of B. dracunculifolia and related 
species and may help elucidate more details on the evolutionary relationships in this 
genus. Besides, this new molecular tool may help in the management and conserva-
tion of B. dracunculifolia as well as other species in the genus. We argue that urgent 
genetic studies on the genus Baccharis are called for as the importance of its species 
in community assembly, ecosystem services, and potential invisibility of disturbed 
communities is increasing in the recent decade.

Fig. 3.5 Microsatellite profile of microsatellite markers developed for Baccharis dracunculifolia 
amplified in congeneric species, (a) Bdr6 profile in Baccharis concinna, PCR fragments were 
detected in individuals 1–5, (b) Bdr31 profile in Baccharis aphylla, PCR fragments were detected 
in individuals 3, 6, 7, and 9
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Chapter 4
Intersexual Differences in Demography, 
Resource Investment, and Herbivory 
in Baccharis

Evelyn M. Frazier, Jhonathan O. Silva, Mário M. Espírito-Santo, 
Tatiana Cornelissen, and G. Wilson Fernandes

Abstract Intersexual differences in resource allocation between host plant sexes 
have been the most proposed mechanism to explain variation in herbivory in dioe-
cious plants. In this sense, the sex-biased herbivory hypothesis predicts that male 
plants have higher growth rates and should be more susceptible to herbivores than 
females. Most studies testing this hypothesis were conducted in temperate regions 
and focused on a few host plant genera. Currently, the male-biased herbivory as a 
rule for dioecious species has been questioned. In this study, we reviewed the afore-
mentioned hypotheses for Baccharis, performed a meta-analysis contrasting her-
bivory and resource allocation in Baccharis versus other dioecious systems, and 
addressed two case studies: (1) intersexual comparisons in plant architectural traits 
and herbivory for 12 species of Baccharis and (2) a fine-scale analysis for the moun-
taintop endemic Baccharis concinna in long- and short-term studies. In general, 
most Baccharis species showed no intersexual differences for vegetative resource 
allocation, except plant biomass that exhibited a positive trend to increase in male 
individuals. Most Baccharis species do not support the sex-biased herbivory 
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 hypothesis, likely due to an absence of intersexual differences in resource alloca-
tion. Although host plant sex was a weak predictor explaining galling insect abun-
dance in this host plant genus, the plant traits evaluated here were important drivers 
of gall attack. Due to the lack of differential resource allocation and sex-biased 
herbivory in both short- and long-term sampling events, we have consistent support 
to reject the male-biased attack hypothesis on Baccharis.

Keywords Dioecy · Plant gender · Plant-herbivore interactions · Resource 
allocation · Sex-biased herbivory

1  Introduction

 Selection Theory: Male and Female Functions

The theory of sexual selection was originally proposed by Charles Darwin (1871) to 
explain the evolution of different secondary sexual characteristics between male 
and female animals, and he argued that any trait that differed between the sexes 
would be the result of selection by one of the sexes and such trait would have 
evolved as a result of differential mating success. The theory of sexual selection 
predicts different energetic investments between the sexes (see Emlen and Oring 
1977; Arnold and Wade 1984; Jaenicke and Morrow 2018). Males would have a 
lower energetic investment in reproduction because they only produce sperm, 
whereas females would have a higher energetic investment having to produce the 
larger eggs as well as, in the case of plants, investing in the development and protec-
tion of fruits and seeds (Stanton et al. 1986). This differential investment in repro-
duction would result in different reproductive success limitations between the sexes. 
A male’s reproductive success would be limited by how much sperm a male could 
spread to females, while a female’s reproductive success would be limited by the 
number of eggs that a female could produce (Jaenicke and Morrow 2018). Although 
the theory of sexual selection was originally developed to explain reproductive pat-
terns observed in animals, it also applies to plants, and the selection of secondary 
traits in plants can be mediated via pollinators by selecting flowers that offer more 
resources (Stanton et al. 1986; Knauer and Schiesti 2017; Delph 2019).

The ancestral condition for plants is the presence of hermaphroditic flowers, with 
female and male reproductive structures within the same flower (Bawa 1980, 
Charlesworth 2018; Henry et al. 2018). In hermaphroditic flowers, pollinators are 
attracted to food resources such as nectar and pollen grains, but these monoecious 
flowers incur greater inbreeding reducing the plant’s fitness (Barrett 2002). Plants 
evolved dioecy, or male and female flowers in different plants, probably as a result 
of pressures to promote outcrossing and reduce inbreeding depression (Barret 
2002), but herbivory has also been suggested as a potential selective pressure 
(Herms and Mattson 1992; Ashman 2002; Cornelissen and Stiling 2005; Moritz 
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et al. 2017; Moreira et al. 2019; LeRoy et al. 2020). Although dioecy is not as com-
mon as hermaphroditism, approximately 37 plant families out of a total of 51 fami-
lies encompass dioecious species (Bawa 1980; Henry et al. 2018), with some large 
genera containing almost exclusive dioecious species, such as Baccharis 
(Asteraceae).

Dioecy created challenges to pollination as male flowers provide resources to 
pollinators as pollen or nectaries, but female flowers compete with male flowers for 
pollinators and provide no resources in exchange for the pollinator’s visit. Female 
flowers already have a high energetic cost of producing ovaries containing eggs, 
which after fertilization become fruits containing seeds. Also, in female flowers, 
seed production (fitness) is frequently limited by resources and not by pollinator 
visits (Sutherland and Delph 1984; Vaughton and Ramsey 1998; Barrett 2002). 
Therefore, many female flowers mimic male flowers in color, shape, and size as 
closely as possible to trick pollinators into visiting them (Sutherland and Delph 
1984; Vaughton and Ramsey 1998; Vega-Frutis et al. 2013).

 Trade-Offs in Growth, Reproduction, and Defense 
Against Herbivores

In general, female plants allocate more resources into sexual reproduction, while 
male plants allocate more resources into vegetative growth (e.g., Loyd and Webb 
1977; Wallace and Rundel 1979; Ågreen 1988; Popp and Reinartz 1988; Obeso 
2002; Harris and Pannel 2008; Pfeiffer et  al. 2019). The greater allocation of 
resources to growth by male plants results in the exhaustion of the pool of carbon 
molecules available to form secondary defensive compounds (e.g., Herms and 
Mattson 1992; Cornelissen and Fernandes 2001; Imaji and Seiwa 2010). 
Consequently, male plants should represent a food resource of high nutritional qual-
ity and low chemical defenses to insect herbivores.

This differential allocation of resources within the host plant represents an 
important source of variation in plant quality for insect herbivores (e.g., Boecklen 
et al. 1990; Boecklen and Hoffman 1993; Multikainen and Delph 1996; Espírito- 
Santo et al. 2003; Barret and Hough 2013; Erb 2018). Indeed, several studies have 
recorded male-biased herbivory, in which male plants sustain higher herbivore den-
sities or greater levels of herbivory when compared with female plants (e.g., Lovett- 
Doust et al. 1987; Boecklen et al. 1990; Jing and Coley 1990; Pearson et al. 1990; 
Åhman 1997; Cornelissen and Stiling 2005; Rivkin et  al. 2018). Nevertheless, 
exceptions to this pattern exist where insect herbivores preferentially attack female 
plants in the genus Baccharis (e.g., Espírito-Santo and Fernandes 1998; Faria and 
Fernandes 2001) or do not show attack preferences driven by plant gender (e.g., 
Boecklen et al. 1994; Åhman 1997; Espírito-Santo et al. 1999, 2012; Araújo et al. 
2006; Marques and Fernandes 2016) (see Table 4.1). Boecklen et al. (1994) did not 
detect intersexual variation in herbivory in three herbivorous species on Salix 
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Table 4.1 Sex-biased herbivory studies on several species of Baccharis

References Species
Hypotheses 
tested Measures

Length of 
study Findings

Krischik 
and Denno 
(1990)

B. halimifolia 1. 
Differential 
resource 
allocation 
between 
host plant 
sex
2. Sex- 
biased 
herbivory

Shoot growth, 
feeding trials, 
nutrients in leaf

6 months No clear 
pattern for 
herbivory

Espírito- 
Santo and 
Fernandes 
(1998)

B. dracunculifolia 1. 
Differential 
resource 
allocation 
between 
host plant 
sex
2. Sex- 
biased 
herbivory

Abundance of 
one galling 
species

17 months Plant sex did 
not affect gall 
abundance, 
tannin 
production, or 
gall mortality 
rates

Espírito- 
Santo et al. 
(1999)

B. dracunculifolia Male plants 
are better 
defended 
than female 
plants

Tannin 
concentration

12 months No difference 
in tannin 
concentration 
between sexes, 
no support for 
differential 
resource 
allocation 
hypothesis

Faria and 
Fernandes 
(2001)

B. dracunculifolia 1. 
Differential 
resource 
allocation 
between 
host plant 
sex
2. Sex- 
biased 
herbivory
3. Plant 
vigor

Shoot length, 
number of 
leaves per 
shoot, galling 
attack and 
survival of 
Neopelma 
baccharidis

Single 
destructive 
sampling 
event 
(1994)

1. No 
difference in 
shoot length 
between male 
and female 
plants
2. No 
differences on 
number of galls 
or survival 
between the 
sexes
3. Longer 
shoots harbored 
more galls

(continued)
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Table 4.1 (continued)

References Species
Hypotheses 
tested Measures

Length of 
study Findings

Ribeiro- 
Mendes 
et al. 
(2002)

B. dracunculifolia Host plant 
sex and 
galling 
herbivore 
survivorship

Survivorship of 
galls over 
geographic 
range of plant

Single 
destructive 
collection

No support for 
sex-biased 
herbivory

Araújo 
et al. 
(2003)

B. 
pseudomyriocephala

1. Increase 
of plant 
architecture 
increases 
galling 
species 
richness and 
abundance
2. Plant 
architecture 
increases 
galling 
insect 
survival and 
decreases 
parasitism

1.Number of 
shoots, 
branches, and 
biomass (240 
plants)
2. Galling 
species richness 
and abundance

Single 
destructive 
sampling 
event in 
2000 and 
2001

1. Higher 
galling species 
richness and 
abundance on 
plants with 
greater biomass
2. Higher 
galling species 
richness and 
abundance on 
architecturally 
more complex 
plants
3. Plant 
architectural 
complexity was 
not related with 
parasitism or 
gall survival

Carneiro 
et al. 
(2006)

B. concinna 1. 
Altitudinal 
gradient in 
galling 
species 
richness
2. Sex- 
biased 
herbivory
3. Habitat- 
mediated 
herbivory

Galling species 
and 
Cecidomyiidae 
richness on 425 
plants across 
four sites along 
an altitudinal 
gradient

One time 
sampling 
event 
(1993)

1. Altitude had 
a significant 
effect on 
number of 
galling and 
Cecidomyiidae 
species 
richness, with 
mid-elevation 
peak
2. Males plants 
had greater 
galling and 
Cecidomyiidae 
species 
richness
3. Xeric 
habitats 
harbored 
greater galling 
and 
Cecidomyiidae 
species 
richness

(continued)
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Table 4.1 (continued)

References Species
Hypotheses 
tested Measures

Length of 
study Findings

Espírito- 
Santo et al. 
(2012)

B. dracunculifolia, 
B. concinna, B. 
ramosissima

1. 
Differential 
resource 
allocation 
between 
host plant 
sex
2. Sex- 
biased 
herbivory

Shoot growth 
rates, number 
of 
inflorescences, 
and number of 
species and gall 
abundance were 
sampled on 15 
male and 15 
female plants 
for each plant 
species

12 months 
(2001–
2002)

1. No 
difference in 
resource 
allocation 
between the 
sexes was 
found
2. No 
intersexual 
difference was 
found on 
galling species 
richness or 
abundance

Marques 
and 
Fernandes 
(2016)

B. concinna 1. 
Differential 
resource 
allocation 
between 
host plant 
sex
2. Sex- 
biased 
herbivory

Lateral shoot 
growth rates 
and insect 
galling 
community

12 months 
(1998–
1999)

1.Male plants 
have greater 
lateral shoot 
growth rates
2. No 
intersexual 
difference was 
found on 
galling species 
richness or 
abundance

lasiolepis (Salicaceae) and argued that the herbivore species were probably utilizing 
resources that were not sexually dimorphic in this host plant, such as leaves. On the 
other hand, Avila-Sakar and Romanow (2012) argued that the lack of sex preference 
by insect herbivores may be common and indicate that male and female plants could 
be allocating resources in a similar manner. These authors have pointed some meth-
odological bias in male-biased herbivory studies, such as: (a) taxonomic bias, e.g., 
research efforts have focused on few species within a few orders and families, and 
(b) failure to make the connection between sex-biased herbivore damage and inter-
sexual differences in growth rate and reproduction. Finally, Avila-Sakar and 
Romanow (2012) recommend a standard protocol for evolutionary-ecological stud-
ies, suggesting an increase in the taxonomic breadth of the studies of herbivory in 
dioecious species because only 2% of the dioecious species have been studied, 
mostly from the Salicaceae family. Moreover, other studies have focused on herba-
ceous dioecious species.

In temperate plants, resource allocation is concentrated in the Spring and Summer 
months, so herbivores have a small window of time to attack the host plant. 
Therefore, sampling insects only in a couple of months may be adequate to obtain a 
realistic picture of herbivory patterns in temperate areas. Furthermore, most of these 
studies only measured herbivore damage inflicted by one or a few herbivore species. 
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This is not the scenario found in tropical regions where plants may grow for a much 
longer period of time and in which they are challenged by a much richer herbivore 
fauna. One study conducted in a tropical plant species by Wolfe (1997) found higher 
herbivore attack rates on male plants of Neea psychotrioides (Nyctaginaceae) in 
Costa Rica. This study showed that male plants had more and larger flowers when 
compared to female plants and that two galling insect species and a free-living lepi-
dopteran species attacked flowers on male plants more often. But these data related 
to flower herbivory which is a resource with a differential allocation between the 
sexes, and the study did not address the sex-biased herbivory hypothesis which pre-
dicted greater herbivory on vegetative portions of the male plants. In this way, more 
studies in tropical regions are necessary to provide a realistic global pattern on inter-
sexual differences in herbivore attack.

 The Genus Baccharis as a Study System 
for Sex-Biased Herbivory

Baccharis represents an excellent model system to the study of plant-animal inter-
actions because of the tremendously high number of insects of different guilds that 
feed upon them and its occurrence in temperate and tropical regions along gradients 
of salinity, humidity, altitude, and temperature (see Fernandes et  al. 2014). 
Furthermore, this genus has more than 440 species, with most of them being dioe-
cious (Heiden et al. 2019). Most of the studies on herbivory in dioecious tropical 
systems have been conducted by our research group on the component communities 
of galling insects mainly on B. concinna and B. dracunculifolia but also in other 
species in this genus (e.g., Marques 1997; Madeira et al. 1997; Wolfe 1997; Espírito-
Santo and Fernandes 1998; Marques et al. 2002; Espírito-Santo et al. 2007, 2012; 
Marques and Fernandes 2016). So far, no clear patterns of differential resource allo-
cation between plants of different sexes and sex-biased attack by herbivores have 
been detected in this system (see Table 4.1 and Box 4.1). Therefore, we set out to 
design studies that included several measures of resource allocation such as shoot 
growth, height, number of meristems, plant architecture, and aboveground biomass, 
as well as intensive samples of their associated herbivore communities. Sex-biased 
herbivory and intersexual differences in resource allocation have been studied 
mostly on B. concinna, B. dracunculifolia, and B. ramosissima (Espírito- Santo et al. 
2012; Fernandes et al. 2014; see Table 4.1 for more details). In the present study, we 
bring new data involving intersexual comparisons for several species of Baccharis, 
aiming to detect a clearer picture of how the communities of insect herbivores 
respond to resource allocation patterns of their host plants.
An analysis of the available literature on the sex-biased herbivore hypothesis sug-
gests that most studies were conducted in a few plant species (see Box 4.1), in short 
sampling periods, often involving one species of insect herbivore, and mostly in 
temperate latitudes. We set out to address these weaknesses by designing studies 
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Box 4.1: The Influence of Plant Gender on Plant-Insect Interactions and 
Baccharis as a Study System: An Integrative Review
We quantitatively reviewed the effects of plant gender on insect abundance 
and damage on dioecious plants, by systematically reviewing the published 
literature. Searches were conducted on Web of Science and Scopus databases, 
using as keywords “plant dioecy,” “dioecy,” “plant gender,” “gender,” 
“insect*,” “herbivor*,” and their combinations. We also used the database of 
Cornelissen and Stiling (2005), which meta-analytically reviewed the evi-
dence for sex-biased herbivory. From a total of 127 studies found, 47 papers 
(Appendix 1) met the criteria of language (English) and statistics clearly 
reported (data of means and a measurement of variance reported separately 
for males and females) and were included in our review. To compare insect 
abundance and plant damage (i.e., herbivory) on male and female plants of 
dioecious systems, response mean values (Xmale, Xfemale), standard deviations 
(Smale, Sfemale), and sample size (Nmale, Nfemale) were gathered from the text, 
tables, and/or figures in each study. Insect abundance encompassed data on 
counts, density, number of eggs laid, number of galls and damage including 
leaf area removed, and number of feeding holes and/or leaf scars. Insect sur-
vivorship on both sexes was excluded from the analyses due to the low num-
ber of comparisons (n = 3). To address the effects of plant gender on insect 
data, we used the standardized mean difference between male plants and 
females, calculating Hedge’s d, and the cumulative Hedge’s d was calculated 
using a weighing method with the reciprocal of the sampling variance. For 
statistical purposes only, male plants were considered an experiment group 
(male-biased herbivory has been previously reported in the literature; see 
Cornelissen and Stiling 2005), and female plants were used as control. We ran 
analyses for each parameter (abundance, damage) separately using a random 
model and ran further analyses using only Baccharis species. All analyses 
were conducted on OPEN MEE (Wallace et al. 2017).

Forty-seven published studies, between 1978 and 2018, were included in 
our analysis, enabling 120 independent comparisons. These studies evaluated 
the effects of plant sex on 49 different plant species in 21 botanical families. 
Asteraceae and Salicaceae were the most represented families, encompassing 
almost half of the plants studied. Almost 50 species of insects were studied, 
and gall-formers and folivores were the most common guilds on the plants 
(almost 78% of all independent comparisons), and other guilds less repre-
sented were florivores, stem borers, and suckers.

Our analysis for all plants indicates male-biased herbivory, with male plants 
supporting almost 50% more insects than female plants (insect abundance, 
E++  =  0.4946, CI  =  0.2271 to 0.7622, df  =  69) and 20% higher damage 
(E++ = 0.203, CI = 0.1657 to 0.4718, df = 4) than female plants (Fig. 4.1). 
These results were strongly influenced by gall-formers for data on abundance 
(E++ = 0.3369) and for folivores for data on damage (E++ = 0.4430), and these 
guilds were significantly different from each other (QB = 12.09, P = 0.05).
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Species of Baccharis represented almost 30% of the species found in our 
database (14 out of 49 species, 39 independent comparisons), and we ran the 
same analyses using Baccharis only. Most studies with Baccharis addressed 
gall abundance on leaves and twigs (85% of the comparisons), and a few stud-
ies evaluated abundance of folivores (beetles), florivores (thrips), and sap- 
suckers (aphids).

Differently from the entire dataset, Baccharis species do not show evidence 
for male-biased herbivory (E++ = 0.1261, CI = −0.05 to 0.309, df = 33, Fig. 4.1), 
as shown by the confidence intervals around the mean effect size that encom-
passes the zero value. Therefore, although our dataset shows evidence for male-
biased herbivory in terms of insect abundance and plant damage, the same does 
not hold true for Baccharis species here evaluated. Reasons for the absence of 
male-biased herbivory for these plants are discussed along the text.

Box 4.1 (continued)

Fig. 4.1 Standardized mean difference in insect abundance and herbivory (Hedge’s d) 
between male and female plants. Circles represent the cumulative effect size with associ-
ated confidence intervals, and the triangle represents the effect size for Baccharis species 
only. Numbers in parentheses indicate the number of comparisons for each response vari-
able, and effects are significant if confidence intervals do not encompass zero

that addressed several host plant species, all herbivore species of a guild present on 
the host plant, and long-term studies up to 11 months, over a broad geographical 
range. Below, we address two cases of sex-biased herbivory in the genus Baccharis. 
The first one relates to a study across the genus in which the intersexual differences 
in resource investment and herbivory are evaluated in 12 Baccharis species. The 
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second case evaluates resource allocation between plant sexes in B. concinna in a 
short-term destructive sampling and a long-term (12  months) study while also 
recording herbivory by galling insect species.

2  Study 1. Intersexual Differences on Resource Investment 
and Herbivory for 12 Baccharis Species

We investigated intersexual differences in resource allocation and gall attack in 12 
species of Baccharis along the southern portion of the Espinhaço Mountain Range 
in Minas Gerais, Brazil, (see Table 4.2) during one rainy season in 2002–2003 (see 
Espírito-Santo et al. 2007 for further details on locations and sampling design). We 
sampled 30 individuals (15 males and 15 females) of each Baccharis species that 
were arbitrarily marked in the field. Plant sex was determined by analysis of floral 
morphology. Five traits related to plant architecture were evaluated in the study: 
plant height, number of fourth-level shoots, average ramification level, number of 
ramifications, and biomass (Table 4.2). For each plant, we recorded gall species and 
their abundance on leaves, flowers, and stems. Details on sampling design and sta-
tistics conducted and study sites can be found in Espírito-Santo et al. (2007). Fourth- 
level shoots were considered an optimal indicator of the amount of active meristems 
in a given individual (see Espírito-Santo et al. 2012; Fernandes et al. 2014).

In relation to resource investment, only one species showed difference in number 
of ramifications (B. minutiflora), where resource investment was found to be higher 
in female plants, contrary to the prediction of the differential resource allocation 
hypothesis (Ågreen 1987; Rivkin et  al. 2018) (Table 4.2). No Baccharis species 
exhibited intersexual differences in the average ramification level. Only two species 
showed intersexual difference in height (B. minutiflora and B. medullosa), both 
being higher in female plants. Five Baccharis species showed intersexual differ-
ences in the number of fourth-level shoots, with B. aphylla, B. ramosissima, and 
B. dracunculifolia being female-biased and B. cognata and B. trinervis male-biased 
(see Table 4.2). Nine species showed intersexual differences in biomass, with three 
being female-biased (B. aphylla, B. minutiflora, and B. medullosa) and six male- 
biased (B. ramosissima, B. cognata, B. serrulata, B. dracunculifolia, B. concinna, 
and B. medullosa). In general, most Baccharis species showed no intersexual differ-
ences for vegetative resource allocation (Tables 4.2 and 4.3), except for plant bio-
mass that showed a trend to be greater in male individuals (see Table  4.3). The 
biomass was the best predictor variable to verify the differential sex resource invest-
ment in Baccharis (Table 4.3). Other studies also have not detected differential allo-
cation of resources between the sexes, even when total plant biomass was considered 
(Delph et al. 1993; Hemborg and Karlsson 1999; Espírito-Santo et al. 2012).

The 12 species of Baccharis were attacked by 55 different gall morphotypes (see 
Espírito-Santo et al. 2007 for a complete species list). We detected intersexual varia-
tions in herbivory for only five species (Tables 4.2 and 4.3), four male-biased 
(B. aphylla, B. truncata, B. minutiflora, and B. dracunculifolia) and one female- 
biased (B. ramosissima). Hence, most Baccharis species seem not to support the 
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sex-biased herbivory hypotheses (see Table 4.3), likely due to lack of differences in 
resource allocation between the host sexes (Espírito-Santo et al. 2012; Fernandes 
et al. 2014; Marques and Fernandes 2016). Indeed, the total reproductive investment 
may not differ between male and female individuals for most Baccharis species. 
Although we did not quantify reproductive effort here, Espírito-Santo et al. (2012) 
found no differences in inflorescence number for two out of three Baccharis species 
in 1 year. For the species considered in the present study, inflorescences have a simi-
lar size in both sexes, and female flowers do not invest in pollinator rewards (authors’ 
personal observations). Seeds are tiny and wind-dispersed, and although their matu-
ration may represent a high relative cost to female individuals, this investment may 
be compensated by male’s pollen production. Considering that we did not observe 
any marked difference in spatial distribution among sexes, it is likely that the lack 
of differences in reproductive investment is reflected in similar vegetative character-
istics that regulate gall densities. In this way, both sexes of Baccharis would be 
equally susceptible to herbivore attack.

 Relationship Between Plant Architectural Traits and Gall Attack

Although there was no clear intersexual difference in resource allocation and her-
bivory, we tested the effects of plant architectural traits on gall abundance for each 
of the 12 Baccharis species studied here. To summarize all architectural traits into a 
unique variable, we performed a principal component analysis (PCA) for each 
Baccharis species. We used PCA scores instead of the raw data because they were 
not orthogonal (i.e., not independent); therefore, the use of multiple regressions 
would not be recommended. The scores of the first axes from each PCA were cho-
sen to indicate architectural gradients because they summarized the patterns 
observed in the data and explained most of the data variation, being suitable for use 
in the regression models described below.

We found a significant statistical relationship between gall insect abundance and 
the first axis of the PCA in 6 out of 12 Baccharis species (Fig. 4.2). For all signifi-
cant relations, the first axis of the PCA was positively correlated with the number of 

Table 4.3 Intersexual trends for each architectural trait and gall abundance on 12 Baccharis 
species during 6 months of sampling during the rainy season

Variables
Number of species in each category

Final trendMale < Female Male = Female Male > Female

Number of ramifications 1 11 0 Male = Female
Level of ramification 0 12 0 Male = Female
Height (m) 2 10 0 Male = Female
Number of fourth-level shoots 4 7 1 Male = Female
Biomass (g) 3 3 6 Male > Female
Gall abundance 1 7 4 Male = Female

These results were obtained on statistical significance from Table 4.2

4 Intersexual Differences in Demography, Resource Investment, and Herbivory…
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Fig. 4.2 Galling insect attack in relation to host architectural traits (summarized by the scores of 
the first axes of principal component analysis – PCA) for 12 species of Baccharis. The curves were 
adjusted based on parameters estimated from the analysis of generalized linear models (n = 30). 
Arrow below the x axis indicates the variables that positively correlated with the PCA axis-1

E. M. Frazier et al.
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Fig. 4.2 (continued)
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fourth-level shoots, followed by three species which had the first axis of the PCA 
positively correlated with biomass and ramification level. Finally, only two species 
had the first axis of the PCA positively correlated with height (Fig.  4.2). These 
results reinforce the role of fourth-level shoots as the best proxy for architectural 
traits leading to gall attack in Baccharis species, as this variable is a good indicator 
of plant meristem number (Espírito-Santo et al. 2007, 2012). Indeed, meristematic 
activity influences the plant’s availability of young tissue, which is key to gall devel-
opment (see Weis et al. 1988; Rohfritsch 1992; Carneiro et al. 2017) and highly 
attractive even to free-feeding herbivores (Boege 2005; Silva et al. 2012). In our 
study, intersexual differences in the number of fourth-level shoots were found for 
five Baccharis species, but no clear trend was observed in the gall abundance for 
these species (Table 4.1). Considering all species together, the lack of sex-related 
differences in gall attack is consistent with the general architectural similarity 
among male and female individuals of Baccharis.

3  Case Study 2. A Fine-Scale Study for Baccharis concinna

The sex-biased herbivory hypothesis has not been supported in any of the studies 
conducted on several species of Baccharis in tropical areas of Brazil (Box 4.1), 
although differential resource allocation may have been detected within the host 
plant (see Table 4.1). Therefore, we set out to test the differential resource allocation 
and sex-biased herbivory hypotheses at both a short- and a long-term sampling 
event on B. concinna to observe whether these would show consistent results. We 
included several measures of resource allocation such as shoot growth and total 
aboveground biomass, and we also sampled entire galling insect communities over 
11 months. The hope was that we would be able to detect a clearer picture of how 
galling insect communities are impacted by the resource allocation patterns of this 
host plant. Baccharis concinna is a perennial shrub species with continuous produc-
tion of very small flowers and growth meristems throughout the year. It harbors 15 
species of gall-inducing insects that attack leaves, flowers, and stems as described 
by Fernandes et al. (1996, 2014).

 Long-Term Study

In the long-term study, one population of Baccharis concinna occurring along 
Geraldinho creek at 1100 m in elevation at the Reserva Vellozia, in Minas Gerais, 
Brazil, was studied for 12 months. Forty individuals of each sex were haphazardly 
chosen and marked. Plant size was estimated by measuring plant height and two 
measures of crown width. We measured the growth of lateral shoots as they became 
available for colonization by gall-inducing insect species throughout the 11 months. 
Lateral shoots are here defined as shoots growing along a main stem and with 
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determinate growth. To assess the lateral shoot growth rates of the 40 previously 
marked plants, 10 haphazardly chosen lateral shoots were marked with bird tags and 
labeled 1 through 10 (see Marques and Fernandes 2016).

Our findings revealed that male and female plants did not differ in plant height 
and were 1.15  m tall (mean female height  =  115.25  ±  4.05  cm; mean male 
height = 114.9 ± 3.89 cm; P > 0.05). Nevertheless, when total crown area was con-
sidered (crown width*crown length), male plants had, on average, twice the crown 
area of female plants (mean male area  =  6726.37  ±  628.4  cm2; mean female 
area = 3220.25 ± 335.13 cm2; P < 0.01), suggesting that male plants have a greater 
number of shorter branches when compared to female plants. Overall, monthly 
growth rates of lateral shoots were greater on male plants with a slow but steady 
increase from March (the end of the rainy season) throughout May and September 
(dry season) and showing a greater increase in November, December, and January 
(rainy season) (Fig. 4.3). Cumulative growth rates of lateral shoots varied between 
sex and months with a non-significant interaction term – plant sex and months (LN) 
(sex: F = 4.16, df = 1, P < 0.042; months: F = 498.12, df = 9, P < 0.01; sex*month: 
F = 2.82, df = 9, P < 0.01, N = 5175; Fig. 4.3). The lateral shoots marked in February 
of 1998 were 1 year old and on average 0.6 cm longer in male plants. By the end of 
the second growing season, lateral shoots in male plants were on average almost 
2  cm longer than those in female plants. The differential resource allocation 

Fig. 4.3 Cumulative mean lateral shoot growth rates (average of 10 shoots per plant) on 40 female 
(solid line and circles) and 40 male plants (dashed line and squares) of Baccharis concinna, 
monthly measured between 1998 and 1999, at the Reserva Vellozia, in Minas Gerais, Brazil (stan-
dard error for all points was below 0.002 cm)
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hypothesis that predicted male plants would allocate more resources towards growth 
was corroborated in this study.

Sex-biased herbivory – The community of galling insects in this population over 
11 months consisted of 11 species out of the 15 known species to be associated with 
Baccharis concinna (Fernandes et al. 1996). Only five of these species had abun-
dances above the hundreds, and only four species were common throughout the 
study period (Table 4.4). Male plants accumulated 11 gall-inducing insect species, 
while female plants had 10 species over the 12 months of study. Otherwise, gall- 
inducing insect species accumulated at a faster rate on male plants as opposed to 
female plants. Male plants had accumulated all 11 species by August (after 6 months 
of sampling), while female plants had all 10 species by December (after 10 months). 
Four galling insect morphospecies (A, B, F, and G) were present and abundant year- 
round, while most other species were common in a few months or were rare (low 
abundances) throughout the study. Gall-inducing insect richness showed an initial 
peak in March (the end of the rainy season) through July (dry season), with a sharp 
decrease in November (beginning of the rainy season). The difference between gall-
ing insect species between male and female plants was driven by rare species, which 
took longer to be detected on female plants. Mean gall-inducing insect abundance 
on male and female plants showed a very similar seasonal pattern to that of insect 
richness. Mean galling insect abundance differed between months but not between 
plant sex (sex: F = 0.057, df = 1, P > 0.813; months: F = 5.5, df = 8, P < 0.01; 
sex*month: F = 1.88, df = 8, P > 0.064, N = 355). Similarly, cumulative galling 
insect abundance differed between months but not between plant sex (natural loga-
rithm +1) (sex: F = 0.17, df = 1, N = 48, P > 0.17; months: F = 178.9, df = 8, 
N = 368, P < 0.01; sex*month: F = 0.83, df = 8, N = 368, P > 0.05). In some months 

Table 4.4 Composition of the galling insect community on male and female plants (M/F) of 
Baccharis concinna, monthly measured between 1998 and 1999, in a population in Serra do 
Cipó, Brazil

1998 1999
Sp. Mar Apr May Jun Aug Sept Nov Dec Jan

A 14/25 17/17 18/12 9/14 0/2 9/10 18/6 13/18 5/8
B 44/55 13/20 27/10 47/50 16/11 20/13 0/8 6/12 0/7
C 9/2 7/1 0/1 0/1 0/0 0/0 0/0 0/0 0/0
D 0/0 1/0 3/0 1/0 0/0 0/0 0/0 0/1 0/0
E 0/0 0/0 5/0 1/0 13/6 0/1 0/2 0/0 0/0
F 110/90 76/71 70/60 37/31 0/9 17/29 6/3 10/9 14/21
G 60/70 22/17 27/70 24/28 7/3 15/32 9/17 162/111 71/108
H 0/1 9/2 2/4 2/11 4/3 0/3 0/0 0/0 0/0
K 0/0 0/0 0/0 2/1 0/0 0/0 0/0 0/1 0/0
M 0/0 0/0 0/0 2/0 0/0 0/0 0/0 0/1 0/0
N 0/0 0/0 0/0 0/0 7/25 359/487 0/0 0/1 0/0

Coding for galling morphospecies according to Fernandes et  al. (1996). Galling insect species 
attacked new shoots (B, D, H, K, and L), apical buds (A, C, F, and G), leaves (E and N), and flow-
ers (M) (Marques and Fernandes 2016)
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male plants would have a greater abundance of galling insects associated, while the 
opposite pattern was seen in other months where female plants had a greater abun-
dance of galling insects. A few abundant species directed the patterns observed 
(Table 4.4). The only clear pattern observed was the seasonal distribution of gall- 
inducing insects on B. concinna. Gall-inducing insect species richness and abun-
dance were higher in the drier months decreasing towards the rainy season. 
Therefore, the sex-biased herbivory hypothesis was not supported in this study.

 Short-Term Study

We performed a more precise evaluation of intersexual differences in resource allo-
cation by assessing the biomass of resources and shoot length on several popula-
tions of B. concinna. We further tested the sex-biased herbivory hypothesis by 
recording the galling insect species richness and abundance on the entire plant in 
one destructive sampling event at several locations and in the same region where the 
long-term study was conducted. All mature plants from both sexes were collected 
from one population at each of seven dry sites. The numbers of male and female 
plants collected at each site were I (28 M and 31 F), II (25 M and 35 F), III (18 M 
and 29 F), IV (24 M and 25 F), V (25 M and 25 F), VI (24 M and 25 F), and VII 
(22 M and 26 F), totalling 362 plants. Plants were cut at ground level and frozen  
at −10 °C until the analyses were performed. Plant sex was determined by analyzing 
the external morphology of flowers, which are always present in mature plants. To 
evaluate resource allocation to growth between plants of different sexes, three 
parameters were measured: (i) the current year’s growth of lateral shoots (cm), (ii) 
total plant dry biomass (g), and (iii) proportion of soft tissues (leaves and flowers) 
and hard tissues (stems) (%). Current year’s growth was evaluated by measuring the 
green portion of ten haphazardly chosen lateral shoots per plant. The number and 
abundance of new (green) as well as old (brown) galls per plant were counted under 
stereoscopic microscopes in the laboratory and were identified following Fernandes 
et al. (1996).

The data on plant biomass, shoot length, richness, and abundance of galling 
insects were log-transformed to meet the assumptions of normality of the tests uti-
lized (Sokal and Rohlf 2012). Statistical analyses were conducted in two stages. 
First, two-way analyses of variance (ANOVAs) were used to check for differences 
in current year’s growth of lateral shoots and plant biomass between male and 
female plants. Second, multiple linear regressions were used to test the relationship 
between plant biomass, shoot length, plant sex, and galling species richness. 
Multiple linear regressions with backward stepwise procedure were also used to test 
the relationship between the variables mentioned above and the abundance of insect 
galls on B. concinna. The model included the variables site, sex, shoot length, bio-
mass, and respective interactions on the richness and abundance of galling insect 
species.
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Differential resource allocation for lateral shoot length varied between plant sex 
and sites with a significant interaction between site and plant sex (Table 4.5). Male 
plants produced longer lateral shoots when compared to female plants at three dif-
ferent sites, but at the other three sites no differences in shoot length were evident 
(Tables 4.6 and 4.7). Total plant biomass did not differ between plant sexes in 
B. concinna, but there were differences in plant biomass between sites (Tables 4.5 
and 4.7). Similar results were observed when the resources were broken down into 
leaves and flowers and stems. No differences were observed on leaf and flower (soft 
tissues) and stem (woody tissue) dry biomass between male and female plants, 
while differences were evident between sites. The significance of the interaction 
terms suggests a sex-by-site interaction (leaf and flower site: F = 15.11, df = 1, 
n = 359, P < 0.05; sex: F = 2.44, df = 1, n = 359, P > 0.119; site*sex: F = 2.22, 
df = 1, n = 359, P < 0.05) (site*stem: F = 11.85, df = 1, n = 357, P < 0.05; sex: 
F = 1.861, df = 1, n = 357, P > 0.18; site*sex: F = 2.92, df = 1, n = 357, P < 0.05).

Resource allocation and plant growth varied between sites suggesting that 
B. concinna is strongly affected by environmental conditions. This becomes evident 
due to the significant interaction between site and sex suggesting a sex-by-site inter-
action where male plants growing in certain sites – maybe less stressful environ-
mental conditions – would be able to produce longer shoots. Although all sites were 
dry and contained the same soil types, it is possible that soil conditions could differ 
between sites (see Marques et al. 2002). The differential growth of lateral shoots 
observed on male plants did not result in greater biomass of leaves and flowers or 
stems on male plants (data not shown). Since resource allocation for growth did not 

Table 4.5 Effects of plant sex, growth rate, and month on galling insect species richness and 
abundance on Baccharis concinna, in Serra do Cipó, Brazil (Marques and Fernandes 2016)

Multiple regression df F P

Galling species richness
Months 1 77.97 <0.05
Plant sex 0.26 0.61
Mean shoot growth rate 0.12 0.73
Error 353
Total 355
Minimum adequate model n R2 F P
Lnsp = 1.397–0.06 month 355 0.406 69.63 <0.05
Galling abundance
Months 1 29.07 0.05
Plant sex 0.119 <0.73
Mean shoot growth rate 1 4.7 <0.032
Error 326
Total 329
Minimum adequate model n R2 F P
Lnab = 2.62–5.94 shoot, 0.074 month 329 0.294 15.5 <0.05
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Table 4.6 Mean gall abundance and SE (standard error) of morphospecies on male and female 
plants of Baccharis concinna in Serra do Cipó, Brazil

Galling morphospecies
A B C D E F G H I K L M N

SITE I
Female Mean 1.5 6.4 2.42 0 0 4.5 20 1 0 0 0 0 0

SE 0.75 1.02 0.47 0 0 0.74 0 0 0 0 0 0 0
Male Mean 2 3.1 3.1 1 1 4.5 2.12 1 0 1 0 0 0

SE 0 0.74 0.7 0 0 1.28 0.74 0 0 0 0 0 0
SITE II
Female Mean 1.33 24 3 1 2.4 12.6 0 1.3 0 1 1 0 1

SE 0.33 4.02 1.27 0 0.77 1.60 0 0.33 0 0 0 0 0
Male Mean 1.43 8.54 1.54 0 1 11.39 0 1 0 0 0 0 0

SE 0.41 1.51 0.31 0 0 1.71 0 0 0 0 0 0 0
SITE III
Female Mean 1.25 4.5 4.6 1 4.28 20 0 0 0 0 0 0 0

SE 0.22 1.78 1.25 0 0.74 4.75 0 0 0 0 0 0 0
Male Mean 1.5 1.66 2.25 0 1 7.75 0 0 0 0 0 0 0

SE 0.49 0.49 0.41 0 0 1.83 0 0 0 0 0 0 0
SITE IV
Female Mean 1.33 2.4 2.8 1 3 5.33 1 1 0 0 0 0 0

SE 0.26 0.47 0.62 0 0 0.85 0 0 0 0 0 0 0
Male Mean 1.25 2.4 2.8 1 3 5.33 1 1 0 0 0 0 0

SE 0.29 0.74 0.59 0 0 1.0 0 0 0 0 0 0 0
SITE V
Female Mean 1.4 2 0 0 0 2.36 0 0 0 0 0 0 0

SE 0.19 0.44 0 0 0 0.42 0 0 0 0 0 0 0
Male Mean 2.25 1.4 0 0 0 1.86 0 0 0 0 0 0 0

SE 1.1 0.22 0 0 0 0.22 0 0 0 0 0 0 0
SITE VI
Female Mean 1 1.63 2 1 11.93 5.31 4.75 1.25 4.33 4.25 1 1 0

SE 0 0.29 0.45 0 9.17 1.08 1.07 0.25 1.45 1.12 0 0 0
Male Mean 1.25 1.66 1.84 1 2.57 2.23 2.16 1 2 2 1 1 1

SE 0.25 0.42 0.36 0 0.61 0.45 0.57 0 0.99 0.7 0 0 0
SITE VII
Female Mean 1.715 1.25 1 0 0 24.5 2 1.71 0 0 1.66 0 0

SE 0.24 0.14 0 0 0 4.3 0 0.36 0 0 0.44 0 0
Male Mean 2.711 1.25 1.5 1 1 17.28 0 5.62 0 0 2.77 0 1

SE 0.84 0.22 0.5 0 0 3.21 0 1.63 0 0 0.93 0 0

Letters stand for: A = Curculionidae, B = Lepidoptera, C = Cecidomyiidae, D = Cecidomyiidae, 
E  =  Psyllidae, F  =  Cecidomyiidae, G  =  Cecidomyiidae, H  =  Lepidoptera, I =  Cecidomyiidae, 
K = Cecidomyiidae, L = Cecidomyiidae, M = Cecidomyiidae, N = Cecidomyiidae. See Fernandes 
et al. (1996) for details

4 Intersexual Differences in Demography, Resource Investment, and Herbivory…



124

differ between the sexes, the differential resource allocation hypothesis was not cor-
roborated in this study.

Sex-biased herbivory hypothesis was not corroborated in this study when the 
totality of all galling insect species was considered. A total of 11 galling insect mor-
phospecies were found associated with B. concinna in this study. Galling morpho-
species B, D, H, K, and L attacked new stems, whereas the morphospecies A, C, F, 
G, and I attacked apical buds; morphospecies E and N attacked leaves, and morpho-
species M attacked flowers (Table 4.6). Galling insect richness differed between 
sites, but not between male and female plants (Table 4.7). Also, galling insect rich-
ness was not evenly distributed across sites. A total of 9 morphospecies were found 
at sites I and II, 6 morphospecies at site III, 8 morphospecies at site IV, 3 morpho-
species at site V, 11 morphospecies at site VI, and 10 morphospecies at site VII 
(Table 4.6). Three morphospecies were common to all seven sites, three morphospe-
cies occurred at six sites, and the five remaining morphospecies were rare (Table 4.6). 
Common galling morphospecies, those that occurred at more sites, were also more 
abundant. Mean gall-inducing insect richness differed between sites but not between 

Table 4.7 Effects of site and plant sex on current year’s lateral shoot length (cm), biomass (g), and 
species richness and abundance on Baccharis concinna in Serra do Cipó, Brazil

Analysis of variance df SS F P

Lateral shoots
Site 5 112.88 81.24 <0.05
Plant sex 1 6.93 24.95 <0.05
Plant sex*site 5 8.56 6.16 <0.05
Error 2409 669.45
Total 2420 797.82
Plant biomass
Site 6 30.520 13.844 <0.05
Plant sex 1 0.671 1.826 0.177
Plant sex*site 6 4.580 2.077 0.055
Error 344 126.400
Total 357
Insect galling richness
Site 6 13.13 8.51 <0.05
Plant sex 1 0.106 0.413 0.521
Plant sex*site 6 2.26 1.47 0.189
Error 285 73.33
Total 298
Insect galling abundance
Site 6 121.44 23.33 <0.05
Plant sex 1 19.38 22.35 <0.05
Plant sex*site 6 5.67 1.09 0.368
Error 302 408.38
Total 315
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plant sexes, with a non-significant interaction term – plant sex and sites (Tables 4.7 
and 4.8). Male and female plants of B. concinna showed similar richness of galling 
insect species although richness varied between sites. Galling insect abundance dif-
fered between sites and plant sexes (Tables 4.6 and 4.7). Female plants supported 
greater galling insect abundance at site II, while male plants supported greater gall-
ing insect abundance at sites III and VI (Tables 4.6 and 4.7). Shoot length did not 
show a clear pattern with galling insect species abundance (Table 4.8), and neither 
did plant total biomass and species richness (Table 4.9).

In conclusion, lateral shoot length varied between plant sex and sites with a sig-
nificant interaction between site and plant sex. Male plants produced longer lateral 
shoots when compared to female plants at three different sites, but at the other three 
sites no differences in shoot length were evident (Tables 4.7 and 4.8). Total plant 
biomass did not differ between plant sexes, but there were differences in plant bio-
mass between sites (Tables 4.7, 4.8, and 4.9).

Resource allocation in B. concinna has been studied by measures of size and 
biomass for the entire plant (this study) and for apical and lateral shoots (Marques 
1997; Madeira et al. 1997; Carneiro et al. 2005, 2006). Although in general no dif-
ferential resource allocation pattern was seen for most of the resources studied in 
B. concinna, male plants had on average longer lateral shoots at some of the popula-
tions studied when compared to female plants (short-term study). This suggests the 
existence of architectural differences between male and female plants, where male 
plants probably compensate for the shorter apical shoots by investing on longer 
lateral shoots as shown in this study and that of Madeira et al. (1997). Longer apical 
shoots in female plants and lateral shoots in male plants did not translate into greater 
total plant, stem, or leaf biomass on plants of different sexes at these sites, as would 
be expected if any sex were allocating more resources into growth. Nevertheless, 
the end result is that there is no difference in leaf, stem, or total plant biomass 
between male and female plants as shown by this study.

In the long-term study involving one site, we found evidence to suggest that male 
plants of B. concinna had greater average lateral shoot length over 11 months. But 
these findings again suggest that plants at different sites reflect different growth pat-
terns. The long-term study of gall-inducing insect richness and abundance between 
male and female plants differed only in 3 months but with no clear trends (Table 4.4). 
Galling richness was greater on female plants in March but greater on male plants 
in May and August. Although male plants accumulated morphospecies at a faster 
rate when compared with female plants, the most abundant morphospecies were 
present on both plant sexes, and the rare species, with very few occurrences, were 
responsible for driving this pattern. Gall-inducing insect abundance was greater on 
male plants only for the month of August with no difference observed between 
sexes for the remaining 10 months.

Nevertheless, an equivalent short-term sampling study conducted in the second 
case study across seven sites and which assessed total plant biomass in B. concinna 
did not detect any intersexual differences in this species but reflected differences in 
plant biomass at different sites. When plant biomass was broken down into its sepa-
rate components of soft tissues and hard tissues, still no difference was detected 
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between the host plant sexes. These findings further support other studies conducted 
by our laboratory which did not detect differential resource allocation in Baccharis. 
Delph et al. (1993) did not detect differential allocation of resources for growth or 
reproduction in Carex picta (Cyperaceae) and argued that the energetic cost of 

Table 4.8 Mean shoot length (cm) and galling insect abundance (SE – standard error) on male 
(M) and female (F) plants of Baccharis concinna in Serra do Cipó, Brazil

Site Statistics
Shoot length Significance Abundance Significance
F M P F M P

I
Mean 6.71 6.9 ns 10.2 6.0 ns
S.E. 0.27 0.37 1.9 1.4

II
Mean 8.0 9.37 <0.05 36.5 17.7 <0.05
S.E. 0.4 0.63 4.9 2.4

III
Mean 7.51 9.78 <0.05 8.9 21.5 <0.05
S.E. 0.4 0.3 1.9 4.6

IV
Mean 5.5 5.7 ns 5.3 7.7 ns
S.E. 0.23 0.13 1.6 1.17

V
Mean 10.18 12.6 <0.05 2.5 1.6 ns
S.E. 0.32 0.42 0.49 0.3

VI
Mean – – – 5.8 16.0 <0.05
S.E. – – 0.87 5.2

VII
Mean 8.5 8.1 ns 24.8 18.7 ns
S.E. 0.33 0.36 5.4 4.1

The significance level (P) corresponds to t tests comparing means between male and female plants 
for each site separately

Table 4.9 Result of post-doc test on mean plant biomass (g) and galling insect richness (SE – 
standard error) on male and female plants of Baccharis concinna in Serra do Cipó, Brazil

Site Plant biomass Richness

I 26.64 ± 2.46a 2.1 ± 0.19a
II 47.4 ± 3.6b 2.6 ± 0.14b
III 36.26 ± 4.02c 2.0 ± 0.18a
IV 43.89 ± 4.3c 2.2 ± 0.26a
V 43.12 ± 4.2c 1.8 ± 0.31a
VI 63.13 ± 4.14d 2.3 ± 0.22a
VII 43.5 ± 3.9c 3.77 ± 0.60c

The letters group the means according to the Tukey test
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reproduction did not differ between the sexes because C. picta had dry, energetically 
inexpensive fruits much like B. concinna.

Plant quality in this tropical host species might also be affected by the extremely 
nutrient-poor soils of the rupestrian grasslands, at Serra do Cipó (Marques 1997), 
suggesting the existence of sex-by-site interaction where under such stressful envi-
ronmental conditions male and female plants will perform differently (Boecklen 
and Hoffman 1993). For example, we know that male plants of B. concinna are 
more susceptible to aluminum in acidic soil conditions, such as those common to 
soils of rupestrian grasslands, when compared to female plants (Marques 1997).

4  Concluding Remarks

The two case studies outlined in this chapter provide a broad picture of all aspects 
of resource allocation towards growth over 12 species of Baccharis, over several 
sites, and a closer look at plant growth in B. concinna over 11 months. The first case 
study detailed the single sampling event of 12 species of Baccharis in Brazil, with 
no clear pattern of differential resource allocation being detected. When lateral 
shoot growth was considered in B. concinna in the second case study, the single 
destructive sampling event at seven sites revealed that male plants produced longer 
lateral shoots at three different sites, but at three other sites no differences were 
observed. In the long-term study involving one site, we found evidence to suggest 
that male plants of B. concinna had greater average lateral shoot length over 
11 months. But these findings again suggest that plants at different sites reflect dif-
ferent growth patterns. These findings further support other studies conducted by 
our laboratory which did not detect differential resource allocation in Baccharis 
(Table 4.2).

The lack of consistency in differential resource allocation patterns suggests that 
resource allocation in Baccharis varies greatly with abiotic conditions including 
soil type, aluminum content, pH levels, precipitation, and temperature (Marques 
et al. 2002). Baccharis species are pioneer and colonizing plant species known to 
grow in disturbed habitats such as the sites of roads and clearings (Marques 1997). 
Their male and female flowers are abundant throughout the year in tropical species 
but are similar in size and small suggesting very similar energetic investment; their 
dry fruits suggest that female plants do not allocate much energy to the fruit and 
there is no investment in attracting dispersers because seeds are wind-dispersed.

In spite of the many studies done on the differential allocation of resources and 
resulting species distribution here reviewed, the understanding of the evolutionary 
ecology of Baccharis is still rudimentary. There is an enormous gap in the knowl-
edge on Baccharis phenological trends, ecological niche, population, and reproduc-
tive ecology and genetics, which altogether builds the basis to understand its 
relationship with the associated fauna and biodiversity. Since male and female 
plants allocated most resources equally, we did not expect to find differences in the 
richness and abundance of the galling species associated with Baccharis species. 
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Indeed, we conducted meta-analyses to determine the occurrence of sex-biased her-
bivory in general dioecious systems and for the genus Baccharis in particular (Box 
4.1). Unlike the general pattern of higher herbivory on male plants (Boecklen et al. 
1990; Åhman 1997; Cornelissen and Stiling 2005; Rivkin et al. 2018), no intersex-
ual differences were found in Baccharis.

We selected to study gall-inducing insects because they utilize meristematic tis-
sues that are still growing and differentiating (Mani 1964). That was indeed the case 
for most studies conducted by our group (Table 4.1), with one exception (Carneiro 
et  al. 2005). However, these studies did not corroborate the differential resource 
allocation and the plant sex-biased herbivory hypotheses. We suggest that both 
sexes of these species, which grow slowly and produce vegetative and reproductive 
meristems continuously throughout the year, might be better chemically defended 
against herbivores when compared to temperate plants that experience one flush of 
growth in a year (see Herms and Mattson 1992; Sagers and Coley 1995). The sec-
ond point was raised by Boecklen et al. (1994), who inquired if these studies were 
actually measuring the resources used by the insects or if, in reality, the resources 
utilized by these species were not sexually dimorphic. From the perspective of gall-
ing insects, it would be more realistic if studies measured the allocation of the 
resources which are actually utilized by the insects.

Furthermore, true patterns in nature should become stronger when more popula-
tions of the host plant are studied. That did not seem to be the case in this study, 
since as more populations were studied the less clear the patterns became. As seen, 
patterns of abundance could be attributed to one sex if only a few populations were 
studied, but by adding more populations the pattern became weaker. In addition, we 
must be very careful when selecting the scale (apical meristems, lateral meristems, 
or whole plant) used to search for patterns in galling species diversity/density for 
they can address different adaptive strategies of both host plants and galling insects. 
To further clarify the relationship between galling species richness, abundance, and 
plant sex in this system, future studies should consider the points mentioned above 
as well as measures of availability of resources throughout the year as meristems 
become available and galls colonize their host plants.

Herbivores are affected by multiple top-down and bottom-up forces that vary 
both spatially and temporally. As such, detecting general patterns through field stud-
ies in complex tropical environments is a quite complicated task. In the case of 
Baccharis, our results indicate that galling insects do not select for plant sexes, but 
long-term studies under controlled environmental conditions are necessary to con-
firm such a pattern. The genus Baccharis has the greatest number of galling insect 
species in any genus so far studied (Fernandes et  al. 1996) and presents a great 
model to study these mainstream hypotheses on plant-animal interactions.
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Chapter 5
Multitrophic and Indirect Interactions 
in the Baccharis dracunculifolia System

Milton Barbosa, Graziella França Monteiro, and G. Wilson Fernandes

Abstract The Baccharis dracunculifolia (Asteraceae) system is a reasonably self- 
contained community including the host plant and its rich fauna of arthropods. Over 
the last three decades, ecological researchers in Brazil have intensively used the 
system as a study model. Several interactions, across multiple trophic levels, among 
the plant species B. dracunculifolia and associated arthropods, have been empiri-
cally demonstrated. Half of these interactions are indirect and include effects propa-
gated via changes in density, trait, habitat or interaction strength. Here we describe 
the components of this system and summarize their interactions in a network. We 
hope that this work will spark new ideas for experimental tests of ecological hypoth-
eses on the role of indirect interactions at the level of the whole community in 
the field.

Keywords Experimental ecology · Insect herbivory · Interaction modification · 
Network · Non-trophic inter0actions

1  Multitrophic and Indirect Interactions

Species affect each other in countless ways. The most evident and easily visible 
influences are the direct trophic interactions, those involving feeding relationships 
between two species. On the other hand, indirect trophic interactions require the 
presence of a third species as an intermediary (Wootton 1994) and are propagated 
through feeding relationships. In a trophic cascade, a predator affects the density 
and/or behaviour of a prey and, therefore, indirectly affects the rate of consumption 
of a species in the next lower trophic level (Estes and Palmisano 1974). These inter-
action chains or indirect effects mediated by density (e.g. trophic cascades, key-
stone species, apparent competition) have been broadly demonstrated (e.g. Wootton 
1994, 2002; Morris et al. 2004; van Veen et al. 2006). Indirect trophic interactions 
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play an important role in structuring communities and have generally not been taken 
into account in traditional studies (Bukovinszky et al. 2008).

Indirect interactions between species can also happen in non-trophic ways (e.g. 
via habitat, trait or behaviour modification: Wootton 1994). However, these interac-
tions remain largely ignored (Ogushi 2008). Indirect effects can cause changes in 
species density (e.g., interference competition, facilitation: Prugh and Brashares 
2012; Wetzel et al. 2016) or changes in species interactions (interaction modifica-
tion: Wootton 1994, 2002; Prasad and Snyder 2010; Pagès et  al. 2012; Hammill 
et  al. 2015). Species can modify interactions by modifying a trait of one of the 
interacting species (e.g. fear effects associated with predator presence; plant- 
mediated interactions: Prasad and Snyder 2010; Hammill et al. 2015) or by chang-
ing the biotic or abiotic physical environment where the interaction takes place 
(Pagès et al. 2012; Barbosa et al. 2019).

Indirect effects have received increasing attention in ecological research, and 
their role in structuring ecological communities has been demonstrated experimen-
tally (Tompkins et al. 2000; Morris et al. 2004; Sanders et al. 2015; Barbosa et al. 
2019). For example, the positive indirect effects that consumer species have on each 
other, reducing competition among their respective resource species, can help main-
tain the diversity of consumer species (Sanders et al. 2015). In addition, indirect 
interactions can be the cause of unexpected results often found in experimental 
manipulations of direct interactions (Doak et al. 2008). Barbosa et al. (2017), for 
instance, found that the experimental reduction in abundance of a species affects 
other unrelated species in a food web. In addition, many of the effects that have been 
interpreted in the past as the result of competition can be caused by other indirect 
interactions (Holt 1977). For example, in the so-called apparent competition (Holt 
1977; Morris et al. 2004), the negative effect of one herbivore on another, mediated 
by a common predator, may produce a result that resembles competition. Thus, it 
has become clear that the structure and dynamics of ecological communities cannot 
be fully understood without taking indirect interactions into account.

2  The Baccharis dracunculifolia System

The Baccharis dracunculifolia D.C. (Asteraceae) system is a self-contained 
assemblage of arthropods living on this host shrub species (Figs. 5.1 and 5.2). The 
plant species is a perennial, evergreen, dioecious shrub, 2–3  m high, widely 
distributed in the south-central portion of South America (Espírito-Santo et  al. 
2003). In some parts of Brazil, B. dracunculifolia produces flowers twice a year 
from March to June and from November to December (Collevatti and Sperber 
1997). B. dracunculifolia frequently forms distinct patches that vary from 18 to 
12,000 m2 in area (Collevatti and Sperber 1997). This plant is fundamental to natural 
succession and regeneration (Fernandes et al. 2016) playing an important role in 
promoting biodiversity and ecosystem functioning (Perea et al. 2019).
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The species B. dracunculifolia hosts many species of free-feeding herbivores, 17 
gall-inducing species and also many species of predators, including the orders 
Araneae, Coleoptera, Mantodea and Hymenoptera (Fagundes et al. 2005; Fagundes 
and Fernandes 2011; Barbosa et al. 2017, 2019; Monteiro et al. 2020a). In Brazil, 

Fig. 5.1 Species engaged in multitrophic and indirect interactions in the Baccharis dracunculifolia 
system: (a) B. dracunculifolia; (b) and (c) galls induced by Baccharopelma dracunculifoliae; (d) 
nymph of the galler B. dracunculifoliae; (e) parasitoid wasp; (f) aphids Uroleucon tucumani 
invading a gall; (g) ant tending aphids inside a post-emergence gall; (h) aphids inside a post- 
emergence gall; (i) ants removing a free-feeding herbivore. Photos by Milton Barbosa
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over the past three decades B. dracunculifolia has been extensively used in 
community ecology research. The diverse associated fauna, and the wide distribution, 
usually at high frequency and through gradients (elevational, higrothermal, and 
habitat disturbance), make the species an attractive study model (e.g. Fernandes and 
Price 1988; Ribeiro-Mendes et al. 2002; Fagundes et al. 2005; Julião et al. 2005; 
Barbosa et  al. 2017, 2019; Monteiro et  al. 2020a, b). As a result, several multi-
trophic and indirect interactions have been revealed in the system, involving B. dra-
cunculifolia, its associated arthropods and a mistletoe species (Collevatti and 
Sperber 1997; Fernandes et al. 1999; Espírito-Santo and Fernandes 2002; Fagundes 
et al. 2005; Neves et al. 2011; Bahia et al. 2015; Monteiro et al. 2020b). Below, we 
describe the B. dracunculifolia system and its interactions, summarizing them in an 
interaction network (Table 5.1, Fig. 5.3).

Fig. 5.2 Species engaged in multitrophic and indirect interactions in the Baccharis dracunculifolia 
system: (a) spider using a post-emergence gall as shelter; (b) ladybird; (c) weevil; (d–f) mistletoe 
Struthanthus flexicaulis and its germinating seeds. (Photos a–c by Milton Barbosa and d-f by 
António Cruz)
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Table 5.1 Empirically demonstrated interactions involving arthropods and plants in the Baccharis 
dracunculifolia system, in Brazil. Interaction codes correspond to the links in the interaction 
network (Fig. 5.3)

Interaction 
code Affecting Affected Interaction type Outcome Effect

1 Free- 
feeding 
herbivores

Host plant Direct trophic Negative Herbivory (Neves et al. 
2011)

2 Galler Host plant Direct trophic Negative Nutrient sinking 
(Espirito Santo and 
Fernandes 2002)

3 Host plant Galler Direct 
non-trophic

Negative Plant resistance; gall 
dropping (Espirito- 
Santo and Fernandes 
2002)

4 Parasitoid Galler Direct trophic Negative Parasitism (Tavares and 
Perioto 1993)

5 Parasitoid Galler Direct trophic Positive Unparasitized nymphs 
sharing a gall with 
parasitized nymphs are 
larger (Espírito-Santo 
et al. 2004)

6 Parasitoid Host plant Indirect trophic Positive Parasitism controls gall 
population (Espírito- 
Santo et al. 2004)

7 Parasitoid Host plant Indirect 
non-trophic

Negative Increase gall size and 
nutrient sinking 
(Espírito-Santo et al. 
2004)

8 Galler Aphid Indirect 
non-trophic

Positive Gall provides shelter 
(Collevatti and Sperber 
1997)

9 Aphid/
galler

Galler/aphid Indirect 
non-trophic

Negative Competition for plant 
photoassimilates 
(Fagundes et al. 2005)

10 Aphid Galler Direct 
non-trophic

Negative Inquilines kill galler 
nymphs (Espirito Santo 
and Fernandes 2002)

11 Aphid Interaction 4 Interaction 
modification

Negative Inquiline aphids 
preferably kill 
parasitized galling 
larvae (Barbosa et al. 
2019)

12 Post- 
emergence 
gall

Interaction 8 Interaction 
modification

Positive/
Negative

Providing extra habitat 
for aphids (Barbosa 
et al. 2019)

(continued)
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 Plant–Free-Feeding Herbivore Interaction

The most frequent orders of free-feeding herbivores found on B. dracunculifolia are 
Hemiptera, Coleoptera and Orthoptera (Interaction 1; see Table 5.1 and Figs. 5.1, 
5.2 and 5.3, as for all interactions described hereafter). Among the chewing insects, 
the most common families are Chrysomelidae and Curculionidae. Chrysomelidae is 
one of the most numerous herbivorous insect families and has the greatest ecologi-
cal and economic importance (e.g. monoculture pests: Riley et al. 2002, Chaboo 
2007). The sucking insects most commonly found on B. dracunculifolia are from 
the families Cicadellidae, Membracidae and Psyllidae. These sucking insects often 
have a trophobiontic relationship with ants, which chase away other free-feeding 
herbivores. Ant effects depend on the context, the environment and the species of 
ants involved and influence the presence of other insects (Fagundes et  al. 2005; 
Neves et al. 2011).

Table 5.1 (continued)

Interaction 
code Affecting Affected Interaction type Outcome Effect

13 Post- 
emergence 
gall

Interaction 11 Modification of 
an interaction 
modification

Positive/
Negative

Interference with the 
negative effect of 
aphids on parasitism 
(Barbosa et al. 2019)

14 Ants/
Aphids

Aphids/Ants Direct 
non-trophic

Positive Trophobiosis 
(Fagundes et al. 2005; 
Neves et al. 2011)

15 Ants Galler Direct 
non-trophic

Negative Fewer nymphs per gall 
due to interference 
with oviposition 
(Neves et al. 2011)

16 Ants Free-feeding 
herbivores

Direct trophic; 
Direct 
non-trophic

Negative Predation or 
interference (Neves 
et al. 2011)

17 Aphid Free-feeding 
herbivores

Indirect 
non-trophic

Negative Ants attracted reduce 
number of herbivores 
(Neves et al. 2011)

18 Aphid Host plant Direct trophic Negative Sap sucking; nutrient 
sinking affects shoot 
growth (Neves et al. 
2011)

19 Mistletoe Host plant Direct trophic Negative Parasitism; increased 
plant mortality (Bahia 
et al. 2015; Monteiro 
et al. 2020a, b)

20 Mistletoe Interaction 2 Interaction 
modification

Positive Increase abundance of 
galls of B. 
dracunculifoliae (Bahia 
et al. 2015)
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Interactions between herbivorous insects and their host plants can be affected by 
characteristics of the host plants or by changes in environmental conditions (Novotny 
et al. 2003; Fernandes 2016; Nunes et al. 2016a, b; Peters et al. 2016; Longino and 
Branstetter 2018). Monteiro et al. (2020a) investigated how the interaction between 
insect herbivores and B. dracunculifolia changed along an elevational gradient in 
the campo rupestre (rupestrian grassland) in Serra do Cipó, Brazil. In this study, the 
composition, diversity of interactions and specialization of insect herbivores 
changed with altitude. The richness and abundance of chewing insects increased 
with elevation, while the richness and abundance of sucking insects were higher at 
intermediate elevations. The change in diversity of insects associated with B. dra-
cunculifolia along the elevation was due to abiotic and biotic factors. Abiotic factors 
such as increased wind speed and solar radiation and decreased temperature at 
higher elevations functioned as an environmental filter for many species. On the 
other hand, biotic factors such as the relationship between the richness of trophobi-
ont ants and herbivores associated with B. dracunculifolia influenced the distribu-
tion of insect herbivore species.

Fig. 5.3 Interaction network of arthropods and plants in the Baccharis dracunculifolia system, in 
Brazil. Links are categorized into direct interactions (solid arrows), indirect interactions (dashed 
orange arrows) and interaction modifications (dashed blue arrows). The link numbers refer to the 
interaction descriptions in Table 5.1
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 Plant–Galler Interactions

The genus Baccharis supports the richest galling insect fauna recorded so far in the 
Neotropics, with 121 galling insect species found on 40 host species (Fernandes 
et al. 1996, 2014; Carneiro et al. 2009a, b). Among the several host species, B. dra-
cunculifolia has the largest fauna of galling insects, with a total of 17 species 
recorded considering various locations (Fernandes et al. 1996, 2014; Barbosa et al. 
2017). Galling insects represent appropriate model systems as they are usually 
straightforward to identify and count, which makes their populations easy to manip-
ulate and monitor in the field (Barbosa et al. 2017, 2019). Galling insects also pres-
ent very high specialization to their host plants and very persistent morphology, and, 
therefore, taxonomic identification can be indirectly made through the gall’s exter-
nal morphology and through the identity of their host (Rohfritsch and Shorthouse 
1982; Carneiro et  al. 2009b). In addition, the fact that parasitoids do not cause 
immediate damage to the galler allows the quantification of interaction frequency 
(van Veen et al. 2006).

Baccharopelma dracunculifoliae (Sternorrhyncha: Psyllidae) is by far the most 
common galling insect, inducing up to 83% of galls on B. dracunculifolia (Araújo 
et al. 1995; Barbosa et al. 2017) (Interaction 2). This psyllid induces a gall on the 
central rib of the leaf, which folds over itself until the borders are joined, forming 
an elliptical, green, glabrous, unicameral gall, which usually houses up to 4 nymphs, 
although up to 21 have already been recorded (Lara and Fernandes 1994; Arduin 
et al. 2005). The gall is not completely sealed because the edges of the leaves are 
joined but not fused. The galls of B. dracunculifoliae are colonized by several inqui-
line arthropods (species that occupy a living space produced by another species – 
e.g., a gall), such as Diptera, Hemiptera (Aphididae), Neuroptera (Chrysopidae), 
Thysanoptera and Acarina immature (Collevatti and Sperber 1997; Espírito Santo 
and Fernandes 2002; Barbosa et al. 2019). The post-emergence galls can persist on 
the plant and dry out but are still occupied by inquilines (Espírito-Santo and 
Fernandes 1998; Barbosa et al. 2019). These post-emergence galls can trigger indi-
rect effects that feedback to the galler modifying its interactions with other species 
(discussed below in Sect. 2.4; Barbosa et al. 2019).

According to Espírito-Santo and Fernandes (2002), the host plant 
B. dracunculifolia has strong bottom-up control over the galling population. Plant-
mediated mortality in the galling insect B. dracunculifoliae, due to gall drop and 
plant resistance, represented 40.7% of the initial cohort studied (Interaction 3).

 Galler–Parasitoid Interaction

The performance of the galling psyllid B. dracunculifoliae is strongly controlled by 
top-down effects. Espírito-Santo et al. (2004) found that parasitoid attack was the 
main cause (45.2%) of mortality of the galls of B. dracunculifoliae that survived 
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plant defences. At least ten wasp species have been known to parasitize galls of 
B. dracunculifoliae (Barbosa et al. 2017), the main ones are Lyrcus sp. (Hymenoptera: 
Pteromalidae), Brasema sp. (Hymenoptera: Eupelmidae), Platygastridae sp. 
(Hymenoptera: Platygastridae) and Psyllaephagus baccharidis (Hymenoptera: 
Encyrtidae) (Tavares and Perioto 1993; Sperber and Collevatti 1996; Barbosa 
et al. 2017).

Psyllaephagus baccharidis is the most common parasitoid of the galling psyllid. 
In the survey carried out by Espírito-Santo et al. (2004), this parasitoid was respon-
sible for 93% of the parasitism recorded in galls of B. dracunculifoliae (Interaction 
4). P. baccharidis is a solitary koinobiont endoparasitoid that consumes the nymph 
and pupates inside the host’s cuticle, causing a so-called ‘nymph mummification’ 
(Espírito-Santo et al. 2004). The parasitoid attacks galls in the early stages of devel-
opment, making them increase in size. Mortality by parasitism is clearly recogniz-
able as parasitized nymphs have a distinct colour and shape (Espírito-Santo 
et al. 2004).

Apparently, the parasitoid P. baccharidis stimulates the nymphs to feed, 
increasing their size and also the size of the gall induced by B. dracunculifoliae 
(Espírito- Santo et al. 2004). This can decrease the performance of the plant, since 
larger galls represent larger nutrient sinks. In addition, unparasitized nymphs of 
B. dracunculifoliae sharing a gall with parasitized nymphs were larger than the ones 
found in unparasitized galls. This can result in adults of the gall inducer with greater 
survival and reproductive success (Espírito-Santo et al. 2004) (Interaction 5). Thus, 
the parasitoid P. baccharidis can have a positive indirect effect on the host plant, 
controlling the population of the gall inducer B. dracunculifoliae (Interaction 6), 
and a negative indirect effect, increasing the sinking of nutrients by the gall and the 
fitness of the galler (Espírito-Santo et al. 2004) (Interaction 7).

Barbosa et al. (2017) investigated the role of direct and indirect interactions in 
the structure and robustness (tolerance to species loss) of galler-parasitoid food 
webs on B. dracunculifolia. Theoretical models from previous works suggest that 
the loss or reduction in abundance of individual species can lead to secondary and 
cascading extinctions (Saavedra et al. 2008; Staniczenko et al. 2010). The authors 
experimentally manipulated quantitative host-parasitoid food webs to reduce the 
abundance of the main galler, B. dracunculifoliae. The perturbation resonated 
throughout the food web, affecting the food web structure and robustness (tolerance 
to species loss). Since there was no possibility for these effects to be propagated 
directly or indirectly via the documented trophic interactions, the effects must have 
spread non-trophically and/or through trophic links not included in the webs. The 
results emphasize that, even for a relatively simple ecological community, indirect 
interactions (trophic and non-trophic) are fundamental to their structure and dynam-
ics (Fontaine et al. 2011; Kéfi et al. 2012).
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 Galler–Aphid Interaction

In addition to parasitoids, galls of B. dracunculifoliae can be occupied by many 
inquiline arthropods (Collevatti and Sperber 1997; Espírito-Santo and Fernandes 
2002; Barbosa et al. 2019). These inquilines use the gall as shelter and sometimes 
as a food source, consuming silk made by the galler or other plant products. Some 
inquilines can enter the pre-emergence galls through the longitudinal opening, 
while others enter the gall through the characteristic exit hole left in the gall wall 
when parasitoids emerge (Espírito-Santo et  al. 2004). Thus, the colonization of 
parasitized galls by inquilines can be facilitated by parasitoids (MB unpublished 
data). Post-emergence galls remain attached to the plant, sometimes for a few gen-
erations, and gradually become dry and woody (Lara and Fernandes 1994; Espírito- 
Santo and Fernandes 1998) and are still colonized by many species.

The aphid Uroleucon tucumani (Sternorrhyncha: Aphididae) is the main inquiline 
species found in galls of B. dracunculifoliae (Collevatti and Sperber 1997; Fagundes 
et  al. 2005) (Interaction 8). This aphid species also feeds and reproduces on the 
apical meristems of the host plant, forming dense colonies that produce honeydew 
(sugary secretions). Fagundes et al. (2005) showed that aphids can have a negative 
indirect effect on gall development: in their absence, galls were heavier. Gall size 
may be related to the performance of the galling insect (Weis 1988). Therefore, this 
suggests exploitation competition between the galler B. dracunculifoliae and the 
aphid U. tucumani for sap assimilates and young leaves from terminal buds 
(Fagundes et al. 2005) (Interaction 9). Inquilinism by the aphid U. tucumani is also 
common and can be indirectly responsible for the death of the nymphs of the galler 
B. dracunculifoliae (Espírito-Santo and Fernandes 2002) (Interaction 10).

Theory suggests that indirect effects may be an important mechanism for 
community stability and persistence, but empirical data are scarce (Strauss 1991; 
Kéfi et al. 2012). Barbosa et al. (2019) examined the propagation of indirect effects 
in the B. dracunculifolia system. The authors investigated whether the indirect 
effects initiated by ecosystem engineering – physical changes in the biotic or abiotic 
environment caused by a species  – can feedback to the engineer, changing the 
magnitude and direction of its interactions with other species. Gallers can be seen 
as ecosystem engineers since galls serve as habitat for other species, particularly 
aphids, which occupy hatches and unhatched galls of the most common galler on 
B. dracunculifolia. Barbosa et al. (2017) raised the hypothesis that the hatched galls 
could generate feedbacks on the galler – e.g. increasing the availability of shelter for 
aphids and, therefore, positively affecting the galler by decreasing the occupation of 
live galls by aphids. In a field experiment, they generated treatments with reduced 
or elevated ecosystem engineering, removing or adding hatched galls. Inquilism by 
aphids negatively affected parasitism rates (interaction modification) likely by 
killing parasitized galling larvae (Interaction 11) since they preferentially colonize 
parasitized galls (MB unpublished data). Post-emergence galls changed the 
interaction between aphid inquilines and the galler (positively or negatively, 
depending on gall density), probably by providing extra shelter for aphids 
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(Interaction 12) and also altered (positively or negatively, depending on gall density) 
the negative effect that aphids had on parasitism (modification of an interaction 
modification) (Interaction 13). The results show that hatched galls of the dominant 
galler can trigger indirect interactions that feedback to the galler, modifying its 
interactions with parasitoids and inquiline aphids. In addition, the results suggest 
that these interaction modifications are dependent on the context, which changes 
with species densities.

 Ant–Aphid Interaction

At least 15 species of ants have been recorded foraging on B. dracunculifolia, many 
of them tend and protect the aphid U. tucumani in a trophobiotic relationship 
(Fagundes et al. 2005; Neves et al. 2011; MB unpublished data) (Interaction 14). 
Fagundes et al. (2005) experimentally excluded ants, aphids or both from shoots of 
B. dracunculifolia. Ants had a direct negative effect on the performance of B. dra-
cunculifoliae. When ants were present, a smaller number of nymphs were found in 
each gall of B. dracunculifoliae, most likely because ants interfered with the female 
galler during oviposition (Fagundes et al. 2005) (Interaction 15). Neves et al. (2011) 
observed that the presence of ants and U. tucumani aphids on B. dracunculifolia 
also decreased the abundance of other free-feeding herbivores and that the presence 
of aphids decreased the growth of plant shoots (Interactions 16, 17, and 18).

Monteiro et al. (2020a) studying the community of insect herbivores associated 
with B. dracunculifolia also found that ant abundance was positively related to the 
abundance of trophobionts and negatively associated with the richness of chewing 
herbivores. Ants protecting aphids can directly affect herbivores negatively, preying 
or interfering with them (Abe 1988; Fernandes et al. 1999). However, aphids on 
their own can reduce the abundance of fluid-sucking and chewing insects due to 
exploitation competition or by altering the nutritional quality of the host plant (Fay 
et al. 1996; Larson and Whitham 1997). Thus, aphids can potentially reduce her-
bivory and indirectly benefit the host plant. Also, as chewing insects can attack the 
gall and kill the galling nymph, aphids can also positively affect the galling species 
B. dracunculifolia (Espírito-Santo and Fernandes 2002).

 Mistletoe–Plant Interaction

The hemiparasitic Struthanthus flexicaulis frequently colonizes B. dracunculifolia 
(Monteiro et al. 2020b; Fig. 5.2). S. flexicaulis represents an important stress factor 
for the host plant. Over time S. flexicaulis can cause significant reduction in growth 
and fitness or irreversible and sublethal damage to the host plants, increasing mor-
tality (Press and Phoenix 2005; Cameron et al. 2008; Bahia et al. 2015; Mourão 
et al. 2016; Monteiro et al. 2020b) (Interaction 19).
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Bahia et al. (2015) showed that S. flexicaulis can reduce the number of leaves of 
B. dracunculifolia and cause the death of occupied branches or even of the entire 
plant. The water imbalance caused by this hemiparasite may be a factor responsible 
for affecting growth and increased mortality of parasitized host plants (Bahia et al. 
2015; Mourão et al. 2016; Monteiro et al. 2020b). In addition, when the plant faces 
water restriction, there is a tendency to decrease leaf size to prevent water loss 
through transpiration (Lincoln and Zeiger 2013). The effect of lower water avail-
ability on the vegetative development of host plants can also decrease the specific 
leaf area (SLA) of the host or even lead to increased senescence of the leaves (e.g. 
Figueirôa et al. 2004; Lincoln and Zeiger 2013). This water imbalance can affect the 
plant’s ability to store water in the leaves and can also compromise leaf succulence 
(Cruz et al. 2018) due to the lower water supply for the hydration of the leaves (e.g. 
Scatena and Scremin-Dias 2003, Cruz et al. 2018).

A study by Monteiro et al. (unpublished) found that the rate of fluorescence in 
B. dracunculifolia is affected by the presence of S. flexicaulis. The photosynthetic 
rate of B. dracunculifolia was reduced in the most critical period of the day (12:00 
noon to 3:00 pm); however, the host plant was unable to recover itself in the early 
evening. The percentage of chlorophyll was not affected by the presence of the 
hemiparasite on individuals of the host B. dracunculifolia. The percentage of nitro-
gen balance (NBI) was higher in non-parasitized individuals than in parasitized 
individuals. The percentage of flavonoids was higher in parasitized individuals than 
in non-parasitized individuals. Thus, parasitism affected the N/flavonoid balance of 
the host plant, representing a source of damage. The S. flexicaulis mistletoe has a 
much higher rate of transpiration than the host B. dracunculifolia. In addition, the 
mistletoes have the homeostatic control of their hosts and intensify the withdrawal 
of water throughout the day (Glatzel and Geils 2009). Plants parasitized by the 
mistletoe have a higher water potential than non-parasitized plants as a way to guar-
antee their hydration, since the mistletoe removes a large volume of water at noon.

The effects of parasitism on physiology also affect the architecture of the host 
B. dracunculifolia. Monteiro et al. (2020b) showed that individuals parasitized by 
the hemiparasite presented lower crown growth and height. These effects on the 
host are related to the fact that the hemiparasite obtains water and nutrients directly 
from the xylem, reducing the resources available for the host’s own metabolism 
(Press and Phoenix 2005; Westwood et al. 2010; Guerra and Pizo 2014), which can 
affect their fitness and even lead to their death (Mallams and Mathiasen 2010; 
Mourão et al. 2016; Monteiro et al. 2020b). In fact, Monteiro et al. (2020b) found a 
high mortality of parasitized B. dracunculifolia individuals, 61%, after 2 years. The 
high mortality of abundant species such as the host B. dracunculifolia can lead to a 
restructuring of the community of woody plants in the environment in which they 
occur in high frequency, increasing plant diversity.

In addition, the presence of the hemiparasite S. flexicaulis can affect the host in 
indirect ways. The presence of the parasitic plant alters the interactions of B. dra-
cunculifolia with its associated insect community. Bahia et al. (2015) found that 
branches occupied by mistletoe showed a greater abundance of galls induced by 
B. dracunculifoliae (Interaction 20). Although parasitic plants are known to cause 
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deleterious effects on plant communities, a broader view of these relationship 
reveals several positive direct and indirect effects on the community (e.g. Watson 
2009; Watson et al. 2011; Mellado et al. 2016; Ndagurwa et al. 2016; Mellado and 
Zamora 2017; Hódar et al. 2018). Mistletoes can be an important source of nectar 
and fleshy fruits, arthropods, nesting sites and perches for birds (Guerra and Pizo 
2014; Watson et al. 2011). The abundance of ants and trophobionts can be increased 
since insects can benefit from the large flow of water and nutrients that come from 
parasites and, therefore, become more abundant (Guerra et  al. 2011; Freitas and 
Rossi 2015). Mistletoes can also have positive impacts on soil microbial communi-
ties, increasing the diversity, quality and quantity of organic matter that enters the 
soil next to the host (Mellado et al. 2016). This mechanism also promotes an increase 
in diversity and in leaf cover of herbaceous vegetation next to the host tree (Watson 
2009; Ndagurwa et al. 2016), which can lead to the presence of vertebrates in the 
area (Hódar et al. 2018).

3  Concluding Remarks

The B. dracunculifolia system is well studied and comprehended, as described here. 
The focal community represents a very appropriate model system for the study of 
indirect interactions under natural field conditions. The aggregated distribution of 
the host plant combined with a diverse and fairly specialized fauna of arthropods 
creates a discrete and highly self-contained multi-trophic community. These charac-
teristics not only facilitate the manipulation and monitoring of species densities but 
also increase the chances of observing their effects, since they are more likely to be 
a result of local ecological processes, rather than being entangled with external 
processes (e.g. compensatory migration). In addition, contrary to experimental 
manipulations in laboratory conditions, where sets of interacting species are studied 
in isolation, in this system the propagation of systemic indirect effects is possible. 
We hope that this work inspires and facilitates the design of further empirical inves-
tigations on the role of indirect interactions in community structure and dynamics.
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Chapter 6
Endophytic Fungi of Baccharis
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Isabela Maria Nascimento, Ary Correa Junior, and G. Wilson Fernandes

Abstract Endophytic fungi are important mediators in the structure and dynamics 
of terrestrial plant communities and their relationships with associated fauna. 
Although endophytic fungi are found in all living plants, only 1% of all Baccharis 
species (Baccharis artemisioides, B. coridifolia, B. dracunculifolia, B. megapota-
mica, and B. trimera) have had their endophytic mycota studied. To date, 28 genera 
of endophytic fungi have been identified in association with species of Baccharis. 
Analysis of the enzymes and metabolites produced by this mycota indicates that 
these endophytes have numerous properties that may be related to better perfor-
mance and resistance of their Baccharis host to several stressors and natural ene-
mies. Many of these endophytes have properties that can be exploited for the 
development of beneficial applications in the fields of agronomy, pharmacology, 
and conservation, making them a particularly important group for the development 
of biotechnological products.

Keywords Antimicrobial activity · Bioprospecting · Fungal endophyte diversity · 
Plant performance · Secondary metabolites

1  Introduction

Endophytic fungi are a group of fungi that live inside plant tissues without causing 
harm to the host (Faeth and Fagan 2002; Hyde and Soytong 2008). They produce a 
variety of enzymes and secondary compounds, which favor nutrient cycling (Sun 
et al. 2011; Behie and Bidochka 2014), improve plant performance and resistance 
to adverse conditions such as droughts and high temperatures (Rodriguez et  al. 
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2004; Hubbard et al. 2014; Bilal et al. 2020), and minimize damage caused by her-
bivores and pathogenic microorganisms (Breen 1992, 1993, 1994; Fernandes and 
Price 1992; Hammon and Faeth 1992; Faeth and Hammon 1997; Raps and Vidal 
1998; Faeth 2002; Meister et al. 2006; Oki et al. 2008, 2021; Grunseich et al. 2020). 
These cryptic organisms have been ignored for a long time, and their importance in 
species interactions and to biodiversity has been rarely studied until recently (Oki 
et al. 2016). According to a survey of the Web of Science database, it wasn’t until 
the 1990s that scientific articles started to regularly use the term “endophytic fungi” 
(Fig. 6.1). Although the number of studies on endophytic fungal communities has 
progressively increased since then, there were still only 557 publications in the first 
decade of the twenty-first century. Approximately 75% of all the articles about 
endophytes retrieved by the survey (3043 articles published from 1945 to 2019) 
were published in the last 10 years (2279 articles between 2010 and 2019). The 
discovery of the importance of endophytes in nature has captured the attention of 
researchers and brought a wide prospective for research and applied perspectives.

Although scientific knowledge about these microorganisms is relatively recent, 
investigations have highlighted their remarkable diversity and wide distribution. 
Hundreds of species of endophytic fungi may inhabit a given host plant, with their 
richness being influenced by the phylogeny, ontogeny, and organs, among other fac-
tors, of the host species (Arnold et al. 2000; Cannon and Simmons 2002; Arnold and 
Herre 2003; Arnold and Lutzoni 2007; Banerjee 2011; Oki et al. 2016; Griffin and 
Carson 2018). The high diversity of endophytes indicates a wide variety of 

Fig. 6.1 Number of articles found in the Web of Science database (1945 to 2020) published with 
the term “endophytic fungi” per year and cumulatively
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relationships with host plants and possibly a large number of ecological functions as 
well (Caruso et al. 2020). In this chapter we focus on the diversity and distribution 
of endophytic fungi found in association with species of Baccharis, a genus of 
shrubs and herbs that occupy many different habitats and ecosystems in their native 
range in the Americas, and highlight their ecological and economic potential.

2  Distribution and Diversity of Endophytic Fungi of Species 
of Baccharis

Despite there being 422 described species in the genus Baccharis, the associated 
endophytic fungal community is known for only 5: Baccharis artemisioides, 
B. coridifolia, B. dracunculifolia, B. megapotamica, and B. trimera (Table  6.1) 
(Heiden and Pirani 2016, see also Chap. 2 in this book). Nevertheless, 31 genera of 
endophytic fungi have already been reported from these 5 species: Alternaria, 
Aureobasidium, Acremonium, Aspergillus, Biscogniauxia, Ceratopicnidium, 
Cercospora, Chaetomium, Cladosporium, Cochliobolus, Colletotrichum, 
Coriolopsis, Cylindrocladium, Diaporthe, Epicoccum, Eutypella, Fusarium, 
Glomerella, Myrothecium, Nigrospora, Penicillium, Phoma, Phomopsis, Podospora, 
Preussia, Rhizoctonia, Talaromyces, Trichoderma, Scopulariopsis, Sporormiella, 
and Xylaria (Table 6.1). Even though none of these fungus genera were reported in 
all five Baccharis species, there are similarities among these plant species. Baccharis 
dracunculifolia and B. trimera were found to have the most similar endophytic 
fungi communities, sharing the following seven genera (Jaccard Index = 33%): 
Chaetomium, Diaporthe, Nigrospora, Phoma, Phomopsis, Preussia, and Xylaria 
(Fig. 6.2). Of the genera of endophytic fungi known for species of Baccharis, only 
24 taxa have been identified to the species level: Aureobasidium pullulans, 
Aureobasidium melanogenum, Aspergillus versicolor, Aspergillus spinulosporus, 
Ceratopicnidium baccharidicola, Cladosporium cladosporioides, Cladosporium 
halotolerans, Cladosporium endophytica, Cochliobolus lunatus, Coriolopsis rigida, 
Diaporthe phaseolorum, Epicoccum nigrum, Eutypella scoparia, Myrothecium ver-
rucaria, Myrothecium roridum, Penicillium citrinum, Preussia africana, Preussia 
pseudominima, Talaromyces muroii, Trichoderma reesei, Xylaria adscendens, 
Xylaria apiculata, and Xylaria venosula. Thus, the possibility exists for the descrip-
tion of unknown fungal species associated with Baccharis spp. and evidence of 
coevolution events.

Currently, the most studied species of Baccharis is B. dracunculifolia, with 24 
endophytic fungus genera reported in 5 published studies: Aureobasidium, 
Acremonium, Aspergillus, Biscogniauxia, Cercospora, Chaetomium, Cladosporium, 
Colletotrichum, Coriolopsis, Cylindrocladium, Diaporthe, Eutypella, Fusarium, 
Glomerella, Nigrospora, Penicillium, Phoma, Phomopsis, Preussia, Rhizoctonia, 
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Table 6.1 Taxa of endophytic fungi found among species of Baccharis.

Endophytic 
genera Endophytic taxa Host plants References

Alternaria Alternaria sp. Baccharis trimera Vieira et al. (2014)
Aureobasidium Aureobasidium 

pullulans
Baccharis 
dracunculifolia

Oki et al. (2009, 2020)

Acremonium Acremonium sp. Baccharis 
dracunculifolia

Cuzzi et al. (2012)

Acremonium sp. strain 
D5-FB

Baccharis 
dracunculifolia

Onofre and Steilmann (2012)

Aspergillus Aspergillus sp. Baccharis 
dracunculifolia

Cuzzi et al. (2012)

Aspergillus sp. strain 
D2-NC

Baccharis 
dracunculifolia

Onofre and Steilmann (2012)

Biscogniauxia Biscogniauxia sp. Baccharis 
dracunculifolia

Fernandes et al. (2018)

Ceratopicnidium Ceratopicnidium 
baccharidicola

Baccharis 
coridifolia

Rizzo et al. (1997)

Ceratopicnidium 
baccharidicola

Baccharis 
artemisioides

Rizzo et al. (1997)

Cercospora Cercospora sp. strain 
D7-FB

Baccharis 
dracunculifolia

Onofre and Steilmann (2012)

Chaetomium Chaetomium sp. Baccharis trimera Vieira et al. (2014)
Chaetomium sp. Baccharis 

dracunculifolia
Cuzzi et al. (2012)

Cladosporium Cladosporium 
cladosporioides

Baccharis 
dracunculifolia

Oki et al. (2009)

Cladosporium 
halotolerans

Baccharis 
dracunculifolia

Fernandes et al. (2018)

Cochliobolus Cochliobolus lunatus Baccharis trimera Vieira et al. (2014)
Colletotrichum Colletotrichum sp. Baccharis 

dracunculifolia
Cuzzi et al. (2012)

Colletotrichum sp. 
strain D4-FB

Baccharis 
dracunculifolia

Onofre and Steilmann (2012)

Coriolopsis Coriolopsis rigida Baccharis 
dracunculifolia

Fernandes et al. (2018)

Cylindrocladium Cylindrocladium sp. Baccharis 
dracunculifolia

Cuzzi et al. (2012)

Cylindrocladium sp. 
strain D8-FB

Baccharis 
dracunculifolia

Onofre and Steilmann (2012)

(continued)
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Table 6.1 (continued)

Endophytic 
genera Endophytic taxa Host plants References

Diaporthe Diaporthe 
phaseolorum

Baccharis trimera Vieira et al. (2014)

Diaporthe sp. Baccharis trimera Vieira et al. (2014)
Epicoccum Epicoccum nigrum Baccharis trimera Vieira et al. (2014)

Epicoccum sp. Baccharis trimera Vieira et al. (2014)
Fusarium Fusarium sp. Baccharis 

dracunculifolia
Cuzzi et al. (2012)

Fusarium sp. strain 
D3-FB

Baccharis 
dracunculifolia

Onofre and Steilmann (2012)

Glomerella Glomerella sp. Baccharis 
dracunculifolia

Cuzzi et al. (2012)

Myrothecium Myrothecium 
verrucaria

Baccharis 
coridifolia

Jarvis et al. (1987)

Myrothecium roridum Baccharis 
coridifolia

Jarvis et al. (1987)

Myrothecium roridum Baccharis 
megapotamica

Jarvis et al. (1987)

Nigrospora Nigrospora sp. Baccharis trimera Vieira et al. (2014)
Nigrospora sp. Baccharis 

dracunculifolia
Oki et al. (2009)

Nigrospora sp. Baccharis 
dracunculifolia

Cuzzi et al. (2012)

Penicillium Penicillium sp. Baccharis 
dracunculifolia

Cuzzi et al. (2012)

Penicillium sp. Baccharis 
dracunculifolia

Oki et al. (2009)

Pestalotiopsis Pestalotiopsis sp. Baccharis trimera Vieira et al. (2014)
Phoma Phoma sp. Baccharis trimera Vieira et al. (2014)
Phomopsis Phomopsis sp. Baccharis 

dracunculifolia
Oki et al. (2009)

Phomopsis sp. Baccharis trimera Vieira et al. (2014)
Phomopsis sp. Baccharis 

dracunculifolia
Cuzzi et al. (2012)

Phomopsis sp. strain 
D10-NC

Baccharis 
dracunculifolia

Onofre and Steilmann (2012)

Podospora Podospora sp. Baccharis trimera Vieira et al. (2014)

(continued)
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Talaromyces, Trichoderma, Scopulariopsis, and Xylaria. The species of endophytic 
fungi known for B. dracunculifolia are Aureobasidium pullulans, Aureobasidium 
melanogenum, Aspergillus versicolor, Aspergillus spinulosporus, Cladosporium 
cladosporioides, Cladosporium halotolerans, Cladosporium endophytica, 
Coriolopsis rigida, Diaporthe phaseolorum, Eutypella scoparia, Penicillium citri-
num, Preussia africana, Talaromyces muroii, Trichoderma reesei, Xylaria adscen-
dens, Xylaria apiculata, and Xylaria venosula (Figs. 6.3 and 6.4). Many of these 
species (e.g., A. pullulans, P. africana, and X. venosula) play important ecological 
roles such as improving their hosts’ defenses against herbivores and 
phytopathogens.

All together, these results indicate that the taxonomic diversity of endophytic 
fungi associated with species of Baccharis is enormous and likely underestimated. 
The array of functions associated with interactions between endophytic fungi and 

Table 6.1 (continued)

Endophytic 
genera Endophytic taxa Host plants References

Preussia Preussia africana Baccharis 
dracunculifolia

Oki et al. (2009); Fernandes 
et al. (2018), Oki et al. (2021)

Preussia africana Baccharis trimera Vieira et al. (2014)
Preussia 
pseudominima

Baccharis trimera Vieira et al. (2014)

Preussia sp. Baccharis trimera Vieira et al. (2014)
Preussia sp. Baccharis 

dracunculifolia
Fernandes et al. (2018)

Rhizoctonia Rhizoctonia sp. Baccharis 
dracunculifolia

Oki et al. (2009)

Trichoderma Trichoderma sp. Baccharis 
dracunculifolia

Cuzzi et al. (2012)

Trichoderma reesei Baccharis 
dracunculifolia

Onofre et al. (2014)

Scopulariopsis Scopulariopsis sp. Baccharis 
dracunculifolia

Cuzzi et al. (2012)

Sporormiella Sporormiella sp. Baccharis trimera Vieira et al. (2014)
Xylaria Xylaria sp. Baccharis 

dracunculifolia
Oki et al. (2009)

Xylaria sp. Baccharis 
dracunculifolia

Fernandes et al. (2018)

Xylaria sp. Baccharis trimera Vieira et al. (2014)
Xylaria apiculate Baccharis 

dracunculifolia
Fernandes et al. (2018)

Xylaria venosula Baccharis 
dracunculifolia

Oki et al. (2009), Fernandes 
et al. (2018), Oki et al. (2021)
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Baccharis hosts is also expected to be very large. Thus, there is a broad perspective 
for future studies to address, besides their biotechnological importance, the phylo-
genetic relationships of endophytes and hosts and the evolution and stability of 
associations across species and habitats.

3  Leaf Age, Plant Sex, and the Endophytic 
Fungus Community

The richness of endophytic fungi found among Baccharis spp. varies according to 
plant organ (Oki et al. 2009; Jia et al. 2016) and organ age (Arnold and Herre 2003; 
Fernandes et  al. 2011; Sanchez-Azofeifa et  al. 2012; Nascimento et  al. 2015; 
Christian et al. 2019). For instance, endophytic fungus richness in mature leaves of 
B. dracunculifolia was seven times higher than that of leaves of intermediate age 
growing at high altitudes of Serra do Cipó, Brazil. No endophytic fungi were found 
in young leaves (Oki et al. 2008).

Another relevant factor that can affect the composition of endophytic mycota, 
particularly in the genus Baccharis, is host plant gender. The endophytic fungi 
found exclusively in female plants of B. dracunculifolia did not develop from 

Fig. 6.2 Diagram showing fungal genera associated and shared among Baccharis dracunculifolia, 
Baccharis trimera, Baccharis artemisioides, Baccharis coridifolia, and Baccharis megapotamica
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Fig. 6.3 Endophytic fungus genera found for Baccharis dracunculifolia (Asteraceae): (a) Xylaria 
adscendens (Xylariaceae); (b) Biscogniauxia sp. (Xylariaceae); (c) Preussia africana 
(Sporormiaceae); (d) Aureobasidium pullulans (Dothioraceae); (e) Cladosporium endophytica 
(Cladosporiaceae); (f) Phomopsis sp. (Diaporthaceae); (g) Penicillium citrinum (Trichocomaceae); 
(h) Xylaria venosula (Xylariaceae); (i) Diaporthe phaseolorum (Diaporthaceae); (j) Nigrospora 
sp. (Trichosphaeriaceae); (k) Phoma sp. (Didymellaceae); (l) Fusarium sp. (Nectriaceae); (m) 
Aureobasidium melanogenum (Dothioraceae); (n) Aspergillus versicolor (Trichocomaceae); (o) 
Acremonium sp. (Hypocreaceae)

Y. Oki et al.
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extracts from male individuals of the same species (Fernandes et  al. 2018). It is 
likely that chemical differences between female and male plants (Darwin 1877; 
Wallace and Rundel 1979; Van Etten et al. 2008) determine the endophytic species 
that are capable of co-inhabiting these plants. Generally, female plants invest less in 
growth and more in resistance against herbivory than male plants (Wallace and 

Fig. 6.4 Endophytic fungi of the family Xylariaceae found in leaves of Baccharis dracunculifolia 
(Asteraceae)
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Rundel 1979; Herms and Mattson 1992; Van Etten et al. 2008) (but see Chap. 4). 
Nonetheless, these questions remain to be fully addressed in this system.

4  Untapped Potential of Endophytic Fungi: Enzymes 
and Bioactive Compounds

 Enzymes

Despite the high diversity of endophytic fungi found among species of Baccharis, 
knowledge regarding their enzymatic makeup is scarce. This knowledge gap under-
mines a better understating of the physiological relationships between endophytes 
and their hosts (Sun et al. 2011) and their potential for industrial application (Côrrea 
et al. 2014). Endophytic fungi, such as species of the genus Xylaria, have a high 
production of enzymes such as cellulases and ligninases, which can degrade impor-
tant components of plant cell walls (e.g., cellulose and lignin) (Carroll and Carroll 
1978). These enzymes could assist in the decomposition of fallen leaves and pro-
mote nutrient cycling in nature. The accumulation of endophytic fungi themselves 
in leaves as age progresses (e.g., Fernandes et  al. 2011; Sanchez-Azofeifa et  al. 
2012; Nascimento et al. 2015; Christian et al. 2019) seems to be important and in 
need of further evaluation, as well as the relevance of these fungi to key ecosystem 
functions such as decomposition.

The endophyte Aureobasidium pullulans found in B. dracunculifolia can pro-
duce lipases that belong to the class of serine hydrolases and do not need the pres-
ence of cofactors in order to act, unlike most extracellular enzymes of microbial 
origin (Nascimento 2010). The biological function of lipases is to hydrolyze triglyc-
erides to form free fatty acids, mono- and diacylglycerols and glycerol (Kwon and 
Rhee 1986; Berger and Schnelder 1992; Bornscheuer 1995; Carvalho et al. 2003). 
Currently, lipases are of great interest to food (e.g., aroma improvement, food con-
servation, reduction of saturated fat), agricultural (e.g., herbicide synthesis), energy 
(e.g., biodiesel and hydrocarbon production), pharmaceutical (e.g., digestive aid), 
and cosmetics (e.g., active ingredient in the formulation and synthesis of specific 
cosmetics) industries, among others (Höfelmann et al. 1985; Cortez et al. 2017). 
Lipases can also play an important role in plant defense since lipids and lipid metab-
olites released in plant membranes function as signal molecules in the activation of 
plant defense responses (Shah 2005).

Recent studies have also indicated that some strains of endophytic fungi, such as 
Fusarium sp. and Cercospora sp. in B. dracunculifolia, can produce phenoloxidases 
that are capable of degrading phenolic compounds such as petroleum hydrocarbons 
and industrial effluents (Onofre and Steilmann 2012). These are important findings 
for bioremediation initiatives since these contaminants can be found at ca. 35 mil-
lion metric tons per year in the oceans (Rosenberg and Ron 1996). These contami-
nants severely impact marine biodiversity over a time span of decades and even 
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centuries (Goldberg and Bertine 2000; Pinheiro et al. 2019; Magris and Giarizzo 
2020). Much of this contamination comes from oil in municipal and industrial waste 
and runoff, leaks in pipelines and storage tanks, and sewage and ballast water dis-
charge (Telli Karakoç and Ediger 2020; Pokazeev et al. 2021).

Many endophytic fungi have proven to be excellent bioremediators of heavy 
metals that can harm human health, such as arsenic. Some of these endophytes are 
resistant to arsenic and arsenate and possess the ability to transform them into vola-
tile arsenic gases (Páez-Espino et al. 2009). Aspergillus, Cladosporium, Fusarium, 
Penicillium, and Trichoderma are some of the endophytic fungus genera known for 
their bioremediation potential. They are frequently found in plants that have toler-
ance to, or the ability to bioaccumulate, heavy metals (Deng et  al. 2014). 
Coincidentally, these fungus genera are also found among species of Baccharis, 
mainly B. dracunculifolia. Baccharis dracunculifolia has been shown to have great 
phytostabilization potential for areas contaminated with arsenic (Gilberti et  al. 
2014). This phytostabilization potential is likely associated with the endophytic 
fungi in this species; however, no studies have evaluated this relationship.

 Endophytic Fungi as a Source of Bioactive Compounds

Endophytic fungi represent a promising source of natural bioactive products. 
Researchers around the world have been intrigued by the diversity of secondary 
compounds produced by endophytic fungi and by the similarity between the metab-
olites produced by endophytic fungi and their host plants (Kusari et al. 2013). This 
similarity in the production of secondary compounds may be due to several factors, 
including (1) host plant metabolism being induced by the fungus; (2) fungus metab-
olism being induced by the host plant; (3) fungus sharing specific biosynthesis path-
ways with the host plant; and (4) host plant being able to metabolize substances of 
fungal origin or vice versa (e.g., Ludwig-Müller 2015).

Among the best-known examples of bioactive compounds produced by endo-
phytic fungi is palictaxel (commercialized as Taxol) produced by Taxomyces andre-
anae from the medicinal tree Taxus brevifolia (Stierle et al. 1993). Palictaxel is one 
of the most effective chemotherapeutic compounds used in the treatment of various 
types of cancer (i.e., ovary, breast, and lung) (Stierle et  al. 1993, see Chap. 18). 
Before this discovery, the supply of this diterpenic substance was limited to the 
slow-growing barks of T. brevifolia that grow in moist soils close to lakes and rivers 
in some regions of the Pacific Northwest (Guchelaar et al. 1994). Thus, the possibil-
ity of extracting palictaxel from T. andreanae significantly reduced the production 
costs of this compound and increased its supply and availability. In addition, other 
species of endophytic fungi have also been reported to produce palictaxel in plant 
species of the genera Taxus and Podocarpus and even in Ginkgo biloba (Zhao et al. 
2010; Naik 2019). One of these endophytic fungi is Cladosporium cladosporioides 
isolated from Taxus media (Zhang et al. 2009), which, coincidentally, is also found 
in B. dracunculifolia, although there is no information on whether it produces 
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palictaxel. Future studies could attempt to propagate this fungus species from 
B. dracunculifolia and isolate its products to evaluate if the chemotherapeutic palic-
taxel is also produced by C. cladosporioides when it occurs in different host plant 
species. Such studies would generate a cascade of interesting and innovative inves-
tigations of major economic and medical relevance.

Among the endophytic fungi most frequently found among species of Baccharis, 
the genera Xylaria and Preussia deserve to be highlighted with regard to their 
metabolism. Species of Xylaria are known to produce several chemical constituents 
of the terpene class (Smith et al. 2002), xanthones (Healy et al. 2004), cyclopeptides 
(Huang et al. 2007), and xyloketals (Lin et al. 2001), among others. Species of this 
genus are found in other plant species of the family Asteraceae and are known for 
their inhibitory activity against phytopathogens such as Penicillium expansum 
(Bleicher and Bernardi 1985; Costa and Veiga 1996) and Aspergillus niger (Lock 
1962; Santos et al. 2010). Furthermore, species of the genus Preussia are known to 
produce the metabolite preussomerin A, which is active against pathogens (Chen 
et al. 2009). A variety of substances produced by Preussia spp. have been identified 
in the last 10 years, including coumarins (Gonzalez-Menendez et al. 2017), anthra-
quinones (Gonzalez-Menendez et  al. 2017), chronomes (Zhang et  al. 2012; 
Gonzalez-Menendez et al. 2017), and preussochromones (Zhang et al. 2012). Some 
preussochromones have shown activity against lung cancer cell lines (Zhang 
et al. 2012).

Unfortunately, knowledge about the metabolites produced by endophytic fungi 
of species of Baccharis is still incipient and restricted to the endophytes found in 
B. megapotamica, B. coridifolia, and B. dracunculifolia. For instance, B. megapota-
mica and B. coridifolia produce certain macrocyclic trichothecenes, which are also 
produced by their endophytic fungi Myrothecium verrucaria and Myrothecium rori-
dum (Jarvis et al. 1987, see Chaps. 14 and 15). These substances have been respon-
sible for causing the death of cattle through necrosis of their ruminal epithelium and 
some lymphoid tissues (Varaschin et al. 1998, see also Chap. 15). On the other hand, 
some of these trichothecenes have been reported as effective in the treatment of 
lymphocytic leukemia (Kupchan et al. 1976; Jarvis et al. 1987, Carvalho et al. 2016, 
see also Chap. 14).

Among the endophytic fungi found in B. dracunculifolia, A. pullulans and 
Xylaria venosula stand out for the production of phenols and triterpenes, while 
Preussia africana for fatty acids (Oki et al. 2016, 2021). Chromatographic analysis 
showed that a group of triterpenes found in extracts from A. pullulans was similar 
to those found in B. dracunculifolia.

In addition, host plant metabolism can induce endophytic fungi of different gen-
era and classes to produce similar secondary compounds (Ludwig-Müller 2015). A 
study with endophytic fungi of species of Baccharis revealed that a group of triter-
penes present in extracts of A. pullulans was similar to those found in extracts of 
X. venosula (Oki et al. 2021). This similarity in the production of secondary com-
pounds between different genera of endophytic fungi from the same plant species 
indicates a synergistic biochemical relationship between fungus species. 
Explanations for these findings include (1) endophytes sharing specific biosynthesis 
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pathways with the host plant, and (2) endophytes producing the same secondary 
compounds as the host plant (see Ludwig-Müller 2015; Stierle and Stierle 2015). 
Aureobasidium pullulans is also used in the production of aureobasidin A, a cyclic 
peptide substance that has antifungal properties (Takesako et al. 1993). This fungus 
also releases volatile organic compounds that are capable of suppressing the growth 
of phytopathogens (Don et al. 2020).

Due to its arsenal of secondary metabolites, A. pullulans has been considered an 
effective biological control agent against several phytopathogenic fungi that affect 
numerous agricultural crops, including Alternaria alternata (Don et  al. 2020), 
Botrytis cinerea (Di Francesco et  al. 2015; Don et  al. 2020; Oki et  al. 2021), 
Colletotrichum acutatum (Di Francesco et al. 2015; Oki et al. 2021), Neofusicoccum 
parvum (Rusin et al. 2019), Penicillium digitatum (Di Francesco et al. 2015; Oki 
et al. 2021), Penicillium expansum (Di Francesco et al. 2015), Penicillium italicum 
(Di Francesco et  al. 2015), and Rhizoctonia solani (Di Francesco et  al. 2020). 
Aureobasidium pullulans is also highlighted for stimulating the growth of beans and 
soybean (Di Francesco et al. 2020), which may be attributed to improving host plant 
nitrogen fixation or a greater release of hormones such as auxins, gibberellins, and 
cytokinins by A. pullulans (Ali et al. 2019). Furthermore, this fungus can improve 
plant resistance in soil with heavy metals through the release of enzymes that assist 
in reducing metal absorption and enhance the plant’s antioxidant system (Ali 
et al. 2019).

5  Endophytic Fungi-Baccharis-Herbivore Interaction

Some endophytic mycota (i.e., A. pullulans, P. africana, and X. venosula) from 
B. dracunculifolia can produce secondary compounds that reduce the survival of 
herbivores such as the aphid Uroleucon erigeronensis (Oki et al. 2021). On the other 
hand, a study with B. dracunculifolia leaf buds indicated that herbivory can be a 
gateway for endophytic fungi through horizontal transmission (Fernandes 
et al. 2018).

Although herbivores often favor the infection of the host plant with endophytic 
fungi, this was not found to be the case for galling insects on Baccharis reticularia. 
Individuals of B. reticularia with and without galls showed no difference in endo-
phytic fungus richness (Formiga 2013). However, a higher richness of endophytic 
fungi was found in gall samples that had a higher content of nitrogen and potassium 
(Formiga 2013). Nevertheless, a relationship between endophytic fungus richness 
and nitrogen and phosphorus content was not observed. These results suggest that 
endophytes can increase the nutritional status of galled plants by improving plant 
vigor and reducing the effects of gall infestation (Formiga 2013). This mutualistic 
relationship has not been reported so far in the literature and certainly needs further 
studies.

All together, these findings suggest that although endophytic fungi are often 
imperceptible inside plants, they are important mediators in the relationships 
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between herbivores and their host plants and apparently very important among spe-
cies of the genus Baccharis.

6  Climate Change and Endophytic Fungus Diversity

Growing concerns about the impacts that climate change will have on endophytes 
have increased research interest in this group with searches for strategies that could 
mitigate these effects. Recent studies on the endophytes of B. dracunculifolia and 
Baccharis platypoda grown under increased CO2 concentration did not find differ-
ences in mycota richness (Oki et al. 2020). On the other hand, endophytic commu-
nity composition changed by 50% when compared to individual plants developed 
under conditions of ambient CO2 (Oki et al. 2016). Thus, several species of endo-
phytic fungi that play fundamental roles in plant performance and resistance may 
disappear or be replaced by other species of unknown functional roles. These 
changes in species composition are associated with structural and chemical changes 
(Sanchez-Azofeifa et al. 2012) that may occur in plants under increased CO2 con-
centration, such as increased biomass, greater leaf thickness, and higher phenolic 
content, among other aspects (Oki et al. 2020). Despite these recent studies of endo-
phytic fungi under conditions of predicted climate change, there is still no clear 
long-term notion of the impacts that increased atmospheric CO2 concentration 
might exert on the symbiosis between endophytic fungi and their host plants.

7  Final Considerations and Ways Forward

Despite the limited number of studies on endophytic fungus communities of species 
of Baccharis, this chapter has shown how relevant these microorganisms are to 
ecological relationships, as well as their great potential in industrial research and 
developments involving their bioactive compounds. Further investigations into the 
diversity of endophytic fungi among species of Baccharis are needed to better 
understand the phylogenetic, ecological, and metabolic relationships among them, 
as well as their prevalence under certain environmental conditions. The relationship 
between endophyte and host attributes is also of major relevance, and the Baccharis 
system represents an interesting system to be evaluated in this regard. Some of these 
aspects could be intrinsic to the host plant (e.g., genetics, sex, age, resistant/suscep-
tibility) or of the environment (e.g., seasonality, microhabitat conditions, climate 
change influence). The association between a host plant and its endophytes may be 
subject to certain genetic expressions that can vary seasonally and/or spatially 
(Faeth 2002, Mejía et al. 2014). Another relevant aspect yet to be studied in detail is 
the ability of endophytic fungi to signal one another triggering silent biosynthetic 
pathways (Scherlach and Hertweck 2009). Understanding these very interesting 
relationships and their intrinsic and extrinsic factors would certainly contribute to 

Y. Oki et al.



165

solidifying knowledge of endophytic fungi and contribute to better exploration of 
their potential uses for industrial/pharmaceutical purposes.

Acknowledgments We thank for CNPq, FAPEMIG, Planta and CAPES for grants and scholar-
ships to the authors.

References

Ali A, Bilal S, Khan AL, Mabood F, Al-Harrasi A, Lee IJ (2019) Endophytic Aureobasidium pullu-
lans BSS6 assisted developments in phytoremediation potentials of Cucumis sativus under Cd 
and Pb stress. J Plant Interact 14:303–313. https://doi.org/10.1080/17429145.2019.1633428

Arnold AE, Herre EA (2003) Canopy cover and leaf age affect colonization by tropical fungal 
endophytes: ecological pattern and process in Theobroma cacao (Malvaceae). Mycologia 
95:388–398. https://doi.org/10.1080/15572536.2004.11833083

Arnold AE, Lutzoni F (2007) Diversity and host range of foliar fungal endophytes: are tropical 
leaves biodiversity hotspots? Ecology 88:541–549

Arnold AE, Maynard Z, Gilbert GS, Coley PD, Kursar TA (2000) Are tropical fungal endophytes 
hyperdiverse? Ecol Lett 3:267–274

Banerjee D (2011) Endophytic fungal diversity in tropical and subtropical plants. Res J 
Microbiol 6:54–62

Behie SW, Bidochka MJ (2014) Nutrient transfer in plant–fungal symbioses. Trends Plant Sci 
19:734–740. https://doi.org/10.1016/j.tplants.2014.06.007

Berger M, Schnelder MP (1992) Enzymatic esterification of glycerol II. Lipase-catalyzed synthe-
sis of regioisomerically pure 1 (3)-rac-monoacylglycerols. J Am Oil Chem Soc 69:961–965

Bilal S, Shahzad R, Imran M, Jan R, Kim KM, Lee IJ (2020) Synergistic association of endo-
phytic fungi enhances Glycine max L. resilience to combined abiotic stresses: heavy met-
als, high temperature and drought stress. Ind Crop Prod 143:1–10. https://doi.org/10.1016/j.
indcrop.2019.111931

Bleicher J, Bernardi J (1985) Podridões da maçã e seu controle na pós-colheita. Technical Bulletin. 
Empresa Catarinense de Pesquisa Agropecuária (EMPASC), Florianópolis, 24 p

Bornscheuer UT (1995) Lipase-catalyzed syntheses of monoacylglycerols. Enzym Microb Technol 
17:578–586

Breen JP (1992) Temperature and seasonal effects on expression of Acremonium endophyte- 
enhanced resistance to Schizaphis graminum (Homoptera: Aphididae). Environ Entomol 
21:68–74. https://doi.org/10.1093/ee/21.1.68

Breen (1993) Enhanced resistance to three species of aphids (Homoptera: Aphididae) in 
Acremonium endophyte-infected turf grasses. J Econ Entomol 86:1279–1286. https://doi.
org/10.1093/jee/86.4.1279

Breen JP (1994) Acremonium endophyte interactions with enhanced plant resistance to insects. 
Annu Rev Entomol 86:401–423. https://doi.org/10.1146/annurev.en.39.010194.002153

Cannon PF, Simmons CM (2002) Diversity and host preference of leaf endophytic fungi in the 
Iwokrama Forest Reserve, Guyana. Mycologia 94:210–220

Carroll GC, Carroll FE (1978) Studies on the incidence of coniferous needle endophytes in the 
Pacific NorthWest. Can J Bot 56:3034–3043. https://doi.org/10.1139/b78- 367

Caruso G, Abdelhamid MT, Kalisz A, Sekara A (2020) Linking endophytic fungi to medici-
nal plants therapeutic activity. A case study on Asteraceae. Agriculture 10:1–23. https://doi.
org/10.3390/agriculture10070286

Carvalho PDO, Campos PRB, Noffs MDA, Oliveira JGD, Shimizu MT, Silva DMD (2003) 
Application of microbial lipases to concentrate polyunsaturated fatty acids. Quim Nova 
26:75–80

6 Endophytic Fungi of Baccharis

https://doi.org/10.1080/17429145.2019.1633428
https://doi.org/10.1080/15572536.2004.11833083
https://doi.org/10.1016/j.tplants.2014.06.007
https://doi.org/10.1016/j.indcrop.2019.111931
https://doi.org/10.1016/j.indcrop.2019.111931
https://doi.org/10.1093/ee/21.1.68
https://doi.org/10.1093/jee/86.4.1279
https://doi.org/10.1093/jee/86.4.1279
https://doi.org/10.1146/annurev.en.39.010194.002153
https://doi.org/10.1139/b78-367
https://doi.org/10.3390/agriculture10070286
https://doi.org/10.3390/agriculture10070286


166

Carvalho MP, Weich H, Abraham WR (2016) Macrocyclic trichothecenes as antifun-
gal and anticancer compounds. Curr Med Chem 23:23–35. https://doi.org/10.217
4/0929867323666151117121521

Chen X, Shi Q, Lin G, Guo S, Yang J (2009) Spirobisnaphthalene analogues from the endophytic 
fungus Preussia sp. J Nat Prod 72:1712–1725. https://doi.org/10.1021/np900302w

Christian N, Herre EA, Clay K (2019) Foliar endophytic fungi alter patterns of nitrogen uptake 
and distribution in Theobroma cacao. New Phytol 222:1573–1583. https://doi.org/10.1111/
nph.15693

Corrêa RCG, Rhoden SA, Mota TR, Azevedo JL, Pamphile JA, Souza CGM, Polizeli MLTM, 
Bracht A, Peralta RM (2014) Endophytic fungi: expanding the arsenal of industrial enzyme pro-
ducers. J Ind Microbiol Biotechnol 41:1467–1478. https://doi.org/10.1007/s10295- 014- 1496- 2

Cortez DV, Castro HFD, Andrade GS (2017) Potencial catalítico de lipases ligadas ao micélio de 
fungos filamentosos em processos de biotransformação. Quim Nova 40:85–96

Costa IFD, Veiga P (1996) Inibição do desenvolvimento de Penicillium expansum (Link) 
Thom. por fungicidas, in  vitro. Ciênc Rural 26:357–360. https://doi.org/10.1590/
S0103- 84781996000300002

Cuzzi C, Link S, Vilani A, Sartori C, Onofre SB (2012) Endophytic fungi of the “vassourinha” 
(Baccharis dracunculifolia D. C. – Asteraceae). Rev Bras Bioci 10:135–139

Darwin C (1877) The various contrivances by which orchids are fertilised by insects. John Murray
Deng Z, Zhang R, Shi Y, Hu L, Tan H, Cao L (2014) Characterization of Cd-, Pb-, Zn-resistant 

endophytic Lasiodiplodia sp. MXSF31 from metal accumulating Portulaca oleracea and its 
potential in promoting the growth of rape in metal-contaminated soils. Environ Sci Pollut Res 
21:2346–2357

Di Francesco A, Ugolini L, Lazzeri L, Mari M (2015) Production of volatile organic compounds 
by Aureobasidium pullulans as a potential mechanism action against postharvest fruit patho-
gens. Biol Control 81:8–14. https://doi.org/10.1016/j.biocontrol.2014.10.004

Di Francesco A, Zajc J, Gunde-Cimerman N, Aprea E, Gasperi F, Placì N, Caruso F, Baraldi 
E (2020) Bioactivity of volatile organic compounds by Aureobasidium species against gray 
mold of tomato and table grape. World J Microb Biotechnol 36:1–11. https://doi.org/10.1007/
s11274- 020- 02947- 7

Don SY, Schmidtke LM, Gambetta JM, Steel CC (2020) Aureobasidium pullulans volati-
lome identified by a novel, quantitative approach employing SPME-GC-MS, suppressed 
Botrytis cinerea and Alternaria alternata in vitro. Sci Rep 10:4498. https://doi.org/10.1038/
s41598- 020- 61471- 8

Faeth SH (2002) Are endophytic fungi defensive plant mutualists? Oikos 98:25–36. https://doi.
org/10.1034/j.1600- 0706.2002.980103.x

Faeth SH, Fagan WF (2002) Fungal endophytes: common host plant symbionts but uncommon 
mutualists. Integr Comp Biol 42:360–368. https://doi.org/10.1093/icb/42.2.360

Faeth SH, Hammon KE (1997) Fungal endophytes in oak trees: long-term patterns of abundance 
and associations with leafminers. Ecology 78:810–819

Fernandes GW, Price PW (1992) The adaptive significance of insect gall distribution: survivorship 
of species in xeric and Mesic habitats. Oecologia 90:14–20

Fernandes GW, Oki Y, Sanchez-Azofeifa A, Faccion G, Amaro-Arruda HC (2011) Hail impact on 
leaves and endophytes of the endemic threatened Coccoloba cereifera (Polygonaceae). Plant 
Ecol 212:1687–1697. https://doi.org/10.1007/s11258- 011- 9941- z

Fernandes GW, Oki Y, Belmiro MS, Resende FM, Correa AC Jr, Azevedo JL (2018) Multitrophic 
interactions among fungal endophytes, bees, and Baccharis dracunculifolia: resin tapering for 
propolis production leads to endophyte infection. Arthropod Plant Interact 12:329–337. https://
doi.org/10.1007/s11829- 018- 9597- x

Formiga A (2013) Distribuição temporal e respostas celulares de  Baccharis reticu-
laria  DC. (Asteraceae) a interações bióticas. PhD Thesis, Universidade Federal de Minas 
Gerais, Belo Horizonte, Brazil

Y. Oki et al.

https://doi.org/10.2174/0929867323666151117121521
https://doi.org/10.2174/0929867323666151117121521
https://doi.org/10.1021/np900302w
https://doi.org/10.1111/nph.15693
https://doi.org/10.1111/nph.15693
https://doi.org/10.1007/s10295-014-1496-2
https://doi.org/10.1590/S0103-84781996000300002
https://doi.org/10.1590/S0103-84781996000300002
https://doi.org/10.1016/j.biocontrol.2014.10.004
https://doi.org/10.1007/s11274-020-02947-7
https://doi.org/10.1007/s11274-020-02947-7
https://doi.org/10.1038/s41598-020-61471-8
https://doi.org/10.1038/s41598-020-61471-8
https://doi.org/10.1034/j.1600-0706.2002.980103.x
https://doi.org/10.1034/j.1600-0706.2002.980103.x
https://doi.org/10.1093/icb/42.2.360
https://doi.org/10.1007/s11258-011-9941-z
https://doi.org/10.1007/s11829-018-9597-x
https://doi.org/10.1007/s11829-018-9597-x


167

Gilberti L, Menezes A, Rodrigues AC, Fernandes GW, Berbara RLL, Marota HB (2014) Effects 
of arsenic on the growth, uptake and distribution of nutrients in the tropical species Baccharis 
dracunculifolia DC (Asteraceae). J Toxicol Sci 2014:1–18

Goldberg ED, Bertine KK (2000) Beyond the mussel watch—new directions for monitoring 
marine pollution. Sci Total Environ 247:165–174

Gonzalez-Menendez V, Martin J, Siles JA, Gonzalez-Tejero MR, Reyes F, Platas G, Tormo JR, 
Genillour O (2017) Biodiversity and chemotaxonomy of Preussia isolates from the Iberian 
Peninsula. Mycol Prog 16:713–728. https://doi.org/10.1007/s11557- 017- 1305- 1

Griffin EA, Carson WP (2018) Tree endophytes: cryptic drivers of tropical forest diversity. 
In: Pirttilä A, Frank A (eds) Endophytes of Forest trees. Springer, pp  63–103. https://doi.
org/10.1007/978- 3- 319- 89833- 9_4

Grunseich JM, Thompson MN, Aguirre NM, Helms AM (2020) The role of plant-associated 
microbes in mediating host-plant selection by insect herbivores. Plan Theory 9:1–23. https://
doi.org/10.3390/plants9010006

Guchelaar HJ, Ten Napel CHH, De Vries EGE, Mulder NH (1994) Clinical, toxicological and 
pharmaceutical aspects of the antineoplastic drug taxol: a review. Clin Oncol 6:40–48

Hammon KE, Faeth SH (1992) Ecology of plant-herbivore communities: a fungal component? Nat 
Toxins 1:197–208. https://doi.org/10.1002/nt.2620010307

Healy PC, Hocking A, Tran-Dinh N, Pitt JI, Shivas RG, Mitchell JK, Kotiw M, Davis RA (2004) 
Xanthones de um microfungus do gênero Xylaria. Phytochemistry 65:2373–2378. https://doi.
org/10.1016/j.phytochem.2004.07.019

Heiden G, Pirani JR (2016) Novelties towards a phylogenetic classification of Baccharis 
(Asteraceae, Astereae). Phytotaxa 289:285–290. https://doi.org/10.11646/phytotaxa.289.3.9

Herms DA, Mattson WJ (1992) The dilemma of plants: to grow or defend. Q Rev Biol 67:283–335
Höfelmann M, Hartmann J, Zink A, Schreier P (1985) Isolation, purification, and characterization 

of lipase isoenzymes from a technical Aspergillus niger enzyme. J Food Sci 50:1721–1725. 
https://doi.org/10.1111/j.1365- 2621.1985.tb10574.x

Huang H, She Z, Lin Y, Vrijmoed LLP, Lin W (2007) Cyclic peptides from an endophytic fun-
gus obtained from a mangrove leaf (Kandelia candel). J Nat Prod 70:1696–1699. https://doi.
org/10.1021/np0605891

Hubbard M, Germida JJ, Vujanovic V (2014) Fungal endophytes enhance wheat heat and drought 
tolerance in terms of grain yield and second-generation seed viability. J Appl Microbiol 
116:109–122. https://doi.org/10.1111/jam.12311

Hyde KD, Soytong K (2008) The fungal endophyte dilemma. Fungal Divers 33:163–173
Jarvis BB, Comezoglu SN, Amomon HL, Breedlove CK, Miller RW, Woode MK, Streelman DR, 

Sneden AT, Dailey RG, Kupchan SM (1987) New macrocyclic trichothecenes from Baccharis 
megapotamica. J Nat Prod 50:815–828. https://doi.org/10.1021/np50053a008

Jia M, Chen L, Xin HL, Zheng CJ, Rahman K, Han T, Qin LP (2016) A friendly relationship 
between endophytic fungi and medicinal plants: a systematic review. Front Microbiol 7:906. 
https://doi.org/10.3389/fmicb.2016.00906

Kupchan SM, Uchida I, Branfman AR, Dailey RG, Fei BY (1976) Antileukemic principles isolated 
from Euphorbiaceae plants. Science 191:571–572. https://doi.org/10.1126/science.1251193

Kusari S, Pandey SP, Spiteller M (2013) Untapped mutualistic paradigms linking host plant and 
endophytic fungal production of similar bioactive secondary metabolites. Phytochemistry 
91:81–87. https://doi.org/10.1016/j.phytochem.2012.07.021

Kwon DY, Rhee JS (1986) A simple and rapid colorimetric method for determination of free fatty 
acids for lipase assay. J Am Oil Chem Soc 63:89–92

Lin Y, Wu X, Feng S, Jiang G, Luo J, Zhou S, Vrijmoed LLP, Jones EBG, Krohn K, Steingröver K, 
Zsila F (2001) Five unique compounds: xyloketals from mangrove fungus Xylaria sp. from the 
South China Sea coast. J Org Chem 66:6252–6256. https://doi.org/10.1021/jo015522r

Lock GW (1962) Sisal: twenty-five years sisal research. Longmans, London, 355p
Ludwig-Müller J (2015) Plants and endophytes: equal partners in secondary metabolite produc-

tion? Biotechnol Lett 37:1325–1334

6 Endophytic Fungi of Baccharis

https://doi.org/10.1007/s11557-017-1305-1
https://doi.org/10.1007/978-3-319-89833-9_4
https://doi.org/10.1007/978-3-319-89833-9_4
https://doi.org/10.3390/plants9010006
https://doi.org/10.3390/plants9010006
https://doi.org/10.1002/nt.2620010307
https://doi.org/10.1016/j.phytochem.2004.07.019
https://doi.org/10.1016/j.phytochem.2004.07.019
https://doi.org/10.11646/phytotaxa.289.3.9
https://doi.org/10.1111/j.1365-2621.1985.tb10574.x
https://doi.org/10.1021/np0605891
https://doi.org/10.1021/np0605891
https://doi.org/10.1111/jam.12311
https://doi.org/10.1021/np50053a008
https://doi.org/10.3389/fmicb.2016.00906
https://doi.org/10.1126/science.1251193
https://doi.org/10.1016/j.phytochem.2012.07.021
https://doi.org/10.1021/jo015522r


168

Magris RA, Giarrizzo T (2020) Mysterious oil spill in the Atlantic Ocean threatens marine biodi-
versity and local people in Brazil. Mar Pollut Bull 153:1–11

Meister B, Krauss J, Härri SA, Schneider MV, Muller CB (2006) Fungal endosymbionts affect 
aphid population size by reduction of adult life span and fecundity. Basic Appl Ecol 7:244–252. 
https://doi.org/10.1016/j.baae.2005.06.002

Mejía LC, Herre EA, Sparks JP, Winter K, García MN, Van Bael SA, Stitt J, Zi S, Shang Y, 
Guiltinan MJ, Maximova SN (2014) Pervasive effects of a dominant foliar endophytic fungus 
on host genetic and phenotypic expression in a tropical tree. Front Microbiol 5:1–17. https://
doi.org/10.3389/fmicb.2014.00479

Naik BS (2019) Developments in taxol production through endophytic fungal biotechnology: a 
review. Orient Pharm Exp Med 19:1–13. https://doi.org/10.1007/s13596- 018- 0352- 8

Nascimento IM (2010) Avaliação da atividade antipatogênica e enzimática de três fungos endofíti-
cos de Baccharis dracunculifolia (Asteraceae). Monograph. Pontifícia Universidade Católica 
de Minas Gerais. 36p

Nascimento TL, Oki Y, Lima DMM, Almeida-Cortez JS, Fernandes GW, Souza-Motta CM (2015) 
Biodiversity of endophytic fungi in different leaf ages of Calotropis procera and their antimi-
crobial activity. Fungal Ecol 14:79–86. https://doi.org/10.1016/j.funeco.2014.10.004

Oki Y, Fernandes GW, Corrêa Júnior A (2008) Fungos: Amigos ou inimigos? Ciênc Hoje 42:64–66
Oki Y, Soares NR, Belmiro MS, Correa-Junior A, Fernandes GW (2009) The influence of the 

endophytic fungi on the herbivores from Baccharis dracunculifolia (Asteraceae). Neotrop Biol 
Conserv 4:83–88. https://doi.org/10.4013/5119

Oki Y, Goto BT, Jobim K, Rosa LH, Ferreira MC, Coutinho ES, de Xavier JHA, Carvalho F, 
de Souza MFM, Berbara RLL, Fernandes GW (2016) Arbuscular mycorrhiza and endophytic 
fungi in ruspestrian grasslands. In: Fernandes GW (ed) Ecology and conservation of mountain-
top grasslands in Brazil. Springer, Switzerland, pp. 157–179

Oki Y, Arantes-Garcia L, Costa MB, Nunes BC, Silveira BR, Gélvez-Zúñiga I, Franco A, 
Fernandes GW (2020) CO2 fertilizer effect on growth, polyphenols, and endophytes in two 
Baccharis species. Braz Arch Biol Technol 63:e20190302. https://doi.org/10.1590/1678- 432 
4- 2020190302

Oki Y, Nascimento IM, Costa NB, Maia RA, Takahashi JA, Ferraz V, Fernandes GW (2021) 
Effectiveness of endophytic fungi from Baccharis dracunculifolia against sucking insects and 
fungal pathogens. In: Rosa LH (ed) Neotropical endophytic fungi. Springer. pp.337–349

Onofre SB, Steilmann P (2012) Phenoloxidases produced by endophytic fungi isolated from 
Baccharis dracunculifolia D.  C. (Asteraceae). Resour Environ 2:271–274. https://doi.
org/10.5923/j.re.20120206.04

Onofre SB, Bonfante T, Santos ZMQ, Moura MC, Cardoso AF (2014) Cellulase production by 
endophytic strains of  Trichoderma reesei  from  Baccharis dracunculifolia  DC (Asteraceae). 
Adv Microbiol 4:275–283. https://doi.org/10.4236/aim.2014.45034

Páez-Espino D, Tamames J, Lorenzo V, Canovas D (2009) Microbial responses to environmental 
arsenic. Biometals 22:117–130. https://doi.org/10.1007/s10534- 008- 9195- y

Pinheiro HT, Teixeira JB, Francini-Filho RB, Soares-Gomes A, Ferreira CEL, Rocha LA (2019) 
Hope and doubt for the world’s marine ecosystems. Perspect Ecol Conser 17:19–25

Pokazeev K, Sovga E, Chaplina T (2021) Main natural and anthropogenic sources of pollution of 
the Black Sea, its shelf zones and small water reservoirs. In: Pokazeev K, Sovga E, Chaplina 
T (eds) Pollution in the Black Sea. Springer Oceanography. Springer, Cham. https://doi.
org/10.1007/978- 3- 030- 61895- 7_9

Raps A, Vidal S (1998) Indirect effects of an unspecialized endophytic fungus on special-
ized plant-herbivorous insect interactions. Oecologia 114:541–547. https://doi.org/10.1007/
s004420050478

Rizzo I, Varsavky E, Haidukowski M, Frade H (1997) Macrocyclic trichothecenes in Baccharis 
coridifolia plants and endophytes and Baccharis artemisioides plants. Toxicon 35:753–757. 
https://doi.org/10.1016/S0041- 0101(96)00149- 3

Rodriguez RJ, Redman RS, Henson JM (2004) The role of fungal symbioses in the adaptation of 
plants to high stress environments. Mitig Adapt Strateg Glob Chang 9:261–272

Y. Oki et al.

https://doi.org/10.1016/j.baae.2005.06.002
https://doi.org/10.3389/fmicb.2014.00479
https://doi.org/10.3389/fmicb.2014.00479
https://doi.org/10.1007/s13596-018-0352-8
https://doi.org/10.1016/j.funeco.2014.10.004
https://doi.org/10.4013/5119
https://doi.org/10.1590/1678-4324-2020190302
https://doi.org/10.1590/1678-4324-2020190302
https://doi.org/10.5923/j.re.20120206.04
https://doi.org/10.5923/j.re.20120206.04
https://doi.org/10.4236/aim.2014.45034
https://doi.org/10.1007/s10534-008-9195-y
https://doi.org/10.1007/978-3-030-61895-7_9
https://doi.org/10.1007/978-3-030-61895-7_9
https://doi.org/10.1007/s004420050478
https://doi.org/10.1007/s004420050478
https://doi.org/10.1016/S0041-0101(96)00149-3


169

Rosenberg E, Ron EZ (1996) Bioremediation of petroleum contamination. In: Crawford RL, 
Crawford DL (eds) Bioremediation: Principles and applications. Cambridge University Press, 
Cambridge, pp 100–124

Rusin C, Di Francesco A, Di Foggia M, D’Aquino S, Rombolà A, Tugnoli V, Bothelo RV, 
Baraldi E (2019) An emerging problem affecting apple production: Neofusicoccum parvum. 
Aureobasidium pullulans Le 1 and L8 strains as an alternative control strategy. Biol Control 
134:157–162. https://doi.org/10.1016/j.biocontrol.2019.04.015

Sanchez-Azofeifa A, Oki Y, Fernandes GW, Ball RA, Gamon J (2012) Relationships between 
endophyte diversity and leaf optical properties. Trees 26:291–299. https://doi.org/10.1007/
s11829- 018- 9597- x

Santos MB, Santos CY, Almeida MA, Santos CRS, Sant’Anna HLS, Santos OSN, Silva F, Martins 
GN (2010) Efeito inibitório in vitro de extrato vegetal de Allium sativum sobre Aspergillus 
niger Tiegh. Rev Bras Pl Med 12:13–17. https://doi.org/10.1590/1983- 084X/12_150

Scherlach K, Hertweck C (2009) Triggering cryptic natural product biosynthesis in microorgan-
isms. Org Biomol Chem 7:1753–1760. https://doi.org/10.1039/B821578B

Shah J (2005) Lipids, lipases and lipid modifying enzymes in plant disease resistance. Annu Rev 
Phytopathol 43:229–260. https://doi.org/10.1146/annurev.phyto.43.040204.135951

Smith CJ, Morin NR, Bills GF, Dombrowski AW, Salituro GM, Smith SK, Zhao A, MacNeil DJ 
(2002) Novel sesquiterpenoids from the fermentation of Xylaria persicaria are selective ligands 
for the NPY Y5 receptor. J Org Chem 67:5001–5004. https://doi.org/10.1021/jo011054+

Stierle AA, Stierle DB (2015) Bioactive secondary metabolites produced by the fungal endophytes 
of conifers. Nat Prod Commun 10:1671–1682. https://doi.org/10.1177/1934578X1501001012

Stierle A, Strobel G, Stierle D (1993) Taxol and taxane production by Taxomyces andre-
anae, an endophytic fungus of Pacific yew. Science 260:214–216. https://doi.org/10.1126/
science.8097061

Sun X, Guo LD, Hyde KD (2011) Community composition of endophytic fungi in Acer trun-
catum and their role in decomposition. Fungal Divers 47:85–95. https://doi.org/10.1007/
s13225- 010- 0086- 5

Takesako K, Kuroda H, Inoue T, Haruna F, Yoshikawa Y, Kato I, Uchida K, Hiratani T, Yamaguchi 
H (1993) Biological properties of aureobasidin a, a cyclic depsipeptide antifungal antibiotic. J 
Antibiot 46:1414–1420. https://doi.org/10.7164/antibiotics.46.1414

Telli Karakoç F, Ediger D (2020) Oil pollution of the surrounding waters of Turkey. In: The 
handbook of environmental chemistry. Springer, Berlin/Heidelberg. pp. 1–26. https://doi.
org/10.1007/698_2020_477

Van Etten ML, Prevost LB, Deen AC, Ortiz BV, Donovan LA, Chang SM (2008) Gender differ-
ences in reproductive and physiological traits in a gynodioecious species, Geranium macula-
tum (Geraniaceae). Int J Plant Sci 169:271–279. https://doi.org/10.1086/524109

Varaschin MS, Barros CS, Jarvis BB (1998) Intoxicação experimental por Baccharis coridi-
folia (Compositae) em bovinos. Pesq Vet Bras 18:65–68. https://doi.org/10.1590/
S0100- 736X1998000200006

Vieira ML, Johann S, Hughes FM, Rosa CA, Rosa LH (2014) The diversity and antimicrobial activ-
ity of endophytic fungi associated with medicinal plant Baccharis trimera (Asteraceae) from 
the Brazilian savannah. Can J Microbiol 60:847–856. https://doi.org/10.1139/cjm- 2014- 0449

Wallace CS, Rundel PW (1979) Sexual dimorphism and resource allocation in male and female 
shrubs of Simmondsia chinensis. Oecologia 44:34–39. https://doi.org/10.1007/BF00346394

Zhang P, Zhou PP, Yu LJ (2009) An endophytic taxol-producing fungus from Taxus media, 
Cladosporium cladosporioides MD2. Curr Microbiol 59:227–232

Zhang F, Li L, Niu S, Si Y, Guo L, Jiang X, Che Y (2012) A thiopyranchromenone and other 
chromone derivatives from an endolichenic fungus, Preussia africana. J Nat Prod 75:230–237. 
https://doi.org/10.1021/np2009362

Zhao J, Zhou L, Wang J, Shan T, Zhong L, Liu X, Gao X (2010) Endophytic fungi for produc-
ing bioactive compounds originally from their host plants. In: Méndez-Vilas A (ed) Current 
research, technology and education topics in applied microbiology and microbial biotechnol-
ogy. Formatex Research Center, Badajoz, pp 567–576

6 Endophytic Fungi of Baccharis

https://doi.org/10.1016/j.biocontrol.2019.04.015
https://doi.org/10.1007/s11829-018-9597-x
https://doi.org/10.1007/s11829-018-9597-x
https://doi.org/10.1590/1983-084X/12_150
https://doi.org/10.1039/B821578B
https://doi.org/10.1146/annurev.phyto.43.040204.135951
https://doi.org/10.1021/jo011054+
https://doi.org/10.1177/1934578X1501001012
https://doi.org/10.1126/science.8097061
https://doi.org/10.1126/science.8097061
https://doi.org/10.1007/s13225-010-0086-5
https://doi.org/10.1007/s13225-010-0086-5
https://doi.org/10.7164/antibiotics.46.1414
https://doi.org/10.1007/698_2020_477
https://doi.org/10.1007/698_2020_477
https://doi.org/10.1086/524109
https://doi.org/10.1590/S0100-736X1998000200006
https://doi.org/10.1590/S0100-736X1998000200006
https://doi.org/10.1139/cjm-2014-0449
https://doi.org/10.1007/BF00346394
https://doi.org/10.1021/np2009362


171© Springer Nature Switzerland AG 2021
G. W. Fernandes et al. (eds.), Baccharis, 
https://doi.org/10.1007/978-3-030-83511-8_7

Chapter 7
Baccharis as Nurse Plants

Ramón Perea, Marta Peláez, and G. Wilson Fernandes

Abstract The genus Baccharis includes important shrub species that facilitate the 
regeneration and performance of other species that grow underneath. Some 
Baccharis species represent crucial nurse shrubs that provide shelter from abiotic or 
biotic stress to other “beneficiary” plants. Here, we uncover the role of Baccharis 
species as facilitators, particularly in stressful and herbivore-dominated environ-
ments. We highlight that the net facilitative effect of Baccharis strongly depended 
on multiple factors (its size and architectural form, the type and intensity of stress, 
the ontogenetic stage of beneficiary plants, the presence of conspecifics, etc.). We 
particularly focus on Baccharis as tree recruitment microsites that enhance both 
recruitment quantity and quality along many systems of the Americas (from 
California to Chile) and boost vegetation dynamics towards late successional stages 
and functioning systems. In addition, we highlight the roles of some Baccharis spe-
cies in facilitating native vs. exotic herbaceous species and their possible role in 
reducing the colonization and expansion of invasive plants. Thus, the genus 
Baccharis includes extraordinary interesting species from an ecological, conserva-
tion, and restoration point of view due to their ability to work as nurse plants that 
favor the regeneration of keystone species and reduce the proliferation of inva-
sive plants.

Keywords Plant facilitation · Plant-plant interactions · Regeneration microsites · 
Restoration ecology
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1  Plant Facilitation and the Nursing Phenomenon

Plant facilitation is a positive interaction where a nurse plant modifies the local 
abiotic and biotic conditions, improving the lifetime fitness of other, beneficiary 
plant species (Callaway 1995; Bertness and Leonard 1997; Bronstein 2009; 
Soliveres et al. 2011). Plant facilitation is, therefore, an important form of ecologi-
cal nursing, where some plants (the “nurse” or “benefactors”) facilitate seed arrival, 
germination, establishment, growth, or development of other plant species (the 
“beneficiary”) by providing shelter from one or both sources of stress: (1) abiotic 
(e.g., drought, salinity, soil toxicity, frosts) or (2) biotic (e.g., herbivory, seed preda-
tion, pathogens; Franco and Nobel 1988; Valiente-Banuet and Ezcurra 1991; 
Brooker et al. 2008; Gómez-Aparicio et al. 2008; Perea and Gil 2014).

Plant facilitation has been mostly studied under abiotic stressful conditions, like 
those exerted in resource-limited or constraining environments (Stachowicz 2001; 
Tirado and Pugnaire 2005; but see Spadeto et al. 2017). As a result, some studies 
have shown strong evidence to support the stress gradient hypothesis (SGH), which 
predicts that the frequency of facilitation directly increases with abiotic stress 
(Bertness and Callaway 1994; Callaway 2007). However, other authors argue that 
the largest absolute facilitative effects will always occur under less abiotic stressful 
conditions (Holmgren and Scheffer 2010), leading to a strong debate on the predic-
tions and extension of the SGH (Michalet et al. 2013; He et al. 2013; Soliveres and 
Maestre 2014; Soliveres et al. 2015).

A common consequence of plant facilitation is the formation of vegetation 
patches surrounded by open space (Prentice and Werger 1985; Castillo et al. 2010) 
or the proliferation of plant recruits (seedlings and saplings) under the cover of 
conspicuous nurse plants such as trees or shrubs (Callaway 1992; Gómez-Aparicio 
et al. 2008; Perea et al. 2016). Nurse shrubs are considered key elements on the 
facilitative process of plant-plant interactions as they are able to assemble ecologi-
cal communities (Armas and Pugnaire 2005) and enhance the recruitment rates of 
many tree species that develop underneath (Castro et  al. 2004; Smit et  al. 2007; 
Perea et al. 2017; Spadeto et al. 2017). Among shrub species, the genus Baccharis 
L. is the largest genus in the family Asteraceae, with over 440 shrub species widely 
distributed throughout the Americas (Heiden et al. 2019). Their pioneer character 
(rapid growth, low longevity, high production of wind-dispersed seeds, and the 
capability to easily establish on disturbed sites; see Fernandes et al. 2014) stands for 
a strong potential to facilitate the progressive ecological shift towards later stages of 
plant succession where the nursing phenomenon plays an essential role.

This chapter synthesizes the nursing role of some shrub species in the genus 
Baccharis (Table 7.1) as they represent paradigmatic species within the plant facili-
tation process in the Americas (McBride 1974; Callaway and Davis 1998; Kitzberger 
et  al. 2000; Duarte et  al. 2006; Zavaleta and Kettley 2006; van Zonneveld et  al. 
2012; Perea et al. 2017, 2019; Macek et al. 2018; Peláez et al. 2019). We also high-
light their ecological role as a key facilitator of native plant species over those inva-
sive (Brennan et al. 2018; Perea et al. 2019), revealing a strong potential of Baccharis 
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plants to prevent and control plant invasion. Finally, this chapter aims to provide 
ecologists and managers with new possible conservation practices based on the 
nursing ability of Baccharis shrubs to facilitate the recruitment of native species in 
harsh or degraded environments.

2  Baccharis as Tree Regeneration Microsite

The perpetuation of any natural ecosystem mainly depends on its regeneration abil-
ity. Those species unable to regenerate hamper their continuity in the ecosystem 
(Schemske et al. 1994). It is well known that the abundance, survival, and develop-
ment of seedlings vary across microsites (Whittaker and Levin 1977; Collins and 
Good 1987; López-Sánchez et al. 2019). As a result, certain microsites increase the 

Table 7.1 Summary of the different species of the genus Baccharis known to facilitate the 
regeneration and performance of different woody species along many systems of the Americas

Country Habitat
Nurse plant 
Baccharis spp.

Beneficiary tree/
shrub species References

United 
States

California 
grassland

B. pilularis Quercus agrifolia, 
Quercus douglasii, 
Q. lobata

McBride (1974), Callaway 
and D’Antonio (1991), 
Zavaleta and Kettley (2006) 
and Perea et al. (2017)

United 
States

California 
coastal dunes

B. pilularis Lupinus arboreus Rudgers and Maron (2003)

Mexico Fir forest 
clearings

B. conferta Abies religiosa Sánchez-Velásquez et al. 
(2011)

Mexico Highlands of 
Chiapas

B. vaccinioides Quercus crassifolia 
Quercus rugosa

Ramírez-Marcial et al. 
(1996)

Venezuela Old fields in 
the tropical 
Andes

B. prunifolia Vallea stipularis
Berberis discolor

Bueno and Llambí (2015)

Brazil Pampa 
grasslands

B. uncinella Araucaria 
angustifolia

Duarte et al. (2006)

Brazil Pampa 
grasslands

B. mesoneura Araucaria 
angustifolia

Duarte et al. (2006)

Argentina Patagonian 
xeric 
woodlands

B. 
rhomboidalis

Austrocedrus 
chilensis

Kitzberger et al. (2000)

Chile Semiarid zone 
of the Chilean 
coast

B. vernalis Aextoxicon 
punctatum 
Myrceugenia 
correifolia

Macek et al. (2018)

Chile Temperate rain 
forest 
boundary

B. vernalis Myrceugenia 
correifolia 
Griselinia 
scandens

van Zonneveld et al. (2012)
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overall probability of plant recruitment by facilitating seed germination, seedling 
survival, or growth. These particularly favorable microsites for regeneration are 
known as “regeneration microsites” following the regeneration niche concept sensu 
Grubb (1977). Seedling establishment is indeed one of the most critical stages in the 
regeneration process of trees, with high mortality rates during this phase (Clark 
et al. 1999; Silvertown and Charlesworth 2001; Perea and Gil 2014). Multiple abi-
otic and biotic agents influence seedling survival and performance, among which 
are climatic conditions (Dreyer et al. 2001; Rodríguez-Calcerrada et al. 2008), soil 
resources (Baraloto et  al. 2006), competition (Davis et  al. 1998), and herbivory 
(Crawley 1983; Smit et  al. 2006). However, all these factors might vary widely 
among microsites due to the great spatial and temporal heterogeneity of most eco-
systems (González-Rodríguez et al. 2011; López-Sánchez et al. 2019).

Nevertheless, some particular microsites such as those underneath nurse shrubs 
have shown a significant advantage over other microsites (Callaway 1992; Pugnaire 
et al. 1996; Smit et al. 2007, 2008; Perea and Gil 2014). This is the paradigmatic 
case of Baccharis shrubs in open oak woodlands or savannas of North America 
(McBride 1974; Callaway and Davis 1998; Zavaleta and Kettley 2006; Perea et al. 
2017) where there is a well-known facilitative relationship between the coyote 
brush (Baccharis pilularis DC) and the beneficiary coast live oak (Quercus agrifolia 
Neé), which strongly depends upon Baccharis cover to regenerate. Coyote brush is 
an evergreen, much-branched, and colonizer shrub that grows in shrub communities 
close to foothill woodlands of California (Steinberg 2002). These shrubs have 
shown a great ability to protect oak recruits from herbivory (Peláez et  al. 2019) 
probably due to their low palatability and nutritious value (McBride and Heady 
1968; Smither-Kopperl 2016; Fig.  7.1). In addition, shoot mortality attributed to 
water or temperature stress was 17% under shrubs and 63% in the open grassland 
(Callaway and D’Antonio 1991), suggesting a strong reduction of abiotic stress for 
those seedlings growing under shrub cover. Furthermore, abundances of all herba-
ceous species declined greatly after Baccharis formed a closed canopy at 2–3 years, 
and little seed of herbaceous species was either dispersed into shrub stands or stored 
in the soil (Hobbs and Mooney 1986).

Interestingly, Zavaleta and Kettley (2006) found that oaks established only under 
mature shrubs, suggesting that features of mature shrubs and their effects on site 
characteristics benefit establishing oaks. In fact, Peláez et al. (2019) found an inter-
esting relationship between nurse plant size and the probability of facilitating oak 
recruitment, revealing that Baccharis started to be an efficient facilitator (probabil-
ity of facilitation >0.5) when crown diameter was >2.5 m (age of 7 years) in heavily 
browsed areas and almost twice (> 5 m diameter; equivalent age of 15 years) at low 
herbivore stress levels (Fig.  7.2). This indicates that the herbivore pressure is a 
strong driver in determining plant facilitative effects, increasing overall plant facili-
tation at higher levels of biotic stress (herbivory).

Baccharis shrubs may not only contribute to increasing the number of recruits 
(regeneration abundance) but also to enhancing the recruit quality. Thus, the devel-
opment of tree recruits may strongly depend on the protective effect of shrubs. In 
particular, Baccharis were proved to favor the growth and the adequate architecture 
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of oak saplings in herbivore-dominated environments by reducing the detrimental 
effect of browsers, which typically reduce the plant height/diameter ratio producing 
stunted individuals (Peláez et al. 2019; Fig. 7.3). The protective effect of Baccharis 
against browsers facilitates the advance of oak saplings to the next ontogenetic 
stages, ensuring the sexual reproduction of trees (production of flowers and fruits) 
and the plant community dynamics towards late successional stages (Fig. 7.3). The 
recruit quality was also affected by the Baccharis size, as sapling recruits under 
larger Baccharis shrubs had proportionally higher height/diameter ratios (Peláez 
et al. 2019). Another study in Mexico also showed that Baccharis conferta shrubs 
improved the growth of coniferous trees (Abies religiosa seedlings) growing under-
neath (Sánchez-Velásquez et al. 2011). Thus, Baccharis conferta shrubs were found 
to promote the seedling growth of commercial conifer plantations (Sánchez- 
Velásquez et  al. 2011) as well as Baccharis pilularis has been shown useful for 
restoration purposes of the highly valuable oak woodlands (López-Sánchez et al. 
2019). Similarly, other congeneric species such as Baccharis uncinella and 
Baccharis mesoneura have been argued to be facilitators of Araucaria angustifolia 
trees in the Brazilian Atlantic Forest (Duarte et al. 2006). In line with other studies, 
Duarte et al. (2006) found more forest species seedlings beneath the canopies of 

Fig. 7.1 Baccharis pilularis facilitating the establishment and growth of coast live oaks (Quercus 
agrifolia, left) and blue oaks (Quercus douglasii, right) in California oak woodlands. Oaks eventu-
ally surpass the shrub height and outcompete the Baccharis shrubs. At that stage, oak trees have 
grown sufficiently to avoid intense browsing damage aboveground and to reduce soil water deficit 
belowground. (Photos: Ramón Perea)
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Fig. 7.2 Probability of plant facilitation in relation to nurse plant size (Baccharis mean crown 
diameter) and herbivory stress level (high or low deer densities). Arrows represent the threshold 
nurse plant size at which facilitation probability is 50%. Age of the nurse plant, in years, was anno-
tated for both threshold values. (Adapted from Peláez et al. 2019)

Fig. 7.3 (a) Stunted individual of the coast live oak (Quercus agrifolia) growing in an open micro-
site, with low height/diameter ratio and modified architecture. (b) Oak juvenile of the same species 
growing under the protection of Baccharis pilularis, with adequate architecture and greater height/
diameter ratio. (Photos: Ramón Perea)
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nurse plants compared with open field grassland, creating new forest colonization 
sites in Pampa grasslands of Brazil. Other studies also point out shrub cover protec-
tion from direct sunlight as the main factor that enhanced the germination and sur-
vival of Austrocedrus chilensis in northern Patagonia (Argentina) where Baccharis 
rhomboidalis is a fairly common shrub that favorably influences tree regeneration 
(Kitzberger et al. 2000). Positive effects of Baccharis prunifolia shrubs were also 
found on the regeneration of old fields at the tropical Andean forest, where species 
richness, vegetation cover, and the density of dominant forest trees were higher 
under the shrub canopy than in the inter-shrub spaces (Bueno and Llambí 2015). 
Another study in semiarid Chile showed that tree species become established in a 
herbaceous matrix thanks to Baccharis vernalis patches, most likely due to a com-
bination of fog-interception capacity, soil nutrient availability, and low competition 
(Macek et al. 2018).

Similarly, in the rain forest boundary of Chile, Baccharis vernalis was found to 
be the most successful nurse shrub along the arid scrubland-temperate rainforest, 
sheltering the most abundant and diverse seedling community (van Zonneveld et al. 
2012). Interestingly, this study also highlights that dead shrubs also play an impor-
tant role in facilitating tree seedling establishment although proportionally more 
seedlings were recruited under dead shrubs in the scrubland than in the forest bor-
ders, suggesting a stronger competition between living shrubs and establishing 
seedlings in drier (more stressed) environments (van Zonneveld et  al. 2012). 
Previous studies demonstrated that dead nurse plants are able to ameliorate thermal 
stress without the negative cost of reducing soil water content (Anthelme et  al. 
2007). This occurs not only in dry and harsh environments but also after distur-
bances such as fires (Castro et  al. 2011). Hence, dead shrubs may also play an 
important role in plant facilitation mostly through the abiotic mechanism of micro-
site amelioration and, thus, may represent key elements in the ecological restoration 
process after a fire or other disturbances.

Interestingly, Baccharis shrubs are also known to  facilitate other shrubs. For 
instance, Rudgers and Maron (2003) recorded facilitative interactions between 
Baccharis pilularis and the coastal dune shrub Lupinus arboreus, an important 
nitrogen-fixer in California dunes. The relationship depended on the genotype of 
B. pilularis; only the prostrate architectural form of this species benefited seedling 
emergence, survival, and growth of Lupinus arboreus but had no effect on post- 
dispersal seed predation or adult establishment (Rudgers and Maron 2003). 
Importantly, by facilitating an important nitrogen-fixer, Baccharis shrubs also had 
effects that cascade to other members of the coastal plant community (Rudgers and 
Maron 2003), revealing a strong influence of Baccharis shrubs beyond pairwise 
interactions.
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3  Baccharis as Facilitator of Native and Exotic 
Herbaceous Species

Many studies have documented the facilitative effect of Baccharis shrubs on native 
plant communities dominated by herbs, forbs, and grasses (van Zonneveld et  al. 
2012; Brennan et al. 2018; Perea et al. 2019). For instance, coyote brush (Baccharis 
pilularis) has been documented invading grasslands where non-native species were 
gradually replaced by not only coyote brush but also several other noteworthy native 
species (Brennan et  al. 2018). This study finds that over the 37-year timeframe, 
exotic grasses gradually decline, while native plant cover increases in California 
grassy landscapes invaded by coyote brush (Brennan et al. 2018). Another recent 
study in two abandoned pasture areas of Brazil showed that plant diversity was sig-
nificantly higher in the restored environment (after planting the nurse Baccharis 
dracunculifolia shrubs) compared to the degraded environment (Siqueira et al. in 
review). In addition, fewer ruderal and exotic species were recorded in the restored 
sites with B. dracunculifolia, concluding that restoration with Baccharis planting 
had a positive effect on the restructuring of the native plant community (Siqueira 
et al. in review, see also Fernandes et al. 2018).

Nevertheless, some studies have documented the opposite facilitative pattern, 
where neighbor grasses may act as facilitators of Baccharis shrubs by improving, 
for instance, water balance (Dechoum et al. 2018). Thus, facilitative interactions 
between herbaceous plants and Baccharis shrubs may be reciprocal and difficult to 
quantify when both groups coexist and, as a result, competition and facilitation are 
typically co-occurring. This has been documented in some field patterns where 
changes in resources (e.g., water) may shift from competitive to facilitative and vice 
versa (Holmgren et  al. 1997). Although more rarely documented, few studies 
revealed that some invasive grasses may benefit from the Baccharis facilitative 
effect. For instance, the invasive South African grass, Ehrharta calycina, escaped 
herbivory by associating with Baccharis pilularis, showing greater performance 
(growth and aboveground biomass) than unassociated individuals of the California 
dune system (Cushman et  al. 2011). Similarly, Perea et  al. (2019) found that 
Baccharis facilitated the occurrence of the invasive Hyparrhenia rufa along the 
montane roads of Brazil although, overall, Baccharis favored the presence of native 
herbaceous plants over those exotic, with 61% greater probability of facilitation for 
native species than for exotic species (Fig. 7.4).

Some studies have shown that once Baccharis shrubs are established, they 
change the light and water availability under their canopy and provide cover for 
small mammals. These mammals, in turn, remove the grasses from under the shrub 
canopy and from its immediate ecotone (McBride and Heady 1968; Bartholomew 
1970), thus preventing grasses from invading the shrubland. This mechanism may 
be behind the greater ability of Baccharis to facilitate native vs. exotic herbaceous 
plants although further studies are needed. Similarly, in Chile, the lower biomass of 
grasses under the canopy of Baccharis linearis, compared to where the shrubs are 
absent, also suggested inhibition of shrubs on the herbaceous stratum (Martínez and 
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Fuentes 1993). However, the interactive effects of invasive species and Baccharis 
plants may depend on the life-cycle stage at which the interactions occurred. For 
instance, in Chile, the early emergence of the invasive species Centaurea solstitialis 
L. enabled established plants to competitively displace the late-emerging Baccharis 
linearis and B. paniculata (Gómez-González et al. 2009). However, the presence of 
the invasive C. solstitialis (individuals or seeds) did not affect negatively the seed 
germination of the two abovementioned Baccharis species (Gómez-González et al. 
2009). Interestingly, these authors also found that the biomass of both Baccharis 
species increased under conspecific competition compared to control (growing 
alone). Facilitation among conspecific plants of similar age or size is a kind of inter-
action that can be essential for seedling establishment in some arid and semiarid 
ecosystems (Goldberg et  al. 2001; Franks 2003). Further studies should address 
whether seedling survival of Baccharis species is really being facilitated by conspe-
cifics as they may better resist plant invasion at high densities (Gómez-González 
et al. 2009). This facilitative conspecific response may also contribute to explain the 
marked ecotones between Baccharis shrublands and annual grasslands in the 
California chaparral (McBride and Heady 1968; Hobbs and Mooney 1986) and cen-
tral Chile (Martínez and Fuentes 1993).

Interestingly, Baccharis is a dioecious genus, i.e., with male and female indi-
viduals. Da Costa Fonseca et al. (2017) found that male and female Baccharis platy-
poda adults presented an aggregate pattern at smaller scales but random and uniform 
patterns for larger scales (>20  m). In addition, they found that male individuals 
preferred higher moisture soils probably due to distinct environmental preferences. 
Preliminary analysis (Perea et  al. unpublished data) in the montane Neotropics 
showed that there were no significant differences in species richness between male 
and female Baccharis when facilitating herbaceous plants. However, there was 

Fig. 7.4 Adjacent areas without (left) and with (right) Baccharis shrubs along montane roads of 
rupestrian grasslands of Brazil. The establishment of transects allowed the evaluation of Baccharis 
as facilitator of invasive vs. native herbaceous plants (see Perea et  al. 2019 for more details). 
Pioneer nurse shrubs such as a Baccharis dracunculifolia DC were found to alleviate the environ-
mental shift generated by the construction and use of roads (e.g., disturbed soils with low nutrient 
content) (see Fernandes 2016) and represent an interesting alternative to mitigate exotic plant inva-
sion along roadsides
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greater species turnover between exterior and edge position of the shrub than 
between interior and edge positions (Fig. 7.5), suggesting that female shrubs have a 
greater effect in species turnover with only 0.27 similarity between edge and exte-
rior communities, 20% lower similarity than between interior and edge communi-
ties, whereas for males this turnover difference was only 8% (Fig. 7.5). These results 
reveal a possible differential pattern in species turnover for males and females 
which needs further analysis to corroborate a greater enhancement (facilitation) of 
plant community heterogeneity by female individuals as compared to male indi-
viduals (Perea et al. unpublished results). These sex-related differences in dioecious 
species tend to be associated with their distinct nutritional requirements (Marques 
et  al. 2002), their sex-biased plant-animal interactions (Verdú and García-Fayos 
2003), or their dissimilar physiology (Boecklen et al. 1990).

4  Conclusions

Overall, we summarize numerous facilitative interactions associated with the genus 
Baccharis, which are strongly dependent on multiple intrinsic and extrinsic factors 
(e.g., its size, sex and architectural form, the type and intensity of stress, the onto-
genetic stage of beneficiary plants, the presence of conspecifics). Thus, the genus 
Baccharis includes extraordinary interesting species from an ecological, conserva-
tion, and restoration point of view due to their ability to work as nurse plants that 
favor the regeneration of keystone species and help reduce the proliferation of inva-
sive plants in highly diverse systems. We encourage further research into the 
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ecological and conservational role of Baccharis species as they are widespread and 
pioneer plants that are typically easy and inexpensive to propagate (Gomes and 
Fernandes 2002). As a result, plants in the genus Baccharis have an enormous 
potential to restore degraded and disturbed areas and to control plant invasion or 
recuperate areas already invaded by exotic plants. The facilitation process repre-
sents an incredible restoration mechanism that should be considered in future envi-
ronmental and ecological projects where Baccharis species can play a prominent 
role in many areas of the Americas.
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Chapter 8
Biological Invasion by Baccharis

Adrián Lázaro-Lobo, Gary N. Ervin, Lidia Caño, and F. Dane Panetta

Abstract In this chapter, we present and discuss information regarding biological 
invasions by species in the genus Baccharis L. around the world: in native, expan-
sive, and introduced distributional ranges. Baccharis halimifolia L. is the invasive 
species par excellence of this genus. Therefore, we dedicate a great part of the chap-
ter to describe (1) its distribution and introduction history; (2) abiotic and biotic 
factors that affect its invasion; (3) types of ecosystems invaded and environmental, 
economic, and social impacts; and (4) management of the species. Lastly, we collate 
all the available information in the literature regarding other species of this genus 
that are considered invasive or potentially invasive in both native and introduced 
areas. Those species are Baccharis coridifolia DC., Baccharis dracunculifolia DC., 
Baccharis neglecta Britton., Baccharis pilularis DC., Baccharis pteronioides DC., 
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1  Invasive Character of the Genus Baccharis

Multiple species of the genus Baccharis share life-history characteristics common 
to many invasive species, including effective dispersal mechanisms, adaptations to 
pioneer stages of succession, high competitive ability, and production of allelo-
pathic compounds (Westman et  al. 1975; Ibáñez and Zoppolo 2011; Caño et  al. 
2013a). Female shrubs produce numerous seeds that can travel long distances via 
several vectors (Panetta 1977; Weber 2003; USDA 2018) and rapidly colonize dis-
turbances that occur over multiple scales. Seeds germinate under a wide range of 
environmental conditions and, as time passes, dense stands develop that prevent 
other species from establishing (Fried and Panetta 2016). While plants in this genus 
reproduce mainly by seeds, several species have the capacity to reproduce vegeta-
tively by sprouting after cutting or burning (Westman et  al. 1975; Hobbs and 
Mooney 1985; Grace et al. 2001). Thus, these species respond well to any form of 
disturbance, such as fire, animal activity (e.g., grazing and burrowing), or the bio-
mass removal pursuant to targeted control.

Another characteristic that makes some species of this genus invasive is their 
generalist behavior, based upon morphological and physiological plasticity (Panetta 
1977; Caño et al. 2016), which allows them to thrive in a wide variety of environ-
mental conditions and endure rapid changes in the environment (Westman et  al. 
1975; Tucat 2015; Haque et al. 2008). However, the species of this large genus have 
evolved to invade different types of ecosystems. For instance, B. halimifolia some-
times forms dense monospecific stands in places with relatively high salinity levels 
(Caño et  al. 2016), B. salicifolia is commonly found growing along waterways 
(Dimmit 2000), and B. sarothroides dominates desert regions partly because of its 
long root system which allows it to reach water and nutrients stored in deep parts of 
the soil (Dimmit 2000; Haque et al. 2008). Although the genus is generally ever-
green, some species can also be deciduous as an adaptation to withstand less favor-
able environmental conditions. For example, B. halimifolia is deciduous in the 
cooler parts of its distributional range (Sims-Chilton and Panetta 2011), and B. saro-
throides loses its leaves under drought conditions during the summer period 
(Virginia Tech 2018). Allelopathy is another mechanism by which invasive plants 
displace other species (Orr et al. 2005). Several studies show that some species of 
this genus, such as B. dracunculifolia and B. ulicina, produce secondary metabolites 
that negatively impact neighboring plants (Tucat 2015; Ibáñez and Zoppolo 2011). 
Lastly, this plant genus generally has a low palatability for herbivores, and some of 
its species are even toxic to them (Boldt 1989; Jarvis et  al. 1991; USDA 2018), 
which increases their potential to outcompete other plants that are preferred by 
herbivores.

All the abovementioned characteristics make multiple species of Baccharis par-
ticularly important from an ecological and an economic point of view, not only in 
the invaded regions of the world but also within their native distributional ranges. 
The major invasive Baccharis species are shown in Fig. 8.1.
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Fig. 8.1 Photos of the major invasive Baccharis species (with the exception of B. pteronioides): 
(a) B. coridifolia, (b) B. dracunculifolia, (c) B. halimifolia, (d) B. neglecta, (e) B. pilularis, (f) 
B. salicifolia, (g) B. salicina, (h) B. sarothroides, (i) B. spicata, and (j) B. ulicina. (Photos 
courtesy of G. Heiden)
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2  Baccharis halimifolia L. (Eastern Baccharis, Groundsel 
Bush, Saltbush)

 Distribution

 Native Range

Baccharis halimifolia is native to the Atlantic and Gulf Coasts of North and Central 
America (Cronquist 1980; Sundberg and Bogler 2006; Fig. 8.2). It is widely distrib-
uted in areas of Nova Scotia (southeastern Canada), eastern and southern United 
States, eastern Mexico (especially northeastern, but it can also be found in areas 
near Veracruz, southeastern Mexico), the Bahamas, and Cuba (USDA 2018). This 
shrub occurs in areas from 0 to 100 m above sea level (Sundberg and Bogler 2006). 
During the last century, it has been expanding its native distributional range towards 

Fig. 8.1 (continued)
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Fig. 8.2 Distributional ranges of B. halimifolia and earliest dates when this species was reported 
in the invasive regions. Regional maps correspond to (a) North America (occurrence points taken 
from Ervin (2009) and SERNEC Data Portal (2018)), (b) Europe (occurrence points taken from 
Fried et al. (2016) and dates from Caño et al. (2013a) and Fried et al. (2016)), and (c) Australia 
(occurrence points taken from Atlas of Living Australia website (2018) and dates from Bailey 
(1899), Sims-Chilton and Panetta (2011) , and Atlas of Living Australia website (2018)). In panel 
(b), records of B. halimifolia accompanied by “(C)” indicate regions where B. halimifolia is known 
only from cultivated populations

interior areas of the United States (Duncan 1954; Estes 2004), following human-
induced disturbances such as reductions in tree canopy cover and increases in edge 
habitat (Ervin 2009).

 Introduced Range

This species has invaded multiple regions across the world, including western 
Europe (France, northern Spain, northern Italy, southern England, Belgium, and the 
Netherlands), eastern Australia (Queensland and New South Wales), New Zealand, 
and the Republic of Georgia, where it has been introduced for ornamental use, soil 
stabilization, windbreaks, or aesthetic purposes (Caño et  al. 2013a; Fried et  al. 
2016). Caño et al. (2013a) and Fried et al. (2016) conducted a comprehensive study 
regarding the history of B. halimifolia introduction and spread throughout western 
Europe. They pointed out that B. halimifolia became naturalized in northern Spain 
at the end of the nineteenth century. In France, this species was considered as locally 
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invasive in the 1940s, reached the Mediterranean coast in the 1980s, and rapidly 
increased in numbers during the 1990s. Fried et al. (2016) also indicated that this 
shrub is considered invasive in the Tuscany region of Italy, it is naturalized (mean-
ing that the species forms self-sustaining populations) in multiple coastal areas of 
Belgium, and that scattered individuals have been reported from southern England 
and the Netherlands. In Australia, it is believed that the species was introduced in 
1888 (Bailey 1899). Sims-Chilton and Panetta (2011) specified that it became a 
serious problem in coastal areas of southeastern Queensland by the 1930s and 
spread both northwards and southwards in the 1970s.

 Factors That Affect Its Invasion

 Seed Production and Dispersal

Female shrubs of B. halimifolia produce numerous viable seeds annually, beginning 
as early as 3 years after germination (USDA 2018). Westman et al. (1975) pointed 
out that each plant can produce up to 1.5 million seeds per year. Boldt (1989) found 
that 4-year-old plants produced 31% more seeds than plants that were 9 years old, 
indicating that seed production decreases as the plants age. Seeds can travel long 
distances carried by the wind, water, animals, or vehicles (Panetta 1977; Weber 
2003); however, Parsons and Cuthbertson (1992) indicated that with a steady breeze 
of 16 kph, most seeds disperse less than 6 meters from their mother shrub. Diatloff 
(1964) recorded that 2-meter-high plants can disperse their seeds to distances of 
140 m. Seeds germinate without undergoing a period of dormancy and under a wide 
range of environmental conditions (Westman et al. 1975; USDA 2018), which will 
be explained in more detail in subsequent sections of the chapter.

 Abiotic Factors

Temperature The most suitable areas for B. halimifolia in both the native and the 
invasive range occur in temperate to subtropical regions, including the Mediterranean 
areas in Europe and Australia (Sims-Chilton et al. 2010; Caño et al. 2013a; Fried 
et al. 2016). Modelling has shown a higher probability of presence when Maximum 
Temperature of Warmest Month is between 20 and 30 °C and Minimum Temperature 
of Coldest Month is above 0 °C (Fried et al. 2016). These data, along with the fact 
that the species is not present at high latitudes (up to 42° in North America and 51° 
in Europe), suggest that cold temperatures and frosts could limit its extension north-
wards in the Northern Hemisphere. However, the species has been also considered 
to be resistant to −15 °C (Huxley 1992). The cold resistance of the species has not 
been directly assessed in the field, neither has it been experimentally tested. 
Likewise, little is known about the physiological responses of B. halimifolia to tem-
perature variations. Only at the seed stage Westman et al. (1975) and Panetta (1979a) 
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demonstrated that optimal germination occurs between 15 and 20 °C. At the popula-
tion level, Sims-Chilton et al. (2009) found that plant density increases with tem-
perature, whereas plants’ size seems to be unaffected.

Light Availability The fact that B. halimifolia colonizes open and disturbed habi-
tats, often associated with other woody plants, as well as forests or pine plantations, 
demonstrates its high plasticity in response to light availability.

Experiments under controlled conditions have demonstrated that there is indeed 
a degree of shade tolerance during establishment (Panetta 1977). Plastic responses 
of leaf traits (e.g., increased specific leaf area) allow high shade tolerance (17% 
daylight) during the first stages of seedling growth, but older seedlings’ shade toler-
ance decreases, probably because the morphological response is no longer enough 
to compensate for the decrease in net assimilation rate (Panetta 1977). The plasticity 
of leaf traits, such as specific leaf area and stomatal conductance, has been also 
found to contribute to the shade tolerance of B. halimifolia in estuarine communities 
(Pivovaroff et al. 2015). However, viable seed production is highly reduced by can-
opy closure (Westman et al. 1975; Panetta 1979b). Interestingly, Lázaro-Lobo et al. 
(2020) found shade-adaptive effects of parental environment on B. halimifolia off-
spring. In their study, progeny from low maternal light conditions performed better 
in the shade treatment than did those offspring from maternal plants grown under 
high light conditions, whereas the opposite pattern was found in high light 
conditions.

In the field, colonization patterns might not only reflect the ability to respond to 
light conditions but also could reflect the outcome of different competitive interac-
tions and responses to disturbance or stressors (see sections below). For instance, 
Panetta (1979c) indicated that, since canopy closure did not affect population size 
structure in pine stands, other factors such as litter accumulation or the occurrence 
of disturbances at the soil level might determine the survival or productivity of this 
species.

Nutrient Availability The presence of B. halimifolia does not seem to be limited 
by nutrient availability since it is able to colonize different types of soils. In 
Australia, it is recorded from dry infertile forest soils to rich volcanic loams and 
low-lying clay soils with high moisture content (Winders 1937, cited in Sims- 
Chilton and Panetta 2011). In coastal Mississippi, USA, B. halimifolia occurrence 
was not affected by carbon-to-nitrogen ratio (Paudel and Battaglia 2015). Likewise, 
the species was found to colonize different sites in Queensland where soil nitrogen 
and phosphorus ranged, respectively, from 560 to 5500 ppm and from 4 to 73 ppm 
(Westman et al. 1975). In contrast, B. halimifolia’s productivity does respond posi-
tively to high levels of N availability under experimental conditions (Vick and 
Young 2013) and in the field (Connor and Wilson 1968). However, demand for P 
may increase under high levels of N concentration, moderating any potential 
increase in B. halimifolia’s growth (Westman et al. 1975; Vick and Young 2013). 
Also, recurrent flooding in coastal communities can reduce P assimilation and root 
growth (McKee et  al. 2002). However, since, in its native range, the roots of 
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B. halimifolia are colonized by arbuscular mycorrhizal fungi (AMF, Paudel et al. 
2014), it is possible that mutualistic associations with AMF would enhance nutrient 
uptake or contribute to salt or flooding stress tolerance (Neto et al. 2006).

Salinity Baccharis halimifolia is highly tolerant to salinity, but it is a facultative 
halophyte, i.e., its optimal growth occurs in the absence of salinity (Caño et  al. 
2016). For this reason, this species colonizes different types of soils where salinity 
values range from 0 to sea water salt concentrations (Westman et al. 1975; Young 
et al. 1994; Caño et al. 2013b, 2014; Frau et al. 2014), although the highest occur-
rence of B. halimifolia has been recorded under low to moderate levels of salinity 
(Young et al. 1994; Caño et al. 2014; Paudel and Battaglia 2015). On the other hand, 
threshold levels of tolerance to salt stress exposure can prevent colonization through 
massive mortality at the halophilous end of the gradient (Caño et al. 2013a). As in 
most non-obligate halophytic species, exposure of B. halimifolia to salt stress actu-
ally reduces root and shoot biomass and triggers a set of physiological responses 
affecting leaf traits, water relations, photosynthesis, and osmolyte accumulation, 
both in the field and under controlled conditions (Young et al. 1994; Tolliver et al. 
1997; Zinnert et  al. 2012; Fuertes-Mendizabal et  al. 2014; Caño et  al. 2013b, 
2014, 2016).

Experiments under controlled conditions have demonstrated low mortality at 
high salinity levels (20 g NaCl/L) and an ability to germinate and reproduce under 
saline conditions (Tolliver et al. 1997; Paudel and Battaglia 2013; Caño et al. 2016). 
Paudel and Battaglia (2013) also reported that germination can be unaffected by 
salinity concentrations up to 20 g/L. However, others have shown that percent ger-
mination of B. halimifolia can be drastically reduced by salinity levels as low as 
10 g/L (Young et al. 1994; Lázaro-Lobo et al. 2020). Environmental salinity of the 
maternal plants can highly affect progeny tolerance to salinity. For example, Lázaro- 
Lobo et al. (2020) found that seeds produced by maternal plants growing in saline 
areas had higher and faster germination in saline environments than seeds from 
plants growing in non-saline or subsaline areas. Moreover, seedlings are more likely 
to establish in saline environments if they are exposed to salinity since germination 
and, therefore, have more time to acclimate to this abiotic stressor (Lázaro-Lobo 
et al. 2020). Salinity levels at the upper end of the tolerance range of B. halimifolia 
are likely to delay or suppress flowering, but moderate salinity levels can trigger 
flowering, both in the greenhouse (Caño et  al. 2016) and in the field (Caño 
et al. 2013b).

A set of physiological adaptations that characterize halophytic species and a 
degree of plasticity have been shown to underlie the high salt tolerance displayed by 
this species. B. halimifolia reduces specific leaf area and increases both leaf succu-
lence and stomatal density under saline conditions, which may facilitate a better 
regulation of stomatal function and transpiration in order to avoid a greater NaCl 
concentration in tissues (Fuertes-Mendizabal et al. 2014). This shrub behaves as a 
salt-accumulating plant (Zinnert et al. 2012; Caño et al. 2016), and it has the ability 
to synthesize high levels of proline that likely act as an osmolyte or osmoprotectant 
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(Fuertes-Mendizabal et al. 2014). It can resist high salt concentrations in its tissues 
and simultaneously maintain low photosynthetic activity without necrosis, although 
it shows no capacity for salt exclusion (Zinnert et  al. 2012; Fuertes-Mendizabal 
et al. 2014).

Water Availability (Floods and Droughts) Drought stress or anoxic stress by 
waterlogging might depend on precipitation and evapotranspiration in the upper 
zone of marshes and non-saline soils and on tidal influence in moderate-high salin-
ity communities (Caño et al. 2013b; Pivovaroff et al. 2015). Pivovaroff et al. (2015) 
found that at the landward edge of B. halimifolia’s range, physiological adjustments 
to water stress were achieved through greater cavitation resistance. Concerning 
other hydrodynamic variables, Frau et  al. (2014) showed that invasive estuarine 
populations in Spain occur in areas that are inundated <26% of the year, with water 
speed and water flow <0.1 m/s and <0.85 m3/s, respectively.

 Biotic Factors

Competition with Other Plants Despite the wide ecological amplitude of 
Baccharis halimifolia regarding light or nutrient availability and different stressors, 
establishment in the field is often determined by the competitive relations estab-
lished with neighboring plants in different kinds of habitats. B. halimifolia can eas-
ily outcompete herbaceous species and take advantage of disturbance, but 
competition with woody species limits its establishment and reproduction (Ervin 
2009; Caño et al. 2013a). In coastal communities in North America, interspecific 
differences in response to flooding and salinity underlie the zonation among differ-
ent shrubs, and thus B. halimifolia typically inhabits the intermediate marsh zone, 
together with the salt-tolerant shrub Iva frutescens (Young et al. 1994; Tolliver et al. 
1997). Although competition between these species can prevent the formation of 
monospecific stands at the subhalophilous zone of the marsh in North America, 
shrub and tree vegetation are absent in these communities in Europe. Here B. halimi-
folia outcompetes the dominant native herbaceous species (Juncus maritimus, 
Elytrigia spp., and eventually Phragmites australis), both in the Atlantic and 
Mediterranean coastal wetlands. It establishes in small gaps and spreads in these 
communities, even in almost undisturbed sites (Caño et al. 2013a; Fried et al. 2014; 
Fried and Panetta 2016). While this facultative halophyte could potentially perform 
better in upper marsh and non-saline sites, competition with highly productive estu-
arine alder forests (Alnus glutinosa, Salix atrocinerea) in such sites has been shown 
to prevent B. halimifolia’s colonization in coastal communities in Spain (Caño 
et al. 2013a).

Herbivory In its native range, various species of Lepidoptera, Hemiptera, and 
Coleoptera feed on Baccharis halimifolia as larvae or adults. Surveys conducted in 
North America have identified up to 133 phytophagous insects feeding on B. halimi-
folia, of which 14 were considered restricted to the genus Baccharis and 11 specific 
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to B. halimifolia (Palmer 1987; Palmer and Bennett 1988). Some of these insects 
have been introduced in Australia as biological control agents (Sims-Chilton et al. 
2010; see management section). In Europe, natural enemies identified are mostly 
mealybugs (Ceroplastes sinensis and Saissetia oleae), aphids (Aphis fabae, A. spi-
raecola), and sooty molds, but the presence of an undetermined Agromyzidae has 
been also reported (Dauphin and Matile-Ferrero 2003; Fried et  al. 2013; Caño 
et al. 2013b).

Despite the abundant phytophagous species found on B. halimifolia, the level of 
impact and consumption in both the native (Westman et al. 1975) and the invasive 
ranges does not seem to reduce the species’ performance (Westman et  al. 1975; 
Fried et al. 2013; Caño et al. 2013b; Lovet 2015). However, Kraft and Denno (1982) 
reported that populations defoliated by the specialist beetle Trirhabda bacharidis 
failed to flower. Acetone soluble resins in the leaves of B. halimifolia have been 
found to act as deterrents for generalist herbivores, despite being tolerated by spe-
cialists such as the beetle T. bacharidis (Kraft and Denno 1982).

Finally, the trophic dynamics in B. halimifolia have been found to be affected in 
a qualitative and a quantitative way by plant sex (Krischik and Denno 1990b), plant 
and population characteristics, climatic variables (Sims-Chilton et al. 2009), envi-
ronmental factors modifying leaf chemistry or quality (Younginger et  al. 2009; 
Caño et  al. 2013b), and mutualistic associations with mycorrhizal fungi (Moon 
et al. 2013).

Parasites, Fungi, Bacteria, and Viruses There are almost no serious diseases 
affecting B. halimifolia in its native range (Gilman 1999). A rust fungus specific to 
the Baccharis genus (Puccinia evadens, Groundsel bush rust) causes defoliation 
during summer and winter, and, in extreme cases, stems can die back over summer 
(Sims-Chilton and Panetta 2011; F.D. Panetta, pers. obs.). Also, different species of 
nematodes have been found associated with B. halimifolia in Florida and Australia, 
but high variability across years and experimental conditions obscures any clear 
differences between the native and the exotic range (Porazinska et  al. 2014). 
Although B. halimifolia is a natural host of the bacterium Xylella fastidiosa, the lat-
ter does not cause any disease in this species (Hopkins and Adlerz 1988).

 Type of Ecosystems Invaded and Impacts

Baccharis halimifolia colonizes a great variety of ecosystems in both the native and 
the introduced distributional ranges. In the southern United States, it typically 
invades coastal prairies and marshes (Penfound and Hathaway 1938; Harcomb 
1989; Bruce et al. 1995), overgrazed rangelands (USDA 2018), disturbed grasslands 
(Penfound and Hathaway 1938; Allen 1950), desert areas (Boldt 1989), hedgerows 
and fallow fields (Krischik and Denno 1990a), former industrial sludge basins 
(Olson and Fletcher 2000), and roadsides, pine plantations, and forest edges (Ervin 
2009). In Australia, this shrub invades not only human-disturbed and 
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human- managed areas such as pastures (McFadyen 1973) and exotic pine planta-
tions (Panetta 1979c) but also Melaleuca swamps and dry eucalypt forests that 
experience periodic natural disturbances such as fire and flooding (Westman et al. 
1975). In Europe, B. halimifolia colonizes human-disturbed areas such as road and 
rail networks, irrigation channels, and wastelands (Le Moigne and Magnanon 
2009), as well as subhalophilous coastal communities, which are part of the pro-
tected habitat “Atlantic Salt Meadows” included in the Habitats Directive 92/43/
EEC (Caño et al. 2013a). In Spain, B. halimifolia occurs in up to 18 sites of com-
munity importance (Campos et al. 2014), and multiple endangered halophilous spe-
cies restricted to these areas are threatened by B. halimifolia invasion (Caño et al. 
2013a, 2014).

In the invaded regions, this species causes negative effects on biodiversity, eco-
system functioning, and human activities in multiple ways. It has a direct impact on 
the surrounding vegetation due to its ability to form dense monospecific thickets 
that prevent other species from establishing (Fried and Panetta 2016). Baccharis 
halimifolia not only reduces the herbaceous diversity of the coastal prairies and 
estuarine communities that it invades but also converts the native herbaceous vege-
tation into a landscape of monospecific woody stands (Harcomb 1989; Campos and 
Herrera 2009; Caño et al. 2014; Fried et al. 2014; Fried and Panetta 2016). Fried 
et al. (2016) indicated more details about what plant communities are more affected 
by B. halimifolia invasions in their work “Monographs on Invasive Plants in Europe: 
Baccharis halimifolia L.”

Impacts that this species has on vegetation also have been shown to have conse-
quences for some animal species. For example, Arizaga et al. (2013) showed that 
B. halimifolia causes perceptible changes on bird assemblages by promoting wood-
land species and potentially affects migrant species associated with ecosystems that 
have been invaded. Mallard (2008) pointed out that insect species richness and 
abundance were lower in stands of B. halimifolia than in native woody plant spe-
cies. Furthermore, the impacts caused by this invasive species are aggravated by its 
potential ability to affect ecosystem processes such as sedimentation dynamics 
(Campos and Herrera 2009), fire regimen (Sinnassamy 2004), light interception, 
and succession (Campos et al. 2004). Thus, Campos and Herrera (2009) considered 
B. halimifolia as a “transformer” species (sensu Richardson et al. 2000) due to its 
potential ability to transform the structure and function of littoral ecosystems.

In addition to its impacts on natural ecosystems, this early successional species 
is also considered as a pest because it rapidly invades rangelands used for livestock 
grazing (Westman et al. 1975; Sims-Chilton and Panetta 2011). Hence, it reduces 
the productivity of the pasture and limits cattle movement (Palmer and Sims-Chilton 
2012). Furthermore, B. halimifolia has a low palatability for herbivores and is even 
toxic to them (Boldt 1989; USDA 2018; see also Chap. 15 in this volume). 
Nevertheless, seedling establishment can be greatly affected by domestic cattle 
(Caño et al. 2013a; Fried et al. 2016). In Spain, the progressive reduction of cattle 
farming promotes the invasion of disturbed communities located in the salt marsh 
area. However, in grazed or managed meadows, B. halimifolia is totally absent due 
to periodic disturbance (Caño et  al. 2013a). This shrub also causes problems in 
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forestry plantations due to its capability to outcompete pine seedlings (Palmer and 
Sims-Chilton 2012) and in salt production areas by decreasing wind velocity and 
evaporation of water (Fried et al. 2016). Lastly, the pollen from this shrub can reach 
high concentrations in the air and potentially cause allergies in sensitive persons 
(Green et al. 2011).

 Management

 Mechanical Control

Mechanical control objectives in the management of B. halimifolia are basically 
twofold: (1) to kill individual plants and (2) to suppress flowering and thereby 
reduce seed production and spread. Young plants (less than 1 m in height) can be 
pulled up with little risk of sprouting, especially when the soil profile is moist. This 
approach may be feasible and cost-effective for small, incipient infestations. Larger 
plants often regrow from any parts of the root system that have not been removed. 
Such a strong vegetative regeneration capacity essentially limits the scope for 
mechanical control when used alone for this species, but methods that combine 
mechanical with chemical control are more effective (see below). Timely slashing 
of infestations can reduce seed production, and burning may also be an effective 
method of control, but rapid regrowth is common (Allain and Grace 2001). Flooding 
for several months during winter can eliminate adult plants; permanent flooding has 
been used effectively in Spanish estuarine environments (Campos et al. 2014; Fried 
et al. 2016).

 Chemical Control

Given that B. halimifolia was first recognized as a serious weed in Australia (having 
been declared noxious in the 1950s), chemical control methods were first developed 
there and became a major component of its management. The plant was readily 
controlled by overall spray application of either 0.2% salts or esters of 2,4-D 
((2,4-dichlorophenoxy) acetic acid) or 2,4,5-T ((2,4,5-trichlorophenoxy) acetic 
acid). Basal barking with esters in oil and cut-stumping using salts in water and 
esters in water or oil were also effective control methods (Sims-Chilton and Panetta 
2011). Other work has reported effectiveness of dicamba plus MCPA, glyphosate, 
picloram plus 2,4-D, and triclopyr (Weber 2003). In hardwood forest plantations in 
southeastern Arkansas, Gann et al. (2012) found triclopyr to be more efficient in 
controlling B. halimifolia than imazamox, aminopyralid, and glyphosate.

During the 1950s in Australia, “brushing” was the most common method used, 
consisting of cutting plants and swabbing their stems with chemicals. Today cut- 
stumping, i.e., application of relatively concentrated herbicide solutions to the 
stumps of plants just after cutting, is a method commonly used in environmentally 
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sensitive areas, such as nature reserves. When used properly this method presents 
less risk of off-target damage than foliar applications of more dilute solutions. 
Glyphosate is the most common herbicide used for cut-stumping in France and 
Spain (Fried et al. 2016). Follow-up treatment is essential because infestations of 
B. halimifolia develop persistent seed banks (Panetta 1979a). This will likely com-
bine hand pulling of young plants with foliar spraying of regrowth from plants not 
killed by the previous treatment.

 Biological Control

Surveys for potential biological control agents for B. halimifolia were initiated in 
the southern United States in the 1960s. These surveys, undertaken by researchers 
from the Queensland Government, continued for several decades. Overall, 35 agents 
were imported into Australia for testing, 14 were released, and 7 have established 
(Sims-Chilton et al. 2009). One of these was the pathogen Puccinia evadens, which 
has established over most of B. halimifolia distribution in Australia (Sims-Chilton 
et  al. 2009). The other six were insects, including three species of Lepidoptera 
(Aristotelia ivae (Gelechiidae), Bucculatrix ivella (Bucculatricidae), and Hellinsia 
balanotes (Pterophoridae)); two species of Coleoptera (Megacyllene mellyi 
(Cerambycidae) and Trirhabda bacharidis (Chrysomelidae)); and a dipteran 
(Rhopalomyia californica (Cecidomyiidae)). All are native to North America, 
except for M. mellyi which is South American.

Biological control impacts on B. halimifolia vary in relation to several environ-
mental factors (Sims-Chilton et  al. 2009), but overall there has been a marked 
decline in the abundance of the weed throughout its Australian range. This decline 
is at least partially due to a long-term decrease in the climatic suitability of the 
invaded areas (Sims-Chilton et  al. 2010). Regardless, the Australian experience 
reveals several potentially effective agents in the event that biological control is 
attempted elsewhere. In France, sheep have intentionally been used to control 
sprouting after application of physical methods on large areas (Fried et al. 2016).

3  Species of the Genus Baccharis That Are Invasive Within 
Their Native Distributional Range

 Baccharis coridifolia DC. (Mio-mio)

Baccharis coridifolia is native to Paraguay, northern and central Argentina, Uruguay, 
and southern Brazil (Mongelli et al. 1997; Rizzo et al. 1997). This species can read-
ily colonize abandoned fields (Sione et al. 2016) and thrives in pastures where live-
stock reduce the cover of palatable grasses (Berretta 2001). Baccharis coridifolia is 
primarily considered invasive due to its toxic effects in livestock, especially during 
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the flowering season (April–May; Rizzo et al. 1997). In fact, it is one of the most 
important toxic plants within its native range (de Almeida et al. 2009), and several 
works have documented its negative effects in livestock (e.g., Tokarnia and 
Döbereiner 1975; Habermehl et al. 1985; Costa et al. 1995), as it is explained in 
another section of the book (Chap. 15).

 Baccharis dracunculifolia DC. (White Chilca)

Baccharis dracunculifolia occurs in the southern region of South America, includ-
ing Argentina, Paraguay, southern Brazil, Uruguay, and Bolivia (Lombardo 1964; 
Barroso 1976; cited in Ibáñez and Zoppolo 2011; Müller 2006). This shrub has high 
reproductive rates and dispersal capacity (Frenedozo 2004). Female plants produce 
large numbers of seeds that germinate readily (Gomes and Fernandes 2002). It has 
been recognized as an invasive and colonizing species on several occasions in some 
areas within its native range, partly because of its efficient establishment and growth 
in disturbed habitats (Dos Santos et  al. 2008; Galindez et  al. 2009). Frenedozo 
(2004) included B. dracunculifolia as one of the few colonizer species that appeared 
at limestone mining quarries. Ibáñez and Zoppolo (2011) examined the allelopathic 
properties of B. dracunculifolia and its phytotoxic effects on other species. They 
concluded that germination and growth of other plants were significantly inhibited 
by the essential oil of this shrub, which would explain the reduction of weeds near 
B. dracunculifolia. Even though B. dracunculifolia is an obligate seeder species and 
does not sprout after fire (Overbeck and Pfadenhauer 2007), its high seedling estab-
lishment after burning allows this shrub to compete with other vegetatively propa-
gated species (Galindez et al. 2009). Furthermore, B. dracunculifolia is adapted to 
a wide range of soil conditions. It efficiently colonizes high fertility agriculture 
fields (Macedo et al. 2003) and degraded areas with low nutrient availability (Dos 
Santos et al. 2008). Negreiros et al. (2012) examined the survival and early growth 
of B. dracunculifolia seedlings grown across a gradient of nutrient availability. The 
results showed that seedlings growing on less fertile soils exhibited the highest sur-
vival rates. However, seedlings had a higher growth rate and accumulation of bio-
mass on more fertile substrates. Finally, B. dracunculifolia has been proposed, 
among other species, as a helpful species to regenerate disturbed areas such as 
arsenic- contaminated areas and overburden piles produced by surface mining, as 
part of revegetation programs within its native range (Dos Santos et  al. 2008; 
Gilberti et al. 2014).

 Baccharis neglecta Britton. (Roosevelt Weed)

Baccharis neglecta is mainly found in open habitats from the southwestern and 
south-central United States to Coahuila, Chihuahua, and Durango, northern Mexico 
(Matuda 1957; Correll and Johnston 1979; cited in Boldt and Robbins 1987; Van 
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Auken and Bush 1990). The species has been reported as invasive within its native 
distributional range on several occasions (Hamilton et al. 2004, U.S. Department of 
Homeland Security 2004), primarily in overgrazed or disturbed productive range-
lands, where it causes negative economic effects (Everitt et al. 1978). According to 
Mutz et al. (1979), livestock can occasionally graze upon young plants, but the spe-
cies has little or no nutritional value.

Van Auken and Bush (1990) conducted an experiment to evaluate the light 
requirements of B. neglecta seedlings, obtaining higher values of number of leaves, 
stem length, basal diameter, and above- and belowground biomass from the plants 
submitted to the highest light treatment (photon flux densities (PPFD) of 
611 μM·m−2·sec−1). Furthermore, seedling mortality was very high under the lower 
light treatments (PPFD <1 and PPFD  =  53  μM·m−2·sec−1). All deaths occurred 
within 3 weeks of the start of the experiment, and all the plants died under the low-
est light level. The above results show that B. neglecta is a sun-tolerant plant, or 
heliophyte, which is favored by removal of native vegetation by disturbances such 
as heavy grazing (Van Auken and Bush 1990; Hamilton et al. 2004).

It appears that B. neglecta can be controlled by maintaining a solid grass cover, 
decreasing the water available in the upper soil profile (Van Auken and Bush 1990). 
Other alternatives to prevent the establishment and spread of B. neglecta are 
mechanical removal, chemical treatments, and biological control. Individuals can 
be temporarily controlled by shredding or burning, but they will sprout in a short 
period of time (Boldt and Robbins 1987). Herbicides such as 2,4-D, picloram, and 
tebuthiuron are very effective against this species, but expensive (Scifres 1980). 
Boldt and Robbins (1987) evaluated the potential of host-specific insects from 
South America for the biological control of B. neglecta. They found that 17 insect 
species used this invasive shrub as an alternate feeding host, but only 3 species con-
sistently caused damage to individual plants. Finally, B. neglecta, as with B. saro-
throides, has been considered as a potential candidate for phytoremediation of mine 
tailings (Mendez and Maier 2008) due to its arsenic (As) tolerance and accumulat-
ing capacity (Flores-Tavizon et al. 2003).

 Baccharis pilularis DC. (Coyote Brush)

Baccharis pilularis is probably the second most studied shrub of this genus. Its 
native distributional range corresponds to northwestern Mexico and the western 
United States (Hickman 1993; Ross 2004; USDA 2018). It is commonly found in 
chaparral, coastal scrub, and foothill woodland communities (Hobbs and Mooney 
1985; Underwood et al. 2007), but B. pilularis can also grow in harsh serpentine 
soils (Hickman 1993).

McBride and Heady (1968) described the invasive character of this species for 
the first time in annual grasslands of northern California, and they studied the influ-
ence of grazing and burning on its expansion process. The results suggested that the 
spread of B. pilularis was favored by the reduction of wildfire frequency and the 
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elimination of grazing livestock since the establishment of Regional Parks in 1934. 
McBride (1974) also reported the widespread distribution of this shrub in the region 
and emphasized the pivotal role that livestock play in preventing its invasion, even 
though mature shrubs have a low palatability. Multiple later studies have deepened 
our understanding of the invasions by this species in coastal ranges of California. 
Keeley (2005) reviewed the fire history of the grasslands mentioned above and con-
cluded that changes in the fire regime were not as important as cessation of grazing 
to explain B. pilularis invasion. Further studies showed that the invasion of annual 
grasslands by this species often fails because seedling roots cannot reach deep parts 
of the soil profile before the summer drought occurs (Williams and Hobbs 1989). 
However, unusually favorable temperatures and adequate soil moisture conditions 
during this period (in years of abundant spring rainfall) allow for successful coloni-
zation (Williams et al. 1987; Williams and Hobbs 1989). Laris et al. (2016) argued 
that the use of mechanical treatments for the practice of grazing, including bulldoz-
ing or disking, caused long-lasting impacts on the region’s vegetation dynamics, 
and, therefore, shrub advancement rates were lower in the least intensively dis-
turbed sites, such as upper and steeper slopes.

Hobbs and Mooney (1986) studied the impacts of grassland colonization by 
B. pilularis and found that the abundances of all herbaceous species declined sig-
nificantly after Baccharis stands formed a closed canopy at 2–3 years. They suggest 
that this result could be due to both the reduction of light penetrating the canopy and 
herbivory by small mammals, which are known to seek shelter in Baccharis stands. 
However, scattered B. pilularis individuals did not cause a great reduction of grass-
land species abundances. This shrub can also increase the fuel load of the invaded 
areas, thus altering their fire regimes (Russell and Tompkins 2005). Allelopathy was 
suggested to be another potential mechanism by which B. pilularis affects the sur-
rounding vegetation (Hobbs and Mooney 1986).

In contrast to studies of managed grasslands, Cushman et al. (2011) showed, in a 
coastal foredune system in northern California (USA), that B. pilularis was the only 
native plant that dominated the site, along with the exotic species Ammophila are-
naria and Carpobrotus edulis. However, herbaceous exotic species can greatly 
impact the growth of Baccharis seedlings, especially under dry conditions (Da Silva 
and Bartolome 1984).

Management of this species is very important to avoid changes from grassland to 
shrubland (Hobbs and Mooney 1985). Mechanical removal has proven to have low 
effectiveness at halting the spread of B. pilularis. The shrubs, especially 3–4-year- 
old plants, sprout readily from the base after cutting or burning, due to the develop-
ment of an extensive root system for storage and water capture (Hobbs and Mooney 
1985). However, seedlings and younger plants are susceptible to fire damage (Ross 
2004). Biological methods could be used to control invasion of this species. For 
example, as described above, livestock grazing effectively decreases the establish-
ment of new individuals (McBride and Heady 1968; McBride 1974). Seedling her-
bivory by slugs also has a considerable effect on seedling performance (Zavaleta 
2006), and a fungal parasite called Diaporthopsis causes witches’-broom and die-
back in mature shrubs (Bonar 1966). Chemical control is an effective but expensive 
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control measure because it requires large quantities of herbicides (Elmore et  al. 
1968; Hyland and Holloran 2005; Ogden and Rejmánek 2005).

The effects of climate change on this shrub have also been studied by Zavaleta 
(2006), who suggested that seed germination could be increased by higher CO2 
concentrations and accelerated by water addition.

 Baccharis pteronioides DC. (Yerba de Pasmo)

Baccharis pteronioides is a drought deciduous shrub that dominates some semides-
ert areas of its native distributional range (Bock and Bock 1992; Stegelmeier et al. 
2009), corresponding to southern United States (Texas, New Mexico and Arizona) 
and northern Mexico (Kearney and Peebles 1969; Lamb 1975, cited in Kenney et al. 
1986). It is considered troublesome in Arizona because it invades grasslands used 
for livestock grazing (Kenney et al. 1986). An experiment conducted by Kenney 
et al. (1986) demonstrated that the exclusion of domestic cattle increased the popu-
lation density of B. pteronioides, even though livestock do not feed on this shrub 
when other plants are present. Baccharis pteronioides, as many other species from 
this genus, is fire resistant (Tellman 2002), which decreases the effectiveness of 
burning to prevent its spread. Furthermore, several livestock poisoning incidents 
caused by this species due to lack of alternative forage have been reported in the 
southwestern United States (Stegelmeier et al. 2009), which is explained in more 
detail in another section of the book (Chap. 15).

 Baccharis salicifolia (Ruiz & Pav.) Pers. (Mule-Fat)

Baccharis salicifolia is widely distributed from the southwestern United States to 
Patagonia (Boldt and Robbins 1990; Müller 2006). However, it is believed that this 
species originated along the Andes Mountains in Argentina (Cuatrecasas 1968; 
Benson and Darrow 1981; Nesom 1988, cited in Boldt and Robbins 1990). It com-
monly grows along waterways, forming dense stands (Dimmit 2000). Several stud-
ies have pointed out the dominant role of this shrub in some areas within its native 
range. A study conducted in southern California by Boland (2014) showed that 
seedlings of B. salicifolia were widely distributed throughout the area, but adults 
comprised the dominant shrub species in the upper elevations of riparian wood-
lands. Seedling survivorship was very poor in the low-elevation riparian zone dur-
ing the first winter, and adult survivorship was poor in the intermediate riparian 
zone in later years. DiPietro et  al. (2002) indicated that B. salicifolia dominated 
southern California riparian southern willow scrub habitats. In the North Andean- 
Patagonian region of Argentina, Serra et al. (2013) specified that terrestrial vegeta-
tion was dominated by this shrub, among others.
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Baccharis salicifolia is a phreatophyte, and its deep root system allows the plant 
to draw groundwater from deeper zones; the resulting additional use of water in 
semiarid basins can become problematic for neighboring species (Gatewood et al. 
1950; Fletcher and Elmendorf 1955). McGuire (2005) concluded that transpiration 
through the leaves and stems of B. salicifolia was greater than precipitation during 
the growing season and that transpiration rate was comparable to the overstory cot-
tonwood. Parker (1972) included this shrub in his book An Illustrated Guide to 
Arizona Weeds. Furthermore, B. salicifolia has a moderate tolerance to salinity 
(Glenn et al. 1998), which allows for occurrence in a wider range of environments. 
Humans have also influenced the spread of this species, planting it along waterways 
to control erosion due to its rapid growth rate and deep root system (Boldt and 
Robbins 1990; USDA 2018).

As with other Baccharis species, B. salicifolia has a low palatability to livestock 
or wildlife (Boldt and Robbins 1990; USDA 2018) and can sprout after fire, which 
increases its potential to behave as an invasive species. Boldt and Robbins (1990) 
evaluated the possible biological control of B. salicifolia by insects and found that 
this shrub was the host or alternate host for 106 species of phytophagous insects, 
which fed on the plant and caused moderate damage in localized areas.

 Baccharis salicina Torr. & A.Gray (Willow Baccharis)

Baccharis salicina is native to the south-central United States (Colorado, Kansas, 
Oklahoma, Texas, New Mexico, and Arizona) and northern Mexico (Boldt and 
Robbins 1994; USDA 2018). However, it was identified by Polacik and Maricle 
(2013) as a non-native species in the Cedar Bluff Reservoir (Kansas, USA). 
Baccharis salicina requires light to germinate, is adapted to numerous soil types, 
and grows in moist disturbed areas and along saline waterways, forming narrow 
riparian strips (Ungar 1968; Boldt and Robbins 1994). Skousen et al. (1990) sam-
pled the vegetation growing in unreclaimed surface mine sites in east-central Texas, 
finding that B. salicina established soon after mining and was the dominant woody 
plant species on 5–30-year-old sites.

Currently, B. salicina is invading riparian areas and lake basins throughout Texas, 
along with Tamarix ramosissima, due to both species’ ability to outcompete other 
native vegetation in riparian areas (Muñoz et al. 2017). This species also is known 
to invade rangelands, where it has little or no value to livestock, making it undesir-
able in these systems. Managers of invaded rangelands have implemented different 
methods to control the rapid expansion of this shrub, including prescribed burning, 
herbicides, and mechanical treatments, with little success (Muñoz et  al. 2017). 
There have also been attempts to promote the biological control of this species. 
Boldt and Robbins (1994) assessed the insects occurring and feeding on B. salicina 
in its native distributional range and found that the species was the host or alternate 
host for 61 species of phytophagous insects, of which only 19 occurred at densities 
greater than 1 per plant. Muñoz et al. (2017) studied the control of B. salicina and 
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T. ramosissima with goats and hypothesized that exposure to the plants at weaning 
would improve acceptance and consumption of the plant species by these animals. 
They found that goats consumed both invasive plant species but preferred T. ramo-
sissima over B. salicina. This selective browsing could leave B. salicina without 
competitors in rangeland areas, allowing it to become the dominant shrub. Muñoz 
et al. (2017) also mentioned the possible toxic effects of B. salicina on goats and 
observed that the animals would consume the plant until the consumption reached 
toxic levels.

 Baccharis sarothroides A.Gray (Desert Broom)

Baccharis sarothroides is native to northwestern Mexico and southwestern United 
States. It is considered invasive in some areas of its native range due to its ability to 
grow in harsh environments and highly disturbed areas (Mendez and Maier 2008). 
This species, like others in the genus, can reach water and nutrients stored in deep 
parts of the soil with its long root system, and its rapid growth allows it to withstand 
partial burial by sand (Haque et al. 2008). All the above characteristics make B. saro-
throides one of the most dominant plants of sandy floodplains in areas of its native 
distributional range (Dimmit 2000). Another adaptation of this shrub to semiarid 
regions is that it loses its leaves under drought conditions, allowing it to survive 
during the summer dry period (Virginia Tech 2018). Haque et al. (2008) examined 
the phytoremediation potential of this species on mine tailings in Arizona and found 
that it was not affected by the excessive metal and metalloid concentration in the 
soil. This result suggests that B. sarothroides possesses certain metal adaptability 
and resistance, which could allow the colonization of other inhospitable environ-
ments. As with other Baccharis species, in some areas B. sarothroides is considered 
a bothersome plant due to its aggressive, invasive nature (Dimmit 2000).

 Baccharis ulicina Hook. and Arn. (Yerba de la Oveja)

The distributional range of B. ulicina includes portions of Argentina and Bolivia. 
The major study regarding the biology and management of this species was docu-
mented by Tucat (2015) in his doctoral dissertation. All the information included in 
this section was obtained from that work. Baccharis ulicina is not palatable by cat-
tle, which has facilitated its presence and dominance in agricultural systems. In fact, 
it is widespread in areas used for domestic livestock grazing, especially in pastures 
of the semiarid zone of Argentina. On average, one plant can produce from 900 to 
1300 capitula per year. Each capitulum contains an average of 24 seeds, giving this 
species high reproductive potential. Moreover, seeds germinate in a short period of 
time after dispersal, and germination occurs under a wide range of environmental 
conditions. Experimental results showed that the germination rate was very high 
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between temperatures of 10 and 28 °C and under any light level. This species also 
seems to possess some allelopathic activity. Specifically, B. ulicina negatively 
affected the establishment of other plants, such as the cultivated species Avena 
sativa, Lolium perenne, and Raphanus sativus, as well as the native species Nassella 
clarazzi. Finally, Tucat (2015) concluded that mechanical removal efforts and burn-
ing did not effectively control the spread of this species, due to its ability to sprout 
after the disturbance from stem buds near the ground. However, chemical control 
with glyphosate proved to be a good management tool.

 Other Species of the Genus Baccharis That Colonize Disturbed 
Areas and Regeneration Patches

There are scattered studies that show the high capacity of other species from the 
genus Baccharis to colonize disturbed areas, as well as their important role in the 
regeneration of the vegetation within their native distributional ranges. These traits 
suggest that the introduction of these species to other areas could have detrimental 
consequences for the native vegetation. However, the competitive abilities of these 
species are not well understood, nor are their abiotic requirements for growth.

Holmgren et al. (2000) analyzed the recolonization of shrub species in patches 
that were either burned or cleared in a coastal area of central Chile. They found that 
Baccharis linearis (Ruiz & Pav.) Pers. was one of the two dominant species after the 
clearing of vegetation, but seed availability in burned patches was very low, proba-
bly because its seeds were unable to survive even low-intensity fires. They also 
stated that B. linearis is frequently found in abandoned agricultural fields.

Safford (2001) studied the postfire vegetation development in the surroundings 
of Rio de Janeiro (Brazil) and concluded that Baccharis glaziovii Baker, Baccharis 
reticularia DC., and especially Baccharis platypoda DC. successfully colonized 
burned areas, due to evolutionary adaptations to fire. However, the regeneration and 
postfire colonization rates were highly influenced by biotic and physical variables, 
such as altitude, aspect, and slope.

Limited research has been published on another handful of species in this genus. 
Baccharis singularis (Vell.) G.M.Barroso, for example, was found to occur com-
monly in fallow areas in southeastern Brazil (Salimon and Negrelle 2001). Slocum 
et al. (2004) showed that Baccharis myrsinites (Lam.) Pers. colonized areas previ-
ously occupied by fern thickets in the Dominican Republic, but only after the fern 
species were mechanically removed. Baccharis punctulata DC., Baccharis notoser-
gila Griseb., and Baccharis coridifolia were found to be the dominant invasive spe-
cies in abandoned fields of northeastern Argentina (Sione et al. 2016). Baccharis 
punctulata also was shown to invade natural forests and degraded grasslands, also 
in northeastern Argentina (Casermeiro and Spahn 1999; Marchesini 2003; Sione 
et al. 2016). Mechanical treatments such as shrub removal had to be applied multi-
ple times to successfully control the spread of this species (Sabattini et al. 2012). 
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Finally, Lazarotto et al. (2017) considered Baccharis psiadioides (Less.) Joch.Müll. 
as a dominant species that forms dense stands within its native distributional range 
in southern Brazil and Uruguay (Deble et  al. 2005). They further found that its 
essential oil affects seeds and seedlings of other plant species, such as Arabidopsis 
thaliana.

4  Sporadic Introductions

 Baccharis spicata (Lam.) Baill

Baccharis spicata is native to southeastern South America (northeastern and central 
Argentina, Uruguay, Paraguay, and southern Brazil), where it occurs in grasslands, 
steppes, arable lands, river margins, disturbed coastal areas, abandoned paddy 
fields, and urbanized sites (Giuliano and Plos 2014; Verloove et al. 2018). Several 
localities in South America have recognized its potential invasive tendencies 
throughout its native distributional range and have organized campaigns to eradicate 
the species from susceptible areas. This species has recently invaded disturbed areas 
in Portugal but has not been reported in natural areas for the moment. However, 
considering its ecology in its native distributional range and its high capacity to 
disperse long distances by wind, it is likely that the species will spread to nearby 
natural areas (Verloove et al. 2018). Two naturalized populations were spotted in the 
surroundings of Porto (Matosinhos and Vila do Conde) in 2015. Verloove et  al. 
(2018) provided details about those records of B. spicata and described the potential 
of this species to invade Europe. They stated that the species was especially abun-
dant in Vila do Conde, where the stand probably consisted of 500–1000 individuals. 
This location was affected by an excavation in 2016, which favored the invasion of 
the area by B. spicata. They claimed that after the disturbance, the vegetation was 
dominated by this species due to its ability to sprout and germinate readily. Multiple 
hypotheses about this introduction are provided, but accidental introduction and 
subsequent naturalization seem to be the most likely. Moreover, it is likely that this 
species produces allelopathic compounds that affect negatively other plant species 
growing nearby (Damasceno et al. 2010).

 Other Sporadic Introductions

Bartoli et al. (2008) reported the presence of Baccharis pingraea DC. and Baccharis 
articulata (Lam.) Pers. in southern Spain. The latter species was eradicated with 
herbicide treatments. The introduction of both species was associated with timber 
imported from South America (Verloove et al. 2018).
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5  Use of Baccharis as Bioherbicide to Control Other Weeds

Extracts from a few species of the genus Baccharis have been used as an alternative 
bioherbicide to control the establishment and spread of weeds in agroecosystems. 
For example, the allelopathic compounds of Baccharis trimera (Less.) DC. and 
Baccharis uncinella DC. were used to control the invasive species Eragrostis plana 
and Bidens pilosa, respectively, in southern Brazil (Gonçalvez 2014; Dias 
et al. 2017).

6  Future Research on the Invasiveness of Baccharis

Further research is needed to deepen our understanding of the mechanisms of inva-
sion by the genus Baccharis. There are multiple potential studies that would provide 
pivotal pieces of information about the invasiveness of Baccharis. For example, 
little is known about the importance of human activities for expansion of most of the 
species mentioned in this chapter. It is also uncertain whether there are differences 
in plant traits and demographic stages among the native, expansive, and invasive 
distributional ranges of B. halimifolia. In this regard, two of the authors of this chap-
ter (AL-L and GNE) are investigating possible variations in early demographic 
stages, physiological tolerance, and plasticity among the abovementioned distribu-
tional ranges of B. halimifolia. Nothing is known about genetic diversity in B. halimi-
folia, either within or between its populations. Another potential field of study 
would be the evaluation of the effects of climate change on future distributions and 
invasiveness of Baccharis species. Furthermore, research could explore whether 
other congeners have characteristics like those of the known invasive Baccharis 
species in order to identify other high-risk plants. Lastly, although it is well known 
that the genus Baccharis produces essential oils composed mainly of monoterpe-
noids and sesquiterpenoids, which have multiple biological activities (e.g., antibac-
terial, antifungal, antiprotozoal, repellent, and cytotoxic properties; see Chap. 9 in 
this volume), there is little information on the ecological consequences in natural 
ecosystems of those compounds, such as chemical defense against natural enemies 
or allelopathic effects against plant competitors.
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Part II of the book invites you to learn the most cutting-edge discoveries on the 
diversity and chemical structure of Baccharis. This genus, which mainly comprises 
dioecious shrubs, has a wide range of morphology. These morphological traits (such 
as growth shape, branching pattern, shape, size and margins of leaves, type of 
indumentum, shape and arrangement of flower heads, and number of nerves in the 
cypselas/fruits) are essential for the identification of many species. The genus also 
exhibits a wide variety of chemical constituents (essential oils, phenolics, flavonoids, 
diterpenoids, triterpenoids, trichothecenes, coumarins, benzofurans) that provide 
unique signatures for each species. These chemicals have a great potential for the 
treatment of various inflammatory diseases of microbiological and parasitic origin, 
such as tumors, diabetes, arthritis, liver disorders, dental caries, stomach and 
prostate diseases, among others. The main constituents are artepillin C, (E) 
-nerolidol, spathulenol, and caffeic acid, which are also found in the green propolis 
produced from the resins of Baccharis dracunculifolia. Another highlight of 
Baccharis’ chemistry involves the production of macrocyclic trichothecenes by 
Baccharis megapotamica and Baccharis cordifolia, which can lead to intoxication 
and lethality in various vertebrate organisms.
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Baccharis macrophylla. Illustration by Patrícia Angrisano
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Chapter 9
Morpho-anatomical Characteristics 
of Species of Baccharis

Jane Manfron, Paulo Vitor Farago, Ikhlas Ahmed Khan, 
and Vijayasankar Raman

Abstract Baccharis L. is one of the largest and most diversified genera of 
Asteraceae. Two groups of species, namely, “vassouras” and “carquejas,” are gener-
ally recognized based on their habit and branching pattern. “Vassouras” plants pos-
sess regular stems and leaves and are often broom-like in appearance, whereas 
“carquejas” have stems that are modified as cladodes and are devoid of leaves or 
have diminutive, scalelike leaves. Despite these major differences in their growth 
forms, stems, and leaves, the species within these groups show close resemblances 
in their morphologies. This chapter provides a comprehensive review of the mor-
phology and anatomy of the genus and discusses the main morpho-anatomical fea-
tures helpful in the identification of various Baccharis species. Further research 
involving comparative morpho-anatomical studies are required to better understand 
the species diversity as well as to develop a more accurate classification of Baccharis 
as well as of Asteraceae.

1  Introduction

Morpho-anatomy is the study of morphological and anatomical forms and struc-
tures with emphasis on features, which may be useful in distinguishing the species. 
A morphological examination is considered the first and preferred method of botan-
ical authentication when the required features are available.

Plant anatomy is valuable for the evaluation of dried plant material, especially 
for fragmented or powdered material. Dried or fragmented plant parts do not result 
in the loss of most microscopic characteristics, which makes plant anatomy the 

J. Manfron (*) · P. V. Farago 
Department of Pharmaceutical Sciences, State University of Ponta Grossa,  
Ponta Grossa, Paraná, Brazil 

I. A. Khan · V. Raman 
National Center for Natural Products Research, School of Pharmacy, The University of 
Mississippi, Oxford, MS, USA

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-83511-8_9&domain=pdf
https://doi.org/10.1007/978-3-030-83511-8_9#DOI


218

most stable technique for the evaluation of plant characteristics when it comes to 
authentication.

Morphological and anatomical analyses are inherent procedures in almost all 
pharmacopoeias and are the main identification tests required for the herbal indus-
try. Even though the individual structural elements are relatively common within the 
same type of plant parts, how the elements are organized gives a plant species its 
characteristic fingerprint (Upton et al. 2011). Additionally, morphology and micros-
copy of botanical samples and microscopic descriptions of impurities are included 
in most pharmacopoeias demonstrating the importance of these characteristics in 
the quality control of medicinal plants.

Previous workers have stated that many Baccharis species have analogous mor-
phologies making their morphological identification problematic (Freire et al. 2007; 
Budel et al. 2008). Species within the section Caulopterae, such as B. crispa Spreng. 
and B. articulata (Lam.) Pers., show a high degree of phenotypic plasticity leading 
to difficulties in species identification even in flowering stages (Simões-Pires 
et al. 2005).

In this context, microscopic characteristics can provide helpful information in 
solving taxonomic problems (Bobek et al. 2016; Budel et al. 2018a).

Another problem is that different species of Baccharis are called by the same 
folk names and used indiscriminately for the same therapeutic indications (Budel 
and Duarte 2010; Bobek et al. 2015a, 2016; Budel et al. 2018a). Considering tradi-
tional names, “carquejas” (plants with winged stems or cladodes) and “vassouras” 
(plants with broom-like and without winged stems) are the most common, creating 
confusion in the identification of Baccharis species. The confusion due to similar 
popular names is one of the main causes of misidentification of plant drugs (Upton 
et al. 2011).

2  Morphology

Baccharis L. is one of the largest genera in the subfamily Asteroideae Lindley 
within the family Asteraceae (Compositae) and comprises about 440 species 
(Heiden et al., 2019). All of the species are native to New World with about 90% of 
them occurring in South America (Nesom 1990). It is also introduced into several 
parts of the world including Europe, Transcaucasus, and Australia. Baccharis is 
commonly called “Groundsel tree” although the name “Groundsel” is also applied 
to different species of Senecio L. (Asteraceae). Species of Baccharis comprise 
mostly dioecious shrubs and show a wide range of morphological diversity. The 
most important morphological characters useful in Baccharis species identification 
include the growth form; branching pattern; the shape, size, and margins of leaves; 
type of indumentum; shape and arrangement of flower heads; and number of nerves 
on cypselae (fruits). Both staminate and pistillate specimens are important for spe-
cies identification. Natural hybridization between different species occurs, resulting 
in the development of intermediate forms showing interspecific variations. For 
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example, hybridization between B. halimifolia L. and B. neglecta Britton and 
between B. halimifolia and B. angustifolia Michx. has been reported. Intermediate 
forms between B. thesioides Kunth and B. bigelovii A. Gray have been observed in 
southern Arizona (eFloras 2008).

The genus is broadly characterized by the tufted indumentums of the leaves and 
stems, which consists of fused trichomes with a single adjoining basal cell. Dioecy 
is a common occurrence (Müller 2006).

The genus Baccharis has not been taxonomically revised, as a whole. Due to the 
high number of species, the revisionary works in the past have been carried out at 
the level of geographical regions. In South America, there are works in Colombia 
(Cuatrecasas 1969), central Argentina (Ariza-Espinar 1973), and Brazil (Barroso 
and Bueno 2002). Barroso (1976) and Oliveria et al. (2006) have studied the species 
for Brazil and reported 125 and 146 species, respectively. Nesom (1990) studied 43 
species from the USA, Mexico, and Central America and grouped those under 6 
sections.

Several authors have proposed different infrageneric classifications of Baccharis 
mainly based on morphological characters. De Candolle (1836) was the first author 
to classify Baccharis into eight sections based on leaf morphology. Baker 
(1882–1884) classified the Brazilian species into six series also using leaf character-
istics. Cuatrecasas (1967) revised the Colombian species into sections. Giuliano 
(2001) subdivided 96 Argentinean species of Baccharis into 15 sections. Of these, 
the sect. Caulopterae DC. is characterized by the presence of longitudinal wings on 
the stems. This section was previously named Alatae Less. (Ariza-Espinar 1973) 
and Trimera group (Barroso 1976).

Heering (1904) provided the first subgeneric classification of Baccharis with five 
subgenera, namely, Baccharis, Molina, Pteronioides, Stephananthus, and 
Tarchonanthoides. In the most recent subgeneric classification of the genus, Müller 
(2006) accepted four of the five subgenera proposed by Heering (1904) and placed 
the subgenus Stephananthus as incertae sedis (“of uncertain placement”). Heiden 
and Pirani (2012) provided a taxonomic revision of the subgen. Tarchonanthoides 
with four sections, namely, Canescentes, Coridifoliae, Curitybensis, and 
Tarchonanthoides. This subgenus consists of 21 species and is characterized mainly 
by the corollas of the female florets with 5 papillose teeth and the male florets with 
a stigma nearly fully divided into lanceolate or ovate branches (Heiden and Pirani 
2012). Recently, based on phylogenetic studies, Heiden et  al. (2019) classified 
Baccharis species into 7 subgenera and 47 sections.

In some instances, different species of Baccharis exhibit similar morphological 
features leading to confusion in species identification. For example, B. brevifolia 
DC., B. microdonta DC., B. pauciflosculosa DC., and B. trilobata A.S. Oliveira & 
Marchiori are all commonly called “vassouras” (meaning “broom”) in Brazil, due 
to their similar appearances (Bobek et al. 2016) as well as their use as brooms to 
clean the house. The name “carqueja” is applied to multiple species, including 
B. crispa, B. articulata, and B. pentaptera (Less.) DC. (Budel et al. 2005), due to 
their close resemblances in the morphological features. As a result, different species 
are used interchangeably (Gianello et al. 2000).
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The number of striations (ribs) on the stems can be useful in recognizing species. 
Bobek et al. (2016) observed 5-6- ribbed stems in B. brevifolia and B. paucifloscu-
losa and 4-ribbed stems in B. microdonta and B. trilobata, using anatomical evalu-
ation. The shape of the stem in the cross section is determined by the number of ribs.

 Morphological Description

Baccharis are perennial subshrubs, shrubs, or trees, growing 0.1–6 m tall, usually 
dioecious and rarely monoecious, usually woody at base, rarely rhizomatous [e.g., 
B. acaulis (Wedd. ex R.E.Fr.) Cabrera and B. davidsonii Cuatrec.]. In the “vassou-
ras” group of species, including B. sarothroides A. Gray, B. brevifolia (Fig. 9.1a), 
B. dracunculifolia DC. (Fig. 9.1b), B. microdonta (Fig. 9.1c), B. pauciflosculosa 
(Fig. 9.1d), and B. trilobata, the plants are often much-branched and broom-like 
(Fig. 9.1a–d).

Stems in Baccharis are erect, ascending, procumbent (B. caespitosa (Ruiz & 
Pav.) Pers., B. alpina Kunth, B. humifusa Kunth, and B. pumila Joch. Müll.) or 
rarely prostrate (B. acaulis), short or well developed, simple (B. texana (Torrey & 
A.Gray) A.Gray) or many-branched, usually striated, rarely terete and smooth, gla-
brous to hispidulous or villous (B. plummerae A.Gray subsp. plummerae), often 
resinous (B. plummerae A.Gray subsp. glabrata, B. pteronioides DC.); young stems 
are usually green.

In the “carqueja” group of species, the stems are modified into cladodes with 2–5 
wings (B. glaziovii, B. junciformis DC. (syn. B. usterii Heering), B. trimera, B. pen-
taptera (Fig. 9.2a), and B. sagittalis (Less.) DC.), which run along the longitudinal 
axis of the stem. These stems are either leafless or with sparse leaves that are reduced 
to scales, such as in B. glaziovii (Fig. 9.2b).

Fig. 9.1 Habit of “vassouras” plants. Baccharis brevifolia (a), B. dracunculifolia (b), B. micro-
donta (c), and B. pauciflosculosa (d). Scale bar: b = 1 cm; a, c, d = 5 cm. (a, c, d reproduced with 
permission from Bobek et al. 2016)
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Leaves cauline, sometimes deciduous and sparse or absent at flowering (B. van-
essae R.M.Beauch.), sometimes reduced to scales distally (B. sarothroides), simple, 
alternate, rarely in rosettes, sessile (B. sergiloides A. Gray), or petiolate; lamina 
1–3-nerved, linear, oblong, lanceolate, ovate, obovate or rhomboid, glabrous or 
rarely hispidulous or villous, often gland-dotted and resinous, usually acute or 
obtuse at apex, acute or tapering at base, entire or finely to coarsely serrate along 
margins (eFloras 2008).

Inflorescences are head-like, sessile or stalked, unisexual, discoid, solitary 
(B. acaulis, B. alpina, B. davidsonii, B. pumila, and B. tola Phil.), or in paniculi-
form, corymbiform, or racemiform (B. pteronioides) arrays; involucres cylindrical 
to campanulate or hemispheric, 3–9 mm in diameter; phyllaries 15–40 arranged in 
2–5 series, mid usually green, sometimes red or purple, 1-nerved, ovate to lanceo-
late, oblique, scarious along margins, often erose, ciliate or keeled, midrib con-
spicuous or not, obtuse, acute, acuminate or keeled at apex, glabrous or hispid; 
receptacles flat, tholiform or conical, pitted or smooth, glabrous, tomentose or glan-
dular, and usually epaleate. Staminate florets 10–50; corollas white to pale yellow, 
tubular; lobes 5, spreading-reflexed, triangular to ovate; pappi 20–40, equal, 
minutely barbellate or distally with plumose bristles. Pistillate florets 20–150; 
corollas whitish, narrowly tubular; lobes 5, spreading-reflexed, triangular to ovate; 
styles glabrate, flattened, and unappendaged (eFloras 2008).

Fruits are cypselae or achenes, obovoid to cylindrical, slightly compressed or 
5-angled, 5–10-nerved, glabrous or hispid, light brown; pappi 25–50, whitish, tawny 

Fig. 9.2 Habit of “carquejas” showing winged stem cladodes. Baccharis pentaptera (a), B. glazio-
vii (b). Scale bar = 1.5 cm. (Reproduced with permission from Budel et al. 2015 (a) and Jasinski 
et al. 2014 (b))
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or brownish, minutely barbellate, apically attenuate bristles in 1–3 series, persistent 
or deciduous, accrescent in fruit (eFloras 2008).

3  Anatomy

Anatomical characteristics are important in the authentication of plants, especially 
when the plants are dried or fragmented. The drying and the fragmentation of the 
plants do not result in the loss of the most relevant microscopic characteristics, that 
is, the anatomical markers. Therefore, these are the reliable characters helpful in the 
identification and quality control of the botanical samples. Also, microscopy has the 
advantage of requiring small amounts of material. Microscopic analysis is helpful 
in the detection of inorganic materials adhered to parts of the plant, such as roots. 
Microscopy can also detect when different parts of the same plant are present in 
the sample.

Certain anatomical characteristics helpful in the discrimination of species of 
Baccharis include the epidermal features (contour of anticlinal epidermal cell walls, 
type of stomata, type of trichomes), the organization of mesophyll and vascular tis-
sues, and the secretory ducts and morphotypes of crystals.

 Epidermal Characters

The epidermis is a permanent and complex tissue, including different kinds of cells. 
Epidermal features can show many different anatomical markers, which may help 
in the diagnosis of the plant. Several authors have contributed to resolving taxo-
nomic problems in Baccharis through the micromorphological analysis of leaves 
(Muller 2006; Freire et al. 2007; Bobek et al. 2016; Budel et al. 2018b; Almeida 
et al. 2021).

Epidermal characteristics, such as cuticle, epidermal cells, stomata, and tri-
chomes, have been identified as important tools in the delimitation of some complex 
genera, such as Passiflora (Wosch et al. 2015) and Piper (Gogosz et al. 2012), and 
so is Baccharis. They also help in distinguishing medicinal species, since drugs of 
pharmaceutical use are made up of dried and fragmented parts in which the different 
macroscopic features of the species are not generally distinguishable (Jackson and 
Snowdon 1990; Jorge 2000).

 Epidermal Cells

The epidermis is the outermost cell layer of a plant protecting against evaporation 
and attack by microorganisms and herbivores. In a surface view of the epidermis, 
the anticlinal cell walls may be straight, wavy, or sinuous. Cutin, in the form of the 
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cuticle layer, is deposited on the outer surface of the epidermis to offer a waterproof 
surface enabling water retention. The cuticle may have a flat surface or display 
characteristic ornamentation.

In Baccharis, the leaves have straight (Fig. 9.3a) to wavy (Fig. 9.3b) anticlinal 
epidermal cell walls as seen in B. illinita DC. (Fig. 9.3a), B. microdonta, B. punctu-
lata DC. (Fig. 9.3b), B. sphenophylla Dusén ex Malme (Budel et al. 2018a), B. unci-
nella DC. (Budel and Duarte 2008a), B. junciformis (Budel and Duarte 2010), 
B. trilobata, and B. brevifolia (Bobek et al. 2016). However, sinuous anticlinal epi-
dermal walls (Fig.  9.3c) were reported for B. anomala DC. (Budel and Duarte 
2008b), B. decussata (Klatt) Hieron., and B. pentlandii DC. (Freire et al. 2007). All 
of these species belong to Baccharis subgen. Molina (Pers.) Heering. This charac-
teristic can be helpful for the identification of the species, as well as for the delimita-
tion of Baccharis sections.

In Baccharis, the cuticle is typically striated (Fig.  9.3e–i), but it can also be 
smooth as observed in the leaves of B. microdonta (Fig. 9.3d), and winged stems of 

Fig. 9.3 Leaf epidermis in Baccharis. [(a–c) Light microscopy, stained in safranin; (d–i) scanning 
electron microscopy]. B. anomala (c), B. illinita (a), B. microdonta (d), B. pauciflosculosa (e, i), 
B. punctulata (b, g), B. sphenophylla (h), and B. trilobata (f). Abaxial side (c, g, h) and adaxial 
side (d, f, i). Scale bars: b, f = 50 μm, a, c–e, g–i = 100 μm. (a, b, d, e, g, h, i reproduced with 
permission from Budel and Duarte 2008b; from Bobek et al. 2016; and from Budel et al. 2018a; c)
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B. articulata (Cortadi et al. 1999) and B. myriocephala Baker (Sá and Neves 1996). 
The striate cuticle can occur on both surfaces or either on the abaxial or the adaxial 
sides (Bobek et al. 2016; Budel et al. 2018a; Almeida et al. 2021). Besides, species 
of this genus can show different cuticle orientation around the stomata (Fig. 9.3g, h) 
and the trichomes (Fig. 9.3i). For example, B. punctulata presents the cuticle stria-
tions arranged in a perpendicular orientation around stomata (Fig.  9.3g); cuticle 
striations can also occur perpendicular to trichome bases (Fig. 9.3i) or as concentric 
rings around the stomata (Fig.  9.3h), as reported in B. pentaptera (Budel et  al. 
2015). The cuticle is generally smooth in B. microdonta (Fig. 9.3d), but it is striated 
and radiated around stomata and trichome bases (Budel et al. 2018a).

In Baccharis, the leaf epidermis is usually unilayered and covered by a thin cuti-
cle (Budel et al. 2018a). However, a thick cuticle was observed on both sides of 
B. coridifolia DC. (Budel and Duarte 2007), B. ochracea Spreng. (Barreto et al. 
2015), and B. spicata (Lam.) Baill. (Oliveira et al. 2011) and on the adaxial leaf 
surface of B. uncinella (Budel and Duarte 2008a). Thick cuticles are also observed 
in the stems of some Baccharis species, for example, B. spicata (Oliveira et al. 2011).

 Stomata

According to the arrangement of the surrounding epidermal or subsidiary cells, 
numerous stomatal types are distinguished. Types of stomata can help narrow the 
possible identity of unknown plant material. The presence or absence of stomata, 
size of stomata, stomatal index, and types of stomata are important features for 
characterizing and differentiating the species. In that sense, Rodriguez et al. (2010) 
reported that the density of stomata can help differentiate B. articulata out of 
B. crispa.

In Baccharis, anomocytic (Fig. 9.4a, e) and anisocytic (Fig. 9.4b) stomata types 
are the most common. However, other types of stomata have also been reported, 
such as cyclocytic type in B. articulata, B. brevifolia, B. illinita, B. microdonta 
(Fig.  9.4c), and B. notosergila Griseb.; actinocytic in B. brevifolia (Fig.  9.4d), 
B. boliviensis (Wedd.) Cabrera, B. conferta Kunth, and B. pauciflosculosa; hexa-
cytic in B. brevifolia (Fig. 9.4h); tetracytic (Fig. 9.4f) in B. reticularioides Deble & 
A.S.Oliveira, B. sphenophylla, and B. trilobata; and staurocytic in B. conferta, 
B. microdonta (Fig. 9.4g), and B. pauciflosculosa (Freire et al. 2007; Pereira et al. 
2014; Bobek et al. 2016; Budel et al. 2018a).

Amphistomatic leaves frequently occur in Baccharis (Freire et al. 2007; Molares 
et al. 2009; Budel et al. 2013; Bobek et al. 2015a, b; Barreto et al. 2015). However, 
some species, including B. coridifolia (Budel and Duarte 2007) and B. punctulata 
(Budel et al. 2018a), possess hypostomatic leaves. This characteristic is helpful in 
the diagnosis of Baccharis species, as demonstrated in the studies of Oliveira et al. 
(2011), Bobek et al. (2016), and Budel et al. (2018a).

Micro-measurements of stomata revealed that the majority of the species have 
stomata between 20 and 60 μm long (Freire et  al. 2007; Rodriguez et  al. 2013; 
Budel et al. 2018a). However, some species, such as B. articulata (60–75 μm) and 
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B. illinita (75–105 μm), have larger stomata measuring more than 60 μm in length 
(Freire et al. 2007). The value of the stomatal index (percentage stomata out of the 
total number of epidermal cells plus stomata) is reported to range from 5 (B. articu-
lata) to 16 (B. punctulata) (Rodriguez et al. 2013; Budel et al. 2018a).

 Trichomes

Trichomes are small hairs or other outgrowths from the epidermis of plants. The two 
primary types of trichomes are glandular and non-glandular. Glandular trichomes 
possess the apical cells modified to secrete or store substances. Commonly, the 
secretions of these trichomes are responsible for biological activities. The recogni-
tion of the type and form of trichomes has been helpful in species identification. 
Non-glandular trichomes, or the covering trichomes, are generally characterized by 
having an acute apical cell. In Baccharis, trichomes are more common in leaves, but 
they are also sometimes present in stems and flowers.

Trichomes are considered to be the most important anatomical markers for the 
diagnosis of Baccharis species, followed by stomata type and epidermal cell walls 
(Freire et al. 2007). They usually appear isolated (Figs. 9.3i, and 9.5a, c–g) or in 
clusters (Figs. 9.3d, e, and 9.5h, i, k, l), arising from epidermal depressions (Fig. 9.5f, 
g, j). Simple non-glandular trichomes (Fig. 9.5a) formed by around six cells were 
present only in B. anomala (Budel and Duarte 2008b). Considering glandular tri-
chomes, flagelliform (Figs. 9.3e, and 9.5b, c, e, f, g, i) and biseriate (Fig. 9.5f, h–l) 
types of trichomes have been commonly reported in Baccharis species (Budel et al. 
2005; Freire et al. 2007; Bobek et al. 2016; Budel et al. 2018a; Almeida et al. 2021).

Biseriate glandular trichomes are formed by two pairs of basal cells and a head 
with up to four pairs of secretory cells. They appear singly as in B. uncinella (Budel 

Fig. 9.4 Stomata in Baccharis species. B. brevifolia (d, h), B. curitybensis Heering ex Malme (e), 
B. microdonta (c, g), B. junciformis (b), B. punctulata (a), and B. reticularioides (f). [ano, anomo-
cytic; ani, anisocytic; ac, actinocytic; cy, cyclocytic; he, hexacytic; te, tetracytic; sta, staurocytic]. 
Scale bars: a, g–i = 50 μm, b–f = 100 μm. (Reproduced with permission from Budel et al. 2018a 
(a, c, f, g); Oliveira et al. 2011 (b, e); and Bobek et al. 2016 (d, h))
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Fig. 9.5 Trichomes in Baccharis species [(a, b, d–f, j) SEM; (i, k, l) polarized light; (f) fluores-
cent light; all others: ordinary light microscopy]. B. anomala (a, b), B. articulata (j), B. erioclada 
(e), B. microdonta (f, k), B. megapotamica Spreng. (d), B. pauciflosculosa (g), B. punctulata (h), 
B. sphenophylla (i, l), B. spicata (b), and B. uncinella (c). ac, apical cell; bft, branched flagelliform 
trichome; bt, biseriate trichome; dr, druses; ff, filiform flagelliform trichome; ft., simple flagelli-
form trichome; nt, non-glandular trichome; od, oil droplets. Scale bars: c = 100 μm, a, e, f, g, 
h = 50 μm, b, i, k, l = 25 μm, d, j = 10 μm. (Reproduced with permission from Budel and Duarte 
2008b (a, b); Bobek et al. 2015a (e); and Budel et al. 2018a (f, g, k))
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and Duarte 2008a), in clusters of a single trichome type (Fig. 9.5l) as in B. spheno-
phylla (Budel et  al. 2018a) or in clusters mixed with flagelliform trichomes 
(Fig. 9.5h, i, k) as seen in B. illinita (Budel et al. 2018a). Some species of Baccharis 
possess a pair of druses within each of the secretory head cells (Fig. 9.5i, k, l), as 
observed in B. microdonta, B. punctulata, and B. sphenophylla (Budel et al. 2018a).

Flagelliform glandular trichomes have some variations, including simple flagel-
liform with straight body (Fig. 9.5b, e, f, g, i), as seen in B. microdonta (Budel et al. 
2018a), B. pentaptera (Budel et al. 2015), B. ochracea (Budel et al. 2012), B. singu-
laris (Souza et al. 2011), B. spicata (Oliveira et al. 2011), B. trilobata (Bobek et al. 
2016), B. aracatubaensis, and B. organensis (Zuccolotto et al. 2019); branched with 
straight body (Fig. 9.3c, e), as observed in B. coridifolia (Budel and 2007), B. unci-
nella (Fig. 9.5c), and B. erioclada (Fig. 9.5e); aseptate simple flagellate in B. arte-
misioides Hook. & Arn. (Freire et al. 2007) and B. caprariifolia DC. (Bobek et al. 
2015a); filiform flagellate with pointed terminal cell in B. multiflora Kunth or pear- 
like and rounded at the apex (Fig. 9.5d) in B. megapotamica (Budel et al. 2012); and 
flagellate with C-shaped curved body (Fig.  9.5h), as observed in B. punctulata 
(Budel et  al. 2018a). The body in these trichomes is secretory, voluminous, and 
made up of 3–9 cells. The apical cell is whip-like, tubular, and translucent, contain-
ing dense oil substances (Fig. 9.5g).

 Mesophyll

In Baccharis, the organization of leaf mesophyll has correspondence to the chloren-
chyma arrangement in the wings of cladodes. The majority of the species of 
Baccharis possesses isobilateral mesophyll (Fig.  9.4a). However, dorsiventral 
arrangement (Fig. 9.4b) was observed in B. anomala (Budel and Duarte 2008b), 
B. singularis (Vell.) (Souza et al. 2011), B. ochracea (Fig. 9.6b), and B. punctulata 
(Budel et al. 2018a).

Oil bodies in the leaf mesophyll (Fig. 9.6c) are present in some Baccharis spe-
cies, e.g., B. illinita, B. microdonta, B. punctulata, B. reticularioides, and B. sphe-
nophylla. They are specifically located in palisade parenchyma cells and some 
spongy parenchyma cells (Budel et al. 2018a). Minor collateral vascular bundles 
surrounded by an endodermis traverse the spongy parenchyma (Fig.  9.6d) in all 
Baccharis species studied (Bobek et al. 2016; Budel et al. 2018a).

In the “carquejas,” the chlorenchyma in the wing of cladodes consists of palisade 
parenchyma, comprising approximately three layers of short cells beneath both 
sides of the epidermis, and spongy parenchyma in the central region (Fig. 9.6e). The 
isobilateral arrangement of the photosynthetic parenchyma is in correspondence to 
what is described for the wings of B. articulata, B. myriocephala, B. crispa 
(Rodriguez et al. 2008), and B. sagittalis (Less.) DC. (Petenatti et al. 2007).

At the wing edges, “carquejas” usually have 2–3 layers of angular collenchyma 
below the epidermis, a collateral vascular bundle with a perivascular fiber cap 
adjoining the phloem and secretory ducts (Fig. 9.6f), as observed in B. junciformis 
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(Budel and Duarte 2010). However, only sclerenchymatous tissue consisting of 
fibers can be found at the wing edges of some species, such as B. myriocephala (Sá 
and Neves 1996).

 Midrib Shape in Cross Section

The shape of the midrib in a transverse section helps in the diagnosis of species as 
reported for different genera, including Passiflora (Wosch et  al. 2015), Mikania 
(Almeida et  al. 2017), and Baccharis (Bobek et  al. 2016; Budel et  al. 2018a) 
(Fig. 9.7a–i). Different shapes were reported for Baccharis species, such as plano- 
convex and prominently rounded on the abaxial side (Fig.  9.7a) in B. anomala; 
biconvex in B. illinita (Fig. 9.7c), B. junciformis (Fig. 9.7i), B. cognata (Budel et al. 
2013), and B. reticularioides (Budel et al. 2018a); biconvex with a rounded projec-
tion on the adaxial side in B. pauciflosculosa (Budel et al. 2018a); slightly concave-
convex in B. rufescens (Fig. 9.7f); concave-convex in B. microdonta (Fig. 9.7h); 
almost flat-convex in B. caprariifolia (Fig. 9.7b) and B. megapotamica (Fig. 9.7c); 
flat-convex, but truncate on the abaxial side, in B. ochracea (Fig. 9.7e); flat on both 
sides in B. trilobata (Bobek et al. 2016); and convex-flat in B. cultrata (Fig. 9.7g).

Fig. 9.6 Leaf anatomy of Baccharis spp.: leaf blade in cross section [(c) treated with Sudan III to 
stain lipophilic/oil content; (a, d) stained with toluidine blue; (e, f) stained with astra blue and 
basic fuchsin] . B. ochracea (b), B. pauciflosculosa (a, d), B. reticularioides (c), B. microcephala 
(e), B. junciformis (f). ep, epidermis; fi, fibers; ob, oil bodies; pp., palisade parenchyma; sd, secre-
tory duct; sp., spongy parenchyma; vb, vascular bundle. Scale bars: a, b, d, f = 100 μm; c, e = 50 μm. 
(Reproduced with permission from Barreto et al. 2015 (b); Budel et al. 2018a (d); and Budel and 
Duarte 2010 (e, f))

J. Manfron et al.



229

 Vascular System

In the leaves, collateral vascular bundles traverse the mesophyll and are commonly 
encircled by a parenchymatous sheath (Fig. 9.8a). The midrib vascular system is 
frequently represented by one collateral and circular bundle that is surrounded by 
ground parenchyma with lignified perivascular fibers abutting the xylem and 
phloem, as observed in B. illinita (Fig. 9.8b) and B. microdonta (Fig. 9.8c).

In the petiole, the vascular system is collateral and commonly similar to the mid-
rib. Otherwise, they can show different organization, such as in B. singularis that 
presents one vascular bundle in open arc (Souza et al. 2011), whereas three or more 
collateral vascular bundles arranged in an open arc (Fig.  9.8d) are observed in 
B. spicata (Oliveira et al. 2011), B. glaziovii (Jasinski et al. 2014), and B. micro-
donta (Bobek et al. 2016).

In the regular stem (Fig. 9.8e) as well as the central axis of the cladodes (Fig. 9.8f), 
the vascular cylinder presents phloem outward and xylem inward. The xylem tra-
cheary elements are arranged in radial rows and separated by parenchyma cells and 
fibers (Oliveira et al. 2011; Souza et al. 2011; Jasinski et al. 2014; Budel et al. 2015; 
Bobek et al. 2015a, b, 2016).

Fig. 9.7 Midrib anatomy in Baccharis. B. anomala (a), B. caprariifolia (b), B. illinita (c), 
B. megapotamica (d), B. ochracea (e), B. rufescens (f), B. cultrata (g), B. microdonta (h), and 
B. junciformis (i). Scale bars: a = 25 μm; b–h = 100 μm. (Reproduced with permission from Budel 
and Duarte 2008a (a); Bobek et al. 2015a (b); Barreto et al. 2015 (e); Budel et al. 2018a (c); and 
Bobek et al. 2016 (g, h))
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 Secretory Ducts

Internal secretory structures may have various forms; some are isodiametric, such 
as the secretory cells and cavities, while others are elongated, such as the secretory 
ducts. In Baccharis, these ducts have uniseriate epithelium of 6–10 cells (Fig. 9.8a, 
b, c, e, f) containing dense cytoplasm and lipophilic contents. In the mesophyll, the 
secretory ducts are associated with the minor vascular bundles (Fig. 9.8a), adjacent 
to the phloem and the parenchyma sheath (Fig. 9.8a, b). In the midrib, usually, a 
single secretory duct occurs near the phloem (Fig. 9.8b), as observed in B. coridifo-
lia (Budel and Duarte 2007), B. ochracea (Barreto et  al. 2015), and B. araca-
tubaensis Malag. (Zuccolotto et al. 2019). However, B. pauciflosculosa (Budel et al. 
2018a) has two secretory ducts, and B. organensis Baker has three secretory ducts 
in the midrib (Zuccolotto et  al. 2019). Independent of whether regular stems or 
cladodes are examined, the secretory ducts are localized in the inner portion of the 
cortex next to the parenchyma sheathes (Fig. 9.8e, f) in all Baccharis species (Budel 
et al. 2003, 2004a, b, 2013; Budel and Duarte 2009; Oliveira et al. 2011; Souza et al. 
2013; Pereira et al. 2014; Bobek et al. 2015a, b; Almeida et al. 2021).

Fig. 9.8 Anatomy of Baccharis. (a) Leaf blade. (b, c) Midrib. (d) Petiole. (e) Stem. (f) Caulinar 
axis. (a, c–f) Stained in astra blue and basic fuchsin; (b) treated with phloroglucinol/HCl. B. pen-
taptera (a, f), B. illinita (b), B. reticularioides (c), B. spicata (d), B. coridifolia (e). [fi, fibers; ph, 
phloem; pi, pith; pp., palisade parenchyma; ps, parenchyma sheath; sd, secretory duct; sp., spongy 
parenchyma; xy, xylem]. Scale bars: a–f = 50 μm. (Reproduced with permission from Budel et al. 
2015 (a, f); Oliveira et al. 2011 (d); and Budel and Duarte 2007 (e))
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 Crystals

Several plants accumulate a variety of shapes and sizes of insoluble calcium salts, 
which, based on their morphology, can be crystalline sand, druses, raphides, sty-
loids, and prismatic crystals. Typically, the morphotypes of crystals as well as their 
distribution in plant tissues are constant within a specific taxon (Franceschi and 
Horner 1980; Nakata 2003).

Crystals in plants have several functions, including the elimination of the excess 
of calcium ions, detoxification of heavy metals and aluminum, cellular ion balance, 
osmotic regulation, tissue mechanical support, and promotion of mechanical 
defense (Franceschi and Nakata 2005). Although calcium oxalate is more common 
in plants, calcium sulfate, magnesium oxalate, and other elements, such as potas-
sium and silicon, can also be found in the crystals (He et al. 2012).

The identification of calcium oxalate crystals is done using a light microscope 
(LM), polarizing microscope, or scanning electron microscope (SEM). Energy- 
dispersive X-ray spectroscopy (EDS) coupled with SEM (Brito et al. 2021) is used 
to identify the elemental chemical composition of the crystals (as shown in Fig. 9.9).

Crystals of calcium oxalate are considered important for authentication purposes 
because the form, shape, and occurrence of these crystals in plants are species- and 
tissue-specific; hence, the presence or absence of a particular type of crystal can be 
used as a taxonomic character (Lersten and Horner 2011; Horner et al. 2012). They 
are also relevant in the systematic investigations and phylogenetic and ecophysio-
logical characteristics of several plant families (Lersten and Horner 2011).

Different crystals morphotypes have been reported for several species of 
Baccharis and are often found in the stem pith (Budel and Duarte 2008b; Souza 
et al. 2011; Oliveira et al. 2011; Jasinski et al. 2014; Barreto et al. 2015; Bobek et al. 
2015a, b; Budel et al. 2015; Almeida et al. 2021). The most common types are sty-
loids (Fig. 9.10a, d, e, h, i, j, k), bipyramids (Fig. 9.10b, c, e, i), square bipyramids 
(Fig. 9.10f, l), and elongated square bipyramids (Fig. 9.10j); however, other types 
such as tile-shaped crystals (Fig. 9.10g) are also rarely observed.

Fig. 9.9 EDS spectrum of a bipyramidal crystal in the stem of B. pluricaptulata. The unlabeled 
peaks in the spectra represent conductive metal used for coating the samples for SEM analysis
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Several species of Baccharis show different shapes of crystals within the same 
species. For example, crystal sand, styloids and square dipyramids in B. brevifolia; 
rare styloids in B. microdonta; crystal sand and square dipyramids in B. pauciflos-
culosa; and crystal sand, square dipyramids, elongated square dipyramids, styloids, 
and tabular crystals in piles that look like a tower in B. trilobata (Bobek et al. 2016) 
are observed. Additionally, a pair of druses is found within the secretory head of 
biseriate glandular trichomes (Fig. 9.5i, k, l) in some species of Baccharis (Budel 
et al. 2018a).

Morphotypes of calcium oxalate crystals have been described in the caulinar axis 
of carquejas, for instance, crystal sand and square bipyramids in B. junciformis 
(Budel and Duarte 2010); elongated square bipyramids in B. articulata; elongated 
square bipyramids, square bipyramids, cubes, and tetragonal prisms in B. crispa 

Fig. 9.10 Calcium oxalate crystals in Baccharis stem pith (SEM). B. microdonta (a), B. pauciflos-
culosa (b, c), B. punctulata (d, e), B. reticularioides (f, g), B. sphenophylla (h, i, j), B. trilobata (k, 
l). [bp, bipyramidal; cs, crystal sand; esb, elongated square bipyramidal; sb, square bipyramidal; st, 
styloids; tc, tile-shaped crystal]. Scale bar: a–f, h-j = 10 μm; g, k, l = 5 μm
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(Cortadi et al. 1999); raphides and hexagonal and tetragonal prisms in B. triangula-
ris; raphides and tetragonal prisms in B. sagittalis (Petenatti et al. 2007) and square 
bipyramids in B. microcephala (Budel and Duarte 2009); and raphides, styloids, 
and elongated square bipyramids in B. glaziovii (Jasinski et al. 2014).

 Other Stem Characteristics

The cortex in Baccharis, not only in the stems but also in the caulinar axis, has col-
lenchyma in alternation with chlorenchyma in several species, e.g., B. anomala, 
B. microcephala, B. ochracea, B. spicata, B. stenocephala, B. uncinella, and B. jun-
ciformis. This characteristic was also found in B. sagittalis and B. triangularis 
(Petenatti et  al. 2007). However, a continuous stratum of collenchyma could be 
observed in some members of the genus, such as B. caprariifolia and B. singularis 
(Souza et  al. 2011). In addition, one to five layers of angular collenchyma were 
found in B. brevifolia, B. microdonta, B. pauciflosculosa, and B. trilobata, particu-
larly in the ribs (Bobek et al. 2016).

The endodermis is present in stems and roots and occurs as a continuous uniseri-
ate layer separating the central cylinder from the cortical tissues. Ariza-Espinar 
(1973) reported that Casparian strips were absent in Baccharis. On the contrary, 
endodermis with Casparian strips was observed in the central axis of B. myrio-
cephala (Sá and Neves 1996) and B. crispa (Cortadi et al. 1999).

 Root Characteristics

Anatomical studies involving Baccharis roots are uncommon in literature, except 
for the root of B. crispa (syn. B. trimera (Less.) DC.), which has been previously 
studied. In a transverse section, the roots of this species exhibit early secondary 
growth with persistent unilayered rhizodermis. The cortex has 6–8 layers of assimi-
lation parenchyma containing starch grains, followed by endodermis and pericycle 
layers. The vascular system is formed by a continuous ring of phloem with fiber 
caps. The xylem is porous and diffuse with solitary or rarely small groups of vessel 
elements and numerous fibers (Minteguiaga et al. 2018).

4  Final Considerations

Even though the two groups, carquejas and vassouras, are easily distinguishable by 
their stem and leaf morphological features, it is often difficult to distinguish the spe-
cies within the same group due to their close resemblances. To address this problem, 
anatomical and micromorphological features of the whole plants and their parts can 
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be used. The most important features that can help in the identification of different 
species of Baccharis include the habit of the plant, branching pattern, features of 
stems, presence or absence of cladodes and wings, leaf characters, and arrangement 
of the floral heads.

Anatomical and micromorphological features have played important roles in the 
identification of complex species. Numerous reports stress the usefulness of ana-
tomical characteristics in the identification of Baccharis species. Noteworthy fea-
tures that can help in the quality control and authentication of Baccharis species 
include the epidermis (contour of anticlinal epidermal cell walls and type of stomata 
and trichomes), mesophyll, vascular tissue, secretory ducts, and the type and macro 
pattern of calcium oxalate crystals.

Despite the importance of morpho-anatomical studies in solving taxonomic 
problems, a large portion of the genus remains unexplored. Therefore, future studies 
focusing on comparative anatomy and micromorphology of Baccharis species from 
different sections will not only help in the quality control and species identification 
but also aid in the development of a more accurate classification of this large and 
diversified genus.
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Chapter 10
Essential Oils of Baccharis: Chemical 
Composition and Biological Activities

Jane Manfron, Vijayasankar Raman, Ikhlas Ahmed Khan, 
and Paulo Vitor Farago

Abstract This chapter provides a review of the characteristics of essential oils of 
Baccharis species with special emphasis on their chemical composition and bio-
logical activities. Species of Baccharis show a great diversity in their morpho- 
anatomical and ecological features and also exhibit a wide range of chemical 
diversity in their essential oils. Several medicinally beneficial properties and bio-
logical activities, including anti-inflammatory, antimicrobial, antiulcerogenic, anti-
malarial, antioxidant, antitrypanosomal, cytotoxic, insecticidal, leishmanicidal, 
schistosomicidal, sedative, and adjuvant properties, have been reported for the 
essential oils of Baccharis species. Essential oils of Baccharis species and their 
major compounds have been reported to have medicinal properties and have shown 
significant activities against a range of insect pests, microorganisms, and parasites. 
Also, we illustrate the micromorphic features of various secretory structures that are 
responsible for biosynthesizing and storing the essential oils in Baccharis species, 
including glandular trichomes and secretory ducts.

Keywords Chemical composition · Medicinal properties · Insecticidal activity · 
Parasiticidal activities · Secretory structures

1  Introduction

Currently, it is estimated that more than 3000 essential oils (EOs) are known, and 
300 of them have commercial value. EOs from a number of species are commonly 
used in pharmaceutical industries, aromatherapy and aromachology, household 
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cleaning products, as flavoring and antimicrobial agents in food products, and as 
flavoring agents in cigarettes, drinks, perfumeries, and cosmetics. EOs are also used 
in air fresheners and deodorizers as well as in balneology and massage therapy. 
Isolated compounds of the EOs are obtained by extraction from the plant or synthe-
sized (Calo et al. 2015; Schmidt 2016).

The genus Baccharis has been widely studied mainly on the chemical composition 
of EOs since the early 1900s. The genus has provided valuable biomolecules in the 
discovery of new medicinal natural products (Abad and Bermejo 2007). The most 
important classes of organic compounds present in the EOs are phenolics and 
terpenoids. Considering the terpenoids, monoterpenoids, sesquiterpenoids, and 
diterpenoids especially neo-clerodane, labdane, and kaurene are found in the EOs of 
Baccharis (Campos et al. 2016).

Species of Baccharis produce EOs composed mainly of monoterpenoids and 
sesquiterpenoids. Sesquiterpenoids are generally more abundant in the majority of 
the species. However, EOs of some species contained more monoterpenoids than 
sesquiterpenoids (Budel et al. 2018b). A bibliographic review stated that about 60 
compounds (concentrations above 10%) identified in the EOs of 16 species of 
Baccharis have shown important biological activities (Campos et al. 2016).

In Baccharis, there are two economically important groups of species occurring 
in South America, namely, carquejas and vassouras. Carquejas is the folk name 
referring to the plants possessing cladodes. The most important and well-studied 
carqueja is B. crispa Spreng. (syn. B. trimera (Less.) DC.), which has been included 
in the latest edition of the Brazilian Pharmacopeia. The major compound of its EO 
is carquejyl acetate (Minteguiaga et al. 2018a). In Argentina, the medicinal carque-
jas recognized by the 6th Argentinean Pharmacopeia are B. crispa and B. articulata 
(Lam.) Pers. B.  crispa is in traditional medicine used as stomachic and diuretic 
(Budel et al. 2008). Vassouras is the common name given to species without clad-
odes, having leaves and normal stems. The main example is B. dracunculifolia DC., 
which is used in folk medicine to treat gastric disorders and largely employed in the 
fragrance industry due to the high content of E-nerolidol in its EO (Budel et al. 2008).

Several medicinal properties defined for Baccharis are attributed to their EOs. In 
that context, the EOs of species of Baccharis presented many beneficial properties, 
such as antibacterial, antifungal (Valarezo et al. 2015; Negreiros et al. 2016; Perera 
et al. 2017), antitrypanosomal (Budel et al. 2018b), antiviral, antioxidant (Sobrinho 
et al. 2016; Zuccolotto et al. 2019; Oliveira et al. 2019), anti-inflammatory (Florão 
et al. 2012), schistosomicidal (Oliveira et al. 2012), cytotoxic (Pereira et al. 2017), 
sedative (Ascari et al. 2012), larvicidal against Aedes aegypti (Botas et al. 2017), 
and insecticidal actions against bed bugs (Budel et al. 2018b).
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2  Essential Oils

 General Characteristics

Essential oils (EOs) are complex mixtures of mainly low-molecular-weight 
components biosynthesized and stored in specialized secretory structures of plants 
and are extracted by different methods from whole plants or plant parts. They can 
act as chemical signals in the plant kingdom and as chemical defense against the 
animal kingdom, presenting a biological function vital to the survival and adaptation 
of the plants to the environment. There is a great variation in the chemical 
composition of EOs from different taxa of plants.

EOs of aromatic plants present major volatile components biosynthesized 
through three different biosynthetic pathways, the methylerythritol pathway leading 
to mono- and diterpenoids, the mevalonate pathway leading to sesquiterpenoids, 
and the shikimic acid pathway leading to phenylpropanoids (Franz and Novak 2016).

EOs can be extracted by different processes, depending on the part of the plant, 
amount of the plant material, and the quality required. The usual methods used in 
EO extraction include steam distillation, hydrodistillation, cold mechanical pro-
cessing, Soxhlet extraction, solvent extraction, microwave-assisted hydrodistilla-
tion, supercritical solvent, and headspace techniques (Elshafie and Camele 2017). 
They are usually analyzed by GC/MS and/or GC/FID, and the compounds are iden-
tified by comparison of their retention indexes (RIs) and mass spectra with litera-
ture data.

The yield and the chemical composition of the EOs can be influenced by the 
plant genotype, development stage, environmental conditions (day length, irradi-
ance, temperature, and water supply), phenological factors, physiological variations 
inherent to the plant, genetic features of the cultivars, plant nutrition, stress during 
growth or maturity, application of fertilizers, drying conditions of the plant material, 
storage conditions, grinding method, and the EO extraction methods (Gobbo-Neto 
and Lopes 2007; Tischer et al. 2017). Considering all the factors that influence the 
chemical composition, chemotaxonomic reports and conclusions have to be based 
on comparable plant material, grown and harvested under analogous conditions 
(Budel et al. 2018b).

Also, phytochemical polymorphism is frequently the case between different 
plant organs. Even though several species store qualitatively similar compounds in 
each organ, some produce different components, resulting from the same biosyn-
thetic pathway. At the same time, there are also species in which the chemical com-
position of different plant organs presents no close connection between their 
biosynthetic origins (Németh-Zámboriné 2016). It is important to highlight that 
EOs from different plant parts such as leaves, stems, flowers, roots, and fruits may 
exhibit different properties due to differences in their chemical compositions.

Polymorphisms can also be observed when comparing the chemical profiles of 
individual plants of the same species and are based on the genetic characteristics of 
the plants. Therefore, it is difficult to ascertain if the differences in the chemical 
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compositions are related to specific chemotypes or due to the environmental condi-
tions of the plant (Franz and Novak 2016).

 Secretory Structures

EOs are produced by several species of plants. The ability to store EOs is not 
universal in plants, yet widely present in the plant kingdom, especially in some 
families, including Alliaceae, Apiaceae, Asteraceae, Lamiaceae, Myrtaceae, 
Piperaceae, Poaceae, Rutaceae, and Zingiberaceae. EOs are usually found in the 
leaves, flowers, and fruits and less frequently in the roots, rhizomes, corks, and seeds.

Independent of their chemical composition, EOs are usually stored in oil ducts, 
resin ducts, oil cells, glands, or glandular trichomes of the plants. In Asteraceae, 
EOs are biosynthesized and accumulated in different secretory structures, such as 
oil cavities, idioblast oil cells, secretory ducts, and glandular trichomes. In 
Baccharis, EOs can be found in the leaves, stems, flowers, and roots and are stored 
in glandular trichomes (Fig. 10.1a, b, c) and/or secretory ducts (Fig. 10.1d, e, f).

In Baccharis, there are different types of glandular trichomes (Freire et al. 2007). 
The most common are the biseriate glandular trichomes (Fig. 10.1a, b) and flagel-
liform glandular trichomes (Fig. 10.1c). Biseriate glandular trichome comprises two 
pairs of basal cells and a head with up to four pairs of secretory cells containing 

Fig. 10.1 Secretory structures of Baccharis species [(a, b, d) light microscopy; (c, e, f) scanning 
electron microscopy)]. B. uncinella (a), B. punctulata (b), B. illinita (c, f), B. pauciflosculosa (d, 
e). [gt, biseriate trichome; cx, cortex; tc, C-shaped flagelliform trichome; ft., straight flagelliform 
trichome; ph, phloem; sd, secretory duct; xy, xylem]. Scale bar: 50 μm. (Figure 10.1d reproduced 
from Budel et al. 2018a)

J. Manfron et al.



243

dense cytoplasm and covered by a cuticle layer. This trichome occurs in solitary, in 
groups with similar trichomes or groups with other flagelliform trichomes. The fla-
gelliform glandular trichome consists of a voluminous body of about 10 secretory 
cells and an apical cell. The apical cell is elongated, whip-like, tubular, and translu-
cent and contains dense oil substances (Budel et al. 2018a, b). The secretory body 
can be straight as seen in B. illinita DC. (Fig. 10.1c) or C-shaped as in B. punctulata 
DC. (Fig. 10.1b).

Secretory ducts are elongated and have large extracellular storage spaces 
containing secretion. In general, all Baccharis species possess secretory ducts. They 
are usually associated with the endodermis in the conducting system and occur next 
to the phloem. These ducts have uniseriate epithelium of 6–12 cells containing 
dense cytoplasm and lipophilic substances as observed in B. pauciflosculosa 
DC. (Fig. 10.1d, e) and B. illinita (Fig. 10.1f).

 Essential Oils in Baccharis Species

In general, EOs of Baccharis species are liquid, clear or colored, volatile (with 
strong and characteristic aroma), and generally of lesser density than water. EO of 
B. punctulata is green, whereas it is yellowish in B. microdonta DC. (Budel et al. 
2018b). EO extracted from aerial parts of B. obtusifolia Kunth had relative density 
of 0.8742 (Valarezo et al. 2015) and 0.8834 (Arze et al. 2004), whereas the relative 
density of the oils extracted from the leaves was 0.9151 for B. dracunculifolia and 
0.9147 for B. uncinella DC. (Fabiane et al. 2008).

The olfactive profile of B. anomala DC. EO collected in Rio Grande do Sul, 
Brazil, was analyzed by gas chromatography-olfactometry (GC-O), and it was 
described to have a sweet, resinous, and woody odor. The major components of the 
EO were β-selinene (40.8%), caryophyllene oxide (9.9%), and spathulenol (6.8%) 
(Xavier et al. 2013).

The yield of EOs in Baccharis ranged from 0.08% to 2.82%. B. obovata Hook. 
& Arn. collected in Argentina presented the highest yield (Malizia et  al. 2005), 
whereas the lowest content was obtained from B. lateralis Baker (syn. B. schultzii 
Baker) collected in Brazil (Lago et al. 2008).

Pretreatment processes such as drying and grinding are frequently applied to the 
plant material before the extraction of EOs for greater homogeneity. These pro-
cesses must be carefully evaluated to provide reproducible results in EO investiga-
tion. In a recent study, Tischer et al. (2017) applied different grinding methods and 
compared their efficiencies as well as EO yields. They used cryogenics, knife (with 
and without cooling), and ball mills for grinding the materials of B. articulata and 
determined the yield and chemical compositions of the EOs. This study showed that 
cryogenic milling was found to be more efficient than the other methods in achiev-
ing lower particle size by disrupting the secretory structures (secretory ducts and 
glandular trichomes). However, this method of grinding resulted in the lower yields 
of EOs in comparison with other grinding methods (Tischer et al. 2017).
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Another important factor affecting the EO yield is the plant part used in the 
extraction. EO extracted from the leaves of B. microdonta showed yields of 
0.06–0.35% (Sayuri et al. 2010) and 0.08–0.21% (Lago et al. 2008), whereas Budel 
et  al. (2018b) achieved 0.93% (v/w) of EO from the same species by extracting 
mixed parts of leaves and stems. Budel et al. 2018a observed large secretory ducts 
in the cortex of the stem. This  anatomical  feature  contributed to the higher 
yield of EO.

Considering the dioecious nature of Baccharis species, there may be differences 
in the chemical compositions of EOs extracted from male and female plants and at 
different phenological stages. Some authors have reported slight differences in the 
EOs extracted at different growing stages (Zunino et al. 2004; Lago et al. 2008; 
Ascari et  al. 2019). However, Besten et  al. (2012) observed clear similarities 
between the EOs extracted from male and female specimens, during as well as out-
side the flowering periods, in five taxa of Baccharis, namely, B. caprariifolia DC., 
B. dracunculifolia, B. coridifolia DC., B. semiserrata var. elaegnoides (Steud. ex 
Baker) G.M.Barroso, and B. pentaptera (Less.) DC.

Differences in the EO chemical compositions have been reported for B. punctulata 
collected from different geographical locations. The EOs from aerial parts of the 
plants collected from Uruguay have shown β-phellandrene (5.2%), bornyl acetate 
(5.2%), α-cadinol (4.2%), δ-elemene (3.7%), and the ketone shyobunone (3.5%) as 
the major compounds (Minteguiaga et al. 2018b), whereas the EO from the leaves 
sourced from Guaíba, Brazil, have comprised bicyclogermacrene (9.73%), cis- 
cadin- 4-en-7-ol (6.77%), and (Z)-ocimene (6.33%) (Schossler et al. 2009). Recent 
studies have also shown differences in the chemical composition of B. punctulata 
EO. α-Bisabolol was found in higher concentration (23.63%) in the aerial parts of 
plants collected in Paraná, Brazil (Budel et al. 2018b), whereas EO obtained from 
leaves of male plants showed δ-elemene (14.29%), germacrene D (11.29%), and 
bicyclogermacrene (10.90%), and in female plants bicyclogermacrene (42.44%), 
germacrene D (21.18%), and β-caryophyllene (14.06%) were found as major com-
pounds (Ascari et al. 2019). Even though the chemical composition of EOs is often 
associated with environmental and phenological influences, it is necessary to inves-
tigate whether these variations in B. punctulata are also possibly linked to different 
chemotypes.

Chemically, EOs are generally composed of terpenoids and phenylpropanoids as 
the major compounds in addition to few aromatic and aliphatic constituents. 
Monoterpenes and sesquiterpenes, and their oxygenated derivatives, form the larg-
est group of chemical entities in EOs. In Baccharis EOs, monoterpenes and sesqui-
terpenes are often found (Figs. 10.2 and 10.3). Sesquiterpenes appeared to be more 
plentiful in the majority of the species (Campos et  al. 2016; Bogo et  al. 2016; 
Zuccolotto et al. 2019; Oliveira et al. 2019; Tomazzoli et al. 2021), as observed in 
B. anomala, B. ochracea Spreng., B. megapotamica Spreng. (Budel et al. 2012), and 
B. punctulata (Ascari et al. 2019).

Sesquiterpenoid cyclic alcohols such as ledol, spathulenol, viridiflorol, and 
palustrol are not only important in the perfume industry due to their agreeable aro-
matic notes but also have taxonomic value (Minteguiaga et al. 2015).
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Trombin-Souza et  al. (2017) investigated EOs of 10 species of Baccharis, 
B. anomala, B. articulata, B. axillaris DC., B. calvescens DC., B. mesoneura DC., 
B. milleflora (Less.) DC., B. myriocephala DC., B. oblongifolia Pers., B. crispa, and 
B. uncinella. The major compound present in all species was limonene, whereas α- 
cadinol, α-thujene, α-pinene, β-pinene, p-cymene, (E)-β-ocimene, γ-terpinene, lim-
onene, myrcene, sabinene, and spathulenol were identified in all samples. In 
addition, the chemical similarity was highest for B. anomala, B. articulata, B. 
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Fig. 10.2 Main monoterpenes with biological activities in Baccharis
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calvescens, B. milleflora, B. myriocephala, B.  crispa, B. oblongifolia, and 
B. uncinella.

The main components that were evidenced in a recent review that considered 
only EOs with biological activities were α-thujene (IV), β-caryophyllene (X), 
β-pinene (II), camphor (V), caryophyllene, caryophyllene oxide (VII), limonene (I), 
nerolidol (VIII), thymol (VI), thymol acetate, thymol methyl ether, sabinene (III), 
and spathulenol (IX) (Campos et al. 2016). According to Abad and Bermejo (2007), 
E-nerolidol, limonene, and spathulenol are the most abundant compounds in the 
EOs of Baccharis.

A recent investigation identified chemical markers for five Baccharis species 
with the major compounds spathulenol (22.74%) and kongol (22.22%) in B. micro-
donta; β-pinene (18.33%) and limonene (18.77%) in B. pauciflosculosa; α-bisabolol 
(23.63%) in B. punctulata; α-pinene (24.50%) in B. reticularioides Deble & 
A.S.Oliveira; and α-pinene (10.74%), β-pinene (15.24%), limonene (14.33%), and 
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spathulenol (13.15%) in B. sphenophylla Dusén ex Malme. It is important to high-
light that kongol was reported for Baccharis genus for the first time (Budel 
et al. 2018b).

 Biological Activities of Baccharis Essential Oils

The chemical composition of the EOs generally shows a complex mixture of 20–60 
compounds in different concentrations with 2 or 3 of the components in higher con-
centrations. In general, the major compounds present in the EOs are responsible for 
the biological activities of the oils (Guimarães et al. 2012). For example, nerolidol, 
a sesquiterpene found in many EOs, shows insecticidal and repellent activities, and 
the EOs containing this as a major compound exhibit these properties as well 
(Priestley et al. 2006).

Some plants possess major compounds characterizing the EOs. For example, 
B. tricuneata (L.f.) Pers. var. ruiziana presents more than 68% of E-nerolidol (Arze 
et al. 2004), making the correlation between the chemical composition and biologi-
cal activities more evident. However, compounds present in lower concentration can 
act synergistically with other components, contributing to the action (Henriques 
et al. 2009).

 Antioxidant Activity

The EO of B. trinervis Pers. showed significant antioxidant activity with IC50 values 
of 49.0 mg/mL and 28.87 mg/mL by the free radical DPPH• scavenging assay and 
β-carotene/linoleic-acid oxidation model system, respectively. The chemical profile 
showed α-phellandrene (27.79%), (Z)-lachnophyllum (14.04%), sabinene (13.03%), 
(Z)-β-ocimene (8.13%), and α-thujene (6.65%) as the main components (Sobrinho 
et al. 2016).

EO of B. milleflora also evidenced antioxidant activity by DPPH• methods with 
IC50 between 15.45  ±  0.52 and 21.06  ±  0.15 μg/mL, phosphomolybdenum with 
AAR 77.9 ± 0.90% – 79.81 ± 2.30%, TBARS with IA 12.60 ± 0.78% – 29.06 ± 1.47%, 
and ABTS•+ with IC50 between 3.85 ± 0.10 and 4.60 ± 0.07 μg/mL (Pereira et al. 
2016b). The chemical profile of the EO collected in the four seasons was trans- 
caryophyllene (7.65–13.41%), germacrene-D (6.83–11.18%) and bicycloger-
macrene (9.99–12.89%) (Pereira et al. 2016b).

EO extracted from leaves of B. oreophila Malme evidenced antioxidant capacity 
by three different methods, FRAP (4.09 μmol FeSO4 E/mL), ABTS•+ (1.45 μmol 
TE/mL), and DPPH• (1.04 μmol TE/mL).
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 Anti-inflammatory Effects

EOs of several species of Baccharis have been studied to assess their anti- 
inflammatory potentials. Florão et al. (2012) analyzed EOs extracted from the aerial 
parts of B. articulata, B. crispa, B. dracunculifolia, and B. gaudichaudiana 
DC. focusing on their immunomodulatory activities. All species except B. articu-
lata inhibited expressively the proliferation of their phytohemagglutinin-stimulated 
counterparts. B. dracunculifolia showed the best anti-inflammatory effects, inhibit-
ing significantly the casein-induced human granulocyte chemotaxis. The major 
compounds identified were spathulenol in B. articulata, B. dracunculifolia, and 
B. gaudichaudiana, as well as τ-gurjunene in B. gaudichaudiana and palustrol in 
B. articulata (Florão et al. 2012).

In a recent study, Ascari et al. (2019) subjected the leaf EOs of B. punctulata 
(male and female) to in vivo anti-inflammatory and in vitro antioxidant tests. Topical 
administration of both EOs was able to inhibit the formation of TPA-induced edema 
in the treated groups. Histological analysis evidenced that topical application of 
TPA promoted intense cellular infiltration. The results found in the ROS and DPPH• 
tests suggest that both samples were able to reduce the inflammatory cells influx and 
had in vitro antioxidant properties, respectively. The major compounds found in the 
EO of B. punctulata were δ-elemene (14.29%), germacrene D (11.29%), and bicy-
clogermacrene (10.90%) in the male sample and bicyclogermacrene (42.44%), ger-
macrene D (21.18%), and β-caryophyllene (14.06%) in the female sample (Ascari 
et al. 2019).

 Antiulcerogenic Activity

EO of B. dracunculifolia was subjected to a test for antiulcerogenic action. The 
treatment in the doses of 50, 250, and 500 mg/kg of EO expressively reduced the 
lesion index, the total lesion area, and the percentage of lesions in comparison with 
both positive and negative control groups. The major compounds of EO were 
nerolidol (23.58%), germacrene D (21.54%), bicyclogermacrene (19.24%), trans- 
caryophyllene (7.12%), and spathulenol (6.03%) (Massignani et al. 2009).

 Cytotoxic Effects

Cytotoxic activity of EO sourced from the cladodes of B. milleflora was investigated 
in relation to Jurkat, Raji, and HL-60 cells, as well as the cell mechanisms. All the 
tumor cells showed IC50 values lower than 50 μg/mL at 24, 48, and 72 h by MTT 
assay. The decrease in cell DNA content was demonstrated due to the inhibition of 
the proliferation of Jurkat, Raji, and HL-60 cells. Raji cells evidenced the greatest 
inhibition of cell proliferation. The EO acted via both necrotic and apoptotic mecha-
nisms. The chemical profile showed bicyclogermacrene (12.16%), germacrene D 
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(11.18%), (E)-caryophyllene (9.28%), and α-humulene (8.05%) as the main com-
ponents (Pereira et al. 2017).

 Sedative Effects

B. uncinella is reported to be used by the Laklaño Indians in Santa Catarina State in 
Brazil for sedative purposes. Ascari et al. (2012) studied EO of B. uncinella col-
lected from different locations in Paraná and Santa Catarina. Both of these samples 
significantly decreased locomotion and body temperature, as well as increased 
sleeping time. However, the hypnotic activity was sensitive to the differences in 
monoterpene composition. Sedative activity was observed better in B. uncinella that 
was collected in Santa Catarina because it presented a higher monoterpene/sesqui-
terpene ratio (0.31) in comparison to the other sample that showed a lower monoter-
pene/sesquiterpene ratio (0.004). The main compounds in the EO from Santa 
Catarina were caryophyllene (26.13%), spathulenol (13.39%), caryophyllene oxide 
(13.26%), limonene (7.21%), and α-pinene (6.42%), whereas the EO from Parana 
showed spathulenol (32.93%), caryophyllene oxide (27.78%), viridiflorol (5.29%), 
and α-cadinol (2.42%) as the major components (Ascari et al. 2012).

 Antimicrobial Effects

EO of B. dracunculifolia was tested against Candida strains isolated from infants 
and their mothers during the lactation period to verify its enzymatic action and sen-
sitivity. All strains were sensitive to EO of B. dracunculifolia with MIC between 0.2 
and 6.25 mg/mL. The EO inhibited the growth of all strains, including the ones 
resistant to commercial antifungal agents (Pereira et al. 2011).

EO of B. tridentata Baker was observed in vitro to inhibit mycelial growth of the 
plant pathogens Fusarium oxysporum, Colletotrichum gloeosporioides, and 
Rhizoctonia solani. The chemical composition of the EO evidenced α-thujene 
(22.93%), β-pinene (20.33%), and β-felandrene (16.15%) as major compounds 
(Souza et al. 2011).

EO of B. darwinii Hook. & Arn. showed strong antifungal activity against yeast 
and dermatophytes of clinical relevance, including some fungi such as Candida spp. 
and Trichophyton spp. with MIC values between 62.5 and 125 μg/mL (Kurdelas 
et al. 2012).

EO sourced from the twigs of B. semiserrata DC. presented moderate antibacterial 
activity against Staphylococcus aureus, while EO from the leaves showed weak 
activity against S. aureus and Bacillus cereus. EOs from leaf and twig were active 
against Microsporum gypseum, Candida albicans, Epidermophyton floccosum, 
Trichophyton mentagrophytes, and Cryptococcus neoformans. The major com-
pounds identified in the leaf EO  included β-pinene (11.4%), spathulenol (9.8%), 
and E-nerolidol (9.6%), while the EO from twigs showed spathulenol (25.1%), 
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limonene (9.1%), and caryophyllene oxide (8.0%) as major compounds. Baccharis 
semiserrata leaf EO was also active against Trichophyton rubrum (Vannini et al. 
2012). This species and T. mentagrophytes also showed sensitivity when treated 
with EO from B. latifolia (Valarezo et al. 2013).

EO of B. coridifolia was tested for its antibiotic properties (ampicillin, 
cephalothin, chloramphenicol, gentamicin, and tetracycline) alone and in 
combination with the EO (4% v/v) through the disk diffusion susceptibility test. The 
occurrence of the synergistic or antagonistic effect was observed in both bacterial 
strains assessed, S. aureus and E. coli (Onofre et al. 2013).

The EO from the aerial parts of B. obtusifolia exhibited a moderate antibacterial 
effect against Klebsiella pneumoniae and Enterococcus faecalis and good antifun-
gal activity against Trichophyton rubrum and T. mentagrophytes. The major com-
pounds of the EO were limonene (28.3%), germacrene-D (9.8%), α-pinene (9.0%), 
β-pinene (8.2%), bicyclogermacrene (6.2%), and δ-cadinene (5.7%) (Valarezo 
et al. 2015).

Antimicrobial and antibiofilm activities of B. psiadioides (Less.) Joch.Müll. EO 
were tested against antibiotic-resistant E. faecalis strains. The oil inhibited the 
growth of the multidrug-resistant E. faecalis strains and was also effective when 
evaluated against biofilms. However, its activity was stronger when inhibiting the 
formation of a biofilm than when applied over established biofilms. The chemical 
profile showed β-pinene as the major component (33.13%), followed by D-3-carene 
(11.41%), limonene (5.97%), (E)-ocimene (3.82%), and α-pinene (2.58%) 
(Negreiros et al. 2016).

EO of B. dracunculifolia was studied to determine the minimal inhibitory 
concentration (MIC) against planktonic cultures of S. mutans and its antibacterial 
activity in biofilms formed in the discs of composite resin. The MIC of the 
B. dracunculifolia EO to planktonic growth of S. mutans was 6%. In biofilms of 
S. mutans clinical isolates, EO (6%) and chlorhexidine resulted in reductions of 
53.3–91.1% and 79.1–96.6%, respectively. For the biofilm formed by the S. mutans 
reference strain, the reductions achieved with B. dracunculifolia EO and chlorhexi-
dine were 39.3% and 88.1%, respectively (Pereira et al. 2016a).

EO from leaves of B. oreophila showed antimicrobial effects against S. aureus 
(10.33  ±  0.5  mm, MIC  =  1250  μg/mL) and C. albicans (8.66  ±  0.5  mm, MIC 
>2500 μg/mL). The major compounds of the EO were khusimone (16.37%) and 
spathulenol (16.12%).

Although there are several EOs presenting antimicrobial activities, no activity 
was reported for the EO of B. dracunculifolia tested against methicillin-resistant 
S. aureus and Mycobacterium intracellulare (Parreira et al. 2010). Besides, EO of 
B. uncinella was inactive against all bacteria tested (Vannini et al. 2012).

EOs from B. organensis Baker, B. burchellii Baker, and B. aracatubaensis 
Malag. (male and female specimens) were tested against S. aureus, E. coli, P. aeru-
ginosa, and C. albicans. They also did not exhibit any antimicrobial activity 
(Zuccolotto et al. 2019).
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 Insecticidal Activities

Allelochemical effects of EO of B. salicifolia (Ruiz & Pav.) Pers. and some isolated 
compounds were tested against adult red flour beetles, Tribolium castaneum. The 
EO showed toxicity and repellence activities. β-Pinene and pulegone were observed 
to be the most acutely toxic compounds after 3 days of treatment, whereas α-terpineol 
was identified as the most repellent compound (García et al. 2005).

EO of B. spartioides (Hook. & Arn. ex DC.) J. Rémy in Gay was evaluated for 
its repellency against Aedes aegypti. At concentrations of 12.5%, the EO showed the 
longest repellency. The major chemical compound of the EO was camphor (50.5%) 
(Gillij et al. 2008).

Baccharis salicifolia (Ruiz & Pav.) Pers. EO collected in Argentina showed 
α-pinene (21.7%) and spathulenol (14.4%) as the major compounds. EO was tested 
against A. aegypti and presented moderate repellency (Gleiser et al. 2011). This spe-
cies was also collected in two other locations in San Luis, Argentina. In this study, 
the chemical composition of the EO was different; the major compounds were 
(Z)-b-ocimene, germacrene D, muuroladiene, and β-cubebene, with the addition of 
α-thujene and α-phellandrene, in location A and isoledene in location B. The EO 
from B. salicifolia from location A exhibited post-ingestive toxicity to Spodoptera 
littoralis larvae without antifeedant effects (Sosa et al. 2012).

EO of B. darwinii was tested in vitro to evaluate its insecticidal properties. It 
showed insecticidal activity against the Mediterranean fruit fly, Ceratitis capitata, 
with LD50 values of 19.9 and 31.0 μg/fly for males and females, respectively, at 
72  h. The EO also displayed repellent activity against Chagas disease vector, 
Triatoma infestans, with an average repellence rate of 92%. The major components 
with recognized insecticidal and antimicrobial activities were limonene (47.1%), 
thymol (8.1%), and 4-terpineol (6.4%) (Kurdelas et al. 2012).

EO and its major compounds from aerial parts of B. dracunculifolia were tested 
against unengorged larvae and engorged females of the cattle tick Rhipicephalus 
microplus. In the larval packet test, the EO, as well as the pure compound nerolidol, 
exhibited high activity showing more than 90% mortality at concentrations from 
15.0 and 10.0 mg/mL, respectively, whereas limonene did not show acaricidal activ-
ity. In the female immersion test, the EO and nerolidol also caused a reduction in the 
quantity and quality of eggs produced with a control rate of 96.3% and 90.3% at 
concentrations of 60.0 and 50.0 mg/mL, respectively (Lage et al. 2015).

EOs of B. milleflora collected during four different seasons showed repellency 
action IR 80.65 ± 6.69%, well above the IR 36.39 ± 21.00 found for the EO of 
Cymbopogon nardus, which was used as a standard. The fumigant activity showed 
a KT50 (min) of 10.63 ± 2.68 and 22.70 ± 3.40 for the EOs of B. milleflora and 
Melaleuca alternifolia, respectively (Pereira et al. 2016b).

Baccharis sphenophylla collected in South Brazil exhibited strong toxicity to 
Cimex lectularius (bed bug) in the fumigation bioassay, causing 66.67% mortality 
in “Bayonne” and 83.33% in “Ft.Dix” (Budel et al. 2018b).
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 Parasiticidal Activities

Antitrypanosomal Effects

EOs of five Baccharis species (B. microdonta, B. pauciflosculosa, B. reticularioides, 
B. punctulata, and B. sphenophylla) were submitted to test their antitrypanosomal 
activities against trypomastigotes cultures of T. brucei. All Baccharis species 
exhibited remarkable antitrypanosomal activities. B. pauciflosculosa demonstrated 
the highest effect, 0.31 μg/mL (IC50) and 0.52 μg/mL (IC90), followed by B. reticu-
larioides at 0.96  μg/mL (IC50) and 2.49  μg/mL (IC90), and B. sphenophylla at 
1.14 μg/mL (IC50) and 2.38 μg/mL (IC90) (Budel et al. 2018b).

Antimalarial Effects

EOs of five species of Baccharis were investigated against chloroquine-sensitive 
(D6) and chloroquine-resistant (W2) strains of Plasmodium falciparum. The results 
were, respectively, 10.90 μg/mL ± 0.98 and 14.20 μg/mL ± 1.08 for B. paucifloscu-
losa, 20.32 μg/mL ± 4.37 and 34.35 ± 10.15 for B. reticularioides, and 27.58 ± 1.64 
and 32.53  ±  16.5 for B. sphenophylla, showing moderate antimalarial activities. 
B. microdonta and B. punctulata exhibited cytotoxicity to Vero cells (selectivity 
control) (Budel et al. 2018b).

EO of B. dracunculifolia was inactive in the antiplasmodial assay. Chloroquine 
and artemisinin were used as positive control. The IC50 values were 0.018 and 
0.014 mg/mL, respectively, against P. falciparum (D6 clone) (Parreira et al. 2010).

Leishmanicidal Activity

EO of B. dracunculifolia showed activity against promastigote forms of Leishmania 
donovani with IC50 values of 42 μg/mL.  The major compounds of the EO were 
E-nerolidol (33.51%) and spathulenol (16.24%). Pentamidine and amphotericin B 
were used as positive controls, which showed IC50 values of 1.9 mg/mL and 0.65 mg/
mL, respectively (Parreira et al. 2010).

Schistosomicidal Activity

EO of B. dracunculifolia also displayed high schistosomicidal activity against the 
trematode parasite, Schistosoma mansoni, killing all pairs of adult worms after 
incubation with the EO (10, 50, and 100 μg/mL) (Parreira et al. 2010).

EO of B. crispa showed in vitro schistosomicidal activities. Its effects on the 
reproductive fitness and the tegumental alteration of adult worms were similar to 
those induced by praziquantel. The results evidenced a significant decline in the 
motility of the worms and a mortality rate of 100% 30 h after their exposure to the 
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EO in the concentration of 130 μg/mL. As for the morphological changes, the EO 
of B. crispa  induced a peeling on the tegument surface, as well as the destruction of 
tubercles and spines, which resulted in smooth areas on the body surface. The EO 
also caused tegument destruction in female worms, in addition to the destruction of 
the oral and acetabular suckers (Oliveira et al. 2012).

 Adjuvant Property

Leaf EO of B. dracunculifolia was assessed for its inhibitory properties on the 
coagulating and fibrinogenolysis activities induced by Lachesis muta, Bothrops 
atrox, and Bothrops moojeni snake venoms. The EO caused 100% inhibition on the 
fibrinogenolysis induced by B. moojeni and L. muta venoms, evidencing that the EO 
can be used as adjuvants for the treatment of snakebites (Miranda et al. 2016).

3  Final Considerations

Essential oils of Baccharis species have numerous medicinally beneficial properties. 
Several pharmacological properties and biological activities, including anti- 
inflammatory, antimicrobial, antiulcerogenic, antimalarial, antioxidant, 
antitrypanosomal, cytotoxic, insecticidal, leishmanicidal, schistosomicidal, seda-
tive, and adjuvant properties, have been reported for the EOs of Baccharis. EOs and 
their major compounds of many Baccharis species have shown significant activities 
against many insect pests, microorganisms, and human parasites.

Baccharis EOs mainly contain monoterpenes and sesquiterpenes, while the latter 
compounds are more plentiful in the majority of the species. The most abundant 
compounds in the EOs of Baccharis are E-nerolidol, limonene, and spathulenol. 
EOs of many of the species have unique compounds, which can be used as chemical 
markers for species identification and quality control.

The genus Baccharis comprises about 406 species and almost all species produce 
EOs of varying chemical compositions and medicinal properties. However, this 
review of the literature indicates that only less than 10% of the Baccharis oils have 
been studied. Even among these studied species, only very few, such as 
B. dracunculifolia, are studied in detail. A large portion of this medicinally important 
genus is still unexplored. Future research focusing on the taxonomy and chemical 
and biological aspects of the EOs and major compounds of different species of 
Baccharis could bring out the hidden wealth and usefulness of this important genus.
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Chapter 11
Flavonoids of Baccharis

Simone dos Santos Grecco, Deborah Pelosi Sessa, 
and João Henrique Ghilardi Lago

Abstract Despite more than 400 species of Baccharis occurring worldwide, only less 
than 20% of the species have chemically been studied. In the Baccharis genus, within 
terpenes and other phenolic compounds (see Chaps. 12 and 13), flavonoids are largely 
accumulated as aglycone, being apigenin, genkwanin, hispidulin, kaempferol (flavones), 
quercetin (flavonol), naringenin, sakuranetin (flavanones), and others widely distributed. 
Additionally, some flavonoid glycosides such as quercitrin, rutin, and others are also 
found, but in minor frequency. Flavonoids are compounds with a basic skeleton of 15 
carbons (C6-C3-C6) arranged in two aromatic rings linked through a three-carbon 
moiety. The oxidation degree of the C3 moiety is directly related to the classification of 
flavonoids into flavanones, flavones, isoflavones, flavanonols, and flavonols. With 
respect to biological activity, flavonoids from Baccharis display a significant antioxidant 
potential, especially for the capacity of suppression of ROS formation, ROS scavenging, 
and upregulation of antioxidant defenses. In this chapter, the distribution of flavonoids 
in Baccharis is so justified through this antioxidant effect since those species are inserted 
in areas with direct incidence of sunrays, such as in montane savannas. In addition, fla-
vonoids display hepatoprotective, antimicrobial, anti-inflammatory, antitumoral, antivi-
ral, and other activities. In this chapter, the occurrence and distribution of flavonoids in 
Baccharis species are discussed, as well as their biosynthesis and biological aspects.

Keywords Biological activity · Biosynthesis · Flavonoid distribution · Modulation 
of redox balance · Structure and composition

1  Introduction

Although more than 400 Baccharis species are distributed worldwide, only a 
reduced number of plants belonging to this genus were chemically and/or biologi-
cally investigated. Among the chemical compounds present in these species, the 
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occurrence of flavonoids is reported in about 15% of Baccharis species (Campos 
et  al. 2016). Flavonoids are a class of phenolic compounds, widely distributed 
within the kingdom Plantae, with a basic skeleton of 15 carbons (Fig.  11.1) 
arranged as two aromatic rings (A and B) connected by a three-carbon moiety 
(C6-C3-C6).

The classification of flavonoids is directly related to the degree of oxidation of 
the C3 portion. Flavonoids can be classified into flavanones, flavononols, flavones, 
isoflavones, flavonols, catechins, and anthocyanidins.

2  Biosynthesis

Secondary metabolites, also known as special metabolites, are substances from 
natural sources that do not participate in the essential functions of these 
organisms (reproduction, growth, or development). Most are substances pro-
duced in processes of interaction between plants and the environment in which 
they are inserted. It is important to note that the production of secondary metabo-
lites is also associated with the various conditions to which plant species are 
subjected. Since these substances are produced to benefit these individuals, 
depending on the environment surrounding them, it acts as protection against the 
action of predators, coloring and volatiles agents, attracting pollinators, and also 
as competition agents among plants in the same habitat. Therefore, the produc-
tion of these metabolites is fundamental in the maintenance of these species 
(Dewick 2009).

Besides being responsible for the production of substances that act with different 
functions in the interaction of these plant species and the environment, which are 
inserted, the secondary metabolism is also responsible for providing the majority of 
natural products with pharmacological activity. The secondary metabolism acts as 

Fig. 11.1 Basic skeleton 
of a flavonoid
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substrates originating from the metabolic pathways that form the primary metabo-
lism (photosynthesis, glycolysis, and Krebs/ citric acid cycle). These substrates are 
involved in different metabolic pathways, responsible for the synthesis of several 
classes of secondary metabolites.

Flavonoids are considered mixed pathway metabolites, being synthesized from 
precursors of two metabolic routes; shikimic acid (shikimate) and acetate-malonate. 
From the glycolysis process, the synthesis of phosphoenylpyruvate, together with 
erythrose-4-phosphate from the pentose-phosphate pathway, is responsible for the 
synthesis of shikimic acid. In glycolysis, phosphoenylpyruvate, through the enzyme 
pyruvate kinase, transfers the phosphate ion to a molecule of ADP, generating pyru-
vate and ATP. This pyruvate is responsible for the synthesis of acetyl-CoA (acetyl 
coenzyme A). From the shikimic acid path, p-coumaric acid (4-coumaric acid) is 
obtained, resulting from the ammonia elimination from L-phenylalanine side chain 
(precursors of the C6-C3 portions), and precursor of p-coumaric alcohol. The elimi-
nation of ammonia occurs in the presence of PAL (phenylalanine ammonia lyase) 
into cinnamic acid, which is converted into p-coumaric acid by direct hydroxyl-
ation, in the presence of cinnamate-4-hydroxylase (C4H), which is converted to 
4-hydroxycinnamoyl-CoA by the 4-coumarate CoA ligase (4CL), by a process 
known as the general pathway to the formation of phenylpropanoids. The enzyme 
involved in the consensation process of malonyl-CoA units to form flavonoids is 
chalcone synthase, through the acetyl-CoA carboxylase (ACC) mediates carboxyl-
ation reaction. Therefore, the formation of flavonoids (Fig.  11.2) occurs from 
4-hydroxycinnamoyl-CoA units, derived from the pathway of shikimic acid with 
the addition of malonyl-CoA units (for chain elongation), the route of acetate- 
malonate (Davies and Schwinn 2006; Dewick 2009).

After the addition of malonyl-CoA units, two pathways could be involved in the 
formation of different metabolites – flavonoids or stilbenes (e.g., resveratrol). After 
the formation of the polyketide, different enzymes are involved in aldol or Claisen 
type condensations to form aromatic ring A. For the formation of flavonoids, the 
enzyme involved in the condensation process of malonyl-CoA units is chalcone 
synthase. Chalcones are the precursors of flavonoids (I), followed by enolization 
(II) of the polyketide (Fig. 11.3).

For the synthesis of flavonoids, chalcones undergo a nucleophilic attack reaction 
of the OH group to the α,β-unsaturated ketone, forming a heterocyclic ring (C-ring) 
yielding flavanones. Acidic environments may favor the synthesis of flavanones, 

Fig. 11.2 Formation of the polyketide side chain, precursor of flavonoids, by acetate- malonate route
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while alkaline environments favor the production of chalcones. However, it is worth 
emphasizing that in nature, these processes occur under very specific conditions, in 
the presence of stereospecific enzymes that prevent the formation of enantiomers. 
From the flavanones, a large variety of flavonoids can be synthesized, such as fla-
vones, flavonols, and anthocyanidins (Davies and Schwinn 2006).

According to the basic skeleton of flavonoids, the variations between the differ-
ent classes of flavonoids are related to the oxygenations and substituents of rings B 
and C. However, many flavonoids can also lose one or two hydroxyl groups in ring 
A, a process related to the action of chalcone reductase and chalcone synthase 
enzymes. The enzymatic complex involved in the biosynthesis of the different 
classes of flavonoids is broad and with high specificity, through this complex, the 
alterations of the oxygenation patterns in the aryl moiety are realized. In addition, 
methylation, glycosylation, and dimethylation processes are responsible for increas-
ing the possibilities of formation of different compounds, increasing the diversity of 
flavonoids distributed in different plant species (Dewick 2009).

Flavanones, the first group of flavonoids synthesized from chalcones, are the 
precursors of the other groups of flavonoids. Flavones are synthesized from reac-
tions in the presence of flavone synthase I, oxygen and 2-oxo-glutarate and flavone 
synthase IIe, oxygen and NADPH. In the presence of oxygen, 2-oxoglutarate, and 
flavanone 3-hydroxylase enzyme, dihydroflavonols are produced, which are the pre-
cursors of flavonols and flavandiols. Finally, flavodiols act as precursors of the cat-
echins and anthocyanidins, through specific enzymatic processes that occur in the 
presence of oxygen and NADPH, and by water elimination (Davies and Schwinn 
2006; Dewick 2009). Figure 11.4 briefly illustrates the biosynthesis of flavonoids.

3  Flavonoid Composition

As described above, the main composition of Baccharis are flavonoids, diterpenes, 
and other phenolic compounds. From the Baccharis genus, which is composed of 
441 species, only approximately 20% have been investigated in chemical aspects. 
The occurrence of flavonoids was reported in 86 distinct species of Baccharis; these 
studies lead to the identification of 129 flavonoids separated into 16 flavanones 
(Table 11.1), 11 flavanonols (Table 11.2), 46 flavones (Table 11.3), and 55 flavonols 
(Table 11.4).

Fig. 11.3 Steps for chalcone biosynthesis from polyketide side chain
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4  Flavanones

The main precursor of all flavonoids, naringenin (1), was found in aerial parts of 
B. alaternoides (Bohlmann et al. 1979), B. conferta (Weimann et al. 2002), B. ligus-
trina (Moreira et al. 2003a, b; Abad and Bermejo 2007), B. polycephala (Davila 
et al. 2013), B. retusa (Grecco et al. 2012a, b; Campos et al. 2016), B. salzmannii 
(Bohlmann et al. 1981a, b), and B. varians (Bohlmann et al. 1981a). Compound 1 
was also found in the flowers of B. illinita (Verdi et al. 2004; Abad and Bermejo 
2007; Campos et al. 2016), leaves of B. dracunculifolia (Fukuda et al. 2006; Campos 
et al. 2016) and B. pseudotenuifolia (Moreira et al. 2003a, b; Abad and Bermejo 
2007). The methylation of position C-7 leads to sakuranetin (2) accumulated in the 
aerial parts of B. concinna (Wollenweber et al. 2006), B. marginalis (Faine et al. 
1987), B. retusa (Herz et al. 1977; Grecco et al. 2012a, b, 2014a, b; Rodriguez et al. 
2012; Taguchi et al. 2015a, b; Sakoda et al. 2016; Bittencourt-Mernak et al. 2017; 
Ueno et al. 2018), B. salicifolia (del Corral et al. 2012; Campos et al. 2016), B. ser-
rulata (Bohlmann et al. 1981a), and B. trinervis var. rhexioides (Bohlmann et al. 
1979). This compound was also found in the roots of B. leptocephala (Bohlmann 
et al. 1981a) and B. intermixta (Bohlmann et al. 1981a) and leaves of B. teindalen-
sis. The methylation at position C-4′ rather than C-7 of naringenin (1) affords iso-
sakuranetin (3) identified in aerial parts of B. alaternoides (Bohlmann et al. 1979), 
B. conferta (Weimann et al. 2002), B. dracuncunfolia, within its roots and vegeta-
tive gems (da Silva Filho et al. 2004, 2008; Park et al. 2004; de Alencar et al. 2005; 
Lemos et al. 2007; Missima et al. 2007; de Sousa et al. 2009; Guimaraes et al. 2012; 
Figueiredo-Rinhel et al. 2013; Campos et al. 2016) and in B. polycephala (Davila 
et al. 2013), in the roots of B. leptocephala (Bohlmann et al. 1981b), and in the 

Fig. 11.4 Scheme of flavonoid biosynthesis
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Table 11.1 Flavanones identified in parts of species from genus Baccharis

Compounds Species Parts References

1 Naringenin B. alaternoides Above 
ground

Bohlmann et al. (1979)

B. conferta Aerial parts Weimann et al. (2002)
B. ligustrina Aerial parts Moreira et al. (2003a, b) and 

Abad and Bermejo (2007)
B. polycephala Aerial parts Davila et al. (2013)
B. retusa Aerial parts Campos et al. (2016) and Grecco 

et al. (2012a)
B. salzmannii Aerial parts Bohlmann et al. (1981a) and 

Campos et al. (2016)
B. varians Aerial parts Bohlmann et al. (1981a)
B. illinita Flowers Verdi et al. (2004), Abad and 

Bermejo (2007) and Campos 
et al. (2016)

B. 
dracunculifolia

Leaves Fukuda et al. (2006) and Campos 
et al. (2016)

B. 
pseudotenuifolia

Leaves, 
shrub

Moreira et al. (2003a, b), Abad 
and Bermejo (2007) and Campos 
et al. (2016)

2 Sakuranetin B. concinna Aerial 
(leaves and 
stems)

Wollenweber et al. (2006)

B. marginalis Aerial parts Faine et al. (1987)
B. retusa Aerial parts Herz et al. (1977), Grecco et al. 

(2012b, 2014a, b), Toledo et al. 
(2013), Taguchi et al. (2015a, b), 
Sakoda et al. (2016), Bittencourt-
Mernak et al. (2017) and Ueno 
et al. (2018)

B. salicifolia Aerial parts Campos et al. (2016) and del 
Corral et al. (2012)

B. serrulata Aerial parts Bohlmann et al. (1981a)
B. trinervis var. 
rhexioides

Above 
ground

Bohlmann et al. (1979)

B. leptocephala Roots Bohlmann et al. (1981b)
B. intermixta Roots Bohlmann et al. (1981a)
B. teindalensis Leaves Vidari et al. (2003)

3 Isosakuranetin B. alaternoides Above 
ground

Bohlmann et al. (1979)

B. conferta Aerial parts Weimann et al. (2002)
B. 
dracunculifolia

Aerial, 
leaves, roots, 
and 
vegetative 
gems

da Silva Filho et al. (2004, 2008), 
Park et al. (2004), de Alencar 
et al. (2005), Lemos et al. (2007), 
Missima et al. (2007), de Sousa 
et al. (2009), Guimaraes et al. 
(2012), Figueiredo-Rinhel et al. 
(2013) and Campos et al. (2016)

(continued)
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Table 11.1 (continued)

Compounds Species Parts References

B. polycephala Aerial parts Davila et al. (2013)
B. leptocephala Roots Bohlmann et al. (1981b)
B. leptophylla Shrub Almanza et al. (2000) and 

Mollinedo et al. (2001)
4 5,6,7-trihydroxy-4′-

methoxyflavanone
B. conferta Aerial parts Weimann et al. (2002)

B. retusa Aerial parts Grecco et al. (2010a, b)
B. teindalensis Leaves Vidari et al. (2003)
B. viminea Wollenweber et al. (1997)

5 5-hydroxy-4′,7-
dimethoxyflavanone

B. conferta Aerial parts Weimann et al. (2002)

B. polycephala Aerial parts Davila et al. (2013)
6 4′-hydroxy-5,7-

dimethoxyflavanone
B. alaternoides Above 

ground
Bohlmann et al. (1979)

7 Pinocembrin B. concinna Roots Bohlmann et al. (1981b)
B. oxyodonta Roots Bohlmann et al. (1981b) and 

Abad Martinez et al. (2005)
B. viminea Wollenweber et al. (1997)

8 5,7-dihydroxy-3′-
methoxyflavanone

B. truncata Roots Bohlmann et al. (1981b)

9 Dihydrooroxylin A B. uncinella Aerial parts Campos et al. (2016)
10 Eriodictyol B. concinna Aerial parts Wollenweber et al. (2006)

B. confertifolia Aerial parts Wollenweber et al. (2006)
B. marginalis Aerial parts Faine et al. (1987)
B. retusa Aerial parts Campos et al. (2016) and Grecco 

et al. (2012a)
B. 
pseudotenuifolia

Shrub, 
leaves

Moreira et al. (2003a, b), Abad 
and Bermejo (2007) and Campos 
et al. 2016)

11 Eriodictyol-7-
methylether

B. concinna Aerial parts Wollenweber et al. (2006)

12 Homoeriodictyol B. calliprinos Aerial parts Gianello et al. (1999)
13 Eriodictyol-3′,4′-

dimethylether
B. calliprinos Aerial parts Gianello et al. (1999)

14 Eriodictyol 
7,3′,4′-trimethyl ether

B. confertifolia Aerial parts Wollenweber et al. (2006)

15 Filifolin B. concinna Aerial parts Wollenweber et al. (2006)
B. boliviensis Aerial parts Campos et al. (2016)

16 8- methoxyeriodictyol B. concinna Aerial parts Wollenweber et al. (2006)

11 Flavonoids of Baccharis



Table 11.2 Flavanonols identified in parts of species from genus Baccharis

Compounds Species Parts References

17 Aromadendrin/
dihydrokaempferol

B. 
dracunculifolia

Leaves Guimaraes et al. (2012)

B. 
pseudotenuifolia

Shrub Moreira et al. (2003a, b), Abad 
and Bermejo (2007) and Campos 
et al. (2016)

B. illinita Leaves and 
flowers

Verdi et al. (2004), Abad and 
Bermejo (2007) and Campos et al. 
(2016)

B. retusa Aerial parts Campos et al. (2016) and Grecco 
et al. (2012a)

18 Aromadendrin-7-
methyl ether

B. 
dracunculifolia

Aerial 
(leaves and 
stems)

Campos et al. (2016)

B. illinita Aerial 
(leaves and 
stems)

Campos et al. (2016) and 
Pizzolatti et al. (2006)

19 Dihydrokaempferide B. conferta Aerial parts Weimann et al. (2002)
B. 
dracunculifolia

Leaves, 
roots, 
flowers, 
buds, and 
stems

Figueiredo-Rinhel et al. (2013), 
da Silva Filho et al. (2004, 2008), 
Missima et al. (2007), Lemos 
et al. (2007); de Sousa et al. 
(2009, 2011), Resende et al. 
(2007), Rezende et al. (2014), 
Cestari et al. (2011), Midorikawa 
et al. (2003) and Kumazawa et al. 
(2003)

B. leptophylla Almanza et al. (2000) and 
Mollinedo et al. (2001)

20 3-acetoxy-4′,5,7-
trihydroxyflavanone

B. varians Aerial parts (Bohlmann et al. (1981a) and 
Abad Martinez et al. (2005)

21 3- acetoxy-4′,5-
dihydroxy-7-
methoxyflavanone

B. 
dracunculifolia

Leaves Campos et al. (2016) and Fukuda 
et al. (2006)

22 Pinobanksin B. oxyodonta Roots Bohlmann et al. (1981b) and Abad 
Martinez et al. (2005)

B. 
dracunculifolia

Leaves and 
vegetative 
gems

Park et al. (2004) and de Alencar 
et al. (2005)

23 Pinobanksin-3-acetate B. 
dracunculifolia

Leaf bud Park et al. (2005)

B. trinervis Jakupovic et al. (1986)
24 Taxifolin B. illinita Flowers Verdi et al. (2004), Abad and 

Bermejo (2007) and Campos et al. 
(2016)

B. retusa Aerial parts Campos et al. (2016) and Grecco 
et al. (2012a)

25 Taxifolin-4′-methyl 
ether

B. tola Aerial parts Simirgiotis et al. (2016)

26 8-prenyltaxifolin B. tola Aerial parts Simirgiotis et al. (2016)
27 Taxifolin-3-acetate B. varians Aerial parts Bohlmann et al. (1981a) and Abad 

Martinez et al. (2005)
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Table 11.3 Flavones identified in parts of species from genus Baccharis

Compounds Species Parts References

28 Apigenin B. bigelovii Aerial parts Arriaga-Giner et al. 
(1986)

B. crispa Aerial parts Palacios et al. (1983)
B. dentata Aerial parts Sartor et al. (2013) and 

Campos et al. (2016)
B. 
gaudichaudiana

Aerial parts Fullas et al. (1994), Guo 
et al. (2007), Visintini 
et al. (2013) and Campos 
et al. (2016)

B. notosergila Aerial parts Palacios et al. (1983)
B. pedicellata Aerial parts Faine et al. (1987)
B. retusa Aerial parts Campos et al. (2016) and 

Grecco et al. (2012a)
B. salicifolia Aerial parts Bohlmann et al. (1981b), 

Wollenweber et al. 
(1986) and Campos et al. 
(2016)

B. salzmannii Aerial parts Campos et al. (2016)
B. trimera Aerial parts 

and 
epigeous 
parts

Soicke and Leng-
Eschlow (1987), 
Nakasugi and Komai 
(1998) and Nakasugi 
(1990)

B. illinita Flowers Verdi et al. (2004), Abad 
and Bermejo (2007) and 
Campos et al. (2016)

B. 
pseudotenuifolia

Leaves and 
shrub

Moreira et al. (2003a, b), 
Abad and Bermejo 
(2007) andCampos et al. 
(2016)

B. teindalensis Leaves Vidari et al. (2003)
B. 
dracunculifolia

Vegetative 
gems

de Alencar et al. (2005)

B. genistelloides Kuroyanagi et al. (1985), 
Abad Martinez et al. 
(2005) and Hennig et al. 
(2011)

B. heterophylla Wollenweber et al. 
(1986)

B. pteronioides Wollenweber et al. 
(1986)

B. ramosissima (Bohlmann et al. 1981b)
B. tola San Martin et al. (1982, 

1983) and Abad Martinez 
et al. (2005)

(continued)
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Table 11.3 (continued)

Compounds Species Parts References

B. trinervis Arriaga et al. (1982)
B. vaccinioides Wollenweber et al. 

(1986)
B. viminea Wollenweber et al. 

(1997)
29 Isoscutellarein B. pilularis Wollenweber et al. 

(1997)
30 Acacetin B. articulata Aerial parts Gianello and Giordano 

(1984) and Cariddi et al. 
(2012)

B. conferta Aerial parts Weimann et al. (2002)
B. polycephala Aerial parts Davila et al. (2013)
B. 
dracunculifolia

Leaves Park et al. (2004) and da 
Silva Filho et al. (2009)

B. rhomboidalis Leaves Silva et al. (1971)
B. 
grandicapitulata

Bohlmann et al. (1985)

B. patagonica Zdero et al. (1986) and 
Rivera et al. (1988)

B. salicifolia Wollenweber et al. 
(1986)

B. trinervis Arriaga et al. (1982)
B. vaccinioides Wollenweber et al. 

(1986)
B. viminea Wollenweber et al. 

(1997)
31 Genkwanin B. crispa Aerial parts Palacios et al. (1983)

B. notosergila Aerial parts Palacios et al. (1983)
B. pedicellata Aerial parts Faine et al. (1987)
B. trimera Aerial parts Soicke and Leng-

Eschlow (1987) and 
Nakasugi and Komai 
(1998)

B. trinervis Leaves Herrera et al. (1996)
B. genistelloides Abad Martinez et al. 

(2005) and Hennig et al. 
(2011)

B. pilularis var. 
consanguinea

Wollenweber et al. 
(1997)

32 Thevetiaflavone B. 
gaudichaudiana

Aerial parts Guo et al. (2007) and 
Campos et al. (2016)

33 7-hydroxy-5,4′-
dimethoxyflavone

B. articulata de Oliveira et al. (2014)

B. usterii Aerial parts de Oliveira et al. (2014)

(continued)
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Table 11.3 (continued)

Compounds Species Parts References

34 5-hydroxy-4′,7-
dimethoxyflavone

B. conferta Aerial parts Weimann et al. (2002)

B. crispa Aerial parts Bandoni et al. (1978)
B. illinita Aerial parts Arriaga-Giner et al. 

(1986) and Campos et al. 
(2016)

B. rhomboidalis Leaves Silva et al. (1971)
B. teindalensis Leaves Vidari et al. (2003)
B. tola Leaves San Martin et al. (1982)
B. trinervis Leaves Herrera et al. (1996)
B. latifolia Salcedo et al. (2001)

35 Chrysin B. 
dracunculifolia

Leaves Paula et al. (2017) and 
Park et al. (2004)

B. viminea Wollenweber et al. 
(1997)

36 7-methylchrysin B. viminea Wollenweber et al. 
(1997)

37 2′-methoxychrysin B. illinita Flowers Verdi et al. (2004), Abad 
and Bermejo (2007) and 
Campos et al. (2016)

38 Hispidulin B. flabellata Aerial parts Saad et al. (1988)
B. 
gaudichaudiana

Aerial parts Campos et al. (2016), 
Fullas et al. (1994) and 
Akaike et al. (2003)

B. genistelloides Aerial parts Daily et al. (1984) and 
San Martin et al. (2012)

B. grisebachii Aerial parts Abad and Bermejo 
(2007) and Tapia et al. 
(2004)

B. halimifolia Aerial parts Joshi et al. (1997) and 
Jakupovic et al. (1990)

B. ligustrina Aerial parts Abad and Bermejo 
(2007), Moreira et al. 
(2003a, b) and Nogueira 
et al. (2016)

B. magellanica Aerial parts Cordano et al. (1982)
B. rhomboidalis Aerial parts Cordano et al. (1982)
B. trimera Aerial and 

epigeous
Nakasugi and Komai 
(1998), Soicke and 
Leng-Eschlow (1987), 
Nakasugi (1990) and 
Padua et al. 2014)

B. uncinella Aerial parts Campos et al. (2016) and 
Grecco et al. (2010a, b, 
2014a, b)

(continued)
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Table 11.3 (continued)

Compounds Species Parts References

B. 
pseudotenuifolia

Leaves and 
shrub

Moreira et al. (2003a, b), 
Abad and Bermejo 
(2007) and Campos et al. 
(2016)

B. vaccinioides Wollenweber et al. 
(1986)

39 Pectolinaringenin B. concava Aerial parts Zamorano et al. (1987)
B. conferta Aerial parts Weimann et al. (2002)
B. decussata Aerial parts Morales Mendez et al. 

(1984) and Rojas and 
Morales (2000)

B. grisebachii Aerial parts Gianello and Giordano 
(1987), Abad Martinez 
et al. (2005) and Feresin 
et al. (2003)

B. uncinella Aerial parts Grecco et al. (2010a, b, 
2014a, b), Passero et al. 
(2011), Zalewski et al. 
(2011) and Campos et al. 
(2016)

B. pedunculata Leaf Rahalison et al. (1995)
B. trinervis Branches Sharp et al. (2000) and 

Abad Martinez et al. 
(2005)

B. macraei Fresh Faini et al. (1991)
B. pilularis var. 
consanguinea

Wollenweber et al. 
(1997)

B. vaccinioides Wollenweber et al. 
(1986)

40 Cirsimaritin B. concava Aerial parts Zamorano et al. (1987)
B. concinna Aerial parts Wollenweber et al. 

(2006)
B. conferta Aerial parts Weimann et al. (2002)
B. genistelloides Aerial parts Suttisri et al. (1994), 

Abad Martinez et al. 
(2005) and Hennig et al. 
(2011)

B. rhomboidalis Aerial parts Labbe et al. (1986)
B. rufescens var. 
rufescens.

Aerial parts Simirgiotis et al. (2003), 
Abad and Bermejo 
(2007) and Campos et al. 
(2016)

B. trimera Aerial parts Nakasugi (1990) and 
Nakasugi and Komai 
(1998)
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Table 11.3 (continued)

Compounds Species Parts References

B. elaeagnoides Mesquita et al. (1985)
B. halimifolia Joshi et al. (1997)
B. intermedia Faini et al. (1991)
B. macraei Faini et al. (1991)
B. pilularis var. 
consanguinea

Wollenweber et al. 
(1997)

B. tricuneata Wagner et al. (1978)
41 Scutellarein-7,4′-dimethyl 

ether
B. tucumanensis Aerial parts Tonn et al. (1982)

42 Salvigenin B. concava Aerial parts Zamorano et al. (1987)
B. conferta Aerial parts Weimann et al. (2002)
B. rhomboidalis Aerial parts Labbe et al. (1986)
B. scandens Aerial parts Cabrera et al. (2016)
B. trinervis Branches Sharp et al. (2000) and 

Abad Martinez et al. 
(2005)

B. macraei Faini et al. (1991)
B. pilularis Wollenweber et al. 

(1997)
43 Desmethoxysudachitin B. grisebachii Aerial parts Gianello and Giordano 

(1987), Tapia et al. 
(2004), Abad Martinez 
et al. (2005) and Campos 
et al. (2016)

B. solierii Aerial parts Labbe et al. (1986)
44 Nevadensin B. decussata Aerial parts Rojas and Morales 

(2000)
B. grisebachii Aerial parts Gianello and Giordano 

(1987), Feresin et al. 
(2003), Tapia et al. 
(2004) and Abad 
Martinez et al. (2005)

B. nitida Aerial parts Chidiak et al. (2007) and 
Campos et al. (2016)

45 Xantomicrol B. boliviensis Aerial parts Calle et al. (2012) and 
Campos et al. (2016)

B. nitida Aerial parts Chidiak et al. (2007) and 
Campos et al. (2016)

B. patens Aerial parts Silva et al. (1985)
B. scandens Aerial parts Cabrera et al. (2016)
B. tucumanensis Aerial parts Tonn et al. (1982)
B. pentlandii Leaves Tarqui et al. (2012)
B. quitensis Roots Bohlmann et al. (1981b)

46 Gardenin B B. grisebachii Aerial parts Feresin et al. (2003), 
Tapia et al. (2004) and 
Campos et al. (2016)
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11 Flavonoids of Baccharis



272

Table 11.3 (continued)

Compounds Species Parts References

B. scandens Aerial parts Cabrera et al. (2016)
47 Tangeretin B. illinita Flowers Verdi et al. (2004), Abad 

and Bermejo (2007) and 
Campos et al. (2016)

48 Luteolin B. articulata Aerial parts Cariddi et al. (2012)
B. bigelovii Aerial parts Arriaga-Giner et al. 

(1986) and Wollenweber 
et al. (1986)

B. concinna Aerial parts Wollenweber et al. 
(2006)

B. confertifolia Aerial parts Wollenweber et al. 
(2006)

B. 
gaudichaudiana

Aerial parts Guo et al. (2007)

B. genistelloides Aerial parts San Martin et al. (2012)
B. incarum Aerial parts Zampini et al. (2009) and 

Campos et al. (2016)
B. linearis Aerial parts Wollenweber et al. 

(2006)
B. lycioides Aerial parts Wollenweber et al. 

(2006)
B. reticularia Aerial parts Bohlmann et al. (1981a)
B. trimera Aerial parts Soicke and Leng-

Eschlow (1987), da Silva 
et al. (2016) and Menezes 
et al. (2016)

B. trinervis Aerial parts Jaramillo-Garcia et al. 
(2018)

B. varians Aerial parts Bohlmann et al. (1981a)
B. illinita Flowers Verdi et al. (2004), Abad 

and Bermejo (2007) and 
Campos et al. (2016)

B. halimifolia Wollenweber et al. 
(1997)

B. microcephala Bohlmann et al. (1985)
B. nitida Bohlmann et al. (1985)
B. pteronioides Wollenweber et al. 

(1986)
49 Chrysoeriol B. salicifolia Aerial parts Warning et al. (1986)

B. 
pseudotenuifolia

Leaves and 
shrub

Moreira et al. (2003a, b), 
Abad and Bermejo 
(2007) and Campos et al. 
(2016)
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Table 11.3 (continued)

Compounds Species Parts References

B. illinita Flowers Verdi et al. (2004), Abad 
and Bermejo (2007) and 
Campos et al. (2016)

50 Luteolin-4′,7-dimethylether B. trimera Aerial parts Padua et al. (2014) and 
de Araujo et al. (2016)

B. trinervis Leaves Herrera et al. (1996)
51 Luteolin-3′,7-dimethylether B. calliprinos Aerial parts Gianello et al. (1999)

B. rhetinodes Aerial parts Gianello et al. (1999)
B. salicifolia Aerial parts Warning et al. (1986)

52 5-hydroxy-7,3′,4′-
trimethoxyflavone, 
luteolin-3′,4′,7-trimethylether

B. crispa Aerial parts Bandoni et al. (1978)

B. latifolia Aerial parts Salcedo et al. (2003) and 
Campos et al. (2016)

B. trinervis Leaves Rivera et al. (1988)
53 6-hydroxyluteolin B. boliviensis Aerial parts Abad and Bermejo 

(2007)
54 Nepetin; eupafolin B. concinna Aerial parts Verdi et al. (2004)

B. confertifolia Aerial parts Verdi et al. (2004)
B. flabellata Aerial parts Bandoni et al. (1978)
B. 
gaudichaudiana

Aerial parts Salcedo Ortiz et al. 
(2001) and Abad and 
Bermejo (2007)

B. genistelloides Aerial parts San Martin et al. (2012)
B. linearis Aerial parts He (1995), He et al. 

(1996) and Wollenweber 
et al. (2006)

B. lycioides Aerial parts Wollenweber et al. 
(2006)

B. trimera Aerial parts Soicke and Leng-
Eschlow (1987) and 
Simões-Pires et al. (2005)

55 Jaceosidin B. concinna Aerial parts Wollenweber et al. 
(2006)

B. flabellata Aerial parts Saad et al. (1988)
B. 
gaudichaudiana

Aerial parts Akaike et al. (2003) and 
Campos et al. (2016)

B. grisebachii Aerial parts Tapia et al. (2004)
56 Desmethoxycentaureidin B. 

gaudichaudiana
Aerial parts Akaike et al. (2003) and 

Campos et al. 2016)
B. solierii Stems and 

leaves
Labbe et al. (1986)

B. petiolata Labbé et al. (1990)
B. salicina Parodi and Fischer 

(1988) and Quijano et al. 
(1998)
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Table 11.3 (continued)

Compounds Species Parts References

57 Cirsiliol B. concinna Leaves and 
stems

Wollenweber et al. 
(2006)

B. confertifolia Leaves and 
stems

Wollenweber et al. 
(2006)

B. flabellata Aerial parts Saad et al. (1988)
B. linearis Leaves and 

stems
Wollenweber et al. 
(2006)

B. rufescens var. 
rufescens .

Aerial parts Simirgiotis et al. (2003), 
Abad and Bermejo 
(2007) and Campos et al. 
(2016)

B. genistelloides Kuroyanagi et al. (1985), 
Abad Martinez et al. 
(2005) and Hennig et al. 
(2011)

B. tricuneata Wagner et al. (1978)
58 Cirsilineol B. concinna Aerial parts Wollenweber et al. 

(2006)
B. salicifolia Aerial parts Warning et al. (1986)
B. genistelloides Abad Martinez et al. 

(2005) and Hennig et al. 
(2011)

59 5,6-Dihydroxy-3′,4′,7-
trimethoxyflavone

B. trimera All plants Borella et al. (2006)

60 Eupatilin B. conferta Aerial parts Weimann et al. (2002)
B. 
gaudichaudiana

Aerial parts Akaike et al. (2003) and 
Campos et al. 2016)

61 Eupatorin B. genistelloides Aerial parts Suttisri et al. (1994) and 
Hennig et al. (2011)

B. trimera Leaves, 
stems, 
flowers, and 
fruits

Herz et al. (1977), de 
Mello and Petrovick 
(2000), Torres et al. 
(2000), da Silva et al. 
(2004), Silva et al. 
(2006), Padua et al. 
(2014) and de Araujo 
et al. (2016)

62 5-hydroxy-3′,4′,6,7-
tetramethoxyflavone

B. genistelloides Aerial parts Suttisri et al. (1994)

B. trimera Leaves Rendon and Vila (1995) 
and Silva et al. (2006)

63 Sideritiflavone B. patens Aerial parts Silva et al. (1985)
B. thymifolia Aerial parts Saad et al. (1987)
B. pentlandii Leaves Tarqui et al. (2012) and 

Campos et al. (2016)
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Compounds Species Parts References

64 4′,5-dihydroxy-3′,6,7,8-
tetramethoxyflavone, 
7-methylsudachitin, 
3′-methoxyxanthomicrol

B. incarum Aerial parts Faini et al. (1982a, b)

B. salicifolia Aerial parts Warning et al. (1986)
B. thymifolia Aerial parts Saad et al. (1987)
B. pentlandii Leaves Tarqui et al. (2012) and 

Campos et al. (2016)
B. oxyodonta Roots Bohlmann et al. (1981b)
B. quitensis Roots Bohlmann et al. (1981b)

65 Gardenin D B. patens Aerial parts Silva et al. (1985)
66 5-Hydroxy-3′,4′,6,7,8-

pentamethoxytlavone
B. thymifolia Aerial parts Saad et al. (1987)

67 Nobiletin B. illinita Flowers Abad and Bermejo 
(2007) and Campos et al. 
(2016)

68 Isoschaftoside B. 
gaudichaudiana

Aerial parts Akaike et al. (2003 and 
Campos et al. (2016)

69 Vicenin II B. trimera Aerial parts Rabelo et al. (2017)
B. trimera Aerial parts Rabelo et al. (2017)

70 6(8)-C-furanosyl-8(6)-C-
hexosyl flavone

B. trimera Aerial parts de Araujo et al. (2016)

71 6(8)-C- hexosyl-8(6)-C-
furanosyl flavone

B. trimera Aerial parts de Araujo et al. (2016) 
and Rabelo et al. (2017)

72 5,3′-dihydroxy-4′-methoxy-7-
O-pyranosyl-furanosyl flavone

B. trimera Aerial parts Padua et al. (2014)

Table 11.3 (continued)

shrub B. leptophylla. The C-6 hydroxylation of isosakuranetin (3) leads to the for-
mation of 5,6,7-trihydroxy-4′-methoxyflavanone (4) accumulated in the leaves and 
aerial parts of B. conferta (Weimann et al. 2002), B. retusa (Grecco et al. 2010a, b), 
B. teindalensis (Vidari et al. 2003), and B. viminea (Wollenweber et al. 1997). The 
dimethoxy derivative of naringenin (1), 5-hydroxy-4′,7-dimethoxyflavanone (5), 
was identified in the aerial parts of B. conferta (Weimann et al. 2002) and B. poly-
cephala (Davila et al. 2013) and 4′-hydroxy-5,7-dimethoxyflavanone (6) in ground 
parts of B. alaternoides (Bohlmann et al. 1979). The 4′-dehydroxylated derivative, 
pinocembrin (7), was identified in B. viminea (Wollenweber et al. 1997), in the roots 
of B. concinna (Bohlmann et  al. 1981b), and in B. oxyodonta (Bohlmann et  al. 
1981b; Abad Martinez et  al. 2005). Less frequently isolated 3’- and 
6- monomethoxylated derivatives of pinocembrin (7): 5,7-dihydroxy-3′-
methoxyflavanone (8) and 5,7-dihydroxy-6-methoxyflavanone, known as 
dihydrooroxylin A (9), were identified in the roots of B. truncata [27] and aerial 
parts of B. uncinella, respectively (Grecco et  al. 2010a, b; Campos et  al. 2016). 
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Table 11.4 Flavanols identified in parts of species from genus Baccharis

Compounds Species Parts References

73 Kaempferol B. conferta Aerial parts Weimann et al. 
(2002)

B. dentata Aerial parts Sartor et al. 
(2013) and 
Campos et al. 
(2016)

B. gaudichaudiana Aerial parts Campos et al. 
(2016)

B. polycephala Aerial parts Davila et al. 
(2013)

B. retusa Aerial parts Grecco et al. 
(2012a) and 
Campos et al. 
(2016)

B. illinita Flowers Verdi et al. 
(2004), Abad and 
Bermejo (2007) 
and Campos 
et al. (2016)

B. maritima Flowering 
tops

Moreira et al. 
(1975)

B. pseudotenuifolia Shrub, 
leaves

Moreira et al. 
(2003a, b), Abad 
and Bermejo 
(2007) and 
Campos et al. 
(2016)

B. trimera Leaves da Silva et al. 
(2016)

B. dracunculifolia Leaves, 
buds, stems 
and 
vegetative 
gems

Midorikawa et al. 
(2003), Park 
et al. (2004, 
2005) and de 
Alencar et al. 
(2005)

B. genistelloides Daily et al. 
(1984)

B. pilularis var. 
consanguinea

Wollenweber 
et al. (1997)

74 Isokaempferide B. linearis Aerial parts Wollenweber 
et al. (2006) and 
Faini et al. 
(1999)

B. lycioides Aerial parts Wollenweber 
et al. (2006)

B. pedicellata Aerial parts Faine et al. 
(1987)
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Table 11.4 (continued)

Compounds Species Parts References

B. papillosa Leaves Campos et al. 
(2016) and 
Escobar et al. 
(2009)

B. intermedia Faini et al. 
(1991)

B. linearis Faini et al. 
(1991)

B. macraei Faini et al. 
(1991)

B. pilularis var. 
consanguinea

Wollenweber 
et al. (1997)

75 Kaempferide B. conferta Aerial parts Weimann et al. 
(2002)

B. polycephala Aerial parts Davila et al. 
(2013)

B. dracunculifolia Flowers, 
leaves, 
buds, stems 
and 
vegetative 
gems

Midorikawa et al. 
(2003), Park 
et al. (2004, 
2005), de Alencar 
et al. (2005), 
Piantino et al. 
(2008), Campos 
et al. (2016) and 
Paula et al. 
(2017)

B. leptophylla Almanza et al. 
(2000) and 
Mollinedo et al. 
(2001)

B. pilularis var. 
consanguinea

Wollenweber 
et al. (1997)

B. viminea Wollenweber 
et al. (1997)

76 Kaempferol-7-methyleter B. pilularis var. 
consanguinea

Wollenweber 
et al. (1997)

77 Ermanin B. papillosa Leaves Campos et al. 
(2016)

B. dracunculifolia Buds; 
leaves; 
stems

Midorikawa et al. 
(2003) and da 
Silva Filho et al. 
(2009)

B. pilularis var. 
consanguinea

Wollenweber 
et al. (1997)

B. viminea Wollenweber 
et al. (1997)

78 Kaempferol-7,4′-dimethyl ether B. crispa Aerial parts Bandoni et al. 
(1978)

(continued)
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Table 11.4 (continued)

Compounds Species Parts References

B. Illinita Leaves and 
stems

Campos et al. 
(2016) and 
Pizzolatti et al. 
(2006)

B. teindalensis Leaves Vidari et al. 
(2003)

79 Kaempferol-3,7-dimethylether B. pedicellata Aerial parts Faine et al. 
(1987)

B. santelicis Aerial parts Zdero et al. 
(1991)

B. pilularis var. 
consanguinea

Wollenweber 
et al. (1997)

80 Kaempferol-3,4′,7-trimethylether B. illinita Aerial parts Campos et al. 
(2016) and 
Pizzolatti et al. 
(2006)

B. santelicis Aerial parts Zdero et al. 
(1991)

81 Galangin B. dracunculifolia Leaf bud Park et al. (2005)
B. viminea Wollenweber 

et al. (1997)
82 Galangin-7-methylether B. viminea Wollenweber 

et al. (1997)
83 6-hydroxykaempferol B. pilularis var. 

consanguinea
Wollenweber 
et al. (1997)

84 6-methoxykaempferol B. dracunculifolia Leaves Kumazawa et al. 
(2003)

85 4′,6-dimethoxykaempferol B. conferta Aerial parts Weimann et al. 
(2002)

86 6,7-dimethoxykaempferol B. pilularis var. 
consanguinea

Wollenweber 
et al. (1997)

87 Penduletin B. pedunculata Leaves Rahalison et al. 
(1995)

B. trinervis Branches Sharp et al. (2000 
and Abad 
Martinez et al. 
(2005)

B. salicifolia Wollenweber 
et al. (1986)

B. sarothroides Wollenweber 
et al. (1986)

B. vaccinioides Wollenweber 
et al. (1986)

88 Herbacetin-3-methyl ether B. pilularis var. 
consanguinea

Wollenweber 
et al. (1997)

89 Quercetin B. articulata Aerial parts Campos et al. 
(2016)
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Table 11.4 (continued)

Compounds Species Parts References

B. bigelovii Aerial parts Wollenweber 
et al. (1986) and 
Grecco et al. 
(2014a, b)

B. concinna Aerial parts Wollenweber 
et al. (2006)

B. confertifolia Aerial parts Wollenweber 
et al. (2006)

B. dentata Aerial parts Sartor et al. 
(2013) and 
Campos et al. 
(2016)

B. genistelloides Aerial parts Montes et al. 
(1971) and 
Morales Mendez 
et al. (1984)

B. grisebachii Aerial parts Moreira et al. 
(1975)

B. linearis Aerial parts Wollenweber 
et al. (2006)

B. lycioides Aerial parts Wollenweber 
et al. (2006)

B. pteronioides Aerial parts Wollenweber 
et al. (1986) and 
Jakupovic et al. 
(1990)

B. retusa Aerial parts Grecco et al. 
(2012a), Ferreira 
et al. (2015) and 
Campos et al. 
(2016)

B. salicifolia Aerial parts Wollenweber 
et al. (1986)

B. scandens Aerial parts Cabrera et al. 
(2016)

B. thesioides Aerial parts Liu et al. (1993)
B. trimera Aerial parts Soicke and 

Leng-Eschlow 
(1987), 
Simões-Pires 
et al. (2005), 
Padua et al. 
(2014), da Silva 
et al. (2016), de 
Araujo et al. 
(2016), Menezes 
et al. (2016) and 
Sabir et al. 
(2017)

(continued)
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Table 11.4 (continued)

Compounds Species Parts References

B. trinervis Aerial parts Jaramillo-Garcia 
et al. (2018)

B. dracunculifolia Leaf bud 
and flowers

Midorikawa et al. 
(2003) and Park 
et al. (2005)

B. pseudotenuifolia Leaves and 
shrubs

B. spicata Leaves, 
stems, and 
flowers

Moreira et al. 
(2003a, b), Abad 
and Bermejo 
(2007) and 
Campos et al. 
(2016)

B. Illinita Flowers Verdi et al. 
(2004), Abad and 
Bermejo (2007) 
and Campos 
et al. (2016)

B. maritima Flowering 
tops

Moreira et al. 
(1975)

B. viminea Wollenweber 
et al. (1997)

90 Rhamnetin B. confertifolia Leaves and 
stems

Wollenweber 
et al. (2006)

B. pilularis var. 
consanguinea

Wollenweber 
et al. (1997)

91 Isorhamnetin B. tola Aerial parts Simirgiotis et al. 
(2016)

B. linearis Leaves and 
stems

Wollenweber 
et al. (2006) and 
He (1995)

B. lycioides Leaves and 
stems

Wollenweber 
et al. (2006)

B. pseudotenuifolia Leaves and 
shrub

B. viminea Wollenweber 
et al. (1997)

92 3-methylquercetin B. tola Aerial parts Simirgiotis et al. 
(2016)

B. trimera Aerial parts de Mello and 
Petrovick (2000)

B. linearis Leaves Faini et al. 
(1999)

B. papillosa Leaves Campos et al. 
(2016)
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Table 11.4 (continued)

Compounds Species Parts References

B. illinita Flowers Verdi et al. 
(2004), Abad and 
Bermejo (2007) 
and Campos 
et al. (2016)

B. halimifolia Wollenweber 
et al. (1997)

B. intermedia Faini et al. 
(1991)

B. linearis Faini et al. 
(1991)

93 Rhamnazin B. tola Aerial parts Simirgiotis et al. 
(2016)

B. confertifolia Leaves and 
stems

Wollenweber 
et al. (2006)

B. latifolia Salcedo Ortiz 
et al. (2001)

94 Isorhamnetin 3-methyl ether B. tola Aerial parts Simirgiotis et al. 
(2016)

B. linearis Leaves and 
stems

Wollenweber 
et al. (2006) and 
Faini et al. 
(1999)

B. lycioides Leaves and 
stems

Wollenweber 
et al. (2006)

B. intermedia Faini et al. 
(1991)

B. linearis Faini et al. 
(1991)

95 3,4′-dimethoxy-3′,5,7-
trihydroxyflavone

B. sarothroides Abad Martinez 
et al. (2005)

96 3,7-dimethoxyquercetin B. triangularis Aerial parts Gianello and 
Giordano (1989)

B. pilularis var. 
consanguinea

Wollenweber 
et al. (1997)

97 3,7-dimethyl-isorhamnetin B. tola Aerial parts Simirgiotis et al. 
(2016)

98 3,7,4′-trimethylquercetin B. illinita Leaves and 
stems

Campos et al. 
(2016, 46)

B. grisebachii Abad and 
Bermejo (2007)

99 3,5-dihydroxy-7,3′,4′-
trimethoxyflavone

B. latifolia Salcedo Ortiz 
et al. (2001)

100 Retusin B. illinita Leaves and 
stems

Campos et al. 
(2016, 46)

(continued)
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Table 11.4 (continued)

Compounds Species Parts References

101 3-hydroxy-
5,7,3′,4’tetramethoxyflavone

B. latifolia Aerial parts Campos et al. 
(2016, 121)

B. conferta Aerial parts Weimann et al. 
(2002)

102 Patuletin B. concinna Leaves and 
stems

Wollenweber 
et al. (2006)

B. confertifolia Leaves and 
stems

Wollenweber 
et al. (2006)

B. halimifolia Wollenweber 
et al. (1997)

B. pilularis var. 
consanguinea

Wollenweber 
et al. (1997)

103 3′-methylpatuletin B. halimifolia Wollenweber 
et al. (1997)

104 Axillarin B. incarum Leaves and 
stems

Campos et al. 
(2016)

B. linearis Leaves and 
stems

Wollenweber 
et al. (2006) and 
Labbe et al. 
(1986)

B. solierii Leaves and 
stems

Labbe et al. 
(1986)

B. halimifolia Wollenweber 
et al. (1997)

105 Eupatolitin B. confertifolia Leaves and 
stems

Wollenweber 
et al. (2006)

B. gaudichaudiana Aerial parts Akaike et al. 
(2003)

106 Centaureidin B. sarothroides Leaves and 
twigs

Abad Martinezet 
al. (2005) and 
Montes et al. 
(1971)

B. solierii Leaves and 
stems

Labbe et al. 
(1986)

B. salicina Parodi and 
Fischer (1988) 
and Quijano et al. 
(1998)

107 5,7-dihydroxy-3,6,3′,4′-
tetramethoxyflavone

B. salicina Quijano et al. 
(1998)

108 3,3′-dimethylgossypetin B. linearis Leaves and 
stems

Wollenweber 
et al. (2006)

109 3,8-dimethylgossypetin B. linearis Leaves and 
stems

Wollenweber 
et al. (2006)

110 3,8,3′-trimethylgossypetin B. linearis Leaves and 
stems

Wollenweber 
et al. (2006)

(continued)
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Table 11.4 (continued)

Compounds Species Parts References

111 3′,4′,5,7-tetrahydroxy-3,6,8-
trimethoxyflavone

B. incarum Leaves and 
stems

Campos et al. 
(2016)

112 4′,5,7-trihydroxy-3,3′,6,8-
tetramethoxyflavone

B. incarum Leaves and 
stems

Campos et al. 
(2016)

B. solierii Leaves and 
stems

Labbe et al. 
(1986)

113 3′,5-dihydroxy-3,4′,6,7,8-
pentamethoxyflavone

B. boliviensis Aerial parts Campos et al. 
(2016)

114 4′,5-dihydroxy3′,3,6,7,8-
pentamethoxyflavone

B. incarum Leaves and 
stems

Faini et al. 
(1982a, b), Nuño 
et al. (2012) and 
Campos et al. 
(2016)

115 3-O-acetylmyricetin B. tola Aerial parts Simirgiotis et al. 
(2016)

116 Myricetin 7,3′-dimethylether B. tola Aerial parts Simirgiotis et al. 
(2016)

117 Myricetin 7,3′,5′-trimethylether B. tola Aerial parts Simirgiotis et al. 
(2016)

118 Myricetin 3′,5′,7,8-tetramethylether B. tola Aerial parts Simirgiotis et al. 
(2016)

119 6-hydroxy-7,3′,5′-
trimethylmyricetin

B. tola Aerial parts Simirgiotis et al. 
(2016)

120 6-hydroxy-3,7,3′,5′-
tetramethylmyricetin

B. tola Aerial parts Simirgiotis et al. 
(2016)

121 Apigenin 3-O-β-D-
glucopyranoside/ astragalin

B. Dracunculifolia Aerial parts Nagatani et al. 
(2001)

B. angustifolia Wagner et al. 
(1972)

122 Kaempferol-3-O-rutinoside/ 
nicotiflorin

B. antioquensis Leaves Mejia-Giraldo 
et al. (2016)

123 Quercetin 3-O-[β-D-apiofuranosyl 
(1 → 2)α-Lrhamnopyranosyl 
(1 → 6)]-β-D-glucopyranoside

B. thesioides Aerial parts Liu et al. (1993)

124 Isoquercetin B. dracunculifolia Aerial parts Nagatani et al. 
(2001)

B. thesioides Aerial parts Kakehashu et al. 
(2016)

B. trimera Aerial parts Simões-Pires 
et al. (2005)

B. pseudotenuifolia Leaves and 
shrub

Moreira et al. 
(2003a, b), Abad 
and Bermejo 
(2007) and 
Campos et al. 
(2016)

(continued)
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Table 11.4 (continued)

Compounds Species Parts References

B. angustifolia Wagner et al. 
(1972)

B. ochracea Schenkel et al. 
(1997)

125 Hyperoside B. dracunculifolia Aerial parts Nagatani et al. 
(2001)

B. thesioides Aerial parts Nagatani et al. 
(2001)

126 Quercitrin B. gaudichaudiana Aerial parts Campos et al. 
(2016) and 
Akaike et al. 
(2003)

B. microdonta Leaves Toyama et al. 
(2014)

B. pseudotenuifolia Leaves and 
shrubs

Moreira et al. 
(2003a, b), Abad 
and Bermejo 
(2007) and 
Campos et al. 
(2016)

127 Rutin B. gaudichaudiana Aerial parts Campos et al. 
(2016) and 
Akaike et al. 
(2003)

B. thesioides Aerial parts Tarqui et al. 
(2012)

B. trinervis Aerial parts Jaramillo-Garcia 
et al. (2018)

B. trimera Aerial parts 
and leaves

Gene et al. 
(1996), Menezes 
et al. (2016) and 
Sabir et al. 
(2017)

B. antioquensis Leaves Mejia-Giraldo 
et al. (2016)

B. dentata Leaves and 
stems

Campos et al. 
(2016) and Sartor 
et al. (2013)

B. spicata Leaves, 
stems, and 
flowers

Agudelo et al. 
(2016)

B. genistelloides Hennig et al. 
(2011)

128 Quercetin 
-3-O-(4″-O-caffeoyl)- 
rhamnopyranosyl-(1 → 6)- 
galactopyranoside – 174

B. antioquensis Leaves Mejia-Giraldo 
et al. (2016)
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Eriodictyol (10) was found in aerial parts of B. concinna (Bohlmann et al. 1981b), 
B. confertifolia (Wollenweber et  al. 2006), B. marginalis (Faine et  al. 1987), 
B. retusa (Campos et  al. 2016; Grecco et  al. 2012a, b), and B. pseudotenuifolia 
(Moreira et al. 2003a, b; Abad and Bermejo 2007; Campos et al. 2016). Six eriodic-
tyol derivatives were found in Baccharis species: eriodictyol-7-methyl ether (11) at 
B. concinna (Wollenweber et al. 2006), homoeriodictyol (12) and eriodictyol-3′,4′-
dimethyl ether (13) at B. calliprinos (Gianello et al. 1999), eriodictyol 7,3′,4′-tri-
methyl ether (14) at B. confertifolia (Wollenweber et  al. 2006), filifolin (15) at 
B. concinna (Wollenweber et al. 2006) and B. boliviensis (Campos et al. 2016), and 
8-methoxyeriodictyol (16) at B. concinna (Wollenweber et al. 2006). Flavanones 
identified at Baccharis species are summarized in Table  11.1, followed by their 
respective structures in Fig. 11.5.

1 – R1 = R3 = R5 = OH; R2 = R4 = R6 = H
2 - R1 = R3 = OH; R5 = OMe; R2 = R4 = R6 = H 
3 – R1 = OMe; R3 = R5 = OH; R2 = R4 = R6 = H 
4 – R1 = OMe; R3 = R4 = R5 = OH; R2 = R6 = H; 
5 – R1 = R5 = OMe; R3 = OH; R2 = R4 = R6 = H
6 – R1 = OH; R3 = R5 = OMe; R2 = R4 = R6 = H

7 – R3 = R5 = OH; R1 = R2 = R4 = R6 = H
8 – R2 = OMe; R3 = R5 = OH; R1 = R4 = R6 = H
9 – R3 = R5 = OH; R4 = OMe; R1 = R2 = R6 = H

10 – R1 = R2 = R3 = R5 = OH; R4 = R6 = H
11 – R1 = R2 = R3 = OH; R5 = OMe; R4 = R6 = H
12 – R1 = R3 = R5 = OH; R2 = OMe; R4 = R6 = H
13 – R1 = R2 = OMe; R3 = R5 = OH; R4 = R6 = H
14 – R1 = R2 = R5 = OMe; R3 = OH; R4 = R6 = H
15 – R1 = R2 = R3 = R5 = OH; R4 = OMe; R6 = H
16 – R1 = R2 = R3 = R5 = OH; R6 = OMe; R4 = H

Fig. 11.5 Structures of 
flavanones 1–16 identified 
in Baccharis species
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5  Flavanonols

The 3-hydroxylation of flavanones through 3-hydroxylase enzymes leads to the bio-
synthesis of flavanonol derivatives. Naringenin-3-hydroxylase affords aromaden-
drin, also known as dihydrokaempferol (17), identified in leaves of B. dracunculifolia 
(Guimaraes et  al. 2012), shrubs of B. pseudotenuifolia (Moreira et  al. 2003a, b; 
Abad and Bermejo 2007; Campos et  al. 2016), leaves and flowers of B. illinita 
(Verdi et al. 2004; Abad and Bermejo 2007; Campos et al. 2016), and in aerial parts 
of B. retusa (Campos et  al. 2016; Grecco et  al. 2012a). Aromadendrin-7-methyl 
ether (18) was isolated from aerial parts of B. dracunculifolia (Campos et al. 2016) 
and B. illinita (Pizzolatti et al. 2006). Dihydrokaempferide (19) was identified in the 
aerial parts of B. conferta (Weimann et al. 2002), in leaves, roots, flowers, buds, and 
stems of B. dracunculifolia (Figueiredo-Rinhel et  al. 2013; da Silva Filho et  al. 
2004, 2008; Missima et al. 2007; Lemos et al. 2007; de Sousa et al. 2009, 2011; 
Resende et al. 2007; Rezende et al. 2014; Cestari et al. 2011Midorikawa et al. 2003; 
Kumazawa et al. 2003), and from B. leptophylla (Mollinedo et al. 2001; Almanza 
et al. 2000). 3-Acetylated derivative such as 3-acetoxy-4′ 5 7-trihydroxyflavanone 
(20) was isolated from aerial parts of B. varians (Bohlmann et  al. 1981a; Abad 
Martinez et  al. 2005), while 3-acetoxy-4′,5-dihydroxy-7-methoxyflavanone (21) 
was obtained from leaves of B. dracunculifolia, (Fukuda et al. 2006; Campos et al. 
2016). A 4′-dehydroxylated derivative of aromadendrin, pinobanksin (22), was iso-
lated from roots of B. oxyodonta (Bohlmann et  al. 1981b; Abad Martinez et  al. 
2005) as well as from vegetative gems and leaves of B. dracunculifolia (Park et al. 
2004; de Alencar et al. 2005). Additionally, its acetylated derivative, pinobanksin- 3- 
acetate (23), was identified in B. dracunculifolia leaf bud (Park et al. 2005) and in 
B. trinervis (Jakupovic et al. 1986). Taxifolin (24) was identified in B. illinita (Abad 
and Bermejo 2007), especially in flowers (Verdi et al. 2004; Campos et al. 2016), as 
well as in aerial parts of B. retusa (Grecco et  al. 2012a; Campos et  al. 2016). 
3-hydroxyhesperetin or taxifolin-4′-methyl ether (25), together with 8- prenyltaxifolin 
(26), were identified in aerial parts of B. tola (Simirgiotis et al. 2016). Furthermore, 
an acetylated derivative, taxifolin-3-acetate (27), was identified in aerial parts of 
B. varians (Bohlmann et al. 1981a; Abad Martinez et al. 2005). Flavanonols identi-
fied in Baccharis species are summarized in Table 11.2, followed by their respective 
structures in Fig. 11.6, Flavanonols identified in Baccharis species are summarized 
in Table 11.3, followed by their respective structures in Fig. 11.6.

6  Flavones

The enzymatic dehydration of flavanone naringenin (1) through flavone synthase 
affords apigenin (28) identified in the aerial parts of B. bigelovii (Arriaga-Giner 
et  al. 1986), B. crispa (Palacios et  al. 1983), B. dentata (Campos et  al. 2016), 
B. gaudichaudiana (Fullas et al. 1994; Guo et al. 2007; Visintini et al. 2013; Campos 
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et al. 2016), B. notosergila (Palacios et al. 1983), B. pedicellata (Faine et al. 1987), 
B. retusa (Grecco et al. 2012a; Campos et al. 2016), B. salicifolia (Campos et al. 
2016; Bohlmann et al. 1981b), B. salzmannii (Campos et al. 2016), as well as in the 
aerial and epigeous parts of B. trimera (Nakasugi 1990, 1998; Fullas et al. 1994). 
This compound was also identified in the flowers of B. illinita (Verdi et al. 2004; 
Abad and Bermejo 2007; Campos et al. 2016), leaves, and shrubs of B. pseudotenui-
folia (Moreira et al. 2003a, b; Abad and Bermejo 2007; Campos et al. 2016) and 
B. teindalensis (Vidari et al. 2003), and vegetative gems of B. dracunculifolia (de 
Alencar et al. 2005). The flavone 28 was also found in B. genistelloides (Kuroyanagi 
et  al. 1985; Abad Martinez et  al. 2005; Hennig et  al. 2011), B. heterophylla 
(Wollenweber et al. 1986), B. pteronioides (Wollenweber et al. 1986), B. ramosis-
sima (Bohlmann et al. 1981b), B. tola (San Martin et al. 1982, 1983; Abad Martinez 
et al. 2005), B. trinervis (Arriaga et al. 1982), B. vaccinioides (Wollenweber et al. 
1986), and B. viminea (Wollenweber et  al. 1997). Its 8-hydroxylated derivative, 
isoscutellarein (29), was identified only in B. pilularis var. consanguinea 
(Wollenweber et al. 1997), while the 4′-methylated derivative, acacetin (30), was 
found in aerial parts of B. articulata (Gianello and Giordano 1984; Cariddi et al. 
2012), B. conferta (Weimann et al. 2002), and B. polycephala (Davila et al. 2013), 
in the leaf parts of B. dracunculifolia (Park et al. 2004; da Silva Filho et al. 2009) 

17 – R1 = R4 = R5 = OH; R2 = R3 = R6 = H

18 - R1 = R4 = OH; R5 = OMe; R2 = R3 = R6 = H

19 – R1 = OMe; R4 = R5 = OH; R2 = R3 = R6 = H

20 – R1 = R4 = R5 = OH; R3 = Acetyl; R2 = R6 = H

21 - R1 = R4 = OH; R3 = Acetyl; R5 = OMe; R2 = R6 = H

22 - R4 = R5 = OH; R1 = R2 = R3 = R6 = H

23 - R3 = Acetyl; R4 = R5 = OH; R1 = R2 = R6 = H

24 - R1 = R2 = R4 = R5 = OH; R3 = R6 = H

25 - R1 = OMe; R2 = R4 = R5 = OH; R3 = R6 = H

26 - R1 = R2 = R4 = R5 = OH; R6 = Prenyl; R3 = H

27 - R1 = R2 = R4 = R5 = OH; R3 = Acetyl; R6 = H

Fig. 11.6 Structures of 
flavanonols 17–27 
identified in Baccharis 
species
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and B. rhomboidalis (Silva et al. 1971) and from B. grandicapitulata (Bohlmann 
et al. 1985), B. patagonica (Zdero et  al. 1986; Rivera et  al. 1988); B. salicifolia 
(Wollenweber et  al. 1986), B. trinervis (Arriaga et  al. 1982), B. vaccinioides 
(Wollenweber et al. 1986), and B. viminea (Wollenweber et al. 1997). Also other 
two monomethylated derivatives were found: genkwanin (31) in aerial parts of 
B. crispa (Palacios et al. 1983), B. notosergila (Palacios et al. 1983), B. pedicellata 
(Faine et  al. 1987), B. trimera (Nakasugi 1990; Nakasugi and Komai 1998), in 
leaves of B. trinervis (Herrera et al. 1996) as well as from B. genistelloides (Abad 
Martinez et al. 2005; Hennig et al. 2011) and B. pilularis (Wollenweber et al. 1997). 
Thevetiaflavone (32) was identified in aerial parts of B. gaudichaudiana (Guo et al. 
2007; Campos et al. 2016). 4′,5- and 4′,7- dimethylated derivatives (33 and 34 deriv-
atives, respectively) were identified in some Baccharis species, 7-Hydroxy-5,4′-
dimethoxyflavone (33) was isolated from aerial parts of B. articulata (de Oliveira 
et  al. 2014) and B. usterii (Salcedo Ortiz et  al. 2001), while 5-Hydroxy-4′,7- 
dimethoxyflavone (34), from aerial parts of B. conferta (Weimann et  al. 2002), 
B. crispa (Bandoni et  al. 1978), B. illinita (Pizzolatti et  al. 2006; Campos et  al. 
2016), from leaves of B. rhomboidalis (Silva et al. 1971), B. teindalensis (Vidari 
et al. 2003), B. tola (San Martin et al. 1982), B. trinervis (Herrera et al. 1996), and 
from B. latifolia (Salcedo Ortiz et  al. 2001). Flavones biosynthesized from 
phenylalanine- cinnamic acid-pinocembrin were also identified: chrysin (35) and 
7-methylchrysin (36) from leaves of B. dracunculifolia (Park et al. 2004; Paula et al. 
2017) and B. viminea (Wollenweber et  al. 1997). Its 2′-methoxylated derivative, 
2′-methoxychrysin (37), was also identified from flowers of B. illinita (Verdi et al. 
2004; Abad and Bermejo 2007; Campos et al. 2016). Hispidulin (38) was identified 
in aerial parts of B. flabellata (Saad et al. 1988), B. gaudichaudiana (Fullas et al. 
1994; Akaike et al. 2003; Campos et al. 2016), B. genistelloides (Daily et al. 1984; 
San Martin et al. 2012), B. grisebachii (Tapia et al. 2004; Abad and Bermejo 2007), 
B. halimifolia (Joshi et al. 1997; Jakupovic et al. 1990), B. ligustrina (Moreira et al. 
2003a, b; Abad and Bermejo 2007; Nogueira Sobrinho et al. 2016), B. magellanica 
(Cordano et al. 1982), B. rhomboidalis (Labbe et al. 1986), B. trimera (Soicke and 
Leng-Eschlow 1987; Nakasugi 1990; Nakasugi and Komai 1998; Padua et al. 2014), 
and B. uncinella (Grecco et al. 2010a, b, 2014a, b; Campos et al. 2016). Flavonoid 
38 was also identified in leaves and shrub of B. pseudotenuifolia (Moreira et  al. 
2003a, b; Abad and Bermejo 2007; Campos et al. 2016) and nonspecified parts of 
B. vaccinioides (Wollenweber et al. 1986). Pectolinaringenin (39) was identified in 
aerial parts of B. concava (Zamorano et  al. 1987), B. conferta (Weimann et  al. 
2002), B. decussata (Morales Mendez et  al. 1984; Rojas and Morales 2000), 
B. grisebachii (Gianello and Giordano 1987; Feresin et al. 2003; Abad Martinez 
et al. 2005), and B. uncinella (Grecco et al. 2010a, b, 2014a, b; Passero et al. 2011; 
Zalewski et al. 2011; Campos et al. 2016). Flavonoid (39) was also detected in the 
leaves of B. pedunculata (Rahalison et al. 1995), branches of B. trinervis (Sharp 
et al. 2000; Abad Martinez et al. 2005) [44, 103], and nonspecified parts of fresh 
B. macraei (Faini et al. 1991) [104], B. pilularis var. consanguinea (Wollenweber 
et al. 1997) [41] and B. vaccinioides (Wollenweber et al. 1986). Cirsimaritin (40) 
was identified in the aerial parts of B. concava (Zamorano et al. 1987), B. concinna 
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(Wollenweber et  al. 2006), B. conferta (Weimann et  al. 2002), B. genistelloides 
(Suttisri et al. 1994; Abad Martinez et al. 2005; Hennig et al. 2011), B. rhomboidalis 
(Labbe et al. 1986), B. rufescens var. rufescens (Simirgiotis et al. 2003; Abad and 
Bermejo 2007; Campos et  al. 2016), B. trimera (Nakasugi 1990; Nakasugi and 
Komai 1998), B. elaeagnoides (Mesquita et al. 1985), B. halimifolia (Joshi et al. 
1997), B. intermedia and B. macraei (Faini et al. 1991), B. pilularis var. consan-
guinea (Wollenweber et  al. 1997), and B. tricuneata (Wagner et  al. 1978). 
Scutellarein-7,4′-dimethyl ether (41) was identified from aerial parts of B. tucuma-
nensis (Tonn et  al. 1982), while salvigenin (42) was found in the aerial parts of 
B. concava (Zamorano et al. 1987), B. conferta (Weimann et al. 2002), B. rhomboi-
dalis (Labbe et al. 1986), and B. scandens (Cabrera et al. 2016). Flavonoid 42 was 
identified in the branches of B. trinervis (Sharp et al. 2000; Abad Martinez et al. 
2005), and in nonspecified parts of B. macraei (Faini et al. 1991) and B. pilularis 
var. consanguinea (Wollenweber et al. 1997). Desmethoxysudachitin (43) was iden-
tified in the aerial parts of B. grisebachii (Gianello and Giordano 1987; Tapia et al. 
2004; Grecco et al. 2010a, b; Campos et al. 2016) and B. solierii (Labbe et al. 1986). 
Its 4′-methylated derivative, nevadensin (44), was found in the aerial parts of 
B. decussata (Rojas and Morales 2000), B. grisebachii (Gianello and Giordano 
1987; Feresin et al. 2003; Tapia et al. 2004; Grecco et al. 2010a, b), and B. nitida 
(Chidiak et al. 2007; Campos et al. 2016). A methylated derivative of 43 in position 
C-7 afforded xantomicrol (45) found in aerial parts of B. boliviensis (Calle et al. 
2012; Campos et  al. 2016), B. nitida (Chidiak et  al. 2007; Campos et  al. 2016), 
B. patens (Silva et al. 1985), B. scandens (Cabrera et al. 2016), and B. tucumanensis 
(Tonn et  al. 1982). Compound 45 was also found in the leaves of B. pentlandii 
(Tarqui et al. 2012) and roots of B. quitensis (Bohlmann et al. 1981b). Gardenin B 
(46) was identified in the aerial parts of B. grisebachii (Feresin et al. 2003; Tapia 
et al. 2004; Campos et al. 2016) and B. scandens (Cabrera et al. 2016). A pentame-
thoxylated derivative, tangeretin (47), was found in the flowers of B. illinita (Verdi 
et al. 2004; Abad and Bermejo 2007; Campos et al. 2016). The flavone luteolin (48), 
derived from dehydration of flavanone eriodictyol, was identified in aerial parts of 
B. articulata (Cariddi et  al. 2012), B. bigelovii (Arriaga-Giner et  al. 1986; 
Wollenweber et al. 1986), B. concinna (Wollenweber et al. 2006), B. confertifolia 
(Wollenweber et al. 2006), B. gaudichaudiana (Guo et al. 2007), B. genistelloides 
(San Martin et al. 2012), B. incarum (Zampini et al. 2009; Campos et al. 2016), 
B. linearis (Wollenweber et  al. 2006), B. lycioides (Wollenweber et  al. 2006), 
B. reticularia (Bohlmann et al. 1981a), B. trimera (Soicke and Leng-Eschlow 1987; 
da Silva et al. 2016; Menezes et al. 2016), B. trinervis (Jaramillo-Garcia et al. 2018), 
and B. varians (Bohlmann et  al. 1981a). Furthermore, flavonoid 48 was isolated 
from flowers of B. illinita (Verdi et al. 2004; Abad and Bermejo 2007; Campos et al. 
2016), and nonspecified parts of B. halimifolia (Wollenweber et al. 1997), B. micro-
cephala (Bohlmann et al. 1985), B. nitida (Bohlmann et al. 1985), and B. pteronioi-
des (Wollenweber et al. 1986). Methylated derivatives of luteolin, biosynthesized 
through luteolin-methyltransferase, were found in several studied Baccharis spe-
cies. A monomethylated (C-3′) derivative, chrysoeriol (49), was identified in the 
flowers of B. illinita (Verdi et  al. 2004; Abad and Bermejo 2007; Campos et  al. 
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2016), shrub of B. pseudotenuifolia (Moreira et al. 2003a, b; Abad and Bermejo 
2007; Campos et al. 2016), and aerial parts of B. salicifolia (Warning et al. 1986). 
4′,7- and 3′,7- Dimethylated derivatives of Luteolin were also found in Baccharis 
genus, luteolin-4′,7-dimethylether (50) in aerial parts of B. trimera (Padua et  al. 
2014; de Araujo et al. 2016), and leaves of B. trinervis (Herrera et al. 1996) and 
luteolin-3′,7-dimethylether (51) in aerial parts of B. calliprinos (Gianello et  al. 
1999), B. rhetinodes (Gianello et al. 1999), and B. salicifolia (Warning et al. 1986). 
The trimethylated derivative, 5-hydroxy-7,3′,4′-trimethoxyflavone/luteolin-3′,4′,7- 
trimethylether (52), was identified in the aerial parts of B. crispa (Bandoni et al. 
1978) [80], B. latifolia (Salcedo et al. 2003; Campos et al. 2016), and in the leaves 
of B. trinervis (Herrera et al. 1996). 6-Hydroxyluteolin (53) was found only in aerial 
parts of B. boliviensis (Campos et al. 2016), while its methylated derivatives were 
identified in several Baccharis species; nepetin, also known as eupafolin (54), was 
identified in aerial parts of B. concinna (Wollenweber et al. 2006), B. confertifolia 
(Wollenweber et  al. 2006), B. flabellata (Saad et  al. 1988), B. gaudichaudiana 
(Akaike et al. 2003; Campos et al. 2016), B. genistelloides (San Martin et al. 2012), 
B. linearis (He 1995; He et  al. 1996; Wollenweber et  al. 2006), B. lycioides 
(Wollenweber et al. 2006), and B. trimera (Soicke and Leng-Eschlow 1987; Simões- 
Pires et  al. 2005). Jaceosidin (55) was isolated from aerial parts of B. concinna 
(Wollenweber et  al. 2006), B. flabellata (Saad et  al. 1988), B. gaudichaudiana 
(Akaike et al. 2003; Campos et al. 2016), and B. grisebachii (Tapia et al. 2004). 
Desmethoxycentaureidin (56) was obtained from aerial parts of B. gaudichaudiana 
(Akaike et al. 2003; Campos et al. 2016), B. solierii (Labbe et al. 1986), and non-
specified parts of B. petiolata (Labbé et al. 1990) and B. salicina (Parodi and Fischer 
1988; Quijano et al. 1998). Cirsiliol (57) was identified in the aerial parts of B. con-
cinna (Wollenweber et al. 2006), B. confertifolia (Wollenweber et al. 2006), B. fla-
bellata (Saad et al. 1988), B. linearis (Wollenweber et al. 2006), B. rufescens var. 
rufescens (Simirgiotis et al. 2003; Abad and Bermejo 2007; Campos et al. 2016), 
and in nonspecified parts of B. genistelloides (Kuroyanagi et  al. 1985; Abad 
Martinez et al. 2005; Hennig et al. 2011) and B. tricuneata. Cirsilineol (58) was 
detected in aerial parts of B. concinna (Wollenweber et  al. 2006), B. salicifolia 
(Warning et al. 1986), and nonspecified parts of B. genistelloides (Abad Martinez 
et al. 2005; Hennig et al. 2011), while 5,6-dihydroxy-3′,4′,7-trimethoxyflavone (59) 
from young parts of B. trimera (Borella et al. 2006). The aerial parts of B. conferta 
(Weimann et al. 2002) and B. gaudichaudiana (Akaike et al. 2003; Campos et al. 
2016) afforded eupatilin (60), while aerial parts of B. genistelloides (Suttisri et al. 
1994; Hennig et al. 2011) and leaves, stems, flowers, and fruits of B. trimera (Herz 
et al. 1977; de Mello and Petrovick 2000; Torres et al. 2000; da Silva et al. 2004; 
Silva et al. 2006; Padua et al. 2014; de Araujo et al. 2016) afforded eupatorin (61). 
5-Hydroxy-3′,4′,6,7-tetramethoxyflavone (62) was identified from aerial parts of 
B. genistelloides (Suttisri et al. 1994) and leaves of B. trimera (Rendon and Vila 
1995; Silva et al. 2006). Sideritiflavone (63) was detected in aerial parts of B. patens 
(Silva et al. 1985) and B. thymifolia (Saad et al. 1987) as well as from leaves of 
B. pentlandii (Tarqui et  al. 2012; Campos et  al. 2016;). 4′,5-Dihydroxy-3′,6,7,8- 
tetramethoxyflavone (64), known as 7-methylsudachitin or 3′-methoxyxanthomi-
crol, was identified from aerial parts of B. incarum (Faini et al. 1982a, b), B. salicifolia 
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(Warning et al. 1986) and B. thymifolia (Saad et al. 1987), from leaves of B. pent-
landii (Tarqui et  al. 2012; Campos et  al. 2016), and roots of B. oxyodonta and 
B. quitensis (Bohlmann et al. 1981b). Gardenin D (65) was identified in aerial parts 
of B. patens (Silva et  al. 1985). A pentamethoxylated derivative, 5-hydroxy- 
3′,4′,6,7,8- pentamethoxytlavone (66), was detected only in aerial parts of B. thymi-
folia (Saad et al. 1987). Nobiletin was identified only in the flowers of B. illinita 
(67). Although in less distribution, flavone glycosides were found in Baccharis spe-
cies: isoschaftoside (68) was identified in the aerial parts of B. gaudichaudiana 
(Akaike et al. 2003; Campos et al. 2016), while vicenin II (69), 6(8)-C-furanosyl-8(6)-
C-hexosyl flavone (70), 6(8)-C-hexosyl-8(6)-C-furanosyl flavone (71), and 
5,3′-dihydroxy-4′-methoxy-7-O-pyranosyl-furanosyl flavone (72) were detected in 
the aerial parts of B. trimera (Padua et al. 2014; de Araujo et al. 2016; Rabelo et al. 
2017). Flavones identified in Baccharis species are summarized in Table 11.3, fol-
lowed by their respective structures in Fig. 11.7.

28 - R1 = R4 = R6 = OH; R2 = R3 = R5 = R7 = H 29 - R1 = R4 = R6 = R7 = OH; R2 = R3 = R5 = H
30 - R1 = OMe; R4 = R6 = OH; R2 = R3 = R5 = R7 = H 31 - R1 = R4 = OH; R6 = OMe; R2 = R3 = R5 = R7 = H
32 - R1 = R6 = OH; R4 = OMe; R2 = R3 = R5 = R7 = H 33 - R1 = R4 = OMe; R6 = OH; R2 = R3 = R5 = R7 = H
34 - R1 = R6 = OMe; R4 = OH; R2 = R3 = R5 = R7 = H 35 - R4 = R6 = OH; R1 = R2 = R3 = R5 = R7 = H
36 - R4 = OH; R6 = OMe; R1 = R2 = R3 = R5 = R7 = H 37 - R3 = OMe; R4 = R6 = OH; R1 = R2 = R5 = R7 = H
38 - R1 = R4 = R6 = OH; R5 = OMe; R2 = R3 = R7 = H 39 - R1 = R5 = OMe; R4 = R6 = OH; R2 = R3 = R7 = H
40 - R1 = R4 = OH; R5 = R6 = OMe; R2 = R3 = R7 = H 41 - R1 = R6 = OMe; R4 = R5 = OH; R2 = R3 = R7 = H
42 - R1 = R5 = R6 = OMe; R4 = OH; R2 = R3 = R7 = H 43 - R1 = R4 = R6 = OH; R5 = R7 = OMe; R2 = R3 = H
44 - R1 = R5 = R7 = OMe; R4 = R6 = OH; R2 = R3 = H 45 - R1 = R4 = OH; R5 = R6 = R7 = OMe; R2 = R3 = H
46 - R1 = R5 = R6 = R7 = OMe; R4 = OH; R2 = R3 = H 47 - R1 = R4 = R5 = R6 = R7 = OMe; R2 = R3 = H
48 - R1 = R2 = R4 = R6 = OH; R3 = R5 = R7 = H 49 - R1 = R4 = R6 = OH; R2 = OMe; R3 = R5 = R7 = H
50 - R1 = R6 = OMe; R2 = R4 = OH; R3 = R5 = R7 = H 51 - R1 = R4 = OH; R2 = R6 = OMe; R3 = R5 = R7 = H
52 - R1 = R2 = R6 = OMe; R4 = OH; R3 = R5 = R7 = H 53 - R1 = R2 = R4 = R5 = R6 = OH; R3 = R7 = H
54 - R1 = R2 = R4 = R6 = OH; R5 = OMe; R3 = R7 = H 55 - R1 = R4 = R6 = OH; R2 = R5 = OMe; R3 = R7 = H
56 - R1 = R5 = OMe; R2 = R4 = R6 = OH; R3 = R7 = H 57 - R1 = R2 = R4 = OH; R5 = R6 = OMe; R3 = R7 = H
58 - R1 = R6 = OMe; R2 = R4 = R5 = OH; R3 = R7 = H 59 - R1 = R2 = R6 = OMe; R4 = R5 = OH; R3 = R7 = H
60 - R1 = R2 = R5 = OMe; R4 = R6 = OH; R3 = R7 = H 61 - R1 = R5 = R6 = OMe; R2 = R4 = OH; R3 = R7 = H
62 - R1 = R2 = R5 = R6 = OMe; R4 = OH; R3 = R7 = H 63 - R1 = R2 = R4 = OH; R5 = R6 = R7 = OMe; R3 = H
64 - R1 = R4 = OH; R2 = R5 = R6 = R7 = OMe; R3 = H 65 - R1 = R5 = R6 = R7 = OMe; R2 = R4 = OH; R3 = H
66 - R1 = R2 = R5 = R6 = R7 = OMe; R4 = OH; R3 = H 67 - R1 = R2 = R4 = R5 = R6 = R7 = OMe; R3 = H

68 - R1 = R4 = R6 = OH; R5 = Ara; R7 = Glu; R2 = R3 = H
69 - R1 = R4 = R6 = OH; R5 = R7 = Glu; R2 = R3 = H

70 - R5 = Furanosyl; R7 = Hexosyl; R1 = R2 = R3 = R4 = R6 = H
71 - R5 = Hexosyl; R7 = Furanosyl; R1 = R2 = R3 = R4 = R6 = H

72 - R1 = OMe; R2 = R4 = OH; R6 = O-Pyranosyl-Furanosyl; R3 = R5 = R7 = H

Fig. 11.7 Structures of flavones 28–72 identified in Baccharis species
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7  Flavanols

The biosynthesis of flavanols, the main group of flavonoids of genus Baccharis, 
occurs after the formation of flavanonols, through flavanol synthase enzyme (FLS). 
Thus, naringenin (1) is converted to aromadendrin/dihydrokaempferol (17) to 
finally afford the flavanol kaempferol (73). Compound 73 was identified in aerial 
parts of B. conferta (Weimann et al. 2002), B. dentata (Sartor et al. 2013; Campos 
et al. 2016), B. gaudichaudiana (Campos et al. 2016), B. polycephala (Davila et al. 
2013), B. trimera (da Silva et al. 2016), and B. retusa (Campos et al. 2016; Grecco 
et al. 2012a). This compound was also identified in the flowers of B. illinita (Verdi 
et al. 2004; Abad and Bermejo 2007; Campos et al. 2016), flowering tops of B. mari-
tima (Moreira et al. 1975), leaves of B. pseudotenuifolia (Moreira et al. 2003a, b; 
Campos et al. 2016), and buds, stems, and vegetative gems of B. dracunculifolia 
(Palacios et al. 1983; Park et al. 2004, 2005; de Alencar et al. 2005) and nonspeci-
fied parts of B. genistelloides (Daily et al. 1984), and B. pilularis var. consanguinea 
(Wollenweber et al. 1997). The 3-methylation of kaempferol afforded isokaempfer-
ide (74) identified in the aerial parts of B. linearis (Faini et al. 1999; Wollenweber 
et al. 2006), B. lycioides (Wollenweber et al. 2006), and B. pedicellata (Faine et al. 
1987). Furthermore, this compound was also identfiied in the leaves of B. papillosa 
(Escobar et al. 2009; Campos et al. 2016), and nonspecified parts of fresh B. inter-
media (Faini et al. 1991), B. linearis (Faini et al. 1991), B. macraei (Faini et al. 
1991), and B. pilularis var. consanguinea (Wollenweber et al. 1997). The 4′-meth-
ylation affords kaempferide (75), found in aerial parts of B. conferta (Weimann 
et al. 2002) and B. polycephala (Davila et al. 2013) as well as in the flowers, leaves, 
buds, stems, and vegetative gems of B. dracunculifolia (Midorikawa et al. 2003; 
Park et al. 2004, 2005; de Alencar et al. 2005; Piantino et al. 2008; Campos et al. 
2016; Paula et al. 2017), in no-nspecified parts of B. leptophylla (Almanza et al. 
2000; Mollinedo et al. 2001) and in B. pilularis var. consanguinea and B. viminea 
(Wollenweber et  al. 1997). Kaempferol-7-methyleter (76) was identified only in 
B. pilularis var. consanguinea (Wollenweber et al. 1997). The leaves of B. papillosa 
(Campos et al. 2016) afforded emanin (77), also identified in buds, leaves, and stems 
of B. dracunculifolia (Midorikawa et al. 2003; da Silva Filho et al. 2009) and from 
nonspecified parts of B. pilularis var. consanguinea and from B. viminea 
(Wollenweber et al. 1997). Kaempferol-7,4′-dimethyl ether (78) was detected in the 
aerial parts of B. crispa (Bandoni et al. 1978) and B. illinita (Pizzolatti et al. 2006; 
Campos et al. 2016) as well as from leaves of B. teindalensis (Vidari et al. 2003). 
Kaempferol-3,7-dimethyl ether (79) was identified in the aerial parts of B. pedicel-
lata (Faine et al. 1987) and B. santelicis (Zdero et al. 1991) and nonspecified parts 
of B. pilularis var. consanguinea (Wollenweber et  al. 1997). The trimethylated 
derivative, kaempferol-3,4′,7-trimethylether (80), was identified in the aerial parts 
of B. illinita (Pizzolatti et al. 2006; Campos et al. 2016) and B. santelicis (Zdero 
et al. 1991). Galangin (81) was detected in the leaf bud of B. dracunculifolia (Park 
et al. 2005) and nonspecified parts of B. viminea (Wollenweber et al. 1997), that also 
afforded galangin-7-methyleter (82). 6-Hydroxylated kaempferol and its derivatives 
were identified in few Baccharis species, 6-hydroxykaempferol (83) in B. pilularis 
var. consanguinea (Wollenweber et al. 1997); 6-methoxykaempferol (84) in leaves 
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of B. dracunculifolia (Kumazawa et al. 2003); 4′,6-dimethoxykaempferol (85) in 
aerial parts of B. conferta (Weimann et  al. 2002); and 6,7-dimethoxykaempferol 
(86) in B. pilularis var. consanguinea (Wollenweber et al. 1997). Penduletin (87) 
was identified in leaves of B. pedunculata (Rahalison et al. 1995), branches of B. tri-
nervis (Sharp et  al. 2000; Abad Martinez et  al. 2005), and nonspecified parts of 
B. salicifolia, B. sarothroides and B. vaccinioides (Wollenweber et al. 1986), while 
herbacetin-3-methylether (88) was isolated from B. pilularis var. consanguinea 
(Wollenweber et  al. 1997). Quercetin (89) was identified in the aerial parts of 
B. articulata (Campos et  al. 2016), B. bigelovii (Arriaga-Giner et  al. 1986; 
Wollenweber et  al. 1986), B. concinna and B. confertifolia (Wollenweber et  al. 
2006), B. dentata (Sartor et al. 2013; Campos et al. 2016), B. genistelloides (Daily 
et al. 1984; San Martin et al. 2012), B. grisebachii (Tapia et al. 2004), B. linearis 
(Wollenweber et al. 2006, B. lycioides (Wollenweber et al. 2006), B. pteronioides, 
B. retusa, B. salicifolia (Wollenweber et al. 1986), B. scandens (Cabrera et al. 2016), 
B. thesioides (Liu et al. 1993), B. trimera (Soicke and Leng-Eschlow 1987; Simões- 
Pires et  al. 2005; Padua et  al. 2014; da Silva et  al. 2016; de Araujo et  al. 2016; 
Menezes et al. 2016; Sabir et al. 2017), B. trinervis (Jaramillo-Garcia et al. 2018), 
in the leaf bud of B. dracunculifolia (Park et al. 2005), leaves and shrubs of B. pseu-
dotenuifolia (Moreira et al. 2003a, b; Abad and Bermejo 2007; Campos et al. 2016), 
leaves, stems, and flowers of B. spicata (Agudelo et al. 2016) flowers of B. illinita 
(Verdi et al. 2004; Abad and Bermejo 2007; Campos et al. 2016) and B. maritima 
(Moreira et al. 1975) as well as in the nonspecified parts of B. viminea (Wollenweber 
et al. 1997). Rhamnetin (90) was detected in leaves and stems of B. confertifolia 
(Wollenweber et al. 2006) and nonspecified parts of B. pilularis var. consanguinea 
(Wollenweber et al. 1997), while isorhamnetin (91) was detected in the aerial parts 
of B. tola, leaves and stems of B. linearis (He 1995; Wollenweber et al. 2006) and 
B. lycioides (Wollenweber et al. 2006), leaves and shrubs of B. pseudotenuifolia 
(Moreira et al. 2003a, b; Abad and Bermejo 2007; Campos et al. 2016), and in non-
specified parts of B. viminea (Wollenweber et al. 1997). The 3-methylated deriva-
tive of quercetin, 3-methylquercetin (92), was identified in the aerial parts of B. tola 
(Simirgiotis et al. 2016) and B. trimera (de Mello and Petrovick 2000), in the leaves 
of B. linearis (Faini et al. 1999), flowers of B. illinita (Verdi et al. 2004; Abad and 
Bermejo 2007; Campos et al. 2016), fresh parts of B. intermedia and B. linearis 
(Faini et al. 1991) as well as in the nonspecified parts of B. halimifolia (Wollenweber 
et al. 1997). Rhamnazin (93) was found in the aerial parts of B. tola (Simirgiotis 
et  al. 2016), leaves and stems of B. confertifolia (Wollenweber et  al. 2006), and 
nonspecified parts of B. latifolia (Salcedo et al. 2001). Isorhamnetin 3-methylether 
(94) was identified in the aerial parts of B. tola (Simirgiotis et al. 2016), leaves and 
stems of B. linearis (Faini et al. 1999; Wollenweber et al. 2006) and B. lycioides 
(Wollenweber et al. 2006), and in the nonspecified parts of fresh B. intermedia and 
B. linearis (Faini et  al. 1991). B. sarothroides afforded 3,4′-dimethoxy-3′,5,7- 
trihydroxyflavone (95) (Abad Martinez et al. 2005), while 3,7-dimethoxyquercetin 
(96) was found in aerial parts of B. triangularis (Gianello and Giordano 1989) and 
nonspecified parts of B. pilularis var. consanguinea (Wollenweber et  al. 1997). 
3,7-Dimethylisorhamnetin (97) was isolated from aerial parts of B. tola (Simirgiotis 
et  al. 2016), while 3,7,4′-trimethylquercetin (98) was obtained from leaves and 
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stems of B. illinita (Campos et al. 2016) and nonspecified parts of B. grisebachii 
(Abad and Bermejo 2007). 3,5-dihydroxy-7,3′,4′-trimethoxyflavone (99) was 
detected in B. latifolia. Retusin (100) was isolated from leaves and stems of B. illin-
ita (Pizzolatti et al. 2006; Campos et al. 2016), while 3-hydroxy-5,7,3′,4’tetrameth
oxyflavone (101) was obtained from aerial parts of B. latifolia (Salcedo et al. 2003; 
Campos et al. 2016) and B. conferta (Weimann et al. 2002). Patuletin (102) was 
detected in leaves and stems of B. concinna and B. confertifolia (Wollenweber et al. 
2006) as well as in nonspecified parts of B. halimifolia and B. pilularis var. consan-
guinea (Wollenweber et al. 1997). Flavonoid 3′-methylpatuletin (103) was detected 
in B. halimifolia (Wollenweber et al. 1997), while axillarin (104) was identified in 
the leaves and stems of B. incarum (Campos et al. 2016), B. linearis (Labbe et al. 
1986; Wollenweber et al. 2006), and B. solierii (Labbe et al. 1986) as well as in the 
nonspecified parts of B. halimifolia (Wollenweber et al. 1997). Eupatolitin (105) 
was isolated from leaves and stems of B. confertifolia (Wollenweber et al. 2006) and 
aerial parts of B. gaudichaudiana (Akaike et al. 2003). Centaureidin (106) was iden-
tified in the leaves and twigs of B. sarothroides (Montes et al. 1971; Abad Martinez 
et al. 2005), leaves and stems of B. solierii (Labbe et al. 1986), and nonspecified 
parts of B. salicina (Parodi and Fischer 1988; Quijano et  al. 1998). 
5,7-Dihydroxy-3,6,3′,4′-tetramethoxyflavone (107) was detected in B. salicina 
(Quijano et al. 1998), while three gossypetin derivatives (108–110) were identified 
in leaves and stems of B. linearis (Wollenweber et al. 2006): 3,3′-dimethyl- (108), 
3,8-dimethyl- (109) and 3,8,3′-trimethyl-(110) derivatives. 3′,4′,5,7- 
Tetrahydroxy-3,6,8-trimethoxyflavone (111) and 4′,5,7-trihydroxy-3,3′,6,8- 
tetramethoxyflavone (112) were identified in the leaves and stems of B. incarum 
(Campos et al. 2016); compound 112 was also identified in the leaves and stems of 
B. solierii (Labbe et  al. 1986). 3′,5-Dihydroxy-3,4′,6,7,8-pentamethoxyflavone 
(113) was detected in the aerial parts of B. boliviensis (Campos et al. 2016) and 
4′,5-dihydroxy3′,,3,6,7,8-pentamethoxyflavone (114) in the leaves and stems of 
B. incarum (Faini et al. 1982a, b; Nuño et al. 2012; Campos et al. 2016). Six myric-
etin derivatives (115–120) were detected in leaves and stems of B. tola (Simirgiotis 
et  al. 2016): 3-O-acetyl- (115), 7,3′-dimethyl- (116), 7,3′,5′-trimethyl- (117), 
3′,5′,7,8-tetramethyl- (118), 6-hydroxy-7,3′,5′-trimethyl  – (119) and 
6-hydroxy-3,7,3′,5′-tetramethyl (120) derivatives. Additionally, nine flavonol gly-
cosides (121–129) were identified in several species of Baccharis: apigenin 3-O-β- 
D-glucopyranoside, also known as astragalin (121), from aerial parts of 
B. dracunculifolia (Nagatani et al. 2001) and from B. angustifolia (Wagner et al. 
1972), kaempferol-3-O-rutinoside, also known as nicotiflorin (122), from B. antio-
quensis (Mejia-Giraldo et  al. 2016), quercetin 3-O-[β-D-apiofuranosyl-(1  →  2) 
α-Lrhamnopyranosyl-(1 → 6)]-β-D-glucopyranoside (123) from B. thesioides (Liu 
et al. 1993), isoquercetin (124) from aerial parts of B. dracunculifolia (Nagatani 
et al. 2001), B. thesioides (Kakehashu et al. 2016), B. trimera (Simões-Pires et al. 
2005), B. pseudotenuifolia (Moreira et  al. 2003a, b; Abad and Bermejo 2007; 
Campos et al. 2016), B. angustifolia (Wagner et al. 1972), and B. ochracea (Schenkel 
et al. 1997). Hyperoside (125) was detected in the aerial parts of B. dracunculifolia 
(Nagatani et al. 2001) and B. thesioides (Liu et al. 1993) [144], while quercitrin 
(126) was identified in B. gaudichaudiana (Akaike et al. 2003; Campos et al. 2016), 
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B. microdonta (Toyama et al. 2014), and B. pseudotenuifolia (Moreira et al. 2003a, 
b; Abad and Bermejo 2007; Campos et al. 2016). Rutin (127) was identified in the 
aerial parts of B. gaudichaudiana (Akaike et al. 2003; Campos et al. 2016), B. the-
sioides (Liu et al. 1993), B. trinervis (Jaramillo-Garcia et al. 2018), and B. trimera 
(Gene et al. 1996; Menezes et al. 2016; Sabir et al. 2017). Furthermore, flavonoid 
127 was also isolated from leaves of B. antioquensis (Mejia-Giraldo et al. 2016), 
leaves and stems of B. dentata (Sartor et  al. 2013; Campos et  al. 2016), leaves, 
stems, and flowers B. spicata (Agudelo et  al. 2016), and nonspecified parts of 
B. genistelloides (Hennig et  al. 2011). Finally, quercetin-3-O-(4″’-O-caffeoyl)-
rhamnopyranosyl-(1 → 6)-galactopyranoside (128) was identified in the leaves of 
B. antioquensis (Mejia-Giraldo et al. 2016). Flavanols identified in Baccharis spe-
cies are summarized in Table  11.4, followed by their respective structures in 
Fig. 11.8.

Flavonoids display a significant role in biological functions, especially those that 
depend on the modulation of redox balance. Several studies describes the antioxi-
dant and radical scavenger activities of extracts and isolated flavonoids of Baccharis, 
such as the antioxidant activities of isosakuranetin (3), dihydrokaempferide (19), 
kaempferol (75) (Mollinedo et  al. 2001), isokaempferide (74), ermanin (77), 
3-methylquercetin (92) (Escobar et  al. 2009), luteolin (48), axillarin (104), 
3′,4′,5,7-tetrahydroxy-3,6,8-trimethoxyflavone (111), 4′,5,7-trihydroxy-3,3′,6,8- 
tetramethoxyflavone (112), and 4′,5-dihydroxy-3′,3,6,7,8-pentamethoxyflavone 
(114). Antioxidant activities were also attributed to extracts of B. spicata, B. tola, 

73 - R1= R5= R7= OH; R2= R3= R4= R6= R8= H
74 - R1= R5= R7= OH; R4= OMe; R2= R3= R6= R8 = H
75 - R1 = OMe; R5 = R7 = OH; R2 = R3 = R4 = R6 = R8 = H
76 - R1= R5= OH; R7= OMe; R2= R3= R4= R6= R8= H
77 - R1= OMe; R4= Me; R5= R7= OH; R2= R3= R6= R8= H
78 - R1= R7= OMe; R5= OH; R2= R3= R4=R6= R8= H
79 - R4= Me; R7= OMe; R1= R5= OH; R2= R3= R6= R8= H
80 - R1= R7= OMe; R4= Me; R5= OH; R2= R3= R6= R8= H
81 - R5= R7= OH; R1= R2= R3= R4= R6= R8= H
82 - R5= OH; R7= OMe; R1= R2= R3= R4= R6= R8= H
83 - R1= R5= R6= R7= OH; R2= R3= R4= R8= H
84 - R1= R5= R7= OH; R6= OMe; R2= R3= R4= R8= H
85 - R1= R6= OMe; R5= R7= OH; R2= R3= R4= R8= H
86 - R1= R5= OH; R6= R7= OMe; R2= R3= R4= R8= H
87 - R1= R5= OH; R4= Me; R6= R7= OMe; R2= R3= R4= R8= H
88 - R1= R5= R7= R8= OH; R4= Me; R2= R3= R6= H

89 - R1= R2= R5= R7= OH; R3= R4= R6= R8= H 90 - R1= R2= R5= OH; R7= OMe; R3= R4= R6= R8= H
91 - R1= R5= R7= OH; R2= OMe; R3= R4= R6= R8= H 92 - R1= R2= R5= R7= OH; R4= Me; R3= R6= R8= H
93 - R1= R5= OH; R2= R7= OMe; R3= R4= R6= R8= H 94 - R1= R5= R7= OH; R2= OMe; R4= Me; R3= R6= R8= H
95 - R1= OMe; R2= R5= R7= OH; R4= Me; R3= R6= R8= H 96 - R1= R2= R5= OH; R4= Me; R7= OMe; R3= R6= R8= H
97 - R1= R5= OH;  R2= R7= OMe; R4= Me; R3= R6= R8= H 98 - R1= R7= OMe; R2= R5= OH; R4=Me; R3= R6= R8= H
99 - R1= R2= R7= OMe; R5= OH; R3= R4= R6= R8= H 100 - R1= R2= R7= OMe; R4= Me; R5= OH; R3= R6= R8= H
101 - R1= R2= R7= R5= OMe; R3= R4= R6= R8= H 102 - R1= R2= R5= R7= OH; R6= OMe; R3= R4= R8= H
103 - R1= R5= R7= OH; R2= R6= OMe; R3= R4= R8= H 104 - R1= R2= R5= R7= OH; R4= Me; R6= OMe; R3= R8= H
105 - R1= R2= R5= OH; R6= R7= OMe; R3= R4= R8= H 106 - R1= R6= OMe; R2= R5= R7= OH; R4= Me; R3= R8= H
107 - R1= R2= R6= OMe; R5= R7= OH; R4= Me; R3= R8= H 108 - R1= R5= R7= R8= OH; R2= OMe; R4= Me; R3= R6= H
109 - R1= R2= R5= R7= OH; R4= Me; R8= OMe; R3= R6= H 110 - R1= R5= R7= OH; R2= R8= OMe; R4= Me; R3= R6= H
111 - R1= R2= R5=R7= OH; R4= Me; R6= R8= OMe; R3= H 112 - R1= R5=R7= OH; R2= R6= R8= OMe; R4= Me; R3= H
113 - R1= R6= R7= R8= OMe; R2= R5= OH; R4= Me; R3= H 114 - R1= R5= OH; R2= R6= R7= R8= OMe; R4= Me; R3= H
115 - R1= R2= R3= R5= R7= OH; R4= Acyl; R6= R8= H 116 - R1= R3= R5= OH; R2= R7= OMe; R4= R6= R8= H
117 - R1= R5= OH; R2= R3= R7= OMe; R4= R6= R8= H 118 - R1= R5= OH; R2= R3= R7= OMe;  R8= Me; R4= R6=  H
119 - R1= R5= R6= OH; R2= R3= R7= OMe; R4= R8= H 120 - R1= R5= R6= OH; R2= R3= R7= OMe; R4= Me; R8= H
121 - R1= R5= R7= OH; R4= Glu;R2= R3= R6= R8= H 122 - R1= R5= R7= OH; R4= Rha-Glu;R2= R3= R6= R8= H
123 - R1= R2= R5= R7= OH; R4= (Apio)-Rha-Glu; R3= R6= R8= H 124 - R1= R2= R5= R7= OH; R4= Glu; R3= R6= R8= H
125 - R1= R2= R5= R7= OH; R4= Gal; R3= R6= R8= H 126 - R1= R2= R5= R7= OH; R4= Rha; R3= R6= R8= H
127 - R1= R2= R5= R7= OH; R4= Rha-Glu; R3= R6= R8= H 128 – R1= R2= R5= R7= OH; R4= Rha-Glu-caffeoyl; R3= R6= R8= H

Fig. 11.8 Structures of flavanols 73–128 identified in Baccharis species Biological activities
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and B. trimera (Agudelo et al. 2016; Simirgiotis et al. 2016; Sabir et al. 2017), while 
radical scavenger activity (DPPH, ROS) was attributed to B. dentata and B. trimera 
extracts (Sartor et al. 2013; Agudelo et al. 2016; Sabir et al. 2017). The last extract 
also inhibits ROS production through PKC and downregulates p47phox phosphory-
lation of NADPH oxidase in SK Hep-1 cells. Hispidulin (38), desmethoxysudachi-
tin (43), jaceosidin (55), and quercetin (89) suppress/scavenge erythrocyte 
lipoperoxidation, 38 and 89 superoxide anions, and 89 DPPH (Tapia et al. 2004). 
Eupafolin (54), quercitrin (127), and rutin (128) moderately scavenge DPPH radical 
(Akaike et al. 2003). Compounds 48, 104, 111, 112, and 114 also displayed antimi-
crobial activity against methicillin-resistant Staphylococcus aureus and Enterococcus 
faecalis (Zampini et al. 2009; Nuño et al. 2012). Antimicrobial activities were also 
attributed to some flavonoids: penduletin (87) presented antifungal activity against 
some human pathogenic and phytopathogenic fungi (Rahalison et  al. 1995). 
Isosakuranetin (3) showed antifungal activities against Neurospora crassa (Almanza 
et al. 2000) and Cryptococcus neoformans (da Silva Filho et al. 2008); besides the 
antioxidant activity, previously described, compound 3 also demonstrated strong 
trypanocidal (da Silva Filho et al. 2004) and antiinflammatory activities (Figueiredo- 
Rinhel et al. 2013); both activities were also attributed to dihydrokaempferide (19). 
B. dentata extracts presented antibacterial activity against Staphylococcus aureus 
(Sartor et al. 2013), while B. crispa and B. notosergila ethanolic extracts presented 
antimicrobial activities against Bacillus subtilis, Micrococcus luteus, and 
Staphylococcus aureus, due to the presence of genkwanin (31) and apigenin (28). 
Sakuranetin (2) presented antifungal activity against pathogenic yeast belonging to 
the genus Candida (six species  – C. dubliniensis, C. tropicalis, C. glabrata, 
C. parapsilosis, C. krusei, and C. albicans), Cryptococcus (two species/four sero-
types – C. neoformans – serotypes A and D, C. gattii – serotypes B and C. neofor-
mans), and Saccharomyces cerevisiae (Grecco et  al. 2014a, b). Compound 2 
demonstrated promising activities to prevent and treat several respiratory disorders, 
such as acute lung injury (Bittencourt-Mernak et al. 2017), chronic allergic pulmo-
nary inflammation (Sakoda et al. 2016), emphysema, through regulation of NF-κB, 
oxidative stress, and metalloproteinases (Taguchi et al. 2015a, b),and reverses air-
way inflammation and remodelling in an asthma murine model (Toledo et al. 2013). 
Sakuranetin (2) displayed activity against four Leishmania species (L. amazonensis, 
L. braziliensis, L. major, and L. chagasi) and Trypanosoma cruzi (Davila et al. 2013) 
and also presented phytotoxic activities against Panicum miliaceum and Raphanus 
sativus, inhibiting its growth and germination (del Corral et  al. 2012). 
Pectolinaringenin (39) and cirsimaritin (40) present spasmolytic activities (Weimann 
et al. 2002) and antiparasitic potential (antileishmanial and trypanocidal). This was 
attributed to 5,6,7-trihydroxy-4′-methoxyflavanone (4), hispidulin (38), spectolinar-
ingenin (39), acacetin (30), and ermanin (77) (da Silva Filho et al. 2009; Passero 
et al. 2011; Grecco et al. 2010a, b, 2014a, b). Luteolin-3′,7-dimethylether (51) dis-
played anti-inflammatory activity (Gianello et al. 1999), which was also attributed 
to rutin (128), within its analgesic effect (Gene et al. 1996) and pectolinaringenin 
(39) (Zalewski et al. 2011). B. gaudichaudiana and B. spicata presented antiviral 
activities against poliovirus type 2 (PV2) and vesicular stomatitis virus; PV2 
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attributed to the presence of apigenin (28) (Visintini et al. 2013) This compound 
also enhances the action of nerve growth factor to stimulate neurite outgrowth from 
PC12D cells, that could be useful in the treatment of neurological disorders (Guo 
et  al. 2007). B. articulata extract induced the death of human peripheral blood 
mononuclear cells (PBMCs) through apoptosis and exerted low mutagenic effects 
on mice, those could be related to the presence of luteolin (48) and acacetin (30) and 
other nonflavonoidic compounds (Cariddi et al. 2012). Antitumoral activities were 
attributed to 3,4′-dimethoxy-3′,5,7-trihydroxyflavone (95) and centaureidin (106) 
(Montes et  al. 1971), while gardenin B (46) demonstrated cytotoxic activities 
against HL60 and U937 – human leukemia cell lines, leading to activation of extrin-
sic and the intrinsic apoptotic pathways (Cabrera et al. 2016). Kaempferol and quer-
cetin glycosides (123, 128 and 129) from B. antioquensis displayed photoprotective 
potential, while quercitrin (127) displayed antivenom effect (Crotalus durissus ter-
rificus snake) through inhibition of sPLA2 enzyme, preventing myotoxicity and 
edematogenic effect. Genkwanin (31), cirsimaritin (40), hispidulin (38), and api-
genin (28) showed antimutagenic activity (Nakasugi and Komai 1998), while quer-
cetin (89), luteolin (48), nepetin (54), apigenin (28), and hispidulin (38) were 
responsible for antihepatotoxic properties of B. trimera (Soicke and Leng-Eschlow 
1987), leading to a protective effect against acute hepatic injury induced by acet-
aminophen (Padua et al. 2014), an effect also detected in B. dracunculifolia leaves 
extract (Rezende et al. 2014). B. teindalensis displayed antiulcer and antidiarrhoeic 
effects (Vidari et al. 2003), also observed for B. dracunculifolia extracts, with inhi-
bition of doxorubicin-induced mutagenicity (Resende et al. 2007). Finally, stems of 
B. illinita presented anticoagulant activity, leading to a significant effect on platelet 
aggregation (Pizzolatti et al. 2006) and B. trinervis displayed cytotoxic, genotoxic, 
and mutagenic activities that could be related to the presence of flavonoids 
(Jaramillo-Garcia et al. 2018).
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Chapter 12
Chemistry and Biological Activities 
of Phenolic Compounds from Baccharis 
Genus

Jairo Kenupp Bastos and Caroline Arruda

Abstract Plants belonging to Baccharis genus (Asteraceae) have been used in folk 
medicine since ancient times. Usually, different Baccharis species are used in folk 
medicine as infusion or tea for gastrointestinal diseases, inflammation, ulcers, as an 
analgesic, spasmolytic, and antimicrobial, among others. Examples of medicinal 
plants from Baccharis are B. dracunculifolia D.C., B. illinita D.C., and B. trimera 
(Less.) DC., among many others. Over the years, these plants have been more stud-
ied: both chemical composition and biological activities. There are approximately 
500 Baccharis species spread across the American continent, especially in South 
and Central America, which are important sources of bioactive compounds. The 
chemistry of these plants is characterized mainly by the presence of monoterpenes 
and sesquiterpenes in their essential oils. The nonvolatile fraction is characterized 
by diterpenes, triterpenes, and phenolic compounds, among others. Phenolic com-
pounds are represented by phenylpropanoids, prenylated phenylpropanoids, flavo-
noids, flavonoid glycosides, coumarins, and simple phenolic compounds. In 
Baccharis spp. luteolin, chlorogenic acid, apigenin, acacetin, quercetin, kaemp-
ferol, p-coumaric acid derivatives, and coumarins have also been found. Many 
Baccharis spp. crude extracts and some of their isolated compounds were correlated 
with several biological activities. One example is the antioxidant effect of Brazilian 
Green Propolis, which is composed mainly of B. dracunculifolia compounds, such 
as flavonoid aglycones and p-coumaric acid derivatives, like artepillin C, baccharin, 
and drupanin. Baccharis spp. extracts display trypanocidal, antimicrobial, and anti- 
inflammatory activities, corroborating many folk medicinal uses. Therefore, in this 
chapter, an overview of the chemical composition is presented, highlighting the 
phenolic compounds of Baccharis spp., as well as its ethnopharmacological uses, in 
the light of many published scientific studies, focusing on the corroboration of folk 
uses. Furthermore, the toxicity of Baccharis species is discussed, which is a very 
important issue that is not well discussed in folk medicine: B. coridifolia, for exam-
ple, is a poisonous plant responsible for necrosis of gastrointestinal tissue of rabbits 
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and horses. Also, the chromatographic analyses of these plant extracts are addressed 
due to the importance of their chemical composition, the content of active com-
pounds, and certainty of the correct botanical identification. In the final part, we 
conclude and discuss future perspectives for Baccharis extracts and their isolated 
compounds in the development of efficacious and safe medicines.

Keywords Artepillin C · Baccharin · Drupanin · Pharmacological properties · 
Plant chemistry

1  Ethnopharmacology of Baccharis spp.

Baccharis is one of the largest genus belonging to the Asteraceae family (formerly 
known as Compositae), which is formed mainly by shrubs (Verdi et  al. 2005). 
According to The Plant List database (theplantlist.org), there are more than 440 
accepted Baccharis species names and several of them have synonyms. Furthermore, 
there are more than 100 Baccharis species with unresolved names. Plants from this 
genus can be found especially in South American countries, such as Argentina, 
Bolivia, Brazil, and Colombia. Plant heights vary from 0.5 to 4.0 meters high. Most 
of these species, around 120, are found in Brazil, especially in the South and 
Southeast regions, in the states of Santa Catarina, Paraná, São Paulo, and Rio 
Grande do Sul. In Brazil, they are known by the population under the names “car-
queja,” “vassoura,” “vassourinha,” “alecrim,” and “vassourinha do campo” (Verdi 
et al. 2005; Abad and Bermejo 2006).

From the numerous Baccharis species already identified, many of them have 
been reported in folk medicine for their medicinal properties, such as Baccharis 
anomala, which is used in the treatment of general infections and as a wound- 
washing agent (De Souza et al. 2004). These plants are widely used in folk medicine 
to treat gastrointestinal and liver disorders, anemia, inflammation, infections, and 
diabetes. Most of the time, they are consumed as an infusion or decoction of the 
plant (Abad and Bermejo 2006). Some selected Baccharis species and their ethno-
pharmacological uses are summarized in Table 12.1.

On the one hand, these plants are popularly used for treating several types of 
pathologies and many of these biological effects have been proved and reported in 
the scientific literature. They can also be used as ornamental plants, as hedges and 
to avoid erosion. Some bees are attracted to Baccharis spp. and from collecting their 
resins and nectar, the bees produce high-quality honey and propolis, which are 
important to the apicultural economy. The essential oil of Baccharis spp. is used in 
the cosmetic industry. On the other hand, some species are invasive and others bio-
synthesize toxic metabolites, like trichothecenes, which can cause dizziness, trem-
ors, diarrhea, and even death to cattle, for example. The Baccharis species that 
produce these metabolites are generally toxic to human beings too. (Martinez et al. 
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Table 12.1 Traditional uses of Baccharis species (Martinez et al. 2005; Abad and Bermejo 2006)

Baccharis species Use in folk medicine Preparation method
Part of the 
plant used

Baccharis articulata 
(lam.) Pers

Diuretic, digestive, 
antidiabetic

Decoction, infusion, Aerial parts

Baccharis conferta 
Kunth

Stomachaches, laxative, 
urination stimulating, 
weight loss assistant

Infusion Aerial parts

Baccharis coridifolia 
D.C.

Anti-inflammatory, 
horse’s distemper, horse’s 
external parasites

Decoction Whole 
plant

Baccharis crispa 
Spreng.

Digestive and antiseptic Decoction Aerial parts

Baccharis 
dracunculifolia D.C.:

Health improving Beverages with Brazilian 
Green Propolis (made by 
honeybees from B. 
dracunculifolia resinous 
material)

Baccharis floribunda 
Kunth

Skin infections, diabetes, 
and rheumatism.

Decoction, infusion Leaves, 
stems

Baccharis 
gaudichaudiana D.C.

Diabetes, tonic, 
gastrointestinal disorders

a a

Baccharis trimera 
(Less.) DC.

Liver diseases, 
rheumatism, diabetes, 
digestive, kidney 
disorders, aphrodisiac

Decoction Whole 
plant

Baccharis glutinosa 
Pers.

Gynecological problems, 
digestive disorders, skin 
diseases

Infusion Leaves

Baccharis grisebachii 
Hieron

Gastric ulcers, as a 
digestive, local antiseptic, 
healing

Infusion Aerial parts

Baccharis heterophylla 
Kunth

Gastrointestinal diseases Infusion, decoction Aerial parts

Baccharis illinita D.C. Anti-inflammatory, skin 
and wound healing, 
antiulcer, anti-infectious

Infusion, dried leaves powder Leaves and 
stems

Baccharis incarum 
(Wedd.) Perkins

Wound healing Decoction, poultices, infusion Leaves, 
stems

Baccharis latifolia 
(Ruiz & Pav.) Pers.

Rheumatism, liver 
disorders, wounds, ulcers

Decoction Leaves, 
stems

Baccharis multiflora 
Kunth

Catarrhs, urinary 
disorders

Infusion, Leaves

Baccharis obtusifolia 
Kunth

Rheumatism, liver 
disorders, wounds, ulcers

Decoction Aerial parts

Baccharis pentlandii 
DC.

Anti-inflammatory, 
rheumatism

a a

(continued)
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2005; Verdi et al. 2005). Therefore, the use of these plants in folk medicine should 
be done carefully, considering that according to their chemical composition, it may 
display a pharmacological desired effect, a toxic effect, or be innocuous.

2  Chemical Composition

 Phenolic Compounds

In Baccharis spp. different classes of secondary metabolites can be identified, and 
among them, phenolic compounds are present in high amounts (Abad and Bermejo 
2006). Compounds belonging to this class can also be found in several plant species 
and as a matter of fact, it is widespread throughout the plant kingdom. These phyto-
chemicals are biosynthesized in plants by the shikimate pathway and are undoubt-
edly important to plant development, contributing toward the defense against 
herbivore insects and pathogens, as well by giving color and scent (Balasundram 
et  al. 2006). Considering that phenolic compounds display important biological 
effects, like gastroprotective, anti-inflammatory, antioxidant, antimicrobial, and 
antiparasitic effects (Arruda et  al. 2017; Berretta et  al. 2017; Costa et  al. 2018; 
Ribeiro et al. 2018), in the past few years, several studies were performed aiming to 
discover promising compounds for treating many diseases that the available medi-
cines are not satisfactory. Examples of these diseases are the ones known as 

Table 12.1 (continued)

Baccharis species Use in folk medicine Preparation method
Part of the 
plant used

Baccharis 
pseudovaccinioides 
Teodoro Luis

Gastrointestinal disorders Infusion, decoction Whole 
plant

Baccharis rubricaulis 
Rusby

Mucous Infusion, decoction Leaves, 
stems

Baccharis salicifolia 
(Ruiz & Pav.) Pers

Anti-inflammatory, 
women hygiene agent

Infusion, decoction Leaves, 
branches, 
stems

Baccharis sarothroides 
A.

Cold and muscles injury 
treatments

Boiling Twigs

Baccharis subalata 
Wedd.

Rheumatism, liver 
disorders, wounds, ulcers

Decoction Aerial parts

Baccharis teindalensis 
Kunth

Anti-inflammatory, 
analgesic, antimicrobial

Infusion, decoction Aerial parts

Baccharis tricuneata 
(L. f.) Pers.

Skin infection, diabetes Decoction, infusion Leaves, 
stems

Baccharis trinervis 
Pers.

Fever, edema, wounds, 
muscle injuries

Infusion Aerial parts

aNot described
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“neglected diseases,” such as leishmaniasis, Chagas, malaria, and schistosomiasis. 
These diseases are usually caused by parasites or infectious agents, and most phar-
maceutical companies do not support the development of novel medicines for their 
treatment. Therefore, the discovery of new compounds more effective and less toxic 
to treat these parasitic diseases is very important (Abad and Bermejo 2006; Grecco 
et al. 2010b; de Oliveira et al. 2012a, b, 2014). Due to their antioxidant activities, 
phenolic compounds have been correlated to the health effects of eating fruits and 
vegetables, as well as functional foods and beverages, whose consumption has 
increased in the last few years (Berretta et al. 2017).

Chemically, these compounds bear hydroxyl group(s) attached to a benzene ring, 
as a simple phenolic compound or phenolic polymers. Other phenols isolated from 
plants are the ones bearing one or more sugar moieties, along with esters and methyl 
ester derivatives. Some classes of phenolic compounds naturally occurring in plants 
are simple phenolics, quinones, hydroxybenzoic acids, phenylpropanoids, xantho-
nes, stilbenes, lignans, lignins, tannins and flavonoids: flavonoids, tannins, and 
simple phenolic compounds are the most abundant in plants. Their chemical differ-
ences are in how many phenyl groups are present and the carbon side chain; for 
example, phenylpropanoids have an aromatic ring with a three-carbon side chain. 
The hydroxybenzoic acid derivatives have the aromatic ring attached to one-carbon 
side chain. Another class of phenolics are flavonoids, which have a mixed biosyn-
thetic pathway and are formed by a C6-C3-C6 unit. Flavonoids can be found in most 
plant species and are subdivided into subclasses, depending on the ring C substitu-
tion: flavonols, flavones, flavanols, flavanones, isoflavones, flavanonols, and antho-
cyanidins (Balasundram et al. 2006).

Regarding Baccharis spp. phenolic compounds, several flavonoids, prenylated 
phenolics, simple phenolics, and phenolic compounds attached to sugar moieties 
can be found: B. dracunculifolia is probably the Baccharis species most studied 
from chemical and pharmacological point of view, and some of its major phenolic 
compounds are the prenylated phenolics baccharin, artepillin C, and drupanin 
(Lemos et al. 2007; De Sousa et al. 2011; Costa et al. 2018). Kupchan et al. (1976) 
described baccharin as a trichothecene triepoxide isolated from B. megapotamica, 
but more recently papers had named baccharin one of the prenylated phenolic com-
pounds biosynthesized from p-coumaric acid (da Silva Filho et al. 2008; Cestari 
et al. 2011; De Sousa et al. 2011; Oliveira et al. 2011; Costa et al. 2018). Besides, 
p-coumaric, ferulic, trans-cinnamic, chlorogenic, and caffeic acids had also been 
identified in this plant species. The flavonoids, kaempferol, kaempferide, iso-
sakuranetin, pinobanskin, chrysin, aromadendrin-4′-O-methyl ether, 
11-hydroxy- 10,11-dihydro-euparin, acacetin, and ermanin had also been detected in 
B. dracunculifolia extracts. Caffeoylquinic acids like 3,4-di-O-caffeoylquinic acid 
and 3,5-di-O-caffeoylquinic acid were reported, as well as the other phenolics, such 
as 6-hydroxy-tremetone, dihydrocumaric acid, 2,2-dimethyl-6-carboxyethenyl-
2H-1-benzopyran acid, viscidone, protocatechuic acid, sinapic acid and (E)-3-
(E)-3-hydroxy-3-methyl-1-butenyl-4-(2,3- dihydrocinnamoyloxy)-cinnamic acid 
(Abad and Bermejo 2006; Lemos et al. 2007; Nakajima et al. 2007; Barros et al. 
2008; Chang et al. 2008; De Sousa et al. 2011; Costa et al. 2018).
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Other well-studied Baccharis species is B. trimera, which also contains caf-
feoylquinic acids such as 5′-O-caffeoylquinic acid, 4-O-(E)- caffeoyl-1-methyl- 
quinic acid, 1′-5′-O-dicaffeoylquinic acid, 1,3-di-(E)-caffeoylquinic acid, 
5-O-(E)-caffeoylquinic acid, 3,4-O-(E)-dicaffeoylquinic acid, 3,5-O-(E)-
dicaffeoylquinic acid, 4,5-O-(E)-dicaffeoylquinic acid, and tricaffeoylquinic acid, 
along with the flavonoids eupafolin, hispidulin, quercetin, luteolin, and apigenin in 
its chemical composition (Aboy et al. 2012; Lívero et al. 2016a, b; de Araújo et al. 
2017). Luteolin, acacetin, and quercetin, along with chlorogenic acid and 4′-O-β-D- 
gluco- pyranosyl-3′,5′-dimethoxybenzyl-caffeate, were found in B. articulata 
(Cariddi et al. 2012).

The phytochemical analyses of B. chilco, B. darwinii, and B. dentata revealed 
the presence of 5-O-[(E)-caffeoyl-quinic acid, 3,5-di-O-[(E)- caffeoyl]quinic acid 
and rosmarinic acid (Argoti et al. 2013), anisocoumarin, 7-geranyloxycoumarin and 
diversinin (Kurdelas et al. 2010), as well as caffeic acid, rutin, quercetin, apigenin, 
and kaempferol (Sartor et al. 2013), respectively. In B. genistelloides and B. illinita, 
several flavonoids have also been found, such as luteolin, identified in both species 
and eupatrin, cirsimaritin, cirsiliol, apigenin, genkwanim, eridictyol, hispidulin, 
quercetin, nepetin, rutin and eupatorin in B. genistelloides, and nobiletin, tangeretin, 
kaempferol, and naringenin in B. illinita. In the same way, only chlorogenic acid 
was reported in B. oxyodonta (Toyama et al. 2014).

B. pentladii, B. retusa, and B. spicata have revealed several flavonoids in their 
chemical composition: B. pentladii: 5,4′- dihydroxy-6,7,8,3′-tetramethoxyflavone, 
8-Methoxycirsilineol, 5,4′-dihydroxy-6,7,8-trimethoxyflavone, xanthomicrol, 
5,3′,4′-trihydroxy-6,7,8-trimethoxyflavone and sideritoflavone (Tarqui et al. 2012); 
B. retusa: sakuranetin, 5,6,7- trihydroxy-4′-methoxyflavanone and naringenin 
(Grecco et  al. 2010b, 2012); and rutin in B. spicata (Agudelo et  al. 2016). In 
B. retusa it was also found (7E, 18′Z)-hexacos- 18′-enyl coumarate and (7Z,18′Z)-
hexacos-18′-enyl coumarate; and in B. spicata 3,5-dichlorogenic acid, 
3,4- dichlorogenic acid, and 4,5-dichlorogenic acid (Agudelo et  al. 2016; Ueno 
et al. 2018).

Regarding B. trinervis, five flavonoids were detected: rutin, luteolin, 
5,7-Dihydroxy-6,4′-dimethoxyflavone, 5-Hydroxy-6,7,4′- trimethoxyflavone and 
5,4′-dihydroxy-3,6,7-trimethoxyflavone, as well as caffeic, ellagic, and rosmarinic 
acids (Sharp et al. 2001; Jaramillo-García et  al. 2018). Several compounds were 
identified in B. uncinella as well, including caffeic acid, ferulic acid, pectolinarin-
gen, hispidulin, and dihydrooroxylin (Grecco et al. 2010a; Bocco et al. 2016). In 
B. incarum, chlorogenic acid, 3′,4′,5,7-tetrahydroxyflavone, dicaffeoyl quinic acid 
and 3′,4′,5,7-tetrahydroxy-3,6-dimethoxyflavone, 3′,4′,5,7-tetrahydroxy-3,6,8- 
trimethoxyflavone, 4′,5,7- trihydroxy-3′,3,6,8-tetramethoxyflavone, 
4′,5-dihydroxy-3′,3,6,7,8-pentamethoxyflavone, chlorogenic acid, dicaffeoylquinic 
acid, and quercetin diglycoside were reported, as well (Zampini et al. 2009). The 
chemical compounds found in several Baccharis species and the biological activi-
ties displayed by these plant extracts are shown in Table 12.2.

By comparing the phenolic compounds present in different Baccharis species, it 
is possible to observe that some compounds occur in several species, like 
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Table 12.2 Chemical composition of Baccharis species and biological effects displayed by their 
extracts

Baccharis 
species Phenolic compounds Biological activity References

Baccharis 
articulata

Chlorogenic acid, luteolin, acacetin, 
quercetin

Antidiabetic Cariddi et al. 
(2012), Borgo 
et al. (2010) and 
Kappel et al. 
(2012)

Baccharis 
chilco

5-O-[(E)-caffeoyl]quinic acid, 
3,5-di-O-[(E)- caffeoyl-quinic acid, 
rosmarinic acid

Antioxidant Argoti et al. (2013)

Baccharis 
darwinii

Anisocoumarin, 
7-geranyloxycoumarin, diversinin

Antifungal Kurdelas et al. 
(2010)

Baccharis 
dentata

Caffeic acid, rutin, quercetin, 
apigenin, kaempferol

Antioxidant
Antibacterial

Sartor et al. (2013)

Baccharis 
dracunculifolia

Baccharin, artepillin C, drupanin, 
p-coumaric acid, ferulic acid, 
trans-cinnamic acid, chlorogenic acid, 
caffeic acid, kaempferol, 
kaempferide, isosakuranetin, 
pinobanskin, chrysin, aromadendrin- 
4′O-methyl ether, 11-hydroxy-10,11- 
dihydro- euparin, 
6- hydroxy-tremetone, 
dihydrocumaric acid, 2,2-dimethyl-6- 
carboxyethenyl-2H-1-benzopyran 
acid, acacetin, ermanin, viscidone, 
protocatechuic acid, sinapic acid, 
(E)-3-(E)-3-hydroxy-3-methyl-1- -
butenyl-4-(2,3- 
dihydrocinnamoyloxy)-cinnamic acid, 
3,4-di-O-caffeoylquinic acid, 
3,5-di-O-caffeoylquinic acid

Gastroprotective
Antifungal
Antibacterial
Anti- 
inflammatory
Antinociceptive
Antiparasitic
Antiobesity
Insecticidal
Antioxidant
Cytotoxic
Hepatoprotective

Li et al. (2007), 
Lemos et al. 
(2007), Missima 
et al. (2007), da 
Silva Filho et al. 
(2008, 2009), dos 
Santos et al. 
(2010), De Sousa 
et al. (2011), 
Hocayen et al. 
(2016), Da Silva 
et al. (2017), Paula 
et al. (2017) 
Guimarães et al. 
(2012), Szliszka 
et al. (2012), 
Rezende et al. 
(2014) and Abad 
and Bermejo 
(2006)

Baccharis 
genistelloides

Eupatrin, cirsimaritin, cirsiliol, 
apigenin, genkwanin, eriodictyol, 
Hispidulin, quercetin, luteolin, 
nepetin, rutin, eupatorin

Anti-arthritic Coelho et al. 
(2004), Prasad 
et al. (2009), Abad 
and Bermejo 
(2006) and Hennig 
et al. (2011)

Baccharis 
illinita

Luteolin, nobiletin, tangeretin, 
kaempferol, naringenin

Gastroprotective
Antinociceptive
Anti- 
inflammatory

Baggio et al. 
(2003), Freitas 
et al. (2008, 2009) 
and Boller et al. 
(2010)

(continued)
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Table 12.2 (continued)

Baccharis 
species Phenolic compounds Biological activity References

Baccharis 
incarum

Chlorogenic acid, 
3′,4′,5,7-tetrahydroxyflavone, 
dicaffeoyl quinic acid, 
3′,4′,5,7-tetrahydroxy-3,6- 
dimethoxyflavone, 
3′,4′,5,7-tetrahydroxy-3,6,8- 
trimethoxy flavone, 4′,5,7- 
trihydroxy-3′,3,6,8- 
tetramethoxyflavone, 
4′,5-dihydroxy-3′,3,6,7,8- 
pentamethoxyflavone dicaffeoylquinic 
acid, quercetin diglycoside

Antioxidant, 
antimicrobial

Zampini et al. 
(2009) and Nuño 
et al. (2012)

Baccharis 
oxyodonta

Chlorogenic acid Snake poisoning 
treatment 
inflammation- 
induced by 
secretory PLA2

Toyama et al. 
(2014)

Baccharis 
pentladii

5,4′- Dihydroxy-6,7,8,3′-
tetramethoxyflavone 
8-Methoxycirsilineol, 5,4′-dihydroxy- 
6,7,8-trimethoxyflavone 
Xanthomicrol, 5,3′,4′-trihydroxy- 
6,7,8-trimethoxyflavone 
Sideritoflavone

Anti- 
inflammatory

Tarqui et al. (2012) 
and Abad et al. 
(2006)

Baccharis 
retusa

Sakuranetin, (7E, 18′Z)-hexacos- 18′-
enyl coumarate, (7Z,18′Z)-hexacos- 
18′-enyl 
coumarate, 5,6,7- trihydroxy-4′-
methoxyflavanone, naringenin

Anti-emphysema
Antiparasitic

Taguchi et al. 
(2015), Ueno et al. 
(2018) and Grecco 
et al. (2010b, 
2012)

Baccharis 
spicata

Rutin, chlorogenic acid, and 3, 5 
dichlorogenic acid, 3, 4 dichlorogenic 
acids, 4, 5 dichlorogenic acid

Antioxidant De Oliveira et al. 
(2004) and 
Agudelo et al. 
(2016)

Baccharis 
trimera

5’-O-caffeoylquinic acid, 4-O-[E]- 
caffeoyl-1-methyl-quinic acid, 
1′-5′-O-dicaffeoylquinic acid, 
1,3-di-[E]-caffeoylquinic acid, 
Eupafolin, hispidulin 5-O-[E]-
caffeoylquinic acid, 3,4-O-[E]-
dicaffeoylquinic acid, 
3,5-O-[E]-dicaffeoylquinic acid, 
4,5-O-[E]-dicaffeoylquinic acid, 
tricaffeoylquinic acid, quercetin, 
luteolin, apigenin

Antacid
Antiulcer
Antioxidant
Anti- 
inflammatory
Antiparasitic
Antiobesity
Gastroprotective
Antihepatotoxic
Anti-alcoholic 
fatty liver disease

Biondo et al. 
(2011), de Araújo 
et al. (2017), De 
Oliveira et al. 
(2012a, b, 2014), 
Do Nascimento 
et al. (2017), dos 
Reis Lívero et al. 
(2016a, b), 
Herrerias et al. 
(2010), Aboy et al. 
(2012) and Soicke 
and Leng- 
Peschlow (1987)

(continued)
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chlorogenic acid, which is found in B. spicata, B. dracunculifolia, B. articulata, 
B. oxyodonta, and B. incarum. In the same way, luteolin and quercetin were identi-
fied in B. trimera, B. articulata, B. dentata, and B. genistelloides. Hispidulin, api-
genin, and kaempferol are also described in different Baccharis species: hispidulin 
in B. uncinella, B. genistelloides, B. trimera and B. uncinella; apigenin in B. trimera, 
B. dentata, and B. genistelloides; and kaempferol in B. illinita, B. dracunculifolia, 
and B. articulata. Caffeic acid is reported in more than three Baccharis species, as 
well. These compounds, besides occurring in several Baccharis species, are wide-
spread through the plant kingdom and are reported in high amounts, especially in 
edible plants. For example, chlorogenic acid, a hydroxycinnamic acid, is found in 
many sources, including coffee, apples, pears, berries, aubergines, etc. (Olthof et al. 
2001). The flavonoids quercetin, kaempferol, luteolin, and apigenin are found in 
vegetables and fruits as well and, in most cases, are detected as a glycoside, although 
kaempferol, luteolin, and apigenin may be found as aglycones too (Miean and 
Mohamed 2001). Flavonoids and phenolic compounds usually display different bio-
logical effects, mainly antioxidants (De Oliveira et al. 2012a, b). Baccharis dracun-
culifolia also contains prenylated compounds, such as artepillin C, baccharin, and 
drupanin that are usually found in good amounts only in this plant species. Some of 
these compounds are important, because they are related to several biological 
effects, such as gastroprotective, anti-inflammatory, and cytotoxic against cancer 
cell lines (Lemos et al. 2007; Paulino et al. 2008; De Sousa et al. 2011; Szliszka 
et al. 2012; Costa et al. 2018). The chemical structures of these compounds, along 
with some flavonoids and other phenolics widespread in the Baccharis genus, are 
displayed in Fig. 12.1.

Table 12.2 (continued)

Baccharis 
species Phenolic compounds Biological activity References

Baccharis 
trinervis

5,7-Dihydroxy-6,4′-
dimethoxyflavone, 5-Hydroxy-6,7,4′- 
trimethoxyflavone, 
5,4′-Dihydroxy-3,6,7- 
trimethoxyflavone,caffeic acid, ellagic 
acid, rosmarinic acid, rutin, luteolin

Antivirus Sharp et al. (2001), 
Jaramillo-García 
et al. (2018) and 
Sanchez Palomino 
et al. (2002)

Baccharis 
uncinella

Caffeic acid, ferulic acid, 
pectolinaringen, hispidulin, 
dihydrooroxylin

Metabolic 
syndrome 
treatment
Antiparasitic
Anti- 
inflammatory

Bocco et al. 
(2016), Passero 
et al. (2011), 
Grecco et al. 
(2010a) and 
Zalewski et al. 
(2011)
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3  Biological Activities

In the past few decades, numerous scientific publications have reported the biologi-
cal activities displayed by Baccharis spp., and several of their isolated phenolic 
compounds for the treatment of miscellaneous diseases. Examples are the anti- 
angiogenesis effect displayed by artepillin C (Ahn et al. 2007), the insecticidal by 
B. dracunculifolia ethanolic extract (Da Silva et  al. 2017), hepatoprotective by 
B. dracunculifolia leaves extract (Rezende et al. 2014), B. trimera and some isolated 
phenolic compounds (Soicke and Leng-Peschlow 1987; Lívero et al. 2016a, b), the 
anti-emphysema by sakuranetin, a flavonoid isolated from B. retusa (Taguchi et al. 
2015), and antiarthritic by B. genistelloides aqueous extract (Coelho et al. 2004). 
Another activity reported is the antivirus of B. trinervis aqueous extract (Palomino 
et al. 2002). Taking that into account, in this chapter, some of the important biologi-
cal effects displayed by Baccharis spp. extracts and its isolated phenolic compounds 
are discussed. The biological effects and chemical composition of several Baccharis 
species are displayed in Table 12.2.

Fig. 12.1 Some phenolic compounds found in Baccharis spp.
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 Gastroprotective

Several Baccharis species have been described in folk medicine regarding their 
effects in the treatment of gastrointestinal disorders, including ulcer. Therefore, 
many researchers have evaluated the pharmacological potential of plants belonging 
to this genus: Baggio et al. (2003) found that the stems and leaves ethanolic extracts 
and the roots and flowers aqueous extracts of B. illinita by the oral route were able 
to furnish gastroprotection for lesions caused by ethanol from 0.3 to 1.0 g/kg of 
body-weight. These authors also found that the hydroalcoholic extracts did not 
show toxic effects up to 6 g/kg of body weight, which indicates the pharmacological 
potential of this plant. Freitas et al. (2008), considering the previous report of the 
gastroprotective effect of B. illinita extracts and the importance of determining its 
mechanism of action, evaluated the possible pathways that B. illinita flowers chlo-
roform extract could be acting. Their studies indicated that this effect occurs by 
decreasing the gastric secretion through inhibition of the H+/K+ ATPase, and con-
sequently reducing the acid secretion. Besides this, the flavonoid luteolin, present in 
this extract, was able to act on H+/K+ ATPase, as well.

The hydroalcoholic extract of B. dracunculifolia, the botanical source of 
Brazilian green propolis, displays a significant gastroprotective activity too: from 
50 to 500 mg/kg of body-weight, the extract decreased in a significant manner the 
gastric lesion in comparison with the negative control, by reducing the gastric juice 
volume and increasing the stomach pH. The major compounds found in this extract 
were caffeic acid, ferulic acid, p-coumaric acid, aromadendrin-4′-O-methyl-ether, 
isosakuranetin, baccharin, and artepillin C (Lemos et  al. 2007). Therefore, this 
effect is probably due to the presence of these phenolic compounds in the extract. 
To prove this hypothesis, Barros et al. (2008) assessed the potential of caffeic, feru-
lic, p-coumaric, and cinnamic acids for ulcer treatment and in furnishing gastropro-
tection. They found that these compounds from 50 to 250  mg/kg were able to 
decrease the gastric lesion caused by NSAID, ethanol, and stress by diminishing the 
gastric juice and increasing the stomach pH, despite being less effective than the 
positive control omeprazole. On the other hand, these authors have demonstrated 
that up to 2000 mg/kg, these compounds were not toxic. Artepillin C, drupanin and 
the flavonoids aromadendrin-4′-O-methyl ether and kaempferide also display gas-
troprotective activity: at doses from 0.3 to 3 mg/kg, these phytochemicals displayed 
an antiulcer effect and were capable of preventing ulcer induced by ethanol/HCl or 
indomethacin. They promote this effect by different mechanisms of actions (Costa 
et  al. 2018). These phenolic compounds showed a potent gastroprotective effect 
considering that at lower doses (0.3–3 mg/kg), they displayed the pharmacological 
effect, whereas the positive control (omeprazole and carbenoloxone) doses were 
considerably higher: 20 and 200 mg/kg, respectively. It shows that these compounds 
indeed contribute to the gastroprotective effect of B. dracunculifolia extracts. 
Therefore, these compounds and, B. dracunculifolia extracts and Brazilian green 
propolis present pharmacological potential for the possible development of novel 
phytomedicines and phytotherapeutic agents.
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B. trimera has potential for the treatment of gastrointestinal disorders as well: its 
aqueous extract displays antacid and antiulcer effects at 1 and 2 g/kg by reducing 
the gastric volume and acid secretion, as well as it shows protection against lesion 
caused by restraint at 4 °C. It was found that the extract is composed of chlorogenic 
acid, flavonoids, and compounds from other secondary metabolite classes, such as 
ent-clerodane diterpene and a dilactonic neo-clerodane diterpene. The main mecha-
nism of action of B. trimera extract is by modifying the cholinergic pathway (Biondo 
et al. 2011). The hydroalcoholic extract of this plant was also evaluated: when orally 
administered, it decreased the stomach lesion and oxidative stress, and yet stimu-
lated the healing effect on chronic ulcer. It acts by inhibiting free radicals produc-
tion and, therefore, lipid peroxidation too. This extract has flavonoids and 
caffeoylquinic acid derivatives in its chemical composition, which may be respon-
sible for at least part of the curative and protective effect of ulcer lesions (Lívero 
et al. 2016a, b).

 Cytotoxic

Considering the importance of cancer, several researchers have been assessing natu-
ral products against cancer cells aiming to discover novel drugs or plants that have 
cytotoxic potential without significant side effects: B. dracunculifolia hydroalco-
holic extract displayed a GI50 value (50% of cells growth inhibition) of 5.5 μg/mL 
in human prostate’s primary malignant tumor cell lines. It also promoted a decrease 
in the cell viability of prostate’s metastasis cells, although higher doses were neces-
sary to achieve optimum efficacy. This extract displays this effect probably by 
affecting the cell’s S phase arrest, and by regulating the expression of cyclins D1, 
CDK4, and B1 (Li et  al. 2007). Artepillin C, one of the major compounds from 
B. dracunculifolia, possibly contributes to the cytotoxicity of this plant against can-
cer prostate cells and is capable of sensitizing the tumor necrosis factor–related 
apoptosis-inducing ligand, an important pathway of apoptosis in cancer cells 
(Szliszka et al. 2012).

Therefore, considering that promising extracts are the ones that show IC50 values 
(or ED50/GI50) lower than 20 μg/mL (Vijayarathna and Sasidharan 2012), B. dracun-
culifolia extract should be further studied for the development of new phytothera-
peutic medicines to treat cancer. Furthermore, Baccharis’ phenolic compounds, 
such as artepillin C, display anticancer potential as well.

 Antiparasitic

In an attempt to overcome the problem of low investments of the pharmaceutical 
industry in the development of innovative drugs to treat neglected diseases, like the 
ones caused by parasites, several researchers, especially from universities, have 
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evaluated the potential of plants against many parasites. Da Silva Filho et al. (2009) 
found that B. dracunculifolia dichloromethanic extract displays IC50 values of 
45  μg/mL against Leishmania donovani and approximately 20  μg/mL against 
Plasmodium falciparum. B. trimera showed significant in vivo and in vitro effects 
against the juvenile and adult Schistosoma mansoni worms: dichloromethane and 
aqueous fraction at 130  μg/mL inhibited 100% of the female’s oviposition and 
induced the death of S. mansoni worms by many morphological changes. In vivo, 
the samples at 40 mg/kg decreased by 75% (aqueous fraction) and 68% (dichloro-
methane fraction) the juvenile female worms, and by almost 100% the eggs in the 
feces. Studies like this are relevant due to the resistance, the numerous side effects, 
and low efficacy against the juvenile Schistosoma spp. of the drugs currently in the 
market, such as praziquantel. B. trimera. It is also a promising plant to be further 
studied regarding its antiparasitic effect (De Oliveira et  al. 2014). Likewise, the 
aqueous extract of this species is effective against Rhipicephalus microplus, an ecto-
parasite that causes anemia and is responsible for the transmission of lethal diseases 
in cattle. Besides, the resistance to synthetic acaricides has been increasing, and 
B. trimera leaves aqueous extract at 150 and 200 mg/mL was able to reduce 100% 
of R. microplus egg hatching. Thus, it could be a new approach to the discovery of 
new acaricidal agents (Lázaro et al. 2013).

Regarding the antileishmanial and trypanocidal potential of Baccharis spp., the 
flavonoid 5,6,7- trihydroxy-4′-methoxyflavanone from B. retusa leaves methanolic 
extract was isolated, which displays a significant antiparasitic effect: the IC50 value 
against T. cruzi trypomastigotes found was 20.39 μg/mL, while benznidazole’s was 
47.54 μg/mL. Therefore, this flavonoid is more potent than benznidazole, a standard 
drug currently used to treat Chagas disease (Grecco et  al. 2010b). Passero et  al. 
(2011) evaluated the effect of caffeic acid and the flavonoid pectolineragenin against 
L. amazonensis and L. braziliensis, which displayed IC50 values of 190 ng/μL for 
caffeic acid against L. amazonensis promastigotes and 110 μg/μL for pectoliner-
agenin against L. braziliensis promastigotes. Although, since amphotericin B has 
IC50 of 0.30 and 0.07 ng/μL against L. amazonensis and L. braziliensis, respectively, 
the concentrations of Baccharis isolated compounds able to inhibit the growth of 
50% of the parasites are considerably high in comparison with the positive control.

 Anti-inflammatory and Antinociceptive

Several reports have described the anti-inflammatory and antinociceptive potential 
of Baccharis spp. and their isolated phenolic compounds: the hexane, hydroalco-
holic and aqueous fractions of B. illinita aerial parts decreased the nociceptive 
response in vivo at doses of 30–1000 mg/kg, presenting a dose-related response 
(Freitas et  al. 2009). Moreover, B. illinita leaves crude extract is a topical anti- 
inflammatory agent capable of inhibiting ear edema caused by 12-O-tetradecanoilforbol 
acetate and arachidonic acid. It decreased the polymorphonuclear cells migration as 
well, showing a similar effect in comparison with dexamethasone (Boller et al. 2010).
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B. dracunculifolia, which contains caffeic acid, p-coumaric acid, aromadendrin-4′-
O-methyl ether, drupanin, artepillin C, and 2,2-dimethyl-6-carboxyethenyl-2H- 1-
benzopyran as major compounds, display in  vivo anti-inflammatory and 
antinociceptive effects at doses ranging from 50 to 400 mg/kg of its leaves hydroal-
coholic extract. It reduced the number of abdominal constrictions caused by acetic 
acid, glutamate of complete Freund adjuvant, and decreased the nociceptive induced 
by formalin. Moreover, it was effective as anti-hypernociceptive in the acute inflam-
mation pain caused by carrageenan and inhibited the enzyme COX-2 (dos Santos 
et al. 2010). Therefore, considering that many phenolic compounds are found in 
B. dracunculifolia hydroalcoholic extract, they probably contribute in a significant 
way to the anti-inflammatory and antinociceptive effects displayed by this extract.

B. dracunculifolia ethyl acetate extract, which shows a similar chemical profile 
(major compounds: baccharin, artepillin C, drupanin, caffeic acid, p-coumaric acid 
and aromadendrin-4-O-methyl ether), displays intestinal anti-inflammatory activ-
ity: from 5 to 50 mg/kg, it reduced significantly the ulcerative colitis caused by 
trinitrobenzenesulfonic acid by avoiding glutathione depletion, inhibiting lipid per-
oxidation, and decreasing myeloperoxidase effect (Cestari et  al. 2011). Paulino 
et  al. (2008) reported the in vivo anti-inflammatory effect of artepillin C, which 
inhibited the paw edema by 38% at 10 mg/kg. At 1 mg/kg, it displayed a similar 
effect in comparison with the positive control, indomethacin, at 1 mg/kg. Its activity 
comes from reducing the neutrophils numbers and prostaglandin E2. In vitro, this 
compound reduces nitric oxide generation and NF-kβ. Besides this, these authors 
found that artepillin C is orally absorbed in vivo, which is important to biological 
activity. Therefore, artepillin C may be considered a promising anti-inflammatory 
natural compound and, since artepillin C is one of the phenolic compounds present 
in high amounts in B. dracunculifolia, it corroborates with the hypothesis that the 
phenolic compounds found in Baccharis spp. have a relevant contribution to this 
biological effect. To increase the potency of B. dracunculifolia leaves hydroalco-
holic extract, low diameter and biocompatible liposomes with the sample were 
developed: the free extract had reduced the swelling, the leucocytes and neutrophil 
migration; and the levels of TNF-α and interleukins 6 and 1β. The liposomes con-
taining the extract increased the anti-inflammatory activity in vivo by reducing the 
effective dose by almost six times. Caffeic acid liposomes also had their anti- 
inflammatory effect improved (de Figueiredo-Rinhel et al. 2018).

A phenolic fraction of B. trimera aerial parts ethanolic extract at 15  mg/kg 
reduced the acute inflammation caused by carrageenan in comparison with the neg-
ative control (De Oliveira et al. 2012a, b). B. trimera aqueous extract also displayed 
a significant anti-inflammatory effect on carrageenan-induced edema at intraperito-
neal doses of 400 and 800 mg/kg, respectively. This extract promoted a decrease in 
inflammatory parameters, such as cell migration, edema, polymorphonuclear leuko-
cytes, and proteins (Paul et al. 2009). Although the aqueous extract was able to act 
as an anti-inflammatory agent, its doses are considerably higher than the phenolic 
fraction of the ethanolic extract. It probably demonstrates that the phenolic fraction 
has more active and/or potent compounds than the aqueous extract, which may 
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contain several compounds with no anti-inflammatory effect, such as sugars, for 
example. Likewise, most of B. pentladii, B. obtusifolia, B. latifolia, and B. subulata 
extracts (hexanic, dichloromethanic, ethanolic and aqueous) in concentrations rang-
ing from 12.5 to 200 μg/mL were capable of reducing the inflammatory parameters 
as well, such as COX-2, nitric oxide and TNF-α production (Abad et al. 2006).

 Antidiabetic and Antiobesity

Diabetes is a disorder that affects millions of people worldwide and is caused by 
low production or resistance to insulin, consequently increasing blood glucose lev-
els. Because of that, the body organs and tissues like the liver and muscle cannot use 
glucose or store it in glycogen form. Once it becomes a chronic disease, several 
other consequences take place, such as damage to the eyes, blood vessels, and many 
other body parts. B. articulata butanolic fraction of the crude extract, which has 
mainly flavonoids, when administered orally in vivo, was able to improve the insu-
lin production, with an effect similar to glipizide, a standard drug; and the liver and 
muscle glycogen levels were increased (Kappel et al. 2012). Artepillin C, one of the 
major prenylated phenolic compounds from B. dracunculifolia and Brazilian green 
propolis, shows high affinity to the nuclear receptor peroxisome proliferator- 
activated receptor, known as PPAR, and by activating this receptor, genes like aP2, 
adiponectin, and glucose transporter are expressed, increasing the body response to 
insulin in type 2 diabetes. Besides, it stimulated adipocytes differentiation, increas-
ing the glucose uptake by the mature adipocytes (Choi et al. 2011). A clinical trial 
using 16 healthy people aged around 20-year-old was performed with B. dracuncu-
lifolia extracts at 20 mg/kg. The sample intake led to a 25% decrease in glucose 
blood content and no significant alterations in cardiovascular parameters, such as 
blood pressure and heart rate. Since the extracts have phenolic compounds as the 
ones in higher concentrations, they can probably be associated with the antidiabetic 
effect of this plant (Oliveira et al. 2014). The activity on glucose homeostasis and on 
insulin regulation reflects the antidiabetic potential of Baccharis spp. and the phe-
nolic compounds isolated from them. Therefore, they can possibly be sources for 
new antidiabetic drugs or for the development of new phytotherapeutic medicines.

Considering that obesity and type 2 diabetes are related, the discovery of new 
agents anti-obesity is important, and B. dracunculifolia extract, after oral adminis-
tration to rats, induced the secretion of serum insulin at 30% in obese rats (Hocayen 
et  al. 2016). B. trimera aqueous extract showed potential in treating obesity by 
reducing the lipids and adipogenic transcriptional factors by 90% (Do Nascimento 
et al. 2017). The methanol extract of this plant also inhibited the enzyme pancreatic 
lipase by 78%, which is responsible for hydrolyzing triacylglycerols. Therefore, its 
inhibition contributes to the antiobesity effect of B. trimera (de Souza et al. 2011). 
Caffeic and ferulic acids, found in many Baccharis species, including in B. unci-
nella aerial parts, in a mixture containing the two of them, showed to be effective in 
decreasing biochemical parameters associated with obesity, like hyperglycemia, 
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high cholesterol, and triglycerides levels and avoided the gain of body weight 
(Bocco et al. 2016).

These reports show that Baccharis spp. and many of their secondary metabolites 
can modulate biochemical parameters related to obesity and/or diabetes and, there-
fore, represent a possible plant material source of bioactive compounds. These 
plants could be used for the development of functional foods and/or herbal medi-
cines too.

 Antimicrobial and Antifungal

Due to the increasing resistance of bacteria and fungi strains to the antibiotics cur-
rently in the market, compounds isolated from plants and the plant extracts have 
been evaluated for their antimicrobial and antifungal effects: diversinin, a coumarin 
isolated from B. darwinii at 15.6  μg/mL, inhibited Microsporum gypseum, 
Trichophyton rubrum, and Trichophyton mentagrophytes strains. Although the MIC 
value of diversinin is not high, the isolated compounds considered to be promising 
are the ones with MIC below 10 μg/mL, and in the case of extracts, the ones with 
MIC below 100 μg/mL (Kurdelas et al. 2010). Da Silva Filho et al. (2008) described 
the antifungal and antimicrobial effect of B. dracunculifolia leaves extract in com-
parison with Brazilian green propolis, which is made by bees from B. dracunculifo-
lia: the leaf extract showed IC50 values of 65 μg/mL for C. krusei and 40 μg/mL for 
C. neoformans, while propolis extract displayed better effects, with IC50 of 9 μg/mL 
for C. krusei. It shows that although the bioactive compounds are present in the 
B. dracunculifolia extract, they are probably more concentrated in the propolis, 
increasing its potency.

Taking into account the antibiotic resistance, Nuño et al. (2012) tested B. incarum 
extracts at ethanol 60% and 80% against clinic isolated methicillin-resistant 
S. aureus and E. faecalis, and found that their MIC values were promising, ranging 
from 40 to 80 μg GAE/mL. Therefore, using the 60% tincture, a topical formulation 
was developed, which also displayed an antimicrobial effect. The in  vitro drug- 
releasing experiments revealed that the phenolic compounds chlorogenic acid and 
4′,5-dihydroxy-3′,3,6,7,8-pentamethoxyflavone were the major ones found in the 
receptor solution, showing that probably, these compounds were responsible for the 
biological effect. Therefore, this formulation, after additional studies, may be useful 
for the development of new anti-acne agents or for topical treatment of tissues 
infected by Propionibacterium acnes, as well as by S. aureus and/or E. faecalis 
methicillin resistant.
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4  Toxicology

In folk medicine, usually many people think that all natural products are safe for 
consumption, although several studies show that it is not true. For example, B. pte-
ronioides contains the toxic compound trichothecenes (Stegelmeier et  al. 2009). 
Therefore, it is important to assess the toxicity of plants before stating their safety. 
Da Silva et al. (2016) evaluated the acute toxicity of B. trimera tinctures in wistar 
rats by administration of a single dose of 2000 mg/kg and found that it was not able 
to induce significant hematological or biochemical changes (lipid peroxidation, 
δ-aminolevulinate dehydratase, and catalase); neither showed other signs of toxicity 
nor increased the animals mortality. The subchronic toxicity was assessed by oral 
administration of the sample at 100, 200, and 400 mg/kg for 28 consecutive days. 
B. trimera tincture, besides not showing any toxicity, decreased the liver enzymes 
alanine and aspartate aminotransferases, which are related to hepatic cells damage. 
Therefore, in the subchronic treatment, it additionally promoted a hepatoprotective 
effect. Considering that B. trimera contains many phenolic compounds in its chemi-
cal composition, such as gallic acid, ellagic acid, rutin, quercitrin, and quercetin, 
they are probably not toxic and responsible for the hepatoprotective activity. 
Therefore, B. trimera can probably be considered safe at these doses.

The aqueous extract of B. genistelloides at doses of 4.2 and 42  mg/kg, after 
37 days of oral treatment, did not show genotoxicity to liver and kidney. Moreover, 
it did not induce alterations in the aspects of kidneys, liver, and lungs, like color and 
weight. However, it reduced the body and thymus weights and glucose and triglyc-
eride levels. Therefore, this extract is not toxic at these doses and displays hypogly-
cemic and hypotriglyceridemic effects (Coelho et  al. 2004). On the other hand, 
B. dracunculifolia aqueous extract at 500, 1000, and 2000 mg/kg for 3 days induced 
genotoxic and mutagenic effects by increasing blood and liver DNA damage and the 
frequency of micronucleus in bone marrow (Rodrigues et al. 2009). On the other 
hand, one of the major compounds found in B. dracunculifolia, artepillin C at 0.4, 
0.8, and 1.6 mg/kg, was not genotoxic and presented a protective effect against liver 
cells DNA damage induced by methyl methanesulfonate (Monteiro Neto et  al. 
2011). In a similar way, baccharin at 0.12, 0.24, and 0.48 mg/kg was also able to 
reduce DNA damage in liver cells and the frequency of micronucleated polychro-
matic erythrocytes in mice (Oliveira et  al. 2011). Caffeic, cinnamic, and ferulic 
acids, three major compounds from B. dracunculifolia, increased the frequency of 
micronucleated cells, demonstrating a clastogenic effect of these compounds, 
despite presenting a not genotoxic effect to rat hepatoma tissue cells (Maistro et al. 
2011). Therefore, these compounds, probably more concentrated in the aqueous 
extract, may have contributed to the mutagenic effect in vivo found by Rodrigues 
et al. (2009). On the other hand, artepillin C and baccharin were not genotoxic in 
these tested doses and are more likely to be found in the ethanolic extract.
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5  Chromatographic Analyses

The pharmacological potential of plant extracts is usually related to their chemical 
composition, since the presence of bioactive compounds and their concentrations 
are the most important parameters for displaying the biological effect. To assure 
plant extracts quality, many analytical methods were developed for the chromato-
graphic analyses of Baccharis extracts: by using thin-layer chromatography; De 
Oliveira et  al. (2006) reported a simple method to differentiate B. articulata, 
B. cylindrica, B. spicata, B. trimera, and B. usterii, by using the aqueous extract of 
the leaves and its butyl alcohol fraction, obtained by the partition of the aqueous 
extract. The samples are applied on silica gel plates of 20 × 20, and the chromato-
graphic elution is performed using chloroform:ethanol:acetic acid in a proportion of 
60:40:6 v/v as mobile phase. The detection is undertaken by using two colorimetric 
reagents: anisaldehyde: H2SO4 plus heating to 100  °C and diphenylboryloxy- 
ethylamine 1% methanol, PEG 400 (5% w/v). After spraying the colorimetric 
reagent on the plates, they were observed under long-wave UV and visible lights. 
According to the chromatographic profile, considering the retention factor, number 
and color of the spots on silica plates, these Baccharis species can be differentiated. 
Lonni et  al. (2003), by using HPLC coupled to a photodiode array detector and 
chemometric, were able to differentiate between different Baccharis species as 
well. By using as stationary phase a C18 column, methanol as mobile phase, and 
detection at 254 nm, the obtained chromatographic profile of the ethanolic extracts 
allowed distinguishing among B. genistelloides var. trimera, B. milleflora, and 
B. articulata.

A validated RP-HPLC method using a C-18 reversed-phase column and a gradi-
ent consisting of acidified water and acetonitrile was developed to perform analyses 
of 5-O-[E]-caffeoylquinic acid, 3,4-O-[E]-dicaffeoylquinic acid, 3,5-O-[E]-
dicaffeoylquinic acid, 4,5-O-[E]-dicaffeoylquinic acid, and a tricaffeoylquinic acid 
in B. trimera hydroalcoholic extracts. The quantification of these compounds is 
important, because they are related to the digestive effect of B. trimera. The limits 
of quantification for the compounds were below 12.5 μg/mL and the method pre-
sented suitable selectivity, linearity, robustness, precision, and recovery according 
to ICH validation guidelines (Aboy et al. 2012).

Regarding B. dracunculifolia, aiming at proving the botanical origin of Brazilian 
green propolis, Kumazawa et al. (2003), by using liquid chromatography coupled to 
a mass spectrometer, compared the chemical constituents identified in both samples 
and concluded that there was no significant difference in the chemical composition 
of B. dracunculifolia and Brazilian green propolis. Although qualitative methods 
are important to determine each compound present in the samples, the quantitative 
analysis is also relevant to perform, because the biological effect of the plant extracts 
usually relies on both the presence and amount of bioactive compounds. Therefore, 
for the development of phytotherapeutic agents, analytical methods able to perform 
both qualitative and quantitative analyses are necessary. Taking that into account, de 
Sousa et al. (2009) developed and validated a reversed-phase HPLC method to ana-
lyze 10 phenolic compounds in B. dracunculifolia: caffeic acid, coumaric acid, 

J. K. Bastos and C. Arruda



323

ferulic acid, cinnamic acid, aromadendrin-4-O-methyl ether, isosakuranetin, drupa-
nin, artepillin C, baccharin, and 2,2-dimethyl-6- carboxyethenyl-2H-1-benzopyran 
acid. The method parameters adjusted were: stationary phase a C18 column, mobile 
phase: nonlinear gradient of acetonitrile and water with mobile phase modifiers, and 
since the standards are all phenolic compounds, the wavelength of detection was set 
at 280 nm. Considering that it is a validated method, it presented selectivity, linear-
ity, accuracy, precision, and robustness.

Some analytical methods to perform Baccharis spp. phenolic compounds quality 
control had been reported in the literature, although they cover mainly qualitative 
analysis. Only for B. dracunculifolia, the most studied Baccharis species, was 
developed a RP-HPLC method able to furnish both qualitative and quantitative 
results. It is really important from the pharmacological potential point of view to 
have reliable validated analytical methods to quantify the active compounds in 
medicinal plants, such as the ones belonging to Baccharis genus.

6  Conclusion

Baccharis spp. are used in folk medicine for the treatment of several diseases, such 
as gastrointestinal disorders, fever, inflammation, type-2 diabetes, parasitoses, and 
arthritis and many researchers have been undertaking scientific studies to corrobo-
rate many of the plants folk uses. Some examples of diseases that Baccharis spp. 
have proven effects against are diabetes, obesity, gastric ulcer, parasites, bacteria, 
fungi, arthritis, and inflammation, among others. The mechanisms of action of many 
extracts and/or their isolated phenolic compounds have been already reported. 
Analytical methods to perform chromatographic analyses of the plant material have 
been developed too due to the importance of the presence and amount of bioactive 
compounds in the samples. Only one validated quantitative method for analyzing 
phenolic compounds in Baccharis species was found, which was developed for 
B. dracunculifolia, the botanical source of Brazilian green propolis. It shows that 
Baccharis quality control field is still lacking analytical methods for the other 
Baccharis species. Even though these plants display important biological effects, 
some Baccharis species have compounds that present some toxicity. Therefore, 
Baccharis spp. may be potential plants for the development of novel phytotherapeu-
tic medicines and/or be sources of bioactive compounds. However, more studies 
should be performed to validate the pharmacological activities and to better assess 
their toxicity.
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Chapter 13
Baccharis Terpenoid Compounds

Sérgio Ricardo Ambrósio, Mário Ferreira Conceição Santos, 
Larissa Costa Oliveira, Ana Lúcia Bassi, Jairo Kenupp Bastos, 
and Rodrigo Cassio Sola Veneziani

Abstract Baccharis is an important genus of the Asteraceae family comprising 
more than 440 species, which are used in folk medicine for displaying important 
biological activities, such as analgesic, anti-inflammatory, antimicrobial, insect 
antifeedant, and antiparasitic, among others. There are several classes of metabo-
lites produced by Baccharis, from which terpenoid stands out. The main volatile 
terpenes found in forty Baccharis species are reported in this chapter, pointing out 
B. dracunculifolia, the botanical source of green propolis, that contains (E)-nerolidol 
and spathulenol as major compounds, among others, giving the characteristic smell 
of green propolis. The combination of gas chromatography coupled with mass spec-
trometry is a powerful tool for the analyses of essential oils combined with the use 
of the Kovats index to determine the retention indexes using a homologous series of 
aliphatic hydrocarbons. Regarding diterpenes in Baccharis species, three main car-
bon skeleton types, kaurane, labdane, and neo-clerodane, have been reported. Many 
of these diterpenes display antimicrobial, antiparasitic, anti-inflammatory, analge-
sic, and cytotoxic activities, but the feeding-deterrent potential against insects dis-
played by neo-clerodane type-diterpenes stands out. In the final part, it is mentioned 
the triterpene and steroids, which are also found in this genus, and play important 
role in the reported biological activities of Baccharis species, as well as the occur-
rence of baccharinoids, a particular type of macrocyclic trichothecenes, which are 
associated with cattle poisoning in South America fed with B. megapotamica, but 
also display antiviral, anticancer, antimalarial, and antifungal activities.

Keywords Chemical structure · Nerolidol · Plant chemistry · Terpenes · 
Spathulenol
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1  General Aspects of Terpenes

Terpenoids are a large class of metabolites that can be subdivided according to the 
number of connected isoprenes (5C) units. Biosynthetically, such units are mostly 
bonded in a “head-to-tail” sequence in order to furnish the different types of ter-
penes. The dimethylallyl diphosphate (DMAPP) binds with an isopentenyl diphos-
phate (IPP) unit to form the 10C unit precursor of monoterpenes (GPP; geranyl 
diphosphate) [1] (Fig.  13.1). A GPP unit can be subsequently condensed with 
another IPP group to give farnesyl diphosphate (FPP), the precursor of sesquiter-
penes. The addition of another IPP to FPP can furnish the 20C precursor of diter-
penes  – a geranylgeranyl diphosphate (GGPP) molecule. All these reactions are 
catalyzed by their respective trans-prenyl transferases. Alternatively, the junction of 
two FPP and two GGPP groups in a “head-to-head” binding can furnish a 30C squa-
lene unit, and a 40C tetraterpene unit, which are the precursors of steroids/triter-
penes and carotenoids, respectively (Veneziani et al. 2017; Furtado et al. 2017).

In this chapter, the main types of terpenoids found in Baccharis species are 
reported. Additionally, these compounds are discussed regarding their biological 
perspectives, focusing on their ecological, pharmacological, and toxicological 
reported data. Details on the chemical structures of some terpenes and their features 
are presented, as well.

2  Baccharis Essential Oils

Essential oils (EOs; or volatile oils) can be defined as mixtures of volatile and lipo-
philic, often odoriferous, substances produced by aromatic plants (Furtado et  al. 
2017). They are associated with a series of important ecological purposes, like 
molecular signaling among plants and pollinizers, as chemical defensives against 

Fig. 13.1 Precursor units of different terpenoids, formed according to the number of isoprene units
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predators (insects and other animals), as growth inhibitors of plants, and also as an 
antimicrobial against fungi or bacteria (Campos et al. 2016; Furtado et al. 2017). 
Also, these oils are obtained through steam distillation and are utilized in the manu-
facture of various products such as cosmetics, household cleaning products, air 
fresheners, and hygiene products, as well as in aromatherapy and in some parame-
dicinal practices due to their characteristic odor and flavor (Xavier et  al. 2013; 
Campos et al. 2016).

Chemically, EOs are characterized by the presence of phenylpropanoids and 
relatively low molecular weight terpenoids like monoterpenes and sesquiterpenes. 
Monoterpenes (10C) present a great variety of structures, such as acyclic chains, 
monocyclic or aromatic derivatives, and even rigid bicyclic rings (Sarah et al. 2014; 
Furtado et al. 2017). Sesquiterpenes (15C) are less volatile than monoterpenes, and 
they can be found in the composition of many essential oils, including commercial 
ones (Campos et al. 2016; Veneziani et al. 2017) (Fig. 13.2).

The combination of gas chromatography coupled with mass spectrometry (GC- 
MS) is a powerful tool to analyze EOs in a fast, reliable, and simple way. The use of 
long capillary columns (up to 60 m) allows the separation of very complex mixtures 
of volatile compounds (Furtado et al. 2017). Also, this technique presents another 
important advantage when compared with other methods like thin layer and liquid 
chromatography, since the use of MS detection allows the identification of the com-
ponents without the need of analytical standards. This is possible due to (Veneziani 
et al. 2017) the use of Kovats index as a more accurate form to determine the reten-
tion indexes using a homologous series of aliphatic hydrocarbons and (Furtado et al. 
2017) the comparison between the mass spectra obtained for each compound and 
with those present in computational spectral databases (Shibamoto 1987; Furtado 
et al. 2017; Adams 2017).

CHO
OH OH

O

1 2 3
4

HH
5

6
7 8

Fig. 13.2 Examples of monoterpenes (1-citronellal from Cymbopogon citratus “lemongrass”, 2- 
menthol from Mentha piperita “peppermint,” 3- thymol from Thymus vulgaris “Thyme,” and 4- 
camphor from Rosmarinus officinalis “Rosemary”) and sesquiterpenes from Copaifera sp. 
“Copaíba” oilresins (5- β-bisabolene, 6- trans-β-caryophyllene, 7- α-humulene, and 
8- α-copaene)
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Due to the above-mentioned features, GC-MS is broadly used to determine the 
qualitative and quantitative composition of essential oils of many species of aro-
matic plants, including the Bachharis genus. In this sense, it is possible to find in the 
literature a great number of studies that present the composition of many EOs of 
Baccharis species. However, for the purposes of this chapter, the focus will be kept 
on the terpenoids content of such products (Zunino et al. 1998; Albuquerque et al. 
2004; Xavier et al. 2013). Baccharis species that had their EOs main monoterpenes 
and sesquiterpenes analyzed using GC-MS and their respective references are dis-
played in Table 13.1, as well as their chemical structures in Figs. 13.3a and 13.3b.

Table 13.1 Baccharis essential oils and their main terpenoids (mono and sesquiterpenes)

Specie Compounds References

B. anomala Alpha-acorenol, spathulenol, caryophyllene oxide, 
limonene, alpha-thujene, alpha-pinene, sabinene, 
beta-pinene, myrcene, p-cymene, (E)-beta- 
ocimene, gamma-terpinene, alpha-cadinol, and 
beta-selinene

Budel et al. (2012), 
Xavier et al. (2013), and 
Trombin-Souza et al. 
(2017)

B. articulata Spathulenol, palustrol, beta-pinene, beta- 
caryophyllene, caryophyllene oxide, (E)-nerolidol, 
and bicyclogermacrene

Zunino et al. (1998), 
Zunino et al. (2004), 
Florao et al. (2012), and 
Tischer et al. (2017)

B. axillaris Limonene, alpha-thujene, alpha-pinene, sabinene, 
beta-pinene, myrcene, p-cymene, (E)-beta- 
ocimene, gamma-terpinene, spathulenol, and 
alpha-cadinol

Trombin-Souza et al. 
(2017)

B. calvescens Alpha-thujene, alpha-pinene, sabinene, beta- 
pinene, myrcene, p-cymene, limonene, (E)-beta- 
ocimene, gamma-terpinene, spathulenol, and 
alpha-cadinol

Trombin-Souza et al. 
(2017)

B. caprariaefolia Beta-caryophyllene, germacrene D, alpha-selinene, 
and spathulenol

Besten et al. (2012)

B. cordobensis Trans-nerolidol, tau-cadinol, and cubenol Zunino et al. (2000)
B. coridifolia Isocaryophyllene, beta-caryophyllene, 

caryophyllene oxide, beta-selinene, spathulenol, 
viridiflorol, carotol, and alpha-bisabolol

Bailac et al. (2001), and 
Besten et al. (2012)

B. darwinii Limonene, thymol, and 4-terpineol Kurdelas et al. (2012)
B. 
dracunculifolia

Beta-caryophyllene, beta-humulene, germacrene 
D, beta-guaiene, delta-cadinene, (E)-nerolidol, 
spathulenol, limonene, bicyclogermacrene, 
beta-elemene, and mustakone

Fabiane et al. (2008), 
Lago et al. (2008), 
Parreira et al. (2010), 
Besten et al. (2012), 
Florao et al. (2012), 
Lage et al. (2015), and 
Salazar et al. (2018)

B. elaeagnoides Viridiflorol, spathulenol, beta-caryophyllene, and 
germacrene D

Sayuri et al. (2010)

(continued)
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Table 13.1 (continued)

Specie Compounds References

B. elaeoides Gamma-cadinene, limonene, tau-cadinol, 
alpha-cadinol, beta-pinene, beta-patchoulene, 
alpha-muurolene, alpha-pinene, alpha-calacorene, 
gamma-muurolene, alpha-thujene, alpha- 
cubebene, and terpinen-4-ol

Simonsen et al. (2009)

B. 
gaudichaudiana

Spathulenol Florao et al. (2012)

B. Genistelloides Palustrol and spathulenol Florao et al. (2012)
B. grisebachii Thymol, thymol methyl ether, thymyl acetate, 

alpha-pinene, alpha-humulene, and globulol
Hadad et al. (2007)

B. latifolia Limonene, beta-phellandrene, sabinene, beta- 
pinene, and alpha-pinene

Valarezo et al. (2013)

B. magellanica 4-hydroxyacetophenone, massoia lactone, 
alpha-cadinol, gamma-eudesmol, elemol, 
beta-eudesmol, and caryophyllene oxide

Simonsen et al. (2009)

B. megapotamica Spathulenol, and caryophyllene oxide Budel et al. (2012)
B. Mesoneura Limonene, alpha-thujene, alpha-pinene, sabinene, 

beta-pinene, myrcene, p-cymene, (E)-beta- 
ocimene, gamma-terpinene, spathulenol, and 
alpha-cadinol

Trombin-Souza et al. 
(2017)

B. microdonta Caryophyllene oxide, elemol, spathulenol, 
beta-caryophyllene, and germacrene D

Lago et al. (2008) and 
Sayuri et al. (2010)

B. Milleflora Viridiflorol, beta-caryophyllene, germacrene-D, 
Bicyclogermacrene, alpha-humulene, limonene, 
(E)-beta-ocimene, gamma-terpinene, spathulenol, 
and alpha-cadinol

Besten et al. (2014), 
Pereira et al. (2016), 
Pereira et al. (2017), and 
Trombin-Souza et al. 
(2017)

B. Myriocephala Alpha-thujene, alpha-pinene, sabinene, beta- 
pinene, myrcene, p-cymene, limonene, (E)-beta- 
ocimene, gamma-terpinene, spathulenol, and 
alpha-cadinol

Trombin-Souza et al. 
(2017)

B. myrtilloides Germacrene D Zunino et al. (1998)
B. Notosergila Alpha-pinene, limonene, beta -caryophyllene, and 

spathulenol
Cobos et al. (2001)

B. oblongifolia Alpha-thujene, alpha-pinene, sabinene, beta- 
pinene, myrcene, p-cymene, limonene, (E)-beta- 
ocimene, gamma-terpinene, spathulenol, and 
alpha-cadinol

Trombin-Souza et al. 
(2017)

B. obtusifolia Limonene, germacrene-D, alpha-pinene, beta- 
pinene, bicyclogermacrene, and delta-cadinene

Valarezo et al. (2015)

B. ochracea Spathulenol, and caryophyllene oxide Budel et al. (2012)
B. patens Beta-caryophyllene, aromadendrene, 

bicyclogermacrene, spathulenol, caryophyllene 
oxide, linalool and beta-pinene

da Silva et al. (2018)

(continued)
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Table 13.1 (continued)

Specie Compounds References

B. pentaptera Sabinene, himachalol, beta-pinene, and 
delta-3-carene

Perera et al. (2017)

B. Psiadioides Beta-pinene, delta-3-carene, limonene, and 
ocimene

Negreiros et al. (2016)

B. Regnelli Bicyclogermacrene, delta-cadinene, and 
delta-car-3-ene

Lago et al. (2008)

B. rufescens Limonene, and trans-nerolidol Zunino et al. (1998)
B. salicifolia Alpha-pinene, camphene, beta-pinene, alpha- 

phellandrene, alpha-cubebene, beta-Cariophyllene, 
6,9-guaiadiene, germacrone, (Z)-beta-ocimene, 
germacrene D, beta-cubebene, alpha-thujene

Flores et al. (2009), and 
Sosa et al. (2012)

B. schultzii Spathulenol, and limonene Lago et al. (2008)
B. semiserrata Spathulenol, caryophyllene oxide, viridiflorol, 

carotol, alpha-cadinol, alpha-pinene, beta-pinene, 
limonene, beta-caryophyllene, gamma- 
muurolene), bicyclogermacrene, and (E)-nerolidol

Besten et al. (2012) and 
Vannini et al. (2012)

B. spartioides Alpha-phellandrene, sabinene, alpha-pinene, 
camphor, limonene, citronellal, carvone, 
spathulenol, and 6R-7R-bisabolone

van Baren et al. (2002), 
Oliva et al. (2007), and 
Barud et al. (2014)

B. tenella Spathulenol Biurrun et al. (2005)
B. tricuneata (E)-nerolidol Arze et al. (2004)
B. trimera Alpha-humulene, limonene, alpha-thujene, 

alpha-pinene, sabinene, beta-pinene, myrcene, 
p-cymene, (E)-beta-ocimene, gamma-terpinene, 
spathulenol, and alpha-cadinol

Lago et al. (2008)

B. trinervis Alpha-thujene, alpha-pinene, sabinene, beta- 
pinene, beta-phellandrene, (E)-Lachnophyllum 
acid methylester, (Z)-lachnophyllum acid methyl 
ester, caryophyllene oxide, viridiflorol, germacrene 
D, germacrene B, spathulenol, delta-3-carene, 
globulol, cis-muurola-4(14), 5-diene, 
bicyclogermacrene, ar-curcumene, sabinene

Albuquerque et al. 
(2004), Sobrinho et al. 
(2016), and Chaverri 
and Ciccio (2017)

B. uncinella Alpha-pinene, limonene, beta-caryophyllene, 
spathulenol, caryophyllene oxide, viridiflorol, 
alpha-cadinol, (E)-nerolidol, globulol, 
(E)-nerolidol, bicyclogermacrene, and 
terpinen-4-ol

Frizzo et al. (2001), 
Fabiane et al. (2008), 
and Ascari et al. (2012)

The essential oil of B. dracunculifolia is the most studied among all others EOs 
obtained from this genus (Lage et al. 2015; Lago et al. 2008; Fabiane et al. 2008; 
Parreira et al. 2010; Florao et al. 2012; Besten et al. 2014; Salazar et al. 2018). This 
fact must be due to the close relationship between this species and propolis, a resin-
ous material produced by bees (Apis mellifera) that is used as a sanitizer and hive- 
repairing component (Parreira et al. 2010; Lage et al. 2015; Campos et al. 2016). To 
produce propolis, bees collect plant buds and mix them with wax: B. 
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Fig. 13.3a Chemical structures of mono- and sesquiterpenes found in Baccharis essential oils. 
Source: NIST (National Institute of Standards and Technology) databank (Linstrom and 
Mallard 2018) 
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dracunculifolia is the main botanical source of Brazilian green propolis (BGP). In 
Brazil, BGP is the most studied and economically relevant tropical propolis, which 
is typically found in the South Eastern Region, where B. dracunculifolia popularly 
called “alecrim do campo” occurs (Parreira et  al. 2010; Figueiredo-Rinhel et  al. 
2013; Lage et al. 2015; Campos et al. 2016). In fact, sesquiterpenes that are found 
in B. dracunculifolia like (E)-nerolidol, beta-caryophyllene, spathulenol, and 
γ-cadinene are also present in BGP and are responsible for the similar and peculiar 
aroma of both “alecrim do campo” EO and BGP. Moreover, such compounds are 
associated with several biological effects, including antimicrobial activity, among 
others. Especially in Asian markets, BGP prices can reach more than U$ 100 per kg 
and BGP extracts are incorporated in several “natural medicines,” cosmetics, toilet-
ries, food, and beverages, as well as in food supplements (Marostica et al. 2008; 
Figueiredo-Rinhel et al. 2013).

Although other Baccharis EOs are not associated with economically relevant 
products like propolis, studies of these EOs are significant from the ecological and 
academic points of view, since they possess a different biological potential and pres-
ent geographical and seasonal variations (see references in Table 13.1). Spathulenol, 
limonene, beta-pinene, alpha-pinene, sabinene, beta-caryophyllene, alpha-cadinol, 
caryophyllene oxide, germacrene D, bicyclogermacrene, and alpha-thujene are, 
among others, the most frequently found terpenoids in these others Baccharis Eos 
(Table 13.1).

3  Baccharis Diterpenes

Diterpenes are a broad and diversified class of secondary metabolites, widely dis-
tributed among different organisms, mainly in plants and fungi, originated from the 
head-tail coupling of four C5 isoprene units (Figueiredo-Rinhel et al. 2013). This 

Fig. 13.3b Chemical structures of mono- and sesquiterpenes found in Baccharis essential oils. 
Source: NIST (National Institute of Standards and Technology) databank (Linstrom  and 
Mallard 2018)
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class of natural products presents a great structural variety, since the GGPP units 
(Fig.  13.1) can rearrange in many different manners. Several skeleton types and 
distinct chemical functionalization have been reported for diterpenoids, which are 
classified according to the number and cyclization patterns of their chemical skele-
tons (Garcia et al. 2007; de Sousa et al. 2018). Acyclic-, bicyclic-, tricyclic-, tetra-
cyclic-, and macrocyclic-type diterpenes (Fig. 13.4) have been isolated and identified 
from a diverse number of natural sources (De Sousa et al. 2018).

Phytochemical studies have been performed with aerial parts, leaves, stems, 
flowers, and exudates from Baccharis species during the two last decades. Phenolic 
and terpenoid compounds are described as the main metabolites found in these 

Phytane Retinane Cembrane

Labdane Clerodane Chettaphanane

Acyclic, Monocyclic and Bicyclic diterpenes

Tricyclic diterpenes

Pimarane Abietane Totarane Cassane

Tetracyclic and Pentacyclic diterpenes

Kaurane Beyerane TrachylobaneTigliane

Fig. 13.4 Some examples of skeleton types of diterpenes related to their number of rings
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botanical sources, in which the presence of flavonoids and diterpenes is noteworthy 
(Campos et al. 2016). Regarding diterpenes, the scientific literature pointed out the 
biosynthesis of three main carbon skeletons in Baccharis species – kaurane, lab-
dane, and neo-clerodane type-diterpenes. Many diterpenes were isolated or identi-
fied from Baccharis species until 2018 (Table 13.2).

Table 13.2 Examples of diterpenes obtained through chemical studies from Baccharis species

Species, references, and structures

B. boliviensis (Campos et al. 2016)

B. crispa (Cenal et al. 1997)

B. flabellata (Hikawczuk et al. 2006; Funes et al. (2018a, b)

B. gaudichaudiana [3, 60–63]

(continued)
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Table 13.2 (continued)

Species, references, and structures

B. grisebachii (Feresin et al. 2003)

B. halimifolia (Jakupovic et al. 1990)

B. illinita (Campos et al. 2016; Verdi et al. 2004)

(continued)

13 Baccharis Terpenoid Compounds



340

Table 13.2 (continued)

Species, references, and structures

B. marginalis (Campos et al. 2016; San-Martin et al. 2010)

B. minutiflora (Bohlmann et al. 1982)

(continued)
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Table 13.2 (continued)

Species, references, and structures

B. neglecta (Jakupovic et al. 1990)

B. patens (Campos et al. 2016)

B. pingraea (Wachter et al. 1999)

(continued)
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Table 13.2 (continued)

Species, references, and structures

B. platypoda (Campos et al. 2016)

B. potosina (Jakupovic et al. 1990)

B. retusa (Ueno et al. 2018a, b)

B. rufescens (Campos et al. 2016)

(continued)
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Table 13.2 (continued)

Species, references, and structures

B. sagittalis (Campos et al. 2016)

B. salicifolia (Campos et al. 2016; Jakupovic et al. 1990)

B. salicina (Jakupovic et al. 1990)

(continued)
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Table 13.2 (continued)

Species, references, and structures

B. salzmannii (Campos et al. 2016)

B. sarathroides (Jakupovic et al. 1990)

B. thymifolia (Hikawczuk et al. 2008)

B. tola (Simirgiotis et al. 2016)

B. trimera (Januario et al. 2004; Garcia et al. 2014; Campos et al. 2016)

S. R. Ambrósio et al.
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Several diterpenes have been considered as the active compounds of various 
medicinal plants, due to their wide spectrum of pharmacological effects (de Sousa 
et al. 2018; Liu et al. 2018). In fact, scientific reports point out that this class of natu-
ral products possesses remarkable biological properties such as antiparasitic 
(Ambrosio et  al. 2008), antihypertensive (Ambrosio et  al. 2004; Tirapelli et  al. 
2010), anti-inflammatory and analgesic (Mizokami et  al. 2012; Possebon et  al. 
2014), cytotoxicity against tumor cell lines (Batista et  al. 2013; da Costa et  al. 
2018), and antimicrobial (Leandro et al. 2014; Severiano et al. 2010), among others 
(Kato et al. 2012; Xu et al. 2018; Liu et al. 2018).

Regarding the Baccharis diterpenes, several authors have investigated and 
reported their biological activities (Table 13.3).

From all biological properties that have been reported, the feeding-deterrent 
potential against insects displayed by neo-clerodane type-diterpenes from Baccharis 
species is highlighted in the literature (Hikawczuk et al. 2006; Cifuente et al. 2002; 
Hikawczuk et al. 2008; Sosa et al. 1994), and some efforts to understand the struc-
ture–activity relationships related with this class of compounds have been carried 
out (Hikawczuk et al. 2006; Cifuente et al. 2002).

Cifuente et  al. (2002) evaluated the insect antifeedant activity of several 
clerodane- type diterpenes isolated from three Baccharis species (B. sagittalis, 
B. crispa, and B. spicata) against Tenebrio molitor larvae (Coleoptera: 
Tenebrionidae). The results obtained from this study allowed the authors to suggest 
that the presence of a β-substituted furan ring (A; Fig.  13.6) or a β-substituted 
butenolide group (B; Fig. 13.6) on the C-9 side chain plays an important role in the 

Table 13.3 Relevant biological activities displayed by Baccharis diterpenes, reported in the last 
two decades

Biological activity Active diterpenes References

Insect antifeedant Bsag3; Bsag5; Bsag8; 
Bthy1; Bthy3

Cifuente et al. (2002) and 
Hikawczuk et al. (2008)

Antimicrobial Bgri2 Feresin et al. (2003)
Cytotoxicity against cancer cell 
lines

Bgau10 (Fullas et al. 1994)

ROS and RNS scavenging abilities Bfla5; Bfla8 Funes et al. (2018a, b
Antinociceptive Bfla5; Bfla8 Funes et al. (2018a, b)
Influx and mobilization of 
intracellular calcium

Btri1; Btri2 Garcia et al. (2014)

NGF (Nerve Growth Factor) 
potentiation

Bgau6; Bgau11; 
Bgau12; Bgau14

Guo et al. (2006) and Guo et al. 
(2007)

Antiproteolytic and 
antihemorrhagic

Btri3 Januario et al. (2004)

Relaxant effect on rat vascular 
smooth muscle

Btri3 Torres et al. (2000)

Antitrypanosomal Bret1; Bret3 Ueno et al. (2018a, b)
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antifeedant bioactivity displayed by these diterpenes. Moreover, the literature also 
pointed out the presence of an α,β-unsaturated carbonyl system insert in the trans- 
decaline system at C-4 (C; Fig. 13.5) of clerodane diterpenes as a prerequisite to the 
antifeedant bioactivity (Enriz et al. 1994).

More recently, Hikawczuk et al. (2006) investigated the antifeedant activity of 
neo-clerodanes diterpenes from Baccharis flabellata against the grain stored insect 
Tribolium castaneum, and some considerations on the structure–activity relation-
ship were also established by the authors. Among the nine diterpenes investigated in 
this study, compounds 6 and 8 (Fig. 13.6) were shown to be more effective against 
T. castaneum.

As previously described in the literature, the presence of a furan or a butenolide 
group at C-9 side chain and an α,β-unsaturated carbonyl system inserted in the 
trans-decaline at C-4 (or a C-4 spiro-epoxide) are basic structural requirements 
related to the antifeedant activity of the clerodane-type diterpenes (Cifuente et al. 
2002; Enriz et al. 1994). However, conformational and electronic factors were also 
revealed to be important in the antifeedant activity displayed by this class of diter-
penes (Hikawczuk et al. 2006).

From a molecular model investigation performed by Hikawczuk et al. (2006), it 
was possible to establish a correlation of the antifeedant activity and the distance 
between the heteroatom located at the C-9 side chain and the olefinic carbon at C-3. 
According to the authors, the optimum interatomic distance between these two moi-
eties ranged from 8.117 to 9.694 Å (Hikawczuk et al. 2006; Li et al. 2016). This 
study was carried out taking into account the potential of the double bond at C-3 to 
act as a nucleophilic acceptor of proteins in a Michael-type addition reaction, which 
can be related to the ability of diterpenes to inhibit the feeding of T. castaneum 
(Hikawczuk et al. 2006). Finally, the authors observed positive values of the electro-
static charge in the olefinic carbons at C-3 for the active diterpenes (Fig. 13.6, com-
pounds 6 and 8), whereas negative values were observed for all inactive compounds 
(Hikawczuk et al. 2006).

O
O

O(A) (B)R2

H
R1

R1 = R1 = R2 =

(C) O O

9

4

Fig. 13.5 Chemical groups presented in clerodane-type diterpenes related to their antifeedant 
activity (Cifuente et al. 2002; Enriz et al. 1994)
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Fig. 13.6 Chemical structures of clerodane-type diterpenes from B. flabellata investigated as anti-
feedant against T. castaneum (Hikawczuk et al. 2006)

4  Final Considerations

This chapter discussed in detail some chemical features and biological activities of 
the most representative terpenes found in Baccharis species (volatile terpenes and 
diterpenes). However, squalene-derived compounds, like steroids and triterpenes, 
are also found in this genus and can be associated with some biological activities, 
mainly antiparasitic (da Silva et al. 2009a, b; Passero et al. 2011), antinociceptive 
(Freitas et al. 2009), and anti-inflammatory (Boller et al. 2010).

Finally, it is important to mention the occurrence of a particular type of Baccharis 
trichothecenes, named baccharinoids. These compounds are associated with cattle 
poisoning in South America fed with B. megapotamica and also with several bio-
logical activities such as antiviral, anticancer, antimalarial, and antifungal (de 
Carvalho et al. 2016).
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Chapter 14
Macrocyclic Trichothecenes of Baccharis

Alessandra Caroline Montes Frade, Maria Beatriz de Oliveira Rabelo, 
Priscilla Rodrigues Valadares Campana, Rodrigo Maia de Pádua, 
and Fernão Castro Braga

Abstract Trichothecenes constitute a large group of sesquiterpene metabolites. 
They are classified into four different groups (types A, B, C, and D) according to 
their characteristic functional groups. These structural differences result in distinct 
biological activities. About 40 macrocyclic trichothecenes have been isolated so far 
from three species of Baccharis (Baccharis megapotamica, Baccharis coridifolia, 
and Baccharis artemisioides) and their chemical structures have been defined by 
spectroscopic analyses, especially by using nuclear magnetic resonance (NMR) and 
mass spectrometry (MS) data. It was initially supposed that trichothecenes found in 
Baccharis species originated from fungi present in the soil, such as Myrothecium 
species. Endophytic fungi synthesize exclusively simple trichothecenes, while some 
macrocyclic trichothecenes have been isolated from B. coridifolia and B. megapo-
tamica, indicating that they are produced by the plants. The biosynthetic pathway 
for the production of macrocyclic trichothecenes is not fully elucidated and to date, 
only a few intermediates and final products have been isolated and characterized. 
Macrocyclic trichothecenes have been reported to possess antifungal, antimalarial, 
antitumor, and antiviral activities. The effects of trichothecenes on animal and plant 
cells include inhibition of DNA and RNA syntheses, inhibition of mitochondrial 
function, membrane destabilization, changes in cell division, and apoptosis. 
Additional phytochemical and biological studies with Baccharis species are 
demanded to better understand the chemical and medicinal properties of trichothe-
cenes, aiming at future exploitation.
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1  General Aspects of Trichothecenes

Trichothecenes comprise an important group of mycotoxins, usually responsible for 
human and animal intoxications (for more information, see Chap. 11 “Livestock 
intoxication by Baccharis”), which also plays a significant role in the pathogenicity 
of some plants (Jarvis et al. 1991,1996).

The accumulation of trichothecenes in agricultural products, such as rice, oats, 
rye, barley, and wheat, leads to great economic losses due to the destruction of crops 
by plant intoxication (McCormick et al. 2011). Their ingestion by humans and ani-
mals causes clinical symptoms of acute intoxication, such as subcutaneous hemor-
rhaging, alimentary toxic aleukia (ALA), deterioration of throat tissue, exhaustion 
of bone marrow, abortion of fetuses, and even death (Kumari et al. 2016).

Trichothecin (6) was the first isolated trichothecene, resulting from the screening 
of antifungal metabolites in Trichothecium roseum culture. This compound is also 
produced by several species of fungi from the genera Fusarium, Myrothecium, 
Trichoderma, and Cephalosporium. Subsequently, other trichothecenes, designate 
verrucarins and roridins, were isolated from Myrothecium verrucaria and 
Myrothecium roridum, respectively (Ueno 1980).

These mycotoxins are divided into two groups: simple trichothecenes, such as 
T-2 toxin (1), diacetoxiscirpenol (2), and deoxynivalenol (3), and macrocyclic 
trichothecenes, like baccarinoids, roridins, and verrucarins. These compounds have 
several biological activities, including antimicrobial, cytotoxic, and insecticidal 
properties, besides being phytotoxic (Jarvis et al. 1991).

Before discovering the presence of macrocyclic trichothecenes in Baccharis 
megapotamica Spreng, these compounds had been isolated from soil fungus spe-
cies. Thereafter, other trichothecenes isolated from Baccharis coridifolia, popularly 
known as “mio-mio” or “romerillo,” have been reported (Jarvis et al. 1987c). Later, 
Rizzo and collaborators (Rizzo et  al. 1997) found roridins and verrucarin in 
Baccharis artemisioides.

The genus Baccharis (Asteraceae) encompasses about 500 species, mainly dis-
tributed in Brazil, Argentina, Paraguay, and Uruguay (Verdi et al. 2005). In those 
countries, B. coridifolia is considered to be one of the principal poisonous plants to 
herbivorous mammals, causing severe losses among cattle (Habermehl et al. 1985).

Throughout this chapter, all macrocyclic trichothecenes isolated so far from 
Baccharis species (B. megapotamica, B. coridifolia, and B. artemisioides) will be 
reviewed. Also, the biosynthesis of these compounds will be discussed, as well as 
their already investigated biological activities.
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2  Classification and Structure of Trichothecenes

Trichothecenes constitute a large group of sesquiterpene metabolites. They gener-
ally have a common nucleus, represented by a rigid tetracyclic ring, consisting of a 
cyclohexene ring (ring A with a C9-C10 double bond) attached to a tetrahydropyran 
ring (ring B) and a cyclopentyl ring (ring C), in addition to an epoxide at the C12- 
C13 position (Shank et  al. 2011). The rigidity of the system results in a distinct 
stereochemistry, in which ring A adopts a half-chair conformation and ring B is 
found in a chair conformation (Jarvis et al. 1990). These chemical structures are 
represented in Fig. 14.1. The trichothecenes differ otherwise in the patterns of side- 
chain oxygenation and esterification at carbons 3,4,7,8,15 and in the presence of a 
keto group at C8 (represented by R in Fig. 14.1a) (Desjardins et al. 2007).

The trichothecenes are classified into different groups according to their charac-
teristic functional groups. Type A compounds have the simplest structures, the C8 
position is esterified, hydroxylated, or unsubstituted, while type B trichothecenes 
have a carbonyl at the C8 position. Type C derivatives have an additional epoxide 
goup at C7-C8 or C8-C9 positions, while type D trichothecenes have a macrocyclic 
ring between the C4 and C15 positions (Wu et al. 2013; Terciolo et al. 2018). These 
structural differences result in distinct biological activities. Examples of chemical 
structures representative of each group of trichothecenes can be seen in Fig. 14.2.

Typically, trichothecenes are resistant to degradation by environmental factors, 
like air and light, but may be affected by the presence of bacteria or fungi. They are 
nonvolatile compounds with a low molecular weight (between 250-550 Da), natu-
rally occurring as colorless, crystalline, and optically active solids. They are highly 
soluble in acetone, ethyl acetate, chloroform, dimethyl sulfoxide (DMSO), ethanol, 
methanol, and propylene glycol. Trichothecenes are not inactivated by autoclaving 
but can be effectively deactivated under strong acid or alkaline conditions (Wu et al. 
2013; Sudakin 2003).

Several methods can be used for the analysis and identification of these sub-
stances. When trichothecin (6) was first isolated in 1948, its structure could not be 

Fig. 14.1 (a) Chemical structure of the trichothecene core. (b) Three-dimensional stereochemis-
try of the trichothecene core. (Source: Shank, adapted (Shank et al. 2011))
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determined by the available methods (Shank et al. 2011). The chemical structure of 
trichothecin was reported only in 1959 by using chemical modifications, which 
allowed the determination of the toxin nucleus and substituent groups (Freeman 
et al. 1959).

Fig. 14.2 Chemical structures of types A-D trichothecenes. (Source: Terciolo, adapted (Terciolo 
et al. 2018))
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The number of isolated trichothecenes with identified chemical structures started 
to increase after new structure elucidation techniques became available. A funda-
mental technique for structural elucidation and stereochemical assignment of 
trichothecenes was nuclear magnetic resonance (NMR) (Shank et  al. 2011). 
Trichothecenes have some relevant structural features, easily identified by NMR 
data. For example, the 1H methylene coupling of the epoxide ring is found between 
2.7 to 3.4 ppm, with a scalar coupling constant of approximately 4 Hz. The methyl 
hydrogens at C-14 appear as a sharp singlet, while the methyl hydrogens at C-16 
appear as a broad singlet, because of the long-range coupling with H-10. In addi-
tion, the rigidity of the ring system can explain the long-range coupling observed 
between H-7 and H-11 (Savard et al. 1987).

In the 1H NMR spectra of macrocyclic trichothecenes, H-2′ resonates at 5.2 ppm 
in 2′-enes and at 3.4 ppm in 2′,3′-epoxides. In verrucarins, H-7′ and H-10′ appear as 
doublets between 5.8 and 6.2  ppm, H-9′ is found as a triplet between 6.5 and 
6.6 ppm, and H-8′ is seen as a double doublet at 8.1 ppm. In roridins, the configura-
tion at C-6′ determines the value of J6′,7′, which is 6 Hz in compounds where C-6′ 
has S configuration and 2 Hz if C-6′ has R configuration. Regarding 13C NMR data, 
the chemical shift values reported for carbons of the trichothecene nucleus are very 
similar, whereas changes occur in the macrocyclic ring. For example, in (6′-R)-
roridins, C-13′ resonates at higher frequencies (1-2 ppm) in 13′-R compounds in 
comparison to diastereoisomers with 13′-S configuration, as found in baccharinoids 
B13 (20) and B14 (21) (Grove 1993).

The 1H and 13C NMR spectral data reported for baccharin (9), a macrocyclic 
trichothecene, are depicted in Table 14.1.

Table 14.1 1H and 13C NMR spectral data reported for baccharin (δ in ppm)a

Position H C Position H C

2 78.1 1′ 167.4

3 2.48 34.0 2′ 3.37 56.0

4 5.80 73.8 3′ 64.4

5 48.5 4′ 75.3

6 42.3 5′ 72.1

7 16.7 6′ 86.5

8 25.7 7′ 5.98 138.2

9 57.7 8′ 7.48 125.1

10 3.11 56.9 9′ 6.60 142.6

11 66.6 10′ 5.82 117.4

12 65.2 11′ 166.3

13 2.75 / 3.16 47.1 12′ 1.65 11.6

14 0.75 6.5 13′ 71.0

15 4.24 / 4.42 63.1 14′ 1.20 17.7

16 1.83 21.6
aSpectra measured in CDCl3. Source: Kupchan (Kupchan et al. 1976; Kupchan et al. 1977)
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Rosen et  al. (1986) converted some macrocyclic trichothecenes into their tri-
methylsilyl derivatives for their analysis by gas chromatography coupled to mass 
spectrometry (GC/MS), since the presence of polar, labile ester bridges in the mol-
ecules difficult their direct analysis by this technique. Other methods of detection 
and quantification were posteriorly introduced, with improved sensitivity, selectiv-
ity, and accuracy, by using direct chemical ionization tandem mass spectrometric 
techniques with minimal amounts of samples (Krishnamurthy and Sarver 1989).

Roridins and baccharinoids were identified in Brazilian Baccharis species by a 
direct chemical ionization tandem mass spectrometry (MS/MS) method. A mixture 
of these compounds was subjected to chemical ionization in the presence of ammo-
nia followed by sequential collisionally activated dissociation of the specific adducts 
using argon. The identification occurs by detection of specific daughter ions and 
their associated parent ions (Krishnamurthy and Sarver 1989). Table 14.2 lists some 
chemical ionization MS data reported for macrocyclic trichothecenes.

Later, high-performance liquid chromatography coupled to mass spectrometry 
(HPLC-MS), employing a reversed-phase column and thermospray ionization, 
allowed the unambiguous identification of isomeric baccharinoids (Krishnamurthy 
and Sarver 1989). The ions observed in the mass spectra revealed that structurally 
similar compounds undergo common fragmentation forms and neutral losses 
(Krishnamurthy and Sarver 1989). Thus, Krishnamurthyt and Sarver (1989) identi-
fied several daughter ions of macrocyclic trichothecenes. Table 14.3 lists the mass 
spectral data reported for the most significant daughter ions formed by thermospray 
ionization, whereas their chemical structures are depicted in Fig. 14.3.

The identification of daughter ions structures and neutral losses made it possible 
to propose fragmentation pathways for these compounds. Thus, it was observed that 
most of the fragments are formed by the bond break between the ester group and 
ether bonds in the exocyclic ring (Krishnamurthy and Sarver 1989).
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Figure 14.4 shows the fragmentation pathway proposed for roridin A. Cleavage 
of C4-O and C6’-O bonds originates the neutral fragment of 154 Da, whereas cleav-
ages between C3’-C4’ and C6’-O result in neutral losses of 46 Da (ethanol). In its 
turn, cleavages at C1’-O and C6’-O bonds give neutral losses of 130 Da. The daugh-
ter ion at m/z 333 can be formed by neutral losses of 200 or 154 Da, followed by a 
loss of 46 Da. The other neutral losses observed are due to cleavages of bonds con-
nected to C1’-O, C4-O, or C11’-O atoms (Krishnamurthy and Sarver 1989).

3  Biosynthesis of Trichothecenes

Trichothecenes are secondary metabolites mainly produced by filamentous fungi of 
the genera Fusarium, Trichothecium, Stachybotrys, Mycothecium, Cephalosporium, 
Verticimonosporium, and Trichoderma (Rocha et  al. 2005; Arunachalam and 
Doohan 2013), being Fusarium spp. the principal producer (Kimura et  al. 2007; 
Kumari et al. 2016).

Fusarium species are very diversified and have a wide geographic distribution 
(Smith 2007), commonly found as aerial parts colonizers of several vegetal spe-
cies. They can be also found in association with roots of plants or in the soil, being 
part of the normal microflora or acting as pathogens (Nelson et al. 1994; Guarro 
2013). Although fungi are the main producers of trichothecenes, some compounds 

Table 14.2 Chemical ionization mass spectra data (M− ions) reported for some macrocyclic 
trichothecenes of Baccharis

Compound MW m/z (% relative abundance)

Baccharinol 
(11)

562 562 (3.8); 501 (10.1); 417 (100.0); 375 (2.4); 365 (29.9); 161 (1.4);
153 (19.9); 143 (12.8); 141 (1.2); 135 (12.9); 125 (12.2)

Roridin A 
(30)

532 402 (35.8); 401 (100.0); 153 (19.6); 145 (69.8)

Roridin D 
(31)

530 530 (1.7); 417 (1.3); 401 (100.0); 359 (2.3); 349 (1.0); 193 (2.5); 175 
(1.1); 153 (7.1); 151 (1.2); 149 (2.5); 145 (3.1); 135 (13.1); 127 (1.2)

Roridin E 
(32)

514 514 (14.9); 484 (7.0); 470 (2.1); 403 (71.4); 386 (3.4); 385 (17.2);
359 (100.0); 154 (6.2); 153 (20.3); 136 (10.7); 134 (3.8); 111 (8.1)

Source: Krishnamurthy, adapted. (Krishnamurthy and Sarver 1989)

Table 14.3 Mass spectral data reported for the most significant daughter ions of some macrocyclic 
trichothecenes
Compound MW m/z

Baccharinol (11) 562 137, 247, 391
Roridin A (30) 532 249, 333, 403
Roridin D (31) 530 231, 249, 403
Roridin E (32) 514 137, 231, 361

Source: Krishnamurthy, adapted (Krishnamurthy and Sarver 1989)
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of this class have already been isolated from plants of the genus Baccharis. It is 
important to mention that fungi exclusively produce simple trichothecenes, while 
some macrocyclic trichothecenes, such as baccharinoids, verrucarins A (36) and J 
(38), roridins A (30), D (31), and E (32), were isolated from B. coridifolia and 
B. megapotamica (Jarvis et al. 1991; Grove 1993).

Fig. 14.3 Chemical structures of the most common daughter ions resultant from macrocyclic 
trichothecenes fragmentation by thermospray ionization. (Source: Krishnamurthy, adapted 
(Krishnamurthy and Sarver 1989))
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Fig. 14.4 Fragmentation pathway for roridin A. (Source: Krishnamurthy, adapted (Krishnamurthy 
and Sarver 1989))
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The biosynthesis of trichothecenes in Fusarium and Trichothecium species was 
extensively studied. Trichothecenes have a carbon skeleton derived from farnesyl 
pyrophosphate (FPP), which is synthesized by the condensation reaction of dimeth-
ylallyl pyrophosphate with two units of isopentenyl pyrophosphate, having geranyl 
pyrophosphate as intermediate compounds (Kimura et al. 2007; Dhar et al. 2013), 
as shown in Fig. 14.5.

Figure 14.6 presents the biosynthetic pathway of trichothecenes proposed for 
Fusarium species. In the biosynthetic sequence, the cyclization reaction of an acy-
clic FPP molecule produces the bicyclic trichodiene (TDN), a precursor of trichot-
hecenes (Kimura et al. 2007; Villafana et al. 2019). In its turn, TND is submitted to 
sequential and nonrandom oxidation reactions catalyzed by specific enzymes, at 
carbons 2, 12, and 13 (epoxidation reaction), along with C-11 and C-3, forming 
isotrichodiol. Subsequently, trichodiol formation occurs in a nonenzymatic reac-
tion. The trichodiol molecule undergoes a second cyclization, giving rise to isotri-
chodermol, the first trichothecene of the biosynthetic pathway. Changes in the 
carbon skeleton, catalyzed by enzymes, lead to the formation of calonectrin, an 
important biosynthetic intermediate of different trichothecenes, such as deoxyniva-
lenol (3), T-2 toxin (1), and nivalenol (4) (Villafana et al. 2019).

The biosynthetic pathway for the production of macrocyclic trichothecenes 
(Fig. 14.7) is not fully elucidated and to date, only a few intermediates and final 
products have been isolated and characterized from fungal cultures of Myrothecium 
species (Trapp et al. 1998). This pathway has isotrichodiol as a starting compound 
that undergoes nonenzymatic isomerization and cyclization to form 
12,13- epoxytrichothec-9-ene. Next, hydroxylation occurs at C-15 and esterification 
takes place at C-4, with the introduction of a polyketide chain in this position. In the 

Fig. 14.5 Synthesis of farnesyl pyrophosphate. (Source: Dhar, adapted (Dhar et al. 2013))
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Fig. 14.6 Biosynthesis of trichothecenes in Fusarium species. (Source: Villafana, adapted 
(Villafana et al. 2019))
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sequence, the hydroxyl group is esterified forming a polyketide ester at C-15. The 
condensation of the polyketide chains at C-4 and C-15 results in the formation of a 
macrocyclic trichothecene (McCormick et al. 2011).

It was initially supposed that trichothecenes found in Baccharis species origi-
nated from fungi present in the soil, such as Myrothecium species, which produce 
roridins. Thus, it was first accepted that in B. megapotamica, the roridins were 
absorbed, translocated, and metabolized in baccharinoids, whereas in B. coridifolia, 
they were only stored (Jarvis et al. 1981; Jarvis et al. 1987b, c).

However, in 1988, Jarvis et al. (1988b) refuted the original hypothesis of tricho-
thecenes production by fungi in Baccharis species and claimed that these metabo-
lites are synthesized by the plants themselves. The authors came to this conclusion 

Fig. 14.7 Biosynthesis proposal for macrocyclic trichothecenes formation in Myrothecium spe-
cies. (Source: McCormick, adapted (McCormick et al. 2011))
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after analyzing species of B. coridifolia, for which neither Myrothecium verrucaria 
nor Myrothecium roridum could be detected. In addition, they could not isolate 
endophytic fungi from the species. The authors also found high concentrations of 
roridins A (30) and E (32) in B. coridifolia seeds.

In a later study of 1990, Kuti et al. (1990) sought to demonstrate the role of phy-
totoxins in seed maturation and germination of Baccharis species. The authors 
observed that Baccharis species from Brazil (B. megapotamica and B. coridifolia), 
which produce trichothecenes, had their germination completely inhibited when the 
seed husks were removed in comparison to American Baccharis (B. halimifolia and 
B. glutinosa), which presented better germination rates. Based on these results, the 
authors suggested that macrocyclic trichothecenes play a regulatory role in the 
reproduction and germination of B. megapotamica and B. coridifolia.

In relation to the distribution of these toxins between male and female individu-
als, it was observed that female B. coridifolia plants have a higher concentration of 
trichothecenes than the male ones, whereas for B. megapotamica, no difference was 
found. It is important to note that male individuals of B. coridifolia have miotoxin 
C (41) as a major component, whereas in female individuals, there is a higher con-
centration of roridins A (30) and E (32) (Jarvis et al. 1991). According to Jarvis 
et al. (1996), female plants of B. coridifolia are more toxic than male plants, since 
they contain five to ten times more trichothecenes.

4  Macrocyclic Trichothecenes in Baccharis Species

In 1976, Kupchan et al. (1976) isolated the first macrocyclic trichothecene from a 
plant species. In a screening of antitumor compounds from natural sources, the 
researchers observed the inhibitory activity of B. megapotamica ethanolic extract 
against KB cells (nasopharyngeal carcinoma) in vitro and in a model of P-388 
murine leukemia in vivo. The phytochemical investigation resulted in the isolation 
of baccharin (9), isobaccharin (10), baccharinol (11), and isobaccharinol (12), con-
sidered responsible for the antileukemic activity (Kupchan et al. 1977). After that, 
other baccharinoids were isolated from the same species, including the bacchari-
noids B1 (13), B2 (14), B3 (15), B7 (16), B9 (17), B10 (18), B12 (19), B13 (20), 
B14 (21), B16 (22), B17 (23), B20 (24), B21 (25), B23 (27), B24 (28), B25(26), and 
B27 (29) (Jarvis et al. 1987a, b).

Due to the toxic effects caused by Baccharis coridifolia, associated with poison-
ing in animals, Habermehl et al. (1985) identified nine macrocyclic trichothecenes, 
considered responsible for the toxic effect: roridins A (30) and E (32), miotoxins A 
(39), B (40), C (41), D (47), and iso-D (48), along with miophytocens A (50) and B 
(51). It is noteworthy that roridins had already been isolated as secondary metabo-
lites from fungal cultures, while miotoxins and miophytocens were unknown com-
pounds. Later, Jarvis et  al. (1996) isolated and characterized new trichothecene 
glycosides from the same species, including roridin A β-glucoside (33), roridin D 
β-glucoside (34), roridin E β-glucoside (35), verrucarin A β-glucoside (37), 
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miotoxin A β-glucoside (45), and miotoxin F β-glucoside (46), in addition to the 
new miotoxins E (42), F (43) and G (44). According to Rizzo et al. (1997), speci-
mens of B. coridifolia collected in Argentina presented verrucarins A (36) and J 
(38), in addition to the roridins.

The first report on macrocyclic trichothecenes in Baccharis artemisioides 
occurred in 1977, when Rizzo et al. (1997) described the presence of roridins A 
(30), D (31) and E (32), along with verrucarins A (36) and J (38) in an Argentina 
specimen. Furthermore, the authors reported higher concentrations of toxins in 
B. artemisioides than in B. coridifolia (Rizzo et al. 1997).

The chemical structures of the macrocyclic trichothecenes here described are 
depicted in Fig. 14.8.

5  Biological Activities of Macrocyclic Trichothecenes

Antifungal, antimalarial, antitumor, and antiviral activities have been reported for 
macrocyclic trichothecenes. The toxic effects on eukaryotic cells are complex and 
varied; the toxicity and selectivity are dependent on the compound and cell type 
tested (Arunachalam and Doohan 2013).

The effect of macrocyclic trichothecenes on the growth of wheat (Triticum aesti-
vum L.), bean (Phaseolus vulgaris L.), corn (Zea mays L.), and tobacco (Nicotiana 
tabacum L.) was investigated. The authors observed that roridin A (30), verrucarins 
A (36) and J (38) not only inhibited the growth but were also toxic to these species 
(Cutler and Jarvist 1985). In addition, roridins E (32) and H (49), along with ver-
rucarins A (36) and J (38), presented phytotoxicity against cultures of duckweed 
(Lemna pausicostata L.) and kudzu (Pueraria lobata L.) (Abbas et al. 2002). In 
view of this phytotoxicity, the effects of roridins A (30) and E (32) on cell cultures 
of Brazilian Baccharis (B. megapotamica and B. coridifolia) and North American 
Baccharis (B. halimifolia and B. glutinosa) were compared, the last ones being 
more sensitive to the cytotoxic effects (Jarvis et al. 1988a).

Regarding the antifungal effect, roridins A (30) and D (31) were active against 
Saccharomyces cerevisiae, Magnaporthe grisea, and Sclerotinia sclerotiorum 
strains, with minimum inhibitory concentrations lower than or equal to fluconazole, 
used as positive control (Xie et al. 2008). Moreover, roridin A (30) and verrucarin A 
(36) inhibited Candida albicans, Aspergillus niger, and Trichophyton rubrum 
growth, at lower or equal concentrations of the positive control ketoconazole (Liu 
et al. 2006).

Isaka et al. (1999) demonstrated the antimalarial activity of roridins A (30) and 
E (32), and verrucarins A (36) and J (38); they all showed lower EC50 than the refer-
ence drug artemisinin. In the same study, the authors reported high cytotoxic activ-
ity of these compounds against human oral epidermoid carcinoma KB cells, human 
breast cancer BC1 cells, and Vero cells. Zhang et al. (2002) described the inhibition 
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growth of Plasmodium falciparum strains induced by roridin E (32), with IC50 val-
ues lower than 1 ng/mL.

Roridins A (30) and E (32), along with verrucarins A (36) and J (38), were 
assayed against the Junin virus (JUNV), the etiologic agent of the Argentine hemor-
rhagic fever (AHF). All assayed trichothecenes inhibited virus replication at non-
toxic concentrations, being verrucarin J (38) the most active compound, with a 
better selectivity index (García et al. 2002).

Fig. 14.8 Chemical structures of macrocyclic trichothecenes isolated from Baccharis species

B. megapotamica (Kupchan et al. 1976, 1977; Jarvis et al. 1987a, b)
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B. coridifolia (Habermehl et al. 1985; Jarvis et al. 1996; Rizzo et al. 1997)

Fig. 14.8 (continued)
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Fig. 14.8 (continued)
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The cytotoxic activity of several mycotoxins against NIH/3  T3 cells (Swiss 
mouse embryonic fibroblast) and BE 12-6 cells (bovine embryonic cells) was evalu-
ated and disclosed verrucarin A (36) and roridin A (30) as the most cytotoxic com-
pounds (Terse et al. 1993). The cytotoxicity of roridins E (32) and H (49), along 
with verrucarins A (36) and J (38), has been demonstrated in NIH3T3 cells (Swiss 
mouse embryonic fibroblast), KA31T cells (oncogenically transformed 3 T3 mouse 
fibroblasts), H4TG cells (rat hepatoma), and MDCK cells (Madin-Darby canine 

Fig. 14.8 (continued)
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kidney) (Abbas et al. 2002). In addition, baccharin (9), baccharinol (11), roridins A 
(30) and H (49), and verrucarins A (36) and J (38) were shown to be active in vivo 
against P388 mouse leukemia (Jarvis et al. 1984).

Hughes et al. (1990) evaluated the effects of roridins A (30), D (31), and E (32); 
baccharinoid B12 (19); and verrucarins A (36) and J (38) on the viability and 

B. artemisioides (Rizzo et al. 1997)

Fig. 14.8 (continued)
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mitogenesis of splenic lymphocytes of CD-1 mice. The trichothecenes showed 
cytotoxic effects at the concentration range from 10−6 to 10−4 M. Regarding the cell 
proliferation, roridin A (30) proved to be a good inhibitor, with concentrations lower 
than the maximum lethal effect.

Roridin E (32) was administered alone and in combination with linoleic acid to 
Sprague-Dawley rats. The combination produced more significant toxic effects, 
such as decreased blood glucose and glutathione levels, reduction of superoxide 
dismutase and glucose-6-phosphatase in the kidney, in addition to increased lipid 
peroxidation in the liver (El-Din et al. 1997).

6  Structure–Activity Relationship 
of Macrocyclic Trichothecenes

Most of the literature reporting structure-activity relationships is directed to simple 
trichothecenes, found in fungi species. As for macrocyclic trichothecenes, most 
studies were performed using two or more related compounds (de Carvalho et al. 
2016). An example is the cytotoxic activity of roridin E (32) and its 12’-OH deriva-
tive against different leukemia lines (THP-1 cells – human monocytic leukemia and 
HL-60 cells – human promyelocytic leukemia) and against V79 cells (Chinese ham-
ster lung fibroblast). Roridin E (32) showed higher cytotoxicity than the derivative, 
suggesting that a hydroxyl group at C-12′ position is required for the activity (Oda 
et al. 2010).

Amagata et al. (2003) studied the effect of some macrocyclic trichothecenes in 
tumor cell lines and in healthy cell lines, in order to analyze their cytotoxicity and 
selectivity. According to the authors, miophytocen C was the least potent compound 
and its lower potency would be related to the absence of the C12-C13 epoxide ring. 
On the other hand, trichothecenes like verrucarin A (36) and roridin A (30), which 
have an epoxide ring, were selectively active against the tumor cells. It can be there-
fore concluded that an epoxide ring at C12-C13 positions is required for selective 
cytotoxic effect. In addition, the authors concluded that the stereochemistry at 
C-6’and C-13’positions showed a small effect on cell selectivity.

Nineteen mycotoxins, all possessing the C12-C13 epoxide ring, were tested for 
their ability to inhibit protein synthesis in Vero cells and rat spleen lymphocytes. 
Trichothecenes with a C4-C15 hydrocarbon chain ring, namely, roridin A (30) and 
verrucarin A (36), showed higher potency than trichothecenes bearing open hydro-
carbon chains at those positions, suggesting that the macrocyclic part is relevant for 
the cytotoxic effects (Thompson and Wannemacher 1986). Furthermore, 3D QSAR 
studies (Quantitative Structure–Activity Relationship) revealed that the toxicity is 
highly dependent on the conformation of the macrocyclic ring and that an additional 
epoxide ring at C9-C10 positions, as found in baccharin (9), increases the antileu-
kemic activity (Steinmetz et al. 2009).
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Verrucarins A (36) and J (38), along with roridin E (32), showed potent cytotoxic 
activity against Artemia salina. In this study, the verrucarins showed higher toxicity 
than roridin, suggesting that the presence of an ester at the C6’position is essential 
for the activity. In addition, since verrucarin A (36) was six times more active than 
verrucarin J (38), it seems that the C2’-OH group is capable of improving toxicity 
(Zhao et al. 2011).

The cytotoxicity of roridin H (49) and its 8α-OH and 8α-OAc derivatives was 
assayed against L929 cells (mouse fibroblast), MCF-7 cells (breast cancer), Hela 
KB3.1 cells, and A431 cells (skin cancer). The obtained results indicated that 
hydroxylation increased the cytotoxic activity against the tumor cells, whereas acet-
ylation had the opposite effect. In addition, a hydroxyl group at C-8 position seems 
to be required for selectivity (de Carvalho et al. 2016).

7  Mode of Action of Macrocyclic Trichothecenes

Trichothecenes have several effects on animal and plant cells, including inhibition 
of DNA and RNA syntheses, inhibition of mitochondrial function, membrane desta-
bilization, changes in cell division, and induction of apoptosis (Rocha et al. 2005). 
They also present effects on the inhibition of protein synthesis through interaction 
with ribosomes (Schindler et al. 1974; Cundliffe and Davies 1977).

In order to analyze the mode of action of some specific inhibitors of protein syn-
thesis, trichothecenes were tested in H-HeLa cells. Roridin A (30) and verrucarin A 
(36) caused the accumulation of ribosomal structures, that were found to consist of 
80S monosomes and 40S initiation complexes attached to the same mRNA strand, 
not normally present in control lysates. For this reason, it was suggested that these 
compounds can prevent the formation of 80S initiation complexes, in addition to 
inhibiting the function of ribosomes already attached to mRNA (Cundliffe and 
Davies 1977).

Loubresse et al. (2014) analyzed the interaction of verrucarin A (36) with the 80S 
ribosome of Saccharomyces cerevisiae using X-ray crystallography. According to 
the authors, the compound interacts with the A-site in the peptidyl transferase cen-
ter. Also, the large macrocycle extends further toward the macrolide-binding site, 
thus confirming the relevance of stereochemistry on the biological effects of macro-
cyclic trichothecenes.

Trichothecenes are capable of inhibiting protein synthesis by binding to the ribo-
somal peptidyl transferase site. This inhibition results in cellular stress reactions, 
leading to the activation of mitogen-activated protein kinases (MAPKs), which are 
part of the apoptotic pathway. Gel electrophoresis revealed DNA fragmentation 
after the treatment of cells with some of these compounds, suggesting a role in 
apoptosis (Shifrin and Anderson 1999). This was confirmed by treatment of HL-60 
cells (human promyelotic leukemia) with roridin A (30), which induced DNA frag-
mentation, with a minimal effective concentration of 0.001 μg/mL (Ueno et al. 1995).
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Yang et al. (2000) investigated the relationship between the cytotoxic and apop-
totic capacities of trichothecenes and the activation of MAPK. For this purpose, two 
myeloid models were employed: RAW 264.7 (murine macrophage) and U937 
(human leukemic cells) cells. Upon evaluating the cytotoxic activity by the 
3-(4,5-dimethyl-thiazol-2-yl) 2,5-diphenyl tetrazolium bromide (MTT) assay, rori-
din A (30) and verrucarin A (36) have been shown to be highly toxic and, by using 
DNA fragmentation and fluorescence microscopy assays, the results suggest that 
cytotoxicity was mediated through an apoptotic process. In addition, the assessment 
of MAPK activation using Western blot analysis revealed that these trichothecenes 
activated some proteins of this group.

There are some studies evaluating the role of macrocyclic trichothecenes in 
immunological functions. An example is the inhibitory effect of roridin A (30) and 
verrucarin A (36) on human lymphocyte transformation, analyzed by the mitogen- 
induced blastogenesis assay. Both compounds were able to inhibit B and T cell 
subsets stimulation, after induction with leukoagglutinin, concanavalin A, and 
pokeweed mitogen (Pestka and Forsell 1988).

In order to study the capacity of the mycotoxins to alter immune functions, the 
effects of roridin A (30) and verrucarin A (36) on interleukin 2 (IL-2) production 
and viability were evaluated in a murine T-cell model. It was observed that IL-2 
levels were significantly increased in cultures incubated with low concentrations of 
these compounds. However, in the presence of higher concentrations, IL-2 levels 
were depressed. Besides, cell viability determined by the MTT method was signifi-
cantly decreased by 0.5 ng/mL of roridin A (30) and verrucarin A (36). The biphasic 
behavior of these compounds in the deregulation of cytokine production, where low 
concentrations superinduce IL-2 production and higher concentrations suppress, 
complicates the interpretation of different effects in in vivo experiments (Lee 
et al. 1999).

Kankkunen et al. (2009) demonstrated that roridin A (30) and verrucarin A (36) 
can activate the inflammasome-associated caspase-1, required for the formation of 
IL-1β and IL-18 in LPS-primed cells. Later, the same researchers showed that these 
compounds trigger activation of NLRP3 inflammasome through P2X7R and Src 
tyrosine kinase signaling–dependent pathway, using human primary macrophages 
(Kankkunen et al. 2014). Moreover, verrucarin A (36) inhibited IL-8 and NF-κB 
activation in HL-60 cells (human promyelocytic leukemia), at noncytotoxic concen-
trations (Oda et al. 2005).

Table 14.5 lists the biological activities reported for macrocyclic trichothecenes, 
together with the IC50, EC50, MIC, and 50%PSI values, in different models and 
cell lines.
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Table 14.5 Biological activities of macrocyclic trichothecenes from Baccharis species

Macrocyclic 
trichothecenes

Biological 
activities

Model / cell line / 
microorganism

IC50 / EC50 / 
MIC / 
50%PSI Ref.

Baccharin Cytotoxic P-388 leukemia in mice 5.0 mg/kg Jarvis et al. 
(1984)

Baccharinol Cytotoxic P-388 leukemia in mice 2.5 mg/kg Jarvis et al. 
(1984)

Roridin A Antiviral Junin virus (JUNV) 3.1 ng/mL García et al. 
(2002)

Antifungal Saccharomyces 
cerevisiae, Magnaporthe 
grisea, Sclerotinia 
sclerotiorum

31.25 μg/mL
125 μg/mL
31.25 μg/mL

Xie et al. (2008)

Candida albicans, 
Aspergillus niger, 
Trichophyton rubrum

125 μg/mL
31.25 μg/mL
62.5 μg/mL

Liu et al. (2006)

Antimalarial Plasmodium falciparum 0.31 ng/mL Isaka et al. (1999)
Cytotoxic KB cells

BC1 cells
Vero cells

1.0 ng/mL
5.0 ng/mL
1.7 ng/mL

Isaka et al. (1999)

NIH/3 T3
BE 12-6

0.00028 μg/
mL
0.00096 μg/
mL

Terse et al. (1993)

P-388 leukemia in mice 0.06 mg/kg Jarvis et al. 
(1984)

HL-60 0.0005 μg/mL Ueno et al. (1995)
Protein 
synthesis 
inhibition

Vero cells
Rat spleen lymphocytes

12 nM
5 nM

Thompson and 
Wannemacher 
(1986)

Roridin E Antiviral Junin virus (JUNV) 3.1 ng/mL Matsumoto et al. 
(1977)

Antimalarial Plasmodim falciparum 0.15 ng/mL (Isaka et al. 
(1999)

P. falciparum clone W2
P. falciparum clone D6

0.6 ng/mL
0.2 ng/mL

Zhang et al. 
(2002)

Cytotoxic THP-1
HL-60
V79

9.1 nM
7.9 nM
0.74 nM

Oda et al. (2010)

Artemia salina 0.221 μg/mL Zhao et al. (2011)
KB cells
BC1 cells
Vero cells

0.5 ng/mL
0.7 ng/mL
0.4 ng/mL

Isaka et al. (1999)

NIH/3 T3
KA31T
H4TG
MDCK

2.30 nM
7.68 nM
3.45 nM
1.74 nM

Abbas et al. 
(2002)

(continued)
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Table 14.5 (continued)

Macrocyclic 
trichothecenes

Biological 
activities

Model / cell line / 
microorganism

IC50 / EC50 / 
MIC / 
50%PSI Ref.

Roridin D Antifungal Saccharomyces 
cerevisiae, Magnaporthe 
grisea, Sclerotinia 
sclerotiorum

62.5 μg/mL
250 μg/mL
31.25 μg/mL

Xie et al. (2008)

Roridin H Cytotoxic NIH/3 T3
KA31T
H4TG
MDCK

9.84 nM
8.64 nM
10.8 nM
3.98 nM

Abbas et al. 
(2002)

P-388 leukemia in mice 12.5 mg/kg Jarvis et al. 
(1984)

Verrucarin A Antiviral Junin virus (JUNV) 4.9 ng/mL García et al. 
(2002)

Antifungal Candida albicans, 
Aspergillus niger, 
Trichophyton rubrum

31.25 μg/mL
250 μg/mL
125 μg/mL

Liu et al. (2006)

Antimalarial Plasmodim falciparum 0.90 ng/mL Isaka et al. (1999)
Cytotoxic Artemia salina 0.001 μg/mL Zhao et al. (2011)

KB cells
BC1 cells
Vero cells

1.2 ng/mL
4.2 ng/mL
1.1 ng/mL

Isaka et al. (1999)

NIH/3 T3
BE 12-6

0.00033 μg/
mL
0.00092 μg/
mL

Terse et al. (1993)

NIH/3 T3
KA31T
H4TG
MDCK

3.03 nM
1.94 nM
2.50 nM
0.96 nM

Abbas et al. 
(2002)

P-388 leukemia in mice 2 mg/kg Jarvis et al. 
(1984)

Protein 
synthesis 
inhibition

Vero cells
Rat spleen lymphocytes

12 nM
3 nM

Thompson and 
Wannemacher 
(1986)

(continued)
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8  Final Considerations

Phytochemical studies with Baccharis species were of great relevance to demon-
strate that plants, in addition to endophytic fungi, can produce trichothecenes. 
Therefore, Baccharis spp. represent new sources of trichothecenes and suitable 
models for studying the biosynthesis of this class of metabolites. Additionally, they 
allow investigating evolutionary aspects and ecological relations between fungi and 
plants (Rizzo et al. 1997).

The toxicity of trichothecenes is a matter of concern, being the main cause of 
animal deaths in southern Brazil. The occurrence of intoxication with B. coridifolia 
was reported in cattle, sheep, and horses, while B. megapotamica intoxication was 
recorded in cattle and sheep (Rissi et al. 2005; Pedroso et al. 2010).

It is important to note that the number of studies performed with Baccharis 
trichothecenes is still limited. Additional phytochemical and biological studies are 
thus demanded to better understand their chemical and medicinal properties, aiming 
at future exploitation.

References

Abbas HK, Johnson BB, Shier WT, Tak H, Jarvis BB, Boyette CD (2002) Phytotoxicity and mam-
malian cytotoxicity of macrocyclic trichothecene mycotoxins from Myrothecium verrucaria. 
Phytochemistry 59:309–313. https://doi.org/10.1016/S0031- 9422(01)00464- 2

Amagata T, Rath C, Rigot JF, Tarlov N, Tenney K, Valeriote FA, Crews P (2003) Structures and 
cytotoxic properties of trichoverroids and their macrolide analogues produced by saltwater 
culture of Myrothecium verrucaria. J Med Chem 46:4342–4350. https://doi.org/10.1021/
jm030090t

Table 14.5 (continued)

Macrocyclic 
trichothecenes

Biological 
activities

Model / cell line / 
microorganism

IC50 / EC50 / 
MIC / 
50%PSI Ref.

Verrucarin J Antiviral Junin virus (JUNV) 1.2 ng/mL García et al. 
(2002)

Antimalarial Plasmodim falciparum 0.20 ng/mL Isaka et al. (1999)
Cytotoxic Artemia salina 0.006 μg/mL Zhao et al. (2011)

KB cells
BC1 cells
Vero cells

3.9 ng/mL
14 ng/mL
1.2 ng/mL

Isaka et al. (1999)

NIH/3 T3
KA31T
H4TG
MDCK

4.55 nM
3.14 nM
4.56 nM
2.02 nM

Abbas et al. 
(2002)

P-388 leukemia in mice 0.8 mg/kg Jarvis et al. 
(1984)

14 Macrocyclic Trichothecenes of Baccharis

https://doi.org/10.1016/S0031-9422(01)00464-2
https://doi.org/10.1021/jm030090t
https://doi.org/10.1021/jm030090t


378

Arunachalam C, Doohan FM (2013) Trichothecene toxicity in eukaryotes: cellular and molecu-
lar mechanisms in plants and animals. Toxicol Lett 217:149–158. https://doi.org/10.1016/j.
toxlet.2012.12.003

Cundliffe E, Davies JE (1977) Inhibition of initiation, elongation, and termination of eukaryotic 
protein synthesis by trichothecene fungal toxins. Antimicrob Agents Chemother 11:491–499. 
https://doi.org/10.1128/AAC.11.3.491

Cutler HG, Jarvist BB (1985) Preliminary observations on the effects of macrocyclic trichothe-
cenes on plant growth. Environ Exp Bot 25:115–128

de Carvalho M, Weich H, Abraham WR (2016) Macrocyclic trichothecenes as antifun-
gal and anticancer compounds. Curr Med Chem 23:23–35. https://doi.org/10.217
4/0929867323666151117121521

Desjardins AE, McCormick SP, Appell M (2007) Structure-activity relationships of trichothecene 
toxins in an Arabidopsis thaliana leaf assay. J Agric Food Chem 55:6487–6492. https://doi.
org/10.1021/jf0709193

Dhar MK, Koul A, Kaul S (2013) Farnesyl pyrophosphate synthase: a key enzyme in isoprenoid 
biosynthetic pathway and potential molecular target for drug development. New Biotechnol 
30:114–123. https://doi.org/10.1016/j.nbt.2012.07.001

El-Din MO, El-Sawi NM, Meki ARMA (1997) Acute toxicity of the mycotoxin roridin E on 
liver and kidney of rats. J Appl Anim Res 12:145–152. https://doi.org/10.1080/0971211
9.1997.9706200

Freeman GG, Gill JE, Waring WS (1959) The structure of trichothecin and its hydrolysis products. 
J Chem Soc:1105–1132

García CC, Rosso ML, Bertoni MD, Maier MS, Damonte EB (2002) Evaluation of the antiviral 
activity against junin virus of macrocyclic trichothecenes produced by the hypocrealean epi-
biont of Baccharis coridifolia. Planta Med 68:209–212. https://doi.org/10.1055/s- 2002- 23134

Grove JF (1993) Macrocyclic Trichothecenes. Nat Prod Rep 10:429–448
Guarro J (2013) Fusariosis, a complex infection caused by a high diversity of fungal species 

refractory to treatment. Eur J Clin Microbiol Infect Dis 32:1491–1500. https://doi.org/10.1007/
s10096- 013- 1924- 7

Habermehl GG, Busam L, Heydel P, Mebs D, Tokarnia CH, Döbereiner J, Spraul M (1985) 
Macrocyclic trichothecenes: cause of livestock poisoning by the Brazilian plant Baccharis 
coridifolia. Toxicon 23:731–743. https://doi.org/10.1016/0041- 0101(85)90003- 0

Hughes BJ, Jarvis BB, Sharma RP (1990) Effects of macrocyclic trichothecene congeners on the 
viability and mitogenesis of murine splenic lymphocytes. Toxicol Lett 50:57–67. https://doi.
org/10.1016/0378- 4274(90)90252- H

Isaka M, Punya J, Lertwerawat Y, Tanticharoen M, Thebtaranonth Y (1999) Antimalarial activity 
of macrocyclic trichothecenes isolated from the fungus Myrothecium verrucaria. J Nat Prod 
62:329–331. https://doi.org/10.1021/np980323x

Jarvis BB, Midiwo JO, Tuthill D (1981) Interaction between the antibiotic trichothecenes and the 
higher plant Baccharis megapotamica. Science 214:460–462

Jarvis BB, Midiwo J, Mazzolat EP (1984) Antileukemic compounds derived by chemical modifi-
cation of macrocyclic. J Med Chem 27:239–244

Jarvis BB, Cómezoglu SN, Ammon HL, Breedlove CK, Miller RW, Woode MK, Streelman DR, 
Sneden AT, Dailey RG, Kupchan SM (1987a) New macrocyclic trichothecenes from Baccharis 
megapotamica. J Nat Prod 50:815–828. https://doi.org/10.1021/np50053a008

Jarvis BB, Comezoglu SN, Rao MM, Pena NB, Boettner FE, Williams M, Forsyth G, Epling B 
(1987b) Isolation of macrocyclic trichothecenes from a large-scale extract of Baccharis mega-
potamica. J Org Chem 52:45–56. https://doi.org/10.1021/jo00377a007

Jarvis BB, Wells KM, Lee YW, Bean GA, Kommedahl T, Barros CS, Barros SS (1987c) Macrocyclic 
trichothecene mycotoxins in Brazil species of Baccharis. Phytopathology 77:980–984

Jarvis BB, Kuti J, Bean GA, Park C (1988a) Phytotoxicity of macrocyclic trichothecenes toward 
Baccharis cell lines. JSM Mycotoxins:199–203

A. C. M. Frade et al.

https://doi.org/10.1016/j.toxlet.2012.12.003
https://doi.org/10.1016/j.toxlet.2012.12.003
https://doi.org/10.1128/AAC.11.3.491
https://doi.org/10.2174/0929867323666151117121521
https://doi.org/10.2174/0929867323666151117121521
https://doi.org/10.1021/jf0709193
https://doi.org/10.1021/jf0709193
https://doi.org/10.1016/j.nbt.2012.07.001
https://doi.org/10.1080/09712119.1997.9706200
https://doi.org/10.1080/09712119.1997.9706200
https://doi.org/10.1055/s-2002-23134
https://doi.org/10.1007/s10096-013-1924-7
https://doi.org/10.1007/s10096-013-1924-7
https://doi.org/10.1016/0041-0101(85)90003-0
https://doi.org/10.1016/0378-4274(90)90252-H
https://doi.org/10.1016/0378-4274(90)90252-H
https://doi.org/10.1021/np980323x
https://doi.org/10.1021/np50053a008
https://doi.org/10.1021/jo00377a007


379

Jarvis BB, Midiwo JO, Bean GA, Aboul-Nasr MB, Barros CS (1988b) The mystery of tricho-
thecene antibiotics in Baccharis species. J Nat Prod 51:736–744. https://doi.org/10.1021/
np50058a012

Jarvis BB, Mazzocchi DB, Ammon HL, Mazzola EP, Flippen-Anderson JL, Gilardi RD, George 
CF (1990) Conformational effects in trichothecenes: structures of 15-hydroxy C4 and C8 
ketones. J Org Chem 55:660–3662

Jarvis B, Mokhtari-Rejali N, Schenkel EP, Barros CS, Matzencachers NI (1991) Trichothecene 
mycotoxins from Brazilian Baccharis species. Phytochemistry 30:789–797

Jarvis BB, Wang S, Cox C, Rao MM, Philip V, Varaschin MS, Barros CS (1996) Brazilian 
Baccharis toxins: livestock poisoning and the isolation of macrocyclic trichothecene gluco-
sides. Nat Toxins 4:58–71. https://doi.org/10.1002/19960402NT2

Kankkunen P, Rintahaka J, Aalto A, Leino M, Majuri M-L, Alenius H, Wolff H, Matikainen S 
(2009) Trichothecene mycotoxins activate inflammatory response in human macrophages. J 
Immunol 182:6418–6425. https://doi.org/10.4049/jimmunol.0803309

Kankkunen P, Välimäki E, Rintahaka J, Palomäki J, Nyman T, Alenius H, Wolff H, Matikainen S 
(2014) Trichothecene mycotoxins activate NLRP3 inflammasome through a P2X7 receptor and 
Src tyrosine kinase dependent pathway. Hum Immunol 75:134–140. https://doi.org/10.1016/j.
humimm.2013.11.010

Kimura M, Tokai T, Takahashi-Ando N, Ohsato S, Fujimura M (2007) Molecular and genetic stud-
ies of fusarium trichothecene biosynthesis: pathways, genes, and evolution. Biosci Biotechnol 
Biochem 71:2105–2123. https://doi.org/10.1271/bbb.70183

Krishnamurthy T, Sarver EW (1989) Mass spectral investigations on trichothecene mycotox-
ins -VIII  - Thermospray ionization and collisionally activated dissociation of  macrocyclic 
trichothecenes. Biomed Environ Mass Spectrom 18:287–300. https://doi.org/10.1016/
s0021- 9673(01)97321- 2

Kumari I, Ahmed M, Akhter Y (2016) Multifaceted impact of trichothecene metabolites on plant- 
microbe interactions and human health. Appl Microbiol Biotechnol 100:5759–5771. https://
doi.org/10.1007/s00253- 016- 7599- 0

Kupchan SM, Jarvis BB, Dailey RG, Bright W, Bryan RF, Shizuri Y (1976) Baccharin, a novel 
potent antileukemic trichothecene triepoxide from Baccharis megapotamica. J Am Chem Soc 
98:7092–7093. https://doi.org/10.1021/ja00438a066

Kupchan SM, Streelman DR, Jarvis BB, Dailey RG, Sneden AT (1977) Isolation of potent new 
antileukemic trichothecenes from Baccharis megapotamica. J Org Chem 42:4221–4225

Kuti JO, Jarvis BB, Mokhtari-Rejali N, Bean GA (1990) Allelochemical regulation of reproduc-
tion and seed germination of two Brazilian Baccharis species by phytotoxic trichothecenes. J 
Chem Ecol 16:3441–3453. https://doi.org/10.1007/BF00982109

Lee MG, Li S, Jarvis BB, Pestka JJ (1999) Effects of satratoxins and other macrocyclic tricho-
thecenes on il-2 production and viability of el-4 thymoma cells. J Toxicol Environ Health A 
57:459–474. https://doi.org/10.1080/009841099157548

Liu JY, Huang LL, Ye YH, Zou WX, Guo ZJ, Tan RX (2006) Antifungal and new metabolites of 
Myrothecium sp. Z16, a fungus associated with white croaker Argyrosomus argentatus. J Appl 
Microbiol 100:195–202. https://doi.org/10.1111/j.1365- 2672.2005.02760.x

Loubresse GN, Prokhorova I, Holtkamp W, Rodnina MV, Yusupova G, Yusupov M (2014) 
Structural basis for the inhibition of the eukaryotic ribosome. Nature 513:517–522. https://doi.
org/10.1038/nature13737

Matsumoto M, Minato H, Uotani N, Matsumoto K, Kondo E (1977) New antibiotics from 
Cylindrocarpon sp. J Antibiot 30:681–682

McCormick SP, Stanley AM, Stover NA, Alexander NJ (2011) Trichothecenes: from simple to 
complex mycotoxins. Toxins 3:802–814. https://doi.org/10.3390/toxins3070802

Nelson P, Dignani M, Anaissie EJ (1994) Taxonomy, biology, and clinical aspects of Fusarium 
species. Clin Microbiol Rev 7:479–504. https://doi.org/10.1128/CMR.7.4.479

14 Macrocyclic Trichothecenes of Baccharis

https://doi.org/10.1021/np50058a012
https://doi.org/10.1021/np50058a012
https://doi.org/10.1002/19960402NT2
https://doi.org/10.4049/jimmunol.0803309
https://doi.org/10.1016/j.humimm.2013.11.010
https://doi.org/10.1016/j.humimm.2013.11.010
https://doi.org/10.1271/bbb.70183
https://doi.org/10.1016/s0021-9673(01)97321-2
https://doi.org/10.1016/s0021-9673(01)97321-2
https://doi.org/10.1007/s00253-016-7599-0
https://doi.org/10.1007/s00253-016-7599-0
https://doi.org/10.1021/ja00438a066
https://doi.org/10.1007/BF00982109
https://doi.org/10.1080/009841099157548
https://doi.org/10.1111/j.1365-2672.2005.02760.x
https://doi.org/10.1038/nature13737
https://doi.org/10.1038/nature13737
https://doi.org/10.3390/toxins3070802
https://doi.org/10.1128/CMR.7.4.479


380

Oda T, Namikoshi M, Akano K, Kobayashi H, Honma Y, Kasahara T (2005) Verrucarin A inhibi-
tion of MAP kinase activation in a PMA-stimulated promyelocytic leukemia cell line. Mar 
Drugs 3:64–73

Oda T, Xu J, Ukai K, Nakazawa T, Namikoshi M (2010) 12′-Hydroxyl group remarkably reduces 
roridin E cytotoxicity. Mycoscience 51:317–320. https://doi.org/10.1007/s10267- 010- 0035- x

Pedroso PMO, Bandarra PM, Feltrin C, Gomes DC, Watanabe TTN, Ferreira HH, Driemeier 
D (2010) Intoxicação por Baccharis megapotamica var. weirii em ovinos. Pesqui Vet Bras 
30:403–405. https://doi.org/10.1590/S0100- 736X2010000500005

Pestka JJ, Forsell JH (1988) Inhibition of human lymphocyte transformation by the macro-
cyclic trichothecenes roridin A and verrucarin A.  Toxicol Lett 41:215–222. https://doi.
org/10.1016/0378- 4274(88)90057- 4

Rissi DR, Rech RR, Fighera RA, Cagnini DQ, Kommers GD (2005) Intoxicação espontânea por 
Baccharis coridifolia em bovinos. Pesq Vet Bras 25:111–114

Rizzo I, Varsavky E, Haidukowski M, Frade H (1997) Macrocyclic trichothecenes in Baccharis 
coridifolia plants and endophytes and Baccharis artemisioides plants. Toxicon 35:753–757. 
https://doi.org/10.1016/S0041- 0101(96)00149- 3

Rocha O, Ansari K, Doohan FM (2005) Effects of trichothecene mycotoxins on eukaryotic cells: a 
review. Food Addit Contam 22:369–378. https://doi.org/10.1080/02652030500058403

Rosen JD, Rosen RT, Hartman TG (1986) Capillary gas chromatography - mass spectrometry of 
several macrocyclic trichothecenes. J Chromatogr A 355:241–251

Savard ME, Blackwell BA, Greenhalgh R (1987) An 1H nuclear magnetic resonance study of 
derivatives of 3-hydroxy-12 ,13-epoxytrichothec-9-enes. Can J Chem 65:2254–2262

Schindler D, Grant P, Davies J (1974) Trichodermin resistance: mutation affecting eukaryotic ribo-
somes. Nature 248:535–536. https://doi.org/10.1038/248535a0

Shank RA, Foroud NA, Hazendonk P, Eudes F, Blackwell BA (2011) Current and future experi-
mental strategies for structural analysis of trichothecene mycotoxins-A prospectus. Toxins 
3:1518–1553

Shifrin VI, Anderson P (1999) Trichothecene mycotoxins trigger a ribotoxic stress response that 
activates c-Jun N-terminal kinase and p38 mitogen-activated protein kinase and induces apop-
tosis. J Biol Chem 274:13985–13992. https://doi.org/10.1074/jbc.274.20.13985

Smith SN (2007) An overview of ecological and habitat aspects in the genus Fusarium with special 
emphasis on the soil borne pathogenic forms. Plant Pathol Bull 16:97–120

Steinmetz WE, Rodarte CB, Lin A (2009) 3D QSAR study of the toxicity of trichothecene myco-
toxins. Eur J Med Chem 44:4485–4489. https://doi.org/10.1016/j.ejmech.2009.06.012

Sudakin DL (2003) Trichothecenes in the environment: relevance to human health. Toxicol Lett 
143:97–107. https://doi.org/10.1016/S0378- 4274(03)00116- 4

Terciolo C, Maresca M, Pinton P, Oswald IP (2018) Review article: Role of satiety hormones in 
anorexia induction by trichothecene mycotoxins. Food Chem Toxicol 121:701–714. https://doi.
org/10.1016/j.fct.2018.09.034

Terse PS, Madhyastha MS, Zurovac O, Stringfellow D, Marquardt RR, Kemppainen BW (1993) 
Comparison of in vitro and in vivo biological activity of mycotoxins. Toxicon 31:913–919. 
https://doi.org/10.1016/0041- 0101(93)90228- B

Thompson WL, Wannemacher RW (1986) Structure function relationship of trichothecenes in cell 
culture and in vivo. Toxicon 24:985–994

Trapp SC, Hohn TM, McCormick S, Jarvis BB (1998) Characterization of the gene cluster 
for biosynthesis of macrocyclic trichothecenes in Myrothecium roridum. Mol Gen Genet 
257:421–432. https://doi.org/10.1007/s004380050666

Ueno Y (1980) Trichothecene mycotoxins mycology, chemistry, and toxicology. In: Draper 
HH (ed) Advances in nutritional research. Springer, Boston, pp 301–353. https://doi.
org/10.1007/978- 1- 4757- 4448- 4_10

Ueno Y, Umemori K, Niimi E-C, Tanuma S-I, Nagata S, Sugamata M, Ihara T, Sekijima M, Kawai 
K-I, Ueno I, Tashiro F (1995) Induction of apoptosis by T-2 toxin and other natural toxins 

A. C. M. Frade et al.

https://doi.org/10.1007/s10267-010-0035-x
https://doi.org/10.1590/S0100-736X2010000500005
https://doi.org/10.1016/0378-4274(88)90057-4
https://doi.org/10.1016/0378-4274(88)90057-4
https://doi.org/10.1016/S0041-0101(96)00149-3
https://doi.org/10.1080/02652030500058403
https://doi.org/10.1038/248535a0
https://doi.org/10.1074/jbc.274.20.13985
https://doi.org/10.1016/j.ejmech.2009.06.012
https://doi.org/10.1016/S0378-4274(03)00116-4
https://doi.org/10.1016/j.fct.2018.09.034
https://doi.org/10.1016/j.fct.2018.09.034
https://doi.org/10.1016/0041-0101(93)90228-B
https://doi.org/10.1007/s004380050666
https://doi.org/10.1007/978-1-4757-4448-4_10
https://doi.org/10.1007/978-1-4757-4448-4_10


381

in HL-60 human promyelotic leukemia cells. Nat Toxins 3:129–137. https://doi.org/10.1002/
nt.2620030303

Verdi LG, Maria I, Brighente C, Pizzolatti G (2005) Gênero Baccharis (Asteraceae): aspectos 
químicos, econômicos e biológicos. Quim Nova 28:85–94

Villafana RT, Ramdass AC, Rampersad SN (2019) Selection of Fusarium trichothecene toxin 
genes for molecular detection depends on TRI gene cluster organization and gene function. 
Toxins 11:1–25. https://doi.org/10.3390/toxins11010036

Wu Q, Dohnal V, Ku K, Yuan Z (2013) Trichothecenes : structure-toxic activity relationships. Curr 
Drug Metab 14:641–660

Xie LW, Jiang SM, Zhu HH, Sun W, Ouyang YC, Dai SK, Li X (2008) Potential inhibitors 
against Sclerotinia sclerotiorum, produced by the fungus Myrothecium sp. associated with 
the marine sponge Axinella sp. Eur J Plant Pathol 122:571–578. https://doi.org/10.1007/
s10658- 008- 9326- x

Yang GH, Jarvis BB, Chung YJ, Pestka JJ (2000) Apoptosis induction by the satratoxins and 
other trichothecene mycotoxins: relationship to ERK, p38 MAPK, and SAPK/JNK activation. 
Toxicol Appl Pharmacol 164:149–160. https://doi.org/10.1006/taap.1999.8888

Zhang HJ, Tamez PA, Aydogmus Z, Tan GT, Saikawa Y, Hashimoto K, Nakata M, Van Hung N, 
Xuan LT, Cuong NM, Soejarto DD, Pezzuto JM, Fong HHS (2002) Antimalarial agents from 
plants. III.  Trichothecenes from Ficus fistulosa and Rhaphidophora decursiva. Planta Med 
68:1088–1091. https://doi.org/10.1055/s- 2002- 36350

Zhao L, Liu L, Wang N, Wang S-J, Hu J-C, Gao J-M (2011) Potent toxic macrocyclic trichothe-
cenes from the marine-derived fungus Myrothecium verrucaria Hmp-F73. Nat Prod Commun 
6:1915–1916. https://doi.org/10.1177/1934578x1100601231

14 Macrocyclic Trichothecenes of Baccharis

https://doi.org/10.1002/nt.2620030303
https://doi.org/10.1002/nt.2620030303
https://doi.org/10.3390/toxins11010036
https://doi.org/10.1007/s10658-008-9326-x
https://doi.org/10.1007/s10658-008-9326-x
https://doi.org/10.1006/taap.1999.8888
https://doi.org/10.1055/s-2002-36350
https://doi.org/10.1177/1934578x1100601231


383© Springer Nature Switzerland AG 2021
G. W. Fernandes et al. (eds.), Baccharis, 
https://doi.org/10.1007/978-3-030-83511-8_15

Chapter 15
Livestock Intoxication by Baccharis

Claudio S. L. Barros and Bruce B. Jarvis

Abstract Relatively few Baccharis species have been associated with livestock 
poisoning. Baccharis coridifolia, B. megapotamica, and B. weirii are the most 
important causes of livestock loss in southern Brazil, Uruguay, Argentina, and 
Paraguay. B. artemisioides causes disease in cattle in a restricted zone of Argentina 
and the poison by B. vulneraria was reported once in dairy cattle from southern 
Brazil. The toxicosis has acute onset of a usually fatal clinical course consisting of 
muscular tremors, tachypnea, tachycardia, recumbency, and death. Lesions include 
reddening, edema, and necrosis of gastrointestinal mucosa and widespread lym-
phoid necrosis affecting lymphocytes from B-cell zones. B. halimifolia, B. glomeru-
lifolia, and B. pteronioides are suspected of inducing toxicosis livestock in North 
America. B. halimifolia was also introduced from the USA into Australia and 
reportedly causes cattle poisoning there. The toxicosis caused by these three species 
was experimentally induced in chicks and laboratory rodents by feeding the plant, 
but the characterization of the spontaneous disease and toxic principles are less 
clearly established. The chemicals responsible for the phytotoxicities of B. coridifo-
lia and B. megapotamica belong to the trichothecene class of well-studied fungal 
toxins (mycotoxins), specifically the macrocyclic trichothecenes. The levels of 
these toxins vary according to the time of year and the sex of these dioecious plants. 
The highest concentration (thousands of ppm) occurs in female plants at the time of 
flowering. Although there is good reason to think that these toxins are produced by 
fungal endophytes, the behavior of B. coridifolia and B. megapotamica with respect 
to these compounds is quite surprising. In addition, a survey of over 20 other 
Brazilian Baccharis plants found no further examples of plants with these toxins. In 
addition, feeding studies with B. halimifolia showed that this species is exquisitely 
sensitive to the toxic effects of these mycotoxins, a characteristic shared by virtually 
all other plants.
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1  Introduction

Relatively few Baccharis species have been associated with livestock poisoning. 
Among them, Baccharis coridifolia DC. is the most important (Barros 1993, 1998). 
Less frequently B. megapotamica Spreng. and B. weirii Baker, and B. vulneraria are 
involved in livestock deaths in southern Brazil (Driemeier et al. 2000; Pedroso et al. 
2010; Oliveira Filho et al. 2011; Panziera et al. 2015), and B. artemisioides Hook. 
& Arn. (aka white romerillo) causes disease in cattle in a restricted zone of Argentina 
(Rizzo et al. 1997). B. halimifolia L. (Everist 1974), B. glomerulifolia L. (Duncan 
et al. 1957), and B. pteronioides Gray (Marsh et al. 1920; Stegelmeier et al. 2009) 
are mentioned as toxic to livestock in the USA and Australia.

2  Baccharis coridifolia

Baccharis coridifolia (Fig. 15.1) is one of the most recognized toxic plants in south-
ern Brazil, where it grows in the states of Rio Grande do Sul, Santa Catarina, Paraná. 
The plant is also found in the Brazilian southeastern state of São Paulo, in large 
areas of Uruguay, and in northern Argentina and Paraguay (Barros 1993). The habi-
tat of B. coridifolia is native grasslands in nonhumid areas (Tokarnia et al. 2012).

In Brazil, the plant is commonly known as “mio-mio” (Tokarnia et al. 2012) and, 
in the Spanish-speaking countries, as “romerillo” (Schang 1929). It is a dioecious 
plant that sprouts in the spring (October through November), and blooms in late 
summer and early fall (end of February to April). Although the plant is more toxic 
when flowering, the toxicosis can occur at any time of the year, and heavy cattle 
losses have occurred in the spring (Barros 1993).

The spontaneous poisoning occurs mainly in cattle (Barros et al. 1986; Barros 
1993, 1998; Rissi et  al. 2005), and less frequently in sheep (Rozza et  al. 2006; 
Hammerschmitt et  al. 2018), goats (Panziera et  al. 2015), buffalo (Lértora and 
Negrette 2015), and horses (Alda et al. 2009). The poisoning has been experimen-
tally reproduced in various animal species including cattle (Tokarnia and Döbereiner 
1975; Varaschin et al. 1998), sheep (Tokarnia and Döbereiner 1976), horses (Costa 
et al. 1995), rabbits (Döbereiner et al. 1976; Rodrigues and Tokarnia 1995), and 
pigeons (Flores and Houssay 1917).

The toxic principles of B. coridifolia and B. megapotamica belong to the tricho-
thecene class of well-studied fungal toxins (mycotoxins), specifically the macrocy-
clic trichothecenes (see ahead). The toxin levels in the plant vary according to the 
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time of year and the sex of the dioecious plants. The highest concentration (thou-
sands of ppm) occurs in female specimens at blooming (Jarvis et al. 1991; Varaschin 
et al. 1998). Accordingly doses as low as 0.25–0.5 g/kg/bodyweight of the green 
flowering plant may cause deaths in cattle. In the sprouting period, 2 g/kg/body 
weight is required for the same effect (Tokarnia and Döbereiner 1975). Sheep are 
comparatively resistant, and the toxic dose for this species is about twice as great as 
that for cattle (Tokarnia and Döbereiner 1976). Horses are particularly susceptible. 
The administration of a single dose of 0.06 g/kg causes severe disease, and doses in 
the range 0.125–0.5 g/kg are lethal (Costa et al. 1995). When dried, B. coridifolia 
retains about 50% of its potency for at least 17 months (Tokarnia and Döbereiner 1975).

3  The Chemical Biology of Baccharis

In the fall of 1975, a 5 kg shipment of B. megapotamica arrived in the laboratory of 
Prof. Morris Kupchan at the University of Virginia. Kupchan had a contract with the 
US National Institutes of Health (NIH) to evaluate plants collected from around the 
world for the presence of anticancer compounds and had evaluated several Baccharis 
species in the past, none of which showed any promise. However, the extract of 
B. megapotamica proved to be quite interesting; it exhibited very high in vitro cyto-
toxicity, and even better had extraordinarily high in  vivo activity against mouse 
leukemia, a property rarely seen with crude extracts (Kupchan et al. 1976).

Subsequently, extraction of a 54 kg sample of B. megapotamica yielded com-
pounds that belonged to a class of natural products called trichothecenes, 

Fig. 15.1 Baccharis coridifolia. Blooming female specimen. Photography taken in March in Rio 
Grande do Sul. (Courtesy Dr. Ana Lucia Schild, LRD, Pelotas, RS, Brazil)
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specifically macrocyclic trichothecenes, which were responsible for the anticancer 
properties (Kupchan et al. 1977). The NIH was keen to obtain larger quantities of 
the original member of this group, baccharinoid B5 (Fig. 15.2), and so an 1800 kg 
collection of the plant was extracted and processed to yield a large number (>30) of 
related macrocyclic trichothecenes (Jarvis et  al. 1987a). Morris Kupchan passed 
away in the fall of 1976, and the work on Baccharis was transferred to the labora-
tory of BBJ.

With gram quantities of B5  in hand, the NIH carried out a number of cancer 
preclinical studies on B5. However, an earlier trichothecene, anguidine, which was 
in human cancer clinical trials, proved too toxic for further development. In light of 
the negative results with this trichothecene, the B5 trichothecene was dropped from 
further consideration as an anticancer drug. Although disappointing, from this latter 
1800 kg extraction, many interesting compounds were isolated and their chemistry 
studied (Jarvis 1992).

Later, in the 1980s, Habermehl and coworkers reported that B. coridifolia, a 
plant held responsible for livestock poisoning in Brazil, also contained a series of 
macrocyclic trichothecenes, including roridins A and E (Habermehl et  al. 1985, 
Fig. 15.3).

Trichothecenes are a very broad group (>200 compounds) of terpenes produced 
by fungi. They are well-recognized mycotoxins known to be associated with both 
human and livestock health issues; several of them are highly toxic, especially the 
macrocyclic compounds (McCormick et al. 2011). Relevant to Baccharis intoxica-
tions in South American livestock are similar intoxications of Eastern European 
livestock caused by their eating moldy hay and straw. The fungus responsible is 
Stachybotrys chartarum, which produces a series of macrocyclic trichothecenes 
closely related in structure to compounds found in some Baccharis species (Jarvis 
2003). This fungus has also been found in mold-damaged buildings and held respon-
sible, in part, for the health problems of the building occupants (Jarvis and 
Miller 2005).

Up until the report of their presence in B. megapotamica, trichothecenes had 
never been detected in plants except in plants with obvious fungal contamination. 
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Neither B. megapotamica nor B. coridifolia had any obvious fungal infections even 
though these plants were shown to contain from several hundred to thousands of 
ppm of macrocyclic trichothecenes (Jarvis 1991). Also later, several African plants 
were shown to contain trichothecenes, and these plants also showed no obvious 
signs of fungal activity (Loukaci et  al. 2000; Zhang et  al. 2002). Furthermore, 
trichothecenes are highly phytotoxic. When tested in plant cell cultures, macrocy-
clic trichothecenes were found to be among the most phytotoxic compounds known 
(Cutler and Jarvis 1985; Jarvis et al. 1988). All this raises the question of the sources 
of the plant-derived trichothecenes. Of immediate relevance is the question of 
whether trichothecenes are present in other species of Baccharis.

No further examples of macrocyclic trichothecene-containing Baccharis species 
have been found by chemical analysis of the following species: B. anomala, B. artic-
ulata, B. cultrata, B. cylindrica (a synonym of B. trimera), B. dracunculifolia, 
B. microptera, B. myriocephala, B. ochracea, B. pseudotenuifolia (a synonym of 
B. linearifolia), B. spicata, B. tridentata, B. trimera, B. usterii (a synonym of B. jun-
ciformis), (all from Brazil), B. articulata var. gaudichaudiana (a synonym of 
B. articulata) (Paraguay), B. magellanica, B. patagonica (both from Chile), B. glu-
tinosa, B. halimifolia, B. neglecta, and B. sarothroides (from the United States) 
(Jarvis et al. 1991). This same paper reported that herbarium samples of B. coridi-
folia and B. megapotamica that dated back to the nineteenth century contained sig-
nificant levels of the macrocyclic trichothecenes.

When B. megapotamica was grown in the greenhouse of the University of 
Maryland, no macrocyclic trichothecenes could be detected in the plant material. 
However, when fed roridin A, the plant absorbed roridin A through its roots, and the 
roridin A was readily transferred to the leaves where it was transformed into bac-
charinoid B7 (Fig. 15.4). This conversion occurs in two steps: first a rapid introduc-
tion of the OH group into 8-position followed by a slow epimerization of the 2’-OH 
group at the 2′-position. The plant was uninjured by this treatment; however, when 
the North American species, B. halimifolia, was subjected to the same feeding, it 
died within a day (Jarvis et al. 1981).
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Trichothecenes bind to most eukaryotic ribosomes where they shut down protein 
biosynthesis (Dejardins et al. 1993). However, unpublished results from our labora-
tory showed that roridin A did not bind to the ribosomes of B. megapotamica (as is 
also the case with trichothecene-producing fungi) but did so with the ribosomes of 
B. halimifolia. In fungi, this resistance has been found to be due to methylation of 
ribosomes (Iglesias and Ballesta 1994), but nothing is yet known about the mecha-
nism of resistance in the Brazilian plants.

The genus Baccharis is dioecious, and with respect to trichothecene content, 
there is no difference between the male and female plants of B. megapotamica; 
however, this is not the case with B. coridifolia. Until these plants go into flower, the 
levels of trichothecenes (<1000 ppm, mainly oridin A) are the same in the male and 
female plants of B. coridifolia, but as they go into flower, the levels of roridin A in 
the female plants increase dramatically to greater than 4000 ppm (Kuti et al. 1990). 
Furthermore, roridin A facilitates the germination of B. coridifolia seeds. When the 
seed coats of this plant are removed, the resulting decoated embryos do not germi-
nate easily. Normally, removing the seed coats actually helps with germination 
since the seed coats contain germination-inhibiting compounds. When the decoated 
seeds of B. coridifolia are treated with a solution of 10−6 M roridin A, the seeds 
readily germinate. Decoated seeds of B. halimifolia and B. glutinosa (that readily 
germinate when their seed coats are removed) are killed by this solution of roridin 
A. This rather bizarre behavior seems to be related to the pollination of B. coridifo-
lia. The seeds of B. coridifolia whose flowers were hand-pollinated with pollen 
from the male plant developed viable seeds with a high level (1300 ppm) of tricho-
thecenes. Surprisingly, female flowers prevented from being pollinated produced 
seeds that would not germinate. When female B. coridifolia flowers were cross- 
pollinated with pollen from B. halimifolia and B. megapotamica, the resulting seeds 
exhibited significantly lower viability and decreased germination. Most interest-
ingly, no trichothecenes were detected in the seeds from both these cross-pollinated 
experiments (Kuti et al. 1990).
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There have been two quite different suggestions as to the source of the trichothe-
cenes in the Baccharis plants. Because of the unusually high levels of these toxins 
in the plants as well as their bizarre effects (e.g., on germination and dependence of 
levels on the sex of B. coridifolia and its pollination of this plant), it has been sug-
gested that the Baccharis plants themselves are biosynthesizing the trichothecenes 
(Kuti et al. 1990). However, this would require that the plants somehow acquire the 
trichothecene biosynthetic genes, presumably through horizontal gene transfer 
(HGT). Although HGT is common among microorganisms (Andam and Gogarten 
2011), it is much less so between eukaryotic species such as plants and fungi 
(Richardson and Palmer 2007). Furthermore, the trichothecene biosynthetic path-
way is complex and involves numerous genes (Desjardins et al. 1993; Trapp et al. 
1998); it is difficult to see how the entire set of trichothecene biosynthetic genes 
could be transferred from a fungus (e.g., Myrothecium) to Baccharis plants, pre-
sumably on more than one occasion. Furthermore, these plants are found in two 
evolutionarily distinct lineages; B. coridifolia is placed in the clade of Baccharis 
subgen. Coridifoliae, while B. megapotamica and B. weirii are sister species in the 
clade of Baccharis subgen. Baccharis (Heiden et al. 2019).

The other possibility is that B. megapotamica, B. weirii, and B. coridifolia have 
an associated endophyte(s) that is actually the source of the plant-derived trichothe-
cenes. In fact, such an endophyte was isolated from B. coridifolia and B. artemisi-
oides and studied by Argentinean biologists (Rizzo et al. 1997). B. artemisioides 
joins the other three Baccharis species as a plant source for trichothecenes. These 
workers showed that the fungus they isolated from plant tissue produced macrocy-
clic trichothecenes in culture. However, in our hands, we found their fungus grew 
poorly in culture (not uncommon for endophytes), and we could detect no trichot-
hecenes (unpublished results).

There are reports of two African plants found to contain appreciable levels of, in 
one case simple trichothecenes (Loukaci et al. 2000) and in the other case, macro-
cyclic trichothecenes (Zhang et  al. 2002). Neither found any appreciable fungal 
activity to account for the presence of trichothecenes.

On the other hand, we (Jarvis et al. 1987b) and others (Habermehl et al. 1985; 
Habermehl 1989) have found M. verrucaria in the rhizosphere of the roots of 
B. coridifolia. In addition, roots of B. coridifolia, which have been surfaced steril-
ized and placed on agar plates, produce colonies of M. verrucaria, and only M. ver-
rucaria, after a two-week period (Aboul-Nasr 1989).

Most if not all vascular plants have associated endophytes (Strobel and Daisy 
2003) that play important roles in the lives of these plants. These endophytes pro-
duce a multitude of chemicals that have been isolated from plant extracts and were 
initially attributed to the biosynthetic machinery of the plants. However, a number 
of biologically active natural products isolated from plant extracts in the past are 
now recognized as being derived from endophytes (Newman and Cragg 2015). The 
trichothecene-containing Baccharis plants appear to have established a relationship 
with an endophyte that results in their accumulating the highly toxic macrocyclic 
trichothecenes. How this was done is an interesting question that awaits further 
investigation.
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4  Baccharis spp. Poisoning

Typically, the intoxication occurs when livestock that is raised in zones free of the 
plant is transported and released into pastures infested with B. coridifolia. The risk 
of intoxication increases considerably if, during transport, animals are still sub-
jected to long marches, stress, hunger, and thirst (Schang 1929; Barros et al. 1986; 
Barros 1993).

Although the situation described above is the one found in the vast majority of 
cases of B. coridifolia poisoning, there are reports of other less frequent conditions 
in which the disease may occur. The intoxication may, exceptionally, occur in lactat-
ing animals (mainly sheep) when they begin to graze (Tokarnia and Döberener 
1975; Hammerschmitt et al. 2018). Others maintain that, during periods of drought 
and overcrowding, hunger forces some animals to ingest the plant (Flores and 
Houssay 1917), especially if they are placed in pastures where the plant is sprouting 
after burning (Tokarnia and Döberener 1975). Most of these observations are 
reported by farmers who are by no means unanimous. Many believe that, even with 
extreme hunger, livestock raised in pastures where B. coridifolia already exists will 
not ingest the plant (Barros 1993).

The magnitude of economic losses from the death of livestock poisoned by 
B. coridifolia is difficult to assess. Many cases are probably not communicated to 
diagnostic laboratories probably due mainly to two factors; most farmers and field 
veterinary practitioners recognize the disease without the aid of the laboratory, or 
the incidence of the poisoning has decreased in face of awareness about the toxico-
sis and the prophylactic methods used. Data on morbidity and mortality ratios are 
scarce in the literature; in general, both are high. Mortality rates of 20% and 50% in 
a period of respectively 72 and 30  h after cattle were introduced into a pasture 
highly infested with B. coridifolia have been reported (Barros et  al. 1986; 
Barros 1993).

The toxicosis runs an acute and usually fatal clinical course. In fatal cases in 
cattle and sheep, the clinical signs begin, respectively, 5–29 h and 3–23 h after the 
ingestion of the fresh green plant, and death occurs respectively between 3–34 h and 
2–42 h after the onset of the signs (Tokarnia and Döbereiner 1975, 1976; Barros 
1993). In cattle, there is loss of appetite, mild-to-moderate bloat, instability of the 
hind limbs, muscle tremors, dry muzzle, ocular secretion, lack of rumination, dry 
small amounts of feces, mild sialorrhea, thirst, rapid and laborious breathing, 
groans, tachycardia, and restlessness (the animal lies down and lifts repeatedly). 
Finally, it remains most of the time in sternal decubitus, assuming lateral decubitus 
30 min to 1 h before death. In nonfatal cases, the clinical signs are similar; there is 
anorexia, the absence of ruminal movements, catarrhal discharge through the nasal 
and conjunctival fossa with mild sialorrhea, and constipation followed by diarrhea 
(Tokarnia and Döbereiner 1975). Some authors maintain that diarrhea appears to be 
a sign of a good prognosis, indicating a recovery within a few hours to up to 2 weeks 
(Tokarnia and Döbereiner 1975; Rissi et  al. 2005). In our experiments with B. 
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coridifolia in cattle, however, death was preceded by severe diarrhea in 4 cases with 
acute clinical courses (Varaschin et al. 1998).

In sheep, the clinical signs are similar. The animal stops grazing, moves away 
from the lot and assumes sternal decubitus for intermittent and progressively more 
extended periods, and shows apathy, muscle tremors, and wheezing. Just a few 
hours before death, there is lateral decubitus with paddling movements (Tokarnia 
and Döbereiner 1976).

The predominant sign in horses is colic associated with increased heart rate, 
anorexia, small intestinal hypermotility and distension of the colon, and cecum by 
gas and, in some cases, diarrhea (Alda et al. 2009).

Necropsy findings are restricted to the digestive system, mainly to the gastroin-
testinal tract, and are similar in cattle, sheep, and buffalo (Tokarnia and Döbereiner 
1975, 1976; Rissi et al. 2005; Rozza et al. 2006; Lértora and Negrette 2015). The 
lesions are not very specific. The rumen is distended by liquid. There are varying 
degrees of reddening, edema, and erosions in the mucous membranes of the fore-
stomachs (Fig. 15.5), redness, and petechiae in the mucosa of the abomasum and 
small intestine, which has a liquid content. The liver may be yellowish, lighter than 
usual, or can present a slight accentuation of the lobular pattern. Hemorrhages occur 
in the epi- and endocardium; although these are nonspecific lesions, they occur in 
the vast majority of cases. Additionally, in our cases of experimental intoxication by 
B. coridifolia in cattle, we occasionally observed marked edema and reddening of 
the mucosa large intestine and hemorrhagic content in the cecum and proximal 
colon. In another case, macroscopic lesions were not observed (Varaschin et  al. 
1998). Brain edema was reported in buffalo (Lértora and Negrette 2015).

In the spontaneous poisoning in horses, gross lesions included hemorrhages, and 
edema in the glandular parts of the stomach and marked edema and hemorrhages in 
the mucosa ileum, cecum (Fig. 15.6), and large colon (Alda et al. 2009).

The main histological lesions consist of degeneration, necrosis, and detachment 
of the epithelium lining the forestomachs (Tokarnia and Döbereiner 1975, 1976; 
Rissi et al. 2005; Rozza et al. 2006; Lértora and Negrette 2015; Hammerschmitt 

Fig. 15.5 Poisoning by 
Baccharis coridifolia. 
Forestomachs, lamb. The 
ruminal mucosa is 
ulcerated, and the mucosa 
of the reticulum is 
markedly reddish. 
(Courtesy Drs. Welden 
Panziera and Márcia 
Hammerschmitt, Setor de 
Patologia Veterinária, 
Faculdade de Veterinária, 
Universidade Federal do 
Rio Grande do Sul)
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et al. 2018). This lesion (Fig. 15.7) begins with acute cellular swelling, progressing 
to ballooning degeneration, the formation of vesicles within the epithelial lining, 
necrosis, and transient leukocyte infiltration. The degenerative-necrotic lesions fre-
quently cause separation between the epithelium and the lamina propria. In experi-
ments with cattle (Varaschin et al. 1998), and laboratory mice (Varaschin and Alessi 
2003), necrotic lesions of secondary lymphoid organs (in zones of B-lymphocytes) 
have been consistently observed (Fig. 15.8). Occasionally, neutrophilic infiltrates 
and perivascular hemorrhages are observed respectively in the intestinal mucosa 
and in the brain (Tokarnia and Döbereiner 1975). Although perivascular 

Fig. 15.6 Poisoning by 
Baccharis coridifolia, 
cecum, horse. There is 
marked transmural edema 
and ulceration of the 
mucosa. (Reproduced with 
permission from Alda et al. 
(2009) Pesqu Vet Bras 
29:409–414)

Fig. 15.7 Poisoning by Baccharis coridifolia, histopathology, ruminal mucosa, lamb. Marked 
necrosis of the stratified lining epithelium of the rumen. (Courtesy Drs. Welden Panziera and 
Márcia Hammerschmitt, Setor de Patologia Veterinária, Faculdade de Veterinária, Universidade 
Federal do Rio Grande do Sul)
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hemorrhages in the brain can be potentially produced by the direct action of the 
toxicants, we have observed similar findings in brains of cattle and sheep that have 
died from different causes, and we believe that, at least in some situations, they may 
be mechanical artifacts produced in the brain during the opening of the calvarium 
with the ax or due to agonic ischemia.

Additional histological lesions have been described in B. coridifolia poisoning in 
buffalo (Lértora and Negrette 2015). The vascular component of the gastrointestinal 
mucosa had degenerative changes associated with thrombosis. The liver showed 
diffuse hepatocellular swelling, and there were brain edema and multifocal cerebro-
cortical necrosis (Lértora and Negrette 2015).

In the spontaneous poisoning in horses, histopathological observations were 
restricted to the gastrointestinal tract and included gastritis and enteritis with necro-
sis of the lining epithelium of the stomach, ileum, cecum, and colon, and marked 
inflammatory infiltrate, edema, and dilatation of submucosal lymphatics (Alda 
et al. 2009).

5  Other Species of Baccharis

B. megapotamica, B. weirii, and B. artemisioides produce the same toxic effects in 
livestock as B. coridifolia, and they share the same class of toxic principles (Oliveira 
Filho et al. 2012; Rizzo et al. 1997). Cattle from a relatively small area in Argentina, 

Fig. 15.8 Poisoning by Baccharis coridifolia, histopathology, lymph node, lamb. Necrosis at the 
germinal centers of secondary follicles. (Courtesy Drs. Welden Panziera and Márcia 
Hammerschmitt, Setor de Patologia Veterinária, Faculdade de Veterinária, Universidade Federal do 
Rio Grande do Sul)
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northwest of Buenos Aires and southeast of Cordoba, are spontaneously poisoned 
by the ingestion of B. artemisioides (Rizzo et al. 1997).

Poisoning by B. megapotamica and its sister species B. weirii is observed in 
livestock in southern Brazil, states of Rio Grande do Sul, and Santa Catarina. Unlike 
B. coridifolia, it inhabits swampy areas and is therefore known as marsh mio-mio. 
These two species are both toxic to livestock. Spontaneous outbreaks of intoxica-
tion have been described only with Baccharis weirii in cattle (Driemeier et  al. 
2000), sheep (Pedroso et al. 2010), buffalo (Oliveira-Filho et al. 2011), and goats 
(Panziera et  al. 2015). Intoxication by B. megapotamica and B. weirii has been 
experimentally produced in cattle (Tokarnia et al. 1992) sheep (Armién et al. 1993), 
goats (Barbosa et al. 1994), and buffalo (Oliveira-Filho et al. 2012).

An outbreak of poisoning by Baccharis vulneraria (formerly Baccharidastrum 
triplinervium) in dairy cows was reported from Paraná, Brazil. Out of 58 cows at 
risk, 15 got sick, and 6 died after a clinical course of 12–60 h. The disease was clini-
cally and pathologically similar to those caused by other species of Baccharis and 
was reproduced by force-feeding three calves with the aerial fresh parts of the plant 
(20–30 g/kg/bw), but no macrocyclic trichothecenes were detected in the chemical 
analysis of the plant (Langohr et al. 2005).

Baccharis pteronioides is a North American species of Baccharis that grows in 
clusters in gravelly soil in Texas, New Mexico, Arizona, and northern Mexico 
(Kingsbury 1964). It has been associated with cattle poisoning, for almost a century 
(Marsh et al. 1920; Manley et al. 1982). However, there are no convincing descrip-
tions of the gross or histologic lesions of the affected cattle to support a definitive 
association with the ingestion of the plant. In 2004, in New, Mexico, USA, 80 from 
a herd of 100 cattle became sick and more than 40 died from what was presump-
tively diagnosed as B. pteronioides poisoning (Stegelmeier et al. 2009). Postmortem 
examination was delayed, and the findings described seem to indicate autolysis and 
putrefaction. An attempt to reproduce the intoxication in hamsters by feeding large 
doses of B. pteronioides resulted in a disease characterized histologically by severe 
necrotizing vasculitis with vascular thrombosis of hepatic and renal vessels 
(Stegelmeier et al. 2009). The authors concluded that, at high doses, B. pteronioides 
is toxic to hamsters and produces lesions that are very similar to bacterial endotoxin- 
produced vasculitis and infarction. However, there is yet no definite demonstration 
that B. pterinoides was the causative agent in spontaneous cattle outbreaks in New 
Mexico. No information is available concerning the toxin content in B. 
pteronioides.

Other North American species such as B. halimifolia and B. glomeruliflora are 
suspect of being toxic to livestock, but the association of these plants with livestock 
loss is unclear at best. B. halimifolia was introduced from the USA into Australia 
and Europe and reportedly causes cattle poisoning there (Everist 1974), and it was 
experimentally toxic to chicks (Duncan et al. 1957). There was no determination of 
the toxic principle either in B. halimifolia or B. glomeruliflora.
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6  Treatment and Prophylaxis

Although some recommend the oral administration of activated charcoal to affected 
cattle in order to protect the gastrointestinal mucosa, there is no good or practical 
treatment available.

Livestock born and raised in pastures where the B. coridifolia exists will not 
ingest the plant (Barros 1993, 1998). Based on this common-sense knowledge, 
empirical methods to prevent B. coridifolia poisoning in ruminants were developed.

The Spaniards that colonized South America already used methods that con-
sisted of being careful when introducing animals from B. coridifolia-free pastures 
to regions where the plant exists (Cobo 1653). These methods included burning 
dried mio-mio (to produce smoke) next to the nostrils of the animal, as well as rub-
bing fresh mio-mio on the muzzle and gums of the animal several times, or even 
satiated the animals and giving them small amounts of the plant before releasing 
them in the pasture infested by mio-mio.

When there is a large number of cattle to set free in a mio-mio-infested pasture, 
an alternative method is used by farmers, whereby the animals are gradually intro-
duced into the pasture under a person’s supervision, allowing the animals to remain 
gradually more time in the field every day, always taking care in not allowing them 
to graze too long, and keeping them in this management until ingestion of the plant 
is no longer noted, which will take 5–10 days (Tokarnia et al. 2012).

Recent studies concluded that an efficient method to induce aversion to the plant 
is the force-feeding of sublethal doses to naïve cattle before setting them loose in a 
B. coridifolia-infested-pasture (Almeida et al. 2011, 2013). For better results, cattle 
should remain there at least 24-h after dosing.

The same authors concluded that these methods may be impractical when a large 
number of bovines must be moved from a B. coridifolia-free to a B. coridifolia- 
infested pastures due to excessive management needed. In these instances, cattle 
should first be held in pastures with a low density of mio-mio and remain there for 
approximately 7–30 days before being transferred to the dangerous pasture.

It is apparent that future studies on mio-mio toxicosis should touch two points. 
(1) The pathogenesis of the disease, that is, the mechanisms that lead the animals to 
death so quickly and (2) on the methods to control the disease.
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 In this part, we bring to light the social and economic relevance that Baccharis pres-
ents. Many species in this genus are important in the traditions of many countries. 
Some species have been used mainly as culinary ingredients, utensils, and primarily 
in popular medicine. Among the most popular and commercialized species for 
medicinal purposes, Baccharis trimera stands out and is therefore widely cultivated. 
Nevertheless, the applications extend to the cosmetics, food, and pharmaceutical 
industry. Due to its market potential, many Baccharis species have patents about 
them generated outside their countries of origin.

Part III
Baccharis: Applications and Innovations
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Baccharis rhomboidalis. Illustration by Patrícia Angrisano
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Chapter 16
An Overview of the Cultural and Popular 
Use of Baccharis

Mara Rejane Ritter, Anderson Luiz Christ, Aline de Mello Zevieski, 
and Marina Fülber

Abstract It is widely known that Baccharis is an important genus from the ethno-
botanical point of view, but a general revision of their usage was never produced. 
Through the revision of recent and classic ethnobotanical studies, we made a com-
pilation of data regarding the popular uses of several species of Baccharis in South 
America. Commentaries on the usage of species of Baccharis are here presented 
and grouped by general use. The main categories of use found were as alimentary 
plants, for the construction of utensils, dye plants, and as medicinal plants. Medicinal 
uses were classified according to ICD-11. We found that Baccharis species are 
mostly used as medicinal plants, particularly for the treatment of general align-
ments, external injuries, and digestive diseases. Baccharis articulata and B. trimera 
(= B. crispa) were the most cited species in the consulted studies. Our results reiter-
ate the importance of this genus in the popular knowledge of communities of South 
America.

Keywords Ethnobotanical knowledge · Food security · Medicinal plants · Plant 
popular use
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1  Introduction

Many species of Baccharis L. are known and used by different traditional commu-
nities in many countries around the globe, particularly in Latin America. According 
to Aguilar et al. (2007) and Molares et al. (2009), the broad usage of Baccharis in 
traditional medicine can be attributed to the phytochemical aspects of the plants, 
which are rich in flavonoids and terpenes.

Several different uses are reported for Baccharis in the traditional literature, 
including as food, forage for livestock, tools, dye plants, and charcoal, but the eth-
nobotanical knowledge related to species of this genus is prominently linked to their 
use as medicine, as noted by Molares et  al. (2009). According to Ariza Espinar 
(1973) and Heiden et al. (2009), many species of Baccharis used as medicine have 
winged stems and are known as “carquejas” (or a variety of names derived from it) 
and are usually used as chagrin in the form of infusions. Many other species, mostly 
more robust plants with a shrubby habit, are known as “vassouras” (“brooms”) and 
used for a wide variety of ends, including use as charcoal and crafting of tools (Pio 
Corrêa 1931; Rodrigues et al. 2002).

In Brazil, there are many sources of information by various naturalists regarding 
the ethnobotany of Baccharis. Brandão (2010) mentions the account of 
C.J.F.  Bunburry, an English naturalist who traveled through Rio de Janeiro and 
Minas Gerais from 1833 to 1835, regarding the usage of the “carqueja” (Baccharis 
crispa Spreng. or one of its synonyms, such as B. trimera DC.):

“... It is excessively bitter and extensively used in medicine by Brazilian people, particularly 
for horses.” 

“The entire plant is extremely bitter and surpasses the quina de Genciana (Gentiana 
lutea L.). It is used against intermittent fevers.”

Currently, Baccharis species continue to be used in Brazilian popular medicine. 
Baccharis trimera (Less.) DC. (now synonymous with B. crispa Spreng.), for 
example, is listed in the Relação Nacional de Plantas Medicinais de Interesse ao 
Sistema Único de Saúde -RENISUS (National List of Medicinal Plants of Interest 
to the Unified Health System) (Brasil 2019) and is indicated by the Formulário de 
Fitoterápicos da Farmacopéia Brasileira (Pharmacotherapeutic Formulary of the 
Brazilian Pharmacopoeia) as an antidispeptic (Brasil 2011, 2018). Many species 
of the genus are commercialized in popular markets, and multiple similar species 
may be used interchangeably for the treatment of the same diseases (Heiden 
et al. 2009).

In this context, the objective of the present work was to compile ethnobotanical 
information of Baccharis species.
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2  Material and Methods

For the development of this revision, we consulted published articles, monographs, 
MSc dissertations, and PhD theses. Works on traditional uses of Baccharis were 
accessed through a search on digital databases such as PubMed (https://www.ncbi.
nlm.nih.gov/pubmed/), Web of Science (https://clarivate.com/products/web- of- 
science), Scopus (https://www.scopus.com), Scielo (https://www.SciELO.org/php/
index.php), and in University libraries. Searches were conducted without a limiting 
period. Classical Pharmacognosy and Phytotherapy textbooks were also reviewed. 
The traditional use was reviewed on recognized ethnobotanical references about 
Brazilian Flora.

Popular and scientific names of species of Baccharis are cited according to their 
original citations in the consulted literature, disregarding any nomenclatural or tax-
onomic issues involving these names. This includes original citations of species 
presently included in Baccharis, but previously circumscribed in different genera, 
such as Baccharidastrum triplinervium (Less.) Cabrera (= Baccharis vulneraria 
Baker). Authorship of scientific names follows IPNI (http://www.ipni.org).

The expressions used to describe folk uses found in the ethnobotanical literature 
were cited as in the original works. Popular therapeutic indications for species of 
Baccharis species found in ethnobotanical surveys were classified according to 
ICD-11 (WHO 2018).

3 Ethnobotanical Uses

The ethnobotanical data found are presented in the following categories of use.

 Alimentary Use

Some species of Baccharis are used in the preparation of beverages. Baccharis 
articulata (Lam.) Pers. (“carquejinha”) is cited by Kinupp and Lorenzi (2014) as a 
nonconventional food plant and as sporadically employed in cooking and brewing 
homemade beers. It is also part of the recipe for a little slimy drink. According to 
Ferreira (1998), B. genisteloides (Lam.) Pers. replaces hops in beer brewing and 
Hurrell et al. (2011) cite the use of branches to flavor bitter drinks.

Baccharis gilliesii A.Gray, known as “yerba de obeja” (“sheep’s weed”), is used 
as forage for livestock, in general, in some rural communities in Argentina, and 
noted as being particularly enjoyed by sheep, hence its popular name (Muiño 2010). 
Baccharis salicifolia (Ruiz & Pav.) Pers. (“chilca”) is also used as forage in these 
communities (Muiño 2010). Zardini (1984) cites B. incarum Wedd. as being used as 
forage in Argentina and also as being consumed as food by humans in northern 
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Chile. According to Loredo-Medina et  al. (2002), Baccharis conferta Kunth 
(“escoba”) is used as forage in Mexico.

According to Zardini (1984), B. rufescens Spreng. is consumed as a salad in 
Argentina, where there are also records of it being used as a spice in substitution 
of salt.

 Utensils

In the classic work of Pio Corrêa (1931), several uses are cited for species of 
Baccharis, including their usage as material for the constructing of rustic brooms 
(“vassouras”).

Baccharis dracunculifolia DC. is one of the most cited species in the construc-
tion of domestic utensils in Brazil. Rodrigues et al. (2002) mention the use of this 
species (popularly called “alecrim”) as firewood and as a broom in the Brazilian 
state of Minas Gerais. It is also mentioned with these uses in Santa Catarina, denom-
inated by “vassoura-branca” and “vassourão” (Zuchiwschi et al. 2010; Pereira et al. 
2016) and in São Paulo (Oliveira Junior et al. 2018). In Rio Grande do Sul, it is 
known as “vassourão” and used for crafting domestic and agricultural utensils, for 
structural use, and for firewood (Chaves 2010).

Zardini (1984) mentions ethnobotanical usages of several species of Baccharis 
in Argentina, including a few used as tools: the wood of Baccharis boliviensis 
(Wedd.) Cabrera, B. dracunculifolia, B. incarum Wedd., B. polifolia Griseb. and 
B. tucumanensis Hook. & Arn. is used as charcoal; B. notosergila Griseb. is pre-
dominantly used in the crafting of brushes; B. spartioides DC. is also used in the 
crafting of brushes, which are said to be very aromatic and useful to repel insects, 
and the branches of the plant are also used as brooms.

According to Loredo-Medina et al. (2002), Baccharis conferta Kunth (“escoba”) 
is used for the production of handicrafts and for industrial use in Mexico.

 Dye Plants

Branches of various species of Baccharis are used for dyeing in South America.
According to Ferreira (1998), when the branches are cooked in aluminum and 

stainless steel pots, the coloration is yellow-gold; when they are cooked in used iron 
pots or rusty cans, the coloration is yellow-green. Baccharis calliprinos Griseb. is 
used as a dye plant, mostly to obtain the color yellow and B. notosergila is used to 
obtain the color black, which is then used to paint pottery (Zardini 1984).

Baccharis genistelloides, B. latifolia (Ruiz & Pav.) Pers., and B. odorata Kunth 
are cited by Usca and Linares (2012) as used in a few communities in Ecuador as 
dye plants. The usage of B. latifolia as a dye plant is also reported by Zardini (1984), 
this time in Argentina. Some Andean communities still retain the tradition of using 
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some vegetable dyes extracted from shrub species (Baccharis incarum (Wedd.) 
Perkins) such as “thola” (Vidaurre et al. 2006).

 Medicinal Use

The therapeutic uses of the species cited as medicinal were compiled and classified 
according to the international classification of diseases; ICD-11 (WHO 2018) is 
explained in Table 16.1. A total of 41 species are listed in Table 16.2, which also 
includes the chapters of ICD-11 used to classify them, their vernacular names found 
in the consulted literature, and the references of the usages.

Figure 16.1 summarizes the number of species cited for each chapter of ICD-11. 
Of the 22 categories, 14 could be associated with the medicinal uses found in the 
consulted literature. No mentions for Chaps. 4, 6, 7, 8, 9, 10, 19, and 20 were found 
in the consulted literature. Most species of Baccharis with known medicinal use 
could be classified under category 21, a rather unspecific category that mostly cov-
ers symptoms not suitable for the other chapters. Among the most cited uses classi-
fied hereunder, Chap. 21 covers the usage of Baccharis for the treatment of general 
fevers, inflammations, rheumatism or pain in general, and general malaise. Many 
species are also commonly used for the treatment of general external injuries 
(Chap. 22) and for diseases of the digestive system (Chap. 13).

Of the 41 species named in our revision, B. articulata, B. trimera, and B. genistel-
loides are the most versatile, with their uses being classified under Chaps. 11, 10, 
and 9 of ICD-11, respectively. Baccharis articulata and B. trimera are particularly 
notable for being the most cited species in our revision, which evidences their sta-
tuses as two of the most widely used medicinal plants in southern South America, 
especially in Argentina and southern Brazil. According to Heiden et  al. (2009), 
however, B. trimera is to be treated as a synonym of B. crispa, which is also exten-
sively cited in the consulted literature.

The use of several species of Baccharis for the digestive system can be explained 
by the fact that people seek bitter plants to alleviate the symptoms of poor digestion. 
Olivier and van Wyk (2013) affirm that the use of bitter tonics is an ancient practice 
believed to have beneficial effects on digestion and high bitterness values presented 
by these plants may at least be partly ascribed to the bitter tonic effect, that is, the 
stimulation of gastric juices via the nervus vagus.

Multiple recent sources exist to provide information regarding the usage of 
Baccharis as medicine, particularly traditional studies of ethnobotany. Still, some 
records of the use of Baccharis species as medicinal are found in historical works, 
such as Pio Corrêa (1931), which in his classic work “Dicionário das Plantas úteis 
do Brasil” related several medicinal uses for different species of Baccharis, such as 
digestive and as tonics.

Interesting information is provided by Ferreira (1998), who cites the use of 
Baccharis genisteloides in the rural regions of Argentina, where the population 
believes that the plant is effective in simultaneously combating male impotence and 
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Table 16.1 Classification of the popular therapeutic indications for Baccharis species found in 
ethnobotanical surveys according to ICD-11 (WHO 2018)

Chapter
International 
Classification Diseases Popular uses

01 Certain infectious or 
parasitic diseases

As anthelmintic, anti-inflammatory, and antibacterial. For 
infections, hepatitis, leprosy, malaria, nephritis, syphilis, 
cholera, and Chagas disease

02 Neoplasms As anticancer
03 Diseases of the blood or 

blood-forming organs
For anemia and “to the blood”

05 Endocrine, nutritional, 
or metabolic diseases

To increase the appetite, weakness, anorexia, weight loss, 
diabetes, hypoglycemic, depurative, menopause, glycosuria. 
To lower triglycerides and cholesterol

11 Diseases of the 
circulatory system

For angina and stroke. As hypotensive, restore blood 
circulation, and varicose veins

12 Diseases of the 
respiratory system

For asthma, cough, influenza. As anticatarrhal

13 Diseases of the digestive 
system

For hemorrhoids, constipation, dyspepsia, ulcers, gastritis, 
nausea, treat heartburn. As antidiarrheic, choleric action, 
colagoga, tonic, liver, hepatoprotective, digestive, stomach, 
eupeptic, hepatic stimulant, gastropathy, inflammation of the 
spleen and gallstones

14 Diseases of the skin For growth and hair loss, acne treatment, and dermatitis
15 Diseases of the 

musculoskeletal system 
or connective tissue

For spine pains

16 Diseases of the 
genitourinary system

For vaginal lavage, menstrual cramps, metritis, and 
gynecological disorders. For treating maladies of the 
kidneys, kidney stone, kidney disease. As a diuretic, urinary 
tract infection and bladder inflammation

17 Conditions related to 
sexual health

For male impotence, female sterility, venereal diseases, 
aphrodisiac, contraceptive, and female fertility regulator

18 Pregnancy, childbirth or 
the puerperium

To treat postpartum complications, as abortive

21 Symptoms, signs, or 
clinical findings, not 
elsewhere classified

For treatment of malaise, inflammation, rheumatism, 
muscular pains, bones, headaches, cramps. As analgesic, 
antiseptic, antispasmodic, febrifuge, stimulant action, 
smooth muscle relaxant (vasodilator action), reduce 
swelling, jaundice, food poisoning, and fortifier

22 Injury, poisoning, or 
certain other 
consequences of 
external causes

For wounds, burns, ulcers, trauma, contracted diseases of 
animals, against snakebites and purification and relaxation. 
As antiseptic and depurative

The categories for which no citations for use of Baccharis species were found were excluded
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Table 16.2 Baccharis species, traditional popular names, chapters of ICD-11, and references

Baccharis species, traditional 
popular names

Traditional uses 
according to the 
Classification of 
Diseases 
(ICD-11) 
(chapters) References

Baccharidastrum triplinervium 
(Less.)Cabrera (Erva-santa, 
erva-santa-maria)

22 Garlet and Irgang (2001) and Soares 
et al. (2004)

Baccharis altimontana G.Heiden, 
Baumgratz & R.Esteves

01, 05, 13, 21 Santos et al. (2014)

Baccharis anomala DC. 
(Parreirinha)

01, 13, 16, 22 Kubo (1997) and Garlet and Irgang 
(2001)

Baccharis artemisioides Hook. & 
Arn. (Mío-mío-blanco, pichana- 
blanca, perkan-kachú, plan- 
romeriyu, romerillo, 
romerillo-blanco, romerillo-malo)

21, 22 Zardini (1984)

B. articulata (Lam.) Pers. 
(Carqueja, carqueja-branca, 
carqueja-crespa, carqueja-doce- 
carquejinha, carquejinha-branca, 
carquejinha-do-campo, 
carquejinha-miúda, carquejilla, 
yacaré-ruguai, killá-fosí, 
kilá-foshí, l’e- tañoni, caá-cambu- 
y-guazu, cacapeguazú, 
yaguareté-caá)

01, 03, 05, 11, 12, 
13, 15, 16, 17, 
21, 22

Pio Corrêa (1931), Mariante (1984), 
Zardini (1984), Simões et al. (1986), 
Martins et al. (1994), Alice et al. 
(1995), Lopes (1997), Kubo (1997), 
Ferreira (1998), Koch (2000), 
Pavan-Fruehauf (2000), Garlet and 
Irgang (2001), Soares et al. (2004), 
Barbosa (2005), Goleniowski et al. 
(2006), Barros et al. (2007), Souza 
(2007), Baldauf et al. (2009), Ceolin 
et al. (2009), Steffen (2010), Haeffner 
et al. (2012), Quiroga et al. (2012), 
Battisti et al. (2013), Santos et al. 
(2014) and Acosta et al. (2017)

Baccharis calliprinos Griseb. 
(Chascoma, chilca-dulce, fiamate, 
palo-blanco)

21 Zardini (1984)

Baccharis conferta Kunth 
(Escobilla-china)

13 Weimann and Heinrich (1996)

Baccharis crispa Spreng. 
(Carqueja, carqueja-amargosa, 
carqueija, carquejilla)

01, 05, 13, 16, 
21, 22

Zardini (1984), Paz et al. (1992), 
Haeffner et al. (2012), Bieski et al. 
(2015) and Tribess et al. (2015)

Baccharis douglasii DC. 
(Renegada)

16, 22 Bocek (1984)

Baccharis dracunculifolia DC. 
(Alecrim-do-campo, carqueja, 
vassourinha, vassoura-mansa, 
jatun t’ula, tola)

01, 13, 16, 21, 22 Gavilanes et al. (1981/1982), Garlet and 
Irgang (2001), Fernandez et al. (2003), 
Silva et al. (2008) and Quiroga et al. 
(2012)

Baccharis floribunda Kunth 
(Waca-ch’illka)

16, 22 Fernandez et al. (2003)

(continued)
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Table 16.2 (continued)

Baccharis species, traditional 
popular names

Traditional uses 
according to the 
Classification of 
Diseases 
(ICD-11) 
(chapters) References

Baccharis gaudichaudiana DC. 
(Alecrim-do-campo, carqueja, 
carqueja-doce, vassourinha)

01, 03, 05, 11, 13, 
16, 21, 22

Pio Corrêa (1931), Zardini (1984), 
Pavan-Fruehauf (2000) and Garlet and 
Irgang (2001)

Baccharis genistelloides (Lam.) 
Pers. (Carqueja, carqueja-amarga, 
carqueja-amargosa, carqueja-de- 
folhas-estreitas, quina- 
de-condamine, callua-callua, 
cuchu-cuchu, ischu-tullma, 
karkeja, kuchu-kuchu, quinsa 
cuchu, yaja, cucho-cucho, charara, 
kimsa-kkuchu)

01, 03, 05, 11, 13, 
16, 17, 18, 21

Simões et al. (1986), Montes and 
Wilkomirsky (1988), Cervi et al. 
(1989), Ferreira (1998), Albuquerque 
et al. (2005), Osuna et al. (2005), Macía 
et al. (2005), Aguilar et al. (2007), 
De-la-Cruz et al. (2007) and Philippi 
(2012)

Baccharis genistifolia DC. 
(Wentrú-kulandriya)

21 Zardini (1984)

Baccharis glutinosa Pers. 
(Batamote, jarilla, hierba-del- 
pasmo, bachomo, guatamote)

13, 14, 16, 21, 22 Bocek (1984), García-Alvarado et al. 
(2001), Aguilar et al. (2007) and 
Moreno-Salazar et al. (2008)

Baccharis grisebachii Hieron. 
(Quinchamal, romerillo, tancha)

22 Zardini (1984)

Baccharis latifolia (Ruiz & Pav.) 
Pers. (Chilco, chilca, chilka)

13, 21, 22 Macía et al. (2005), De-la-Cruz et al. 
(2007) and Sequeda-Castañeda et al. 
(2015)

Baccharis linearis (Ruiz & Pav.) 
Pers. (Romerillo)

21 Montes and Wilkomirsky (1988)

Baccharis lundii DC. 13 Pio Corrêa (1931) and Pavan-Fruehauf 
(2000)

Baccharis macrodonta DC. 21 Pio Corrêa (1931) and Gavilanes et al. 
(1981/1982 )

Baccharis microcephala (Less.) 
DC. (Carqueja, carqueija)

13 Zardini (1984)

Baccharis microphylla Kunth 
(Chilca)

11, 13, 21, 22 Morales et al. (2008)

Baccharis notosergila Griseb. 
(Carqueija, carqueja, koloron- 
rakté, milgrat, pagueré-lko, 
oron-rakté, tipisha’i)

1, 18, 21, 22 Pio Corrêa (1931), Zardini (1984) and 
Pavan-Fruehauf (2000)

Baccharis obovata Hook. & Arn. 
(Wuatro)

12, 14, 21 Molares et al. (2009)

Baccharis ochracea Spreng. 
(Erva-santa)

13, 17, 21 Philippi (2012)

Baccharis odorata Kunth (Taya) 21 De-la-Cruz et al. (2007)

(continued)
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Table 16.2 (continued)

Baccharis species, traditional 
popular names

Traditional uses 
according to the 
Classification of 
Diseases 
(ICD-11) 
(chapters) References

Baccharis pedicellata DC. 
(Chilca-cordillerana)

21 Montes and Wilkomirsky (1988)

Baccharis petiolata DC. (Chilca) 11, 13, 21, 22 Morales et al. (2008)
Baccharis pingraea DC. (Chilca) 01, 02, 21 Goleniowski et al. (2006)
Baccharis punctulata DC. 
(Erva-santa, ch’illka-saru- saru)

03, 12, 22 Kubo (1997) and De-la-Cruz et al. 
(2007)

Baccharis rhomboidalis J.Rémy 
(Chica-cordillerana)

05 Reis et al. (1990)

Baccharis riograndensis Malag. & 
J.E.Vidal

13, 16, 21 Pio Corrêa (1931), Mariante (1984), 
Simões et al. (1986), Martins et al. 
(1994), Alice et al. (1995), Lopes 
(1997) and Pavan-Fruehauf (2000)

Baccharis salicifolia (Ruiz & Pav.) 
Pers. (Chilca, chilca-blanca, 
ckechua-chilca, chillca, chilco, 
yana-chilca, chilca- negra, 
chilca-amarga, suncho, caabo- 
yuqui, ca’gu-si, chilca- dulce, 
chirca, jarilla, jarilla- del-río, 
junco, vara-dulce, yuno)

01, 02, 12, 14, 
21, 22

Zardini (1984), Scarpa (2004), 
Goleniowski et al. (2006), Aguilar et al. 
(2007) and De-la-Cruz et al. (2007)

Baccharis santelicis Phil. (Chilca) 11, 13, 21, 22 Morales et al. (2008)
Baccharis stenocephala Baker 22 Pio Corrêa (1931), Montes and 

Wilkomirsky (1988) and Pavan- 
Fruehauf (2000)

Baccharis tridentata Vahl 
(Carqueja-folhuda)

16 Pio Corrêa (1931)

(continued)
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female sterility. It also reported that during the cholera epidemic in Brazil in 1849, 
it was believed that B. articulata was fighting anemia and that this species is also 
used in veterinary medicine to combat cattle diarrhea (Ferreira 1998).

 Other Uses

Some other uses have been found for Baccharis, including their use as bee forage, 
as ornamental plants, and their use in religious rituals.

In Southern Brazil, Baccharis species are used as bee forage. Reports of this use 
include the ones of Breyer et  al. (2016) and Zuchiwschi et  al. (2010) for 

Table 16.2 (continued)

Baccharis species, traditional 
popular names

Traditional uses 
according to the 
Classification of 
Diseases 
(ICD-11) 
(chapters) References

Baccharis trimera (Less.) DC. 
(Carqueja, carqueja-folhuda, 
charruinha, carqueja-doce, 
bacanta, carqueja-amarga, 
carqueja-amargosa, capoeira- 
branca, carqueja-branca, 
carqueja-crespa, carque, quina-de- 
condamine, tiririca-de-babado, 
vassoura, tiririca-de-balaio, 
yaguareté- ca’á)

01, 03, 05, 11, 12, 
13, 16, 17, 21, 22

Gavilanes et al. (1981/1982), Zardini 
(1984), Santos et al. (1988), Siqueira 
(1988), Cervi et al. (1989), Sousa et al. 
(1991), Paz et al. (1992), Figueiredo 
et al. (1993), Martins et al. (1994), 
Figueiredo et al. (1997), Lopes (1997), 
Piva (1998), Pavan-Fruehauf (2000), 
Garlet and Irgang (2001), Ladeira 
(2002) Moreira et al. (2002), Stasi and 
Hiruma-Lima (2002), Maciel and 
Cardoso (2003), Albuquerque et al. 
(2005), Osuna et al. (2005), Brasil 
(2006), Vendruscolo and Mentz (2006), 
Albuquerque et al. (2007), Hanazaki 
et al. (2007), Lorenzi and Matos (2008), 
Silva et al. (2008), Ceolin et al. (2009), 
Pereira et al. (2009), Steffen (2010), 
Castro et al. (2011), Coan and Matias 
(2013), Löbler et al. (2014), Cercato 
et al. (2015) and Ribeiro et al. (2017)

Baccharis trinervis (Lam.) DC. 
(Bejuco-de-valdivia, marucha)

13, 22 Weimann and Heinrich (1996) and 
Vásquez et al. (2015)

Baccharis triptera Mart. 
(Carqueja-amarga, cacália)

01, 05, 11,13, 
16, 21

Gavilanes et al. (1981/1982), Verardo 
(1981/1982) and Reis et al. (1990)

Baccharis vulneraria Baker 
(Mbichini-kaá, yerba-santa)

22 Zardini (1984)

Baccharis sp. 01, 05, 11, 13, 
21, 22

Maffei (1969), Souza (2007) and 
Borges (2010)
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Baccharidastrum triplinervium (Less.) Cabrera (“vassorinha”, “erva-desantana”) (= 
B. vulneria), and the one of Ferreira (1998) for B. genisteloides.

In Brazil, Baccharis dracunculifolia is used in liturgical rituals of Candomblé in 
some communities in Bahia (Pires et al. 2009) and in São Paulo (Oliveira Junior 
et al. 2018).

The use in personal hygiene is referred in Brazil for Baccharis dracunculifolia 
by Pereira et al. (2016) and for B. genisteloides, which has very white wood and can 
be used to clean the teeth according to Ferreira (1998).

Baccharis milleflora (Less.) DC. and B. tridentata Vahl. were pointed by Tognon 
and Cuquel (2015) as presenting a high ornamental potential for use as cutting foli-
age with characteristics suitable for use as complements to floral arrangements.

4  Conclusion

Our findings demonstrate the importance of Baccharis in the ethnobotany of South 
America. We found that species of Baccharis are mostly used as medicinal plants, 
particularly for the treatment of general alignments, external conditions, and the 
treatment of digestive diseases. The latter use is mostly related to the species with 
winged stems, which are popularly known as “carquejas.” However, we also found 
that there are many other different applications of Baccharis, including their use as 
forage, as dye plants, and their importance in a few religious rituals. The general 
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knowledge in the ethnobotany of Baccharis is, however, still incomplete, and there 
are surely many communities still to be investigated. Our study is a starting point for 
future revisions aiming to better understand the different applications of species of 
Baccharis.
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Chapter 17
CPQBA 1: First Cultivar Registered 
and Protected from a Brazilian Medicinal 
Plant

Ilio Montanari Jr

Abstract The production chain of a phytomedicine starts with the production of 
the raw material. In Brazil, the richest country in biodiversity on the planet, plant 
resources are rarely sustainably explored. Usually, plant species with some eco-
nomic importance are exploited directly from nature, leading these species to 
genetic erosion and extinction risk. Some examples of Brazilian species that are 
overexploited and suffer ecological damage are Maytenus ilicifolia, Cephaelis ipe-
cacuanha, Achyrocline satureioides, Pfaffia glomerata, Hebanthe eriantha, and 
also Baccharis trimera, the theme of this chapter. To alleviate the ecological pres-
sure of extractivism on B. trimera, I carried out a process of domestication and 
breeding, intending to create a cultivar (a cultivable variety) of this species. The aim 
was to offer the rural producer a new agricultural option and the processing industry 
a high-quality sustainably produced raw material. I took populations of B. trimera 
to the Pluridisciplinary Center for Chemical, Biological and Agricultural Research 
of the State University of Campinas (CPQBA-UNICAMP) where, via mass selec-
tion with gametic control for five generations, I developed the cultivar CPQBA 1. 
This variety has low seed dormancy, uniform development, good architecture, uni-
formity of vegetative cycle, good regrowth capacity, and good productivity. The 
descriptors of CPQBA 1 were established by the Ministry of Agriculture, Livestock 
and Supply (MAPA) and the cultivar became the first Brazilian medicinal plant to 
be registered and protected.

Keywords Baccharis trimera · Cultivable variety · Cultivar protection · 
Domestication processes · Plant breeding
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1  Introduction

The growing demand for natural products has increased the interest in Brazilian 
plants, because they represent opportunities for the development of several products 
obtained from our flora, such as medicines, cosmetics, nutraceuticals, and food. 
Despite its growing economic importance, few native species are produced sustain-
ably with the quality, regularity, and quantity required by the manufacturing indus-
try. Economically important species are being overexploited, endangering their 
natural populations and the market itself.

Baccharis trimera (Less.) D.C., Asteraceae, popularly known as carqueja, is a 
dioic shrub, about 1 m high, perennial, branched from the ground level, with winged 
stems. It is a common species occurring in a great part of South America. Brazil is 
considered its dispersion center. The species is rich in flavonoids such as apigenin, 
cirsimaritin, eupatorin, genkvanin, hispidulin, and quercetin (Hänsel et al. 1992). 
Other chemical constituents found in the species are essential oils with carquejol, 
carquejilacetat, and β-pinene as main constituents (Brasil 2002). There is a strong 
economic interest in the plant. In folk medicine, the aerial part of the plant is used 
to treat the liver, stomach, and intestine problems, besides cases of fever, influenza, 
common cold, and rheumatism (Correa 1931; Hänsel et al. 1992). The bitter con-
stituents of the plant are also used in the drink industry (Correa 1931).

In 1995, the CPQBA-UNICAMP came up with the idea of developing a carqueja 
cultivar, that is, a cultivable variety. The reason for the emergence of this idea was 
due to a confluence of environmental and economic factors. At the time, as the plant 
was not cultivated, the wild collection was the main way to get the raw material to 
be used by the industry. This economic interest induced the collection of plants that 
occur spontaneously in nature, compromising natural populations. By creating a 
cultivar, the demand for the plant could be supplied by commercial cropping and, 
consequently, the natural populations would not be further threatened. In addition, 
it would be possible to supply on a regular basis the companies that transform the 
raw material into a product with predictable quantities and quality. Thus, the objec-
tives of creating a cultivar were to offer farmers a new agricultural option, improv-
ing the quality of the raw material offered to the market and, at the same time, to 
avoid the ecological problems caused by the wild collection.

2  The Domestication Process

A common idea is that if the plant is born and grows spontaneously, then it is to be 
much easier to grow under cultivation. This idea is not correct, because the individu-
als of a wild population are not homogenous and will express individual differences 
in characteristics such as resistance to pests and diseases, cycle, size, habit, etc. 
With wild individuals, the commercial cultivation of a species is not feasible. To 
understand why it is not possible to commercially grow plants that occur spontane-
ously, we need to keep in mind that individuals who make up the same wild 
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population are almost always genetically different from each other. These differ-
ences, attributed to inheritable factors among individuals of the same species, are 
given the name of genetic variability (Hoyt 1994). This variability is the basis of the 
dynamics of the evolutionary process and has its origin in the combined action of 
mutation, genetic recombination, numerical and structural alteration of the chromo-
somes, genetic drift, migration, reproductive isolation, and adaptation (Allard 1971; 
Briggs and Knowles 1977). It is through the genetic variability that natural selection 
acts. Thus, in nature, an individual’s chances of leaving offspring increase if the 
individuals in a population are genetically different from each other.

In nature, genetic variability is very important, but in agriculture causes many 
difficulties. The term genetic variability includes a large variation in seed dormancy, 
in the morphology of individuals, in development, in resistance to pests and dis-
eases, in the content of active principles, in plants architecture, vigor, productivity, 
their response to soil fertility, water conditions, etc., generating technical problems 
that make them very difficult to grow commercially (Pank 2006). Moreover, in the 
case of medicinal plants, the raw material obtained from wild populations will be 
chemically heterogeneous, since it is at the level of the secondary metabolism of 
plants, governed by the genetic code, that molecules of therapeutic interest, the so- 
called active principles, are produced (Bu’lock 1969; Man 1987; Khanna & 
Shukla 1990).

Fig. 17.1 and 17.2 show examples of seed dormancy and big morphological vari-
ation in the wild population of B. trimera, respectively.

Fig. 17.1 Seedlings of Baccharis trimera. These seedlings were sowed at the same time, but the 
germination was not uniform, showing the consequence of seed dormancy

17 CPQBA 1: First Cultivar Registered and Protected from a Brazilian Medicinal Plant
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The plants to be grown must be uniform, germinating, and developing without 
many differences between them so that they can be managed by the farmer in order 
to have a standardized product. The homogeneity of a population is a prerequisite in 
agriculture for the success of their cultivation. For this to happen, plants of a species 
in the wild must, through a selection and breeding work, go through a process of 
narrowing their genetic base so that techniques and agricultural parameters of the 
cultivated population can be developed. This process is called domestication. 
Normally associated with animals and understood day by day with the sense of tam-
ing, the word domestication can also be used in relation to plants. Of Latin origin, 
domestication means to bring to the “domus,",that is to the house. While cultivation 
is related to human activities in the conduct of the agricultural process, such as fer-
tilization, pruning, soil preparation, irrigation, etc., domestication, in turn, is related 
to the genetic response of plants (or animals) to the agricultural process (Harlan 1992).

Therefore, the genetic variability in wild populations, if it does not make it 
impossible, greatly increases the difficulty of their cultivation.

3  The Creation of the Cultivar Cpqba 1

When choosing the species Baccharis trimera to create a cultivar, we thought to 
obtain a plant with good agricultural characteristics. The chemical characteristics 
were not considered, because it is not yet known which are the molecules 

Fig. 17.2 Morphological differences in same-aged individuals of Baccharis trimera

I. Montanari Jr



421

responsible for its therapeutic effect. Although there are many chemical and phar-
macological studies with the species, there are no studies that link these two fields 
of knowledge. For this reason, we do not take into account its chemical profile, 
which would be the ideal situation in the selection of medicinal plants. Thus, we 
began the selection process aiming at uniform germination, good biomass produc-
tion, simultaneous flowering of individuals (since the active principles vary accord-
ing to the physiological stage of each individual and the flowering indicates the 
moment of harvest), resistance to pests and diseases, standing plants (plant architec-
ture is important in the conduction of the crop and at the time of harvest), and plants 
with good ability to regrow after harvesting, because the species is perennial.

The selection work began in 1996, with the collection of carqueja seeds from 
different populations from the states of Minas Gerais, São Paulo, and Paraná. The 
selection method adopted was the mass selection with gametic control; that is, the 
male and female plants were selected for the crosses that would form the next gen-
eration. This method was chosen because, in addition to being simple, it is efficient 
in the exploitation of populations with great genetic variance and it is used for both 
autogamous and allogamous plants, as in the case of carqueja.

The generations were selected in two steps: first at the greenhouse, where the 
seedlings were grown, and after that at the experimental field. At the greenhouse, 
from 2000 seedlings, 1000 plants that did not lie down, with rapid germination and 
vigorous growth, were selected. The selection at the greenhouse was made 4 months 
after sowing when seedlings were evaluated. Those selected seedlings were then 
planted in the field at CPQBA-UNICAMP. From those 1000 plants in the field, after 
8 months from planting, they were evaluated and selected according to their growth 
habit and biomass production. Those that did not show an erect habit and/or have a 
good biomass production were cut out from the field. The selected plants were then 
cut at 30 cm from the ground. After three months, their regrowth capability was 
evaluated, and those that did not present good regrowth were rooting out. Then the 
selected plants completed their reproductive cycle and the seeds were used to com-
pose the next generation to be selected. The total time of each selection cycle was 
24 months. The basic statistics, as well the progress achieved in this process, can be 
observed in Table 17.1.

The data shows that the selections made at the greenhouse improved the height 
of the seedlings through the generations. This improved height reflects the selection 
gains for faster-growing plants, as well as an increasing number of plants without 
seed dormancy, and therefore, germination and development are faster than those 
with dormancy. Seed dormancy and lying-down plants are very undesirable for the 
B. trimera cultivation. The selection aiming at erect plants proved to be also effi-
cient with a decreasing percentage of lying-down plants inside the more advanced 
generations. The increase of selected plants in the field reflects the uniformity level 
obtained by the different generations, showing clear progress in the direction of 
vigorous and good regrowth capability after harvest. Finally, the gain of biomass 
obtained was almost twice of the parental population. After 4 generations of selec-
tion, the population showed good agricultural characteristics as dormancy loss, 
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good vigor, good architecture, good regrowth capability, and good biomass produc-
tion. Aiming to offer to the farmer seeds of that population, we proceed with the 
protection of the now on called cultivar “CPQBA 1.” Figs.  17.3 and 17.4 show 
seedlings without dormancy and the field behavior of the cultivar CPQBA 1, 
respectively.

Table 17.1 Basic statistics of the massal selection process conducted at CPQBA-UNICAMP for 
the creation of the Baccharis trimera cultivar CPQBA1

Population

Seedlings 
height mean 
(cm)

Seedlings 
height mean 
standard 
deviation

% of lie down 
plants 
(greenhouse)

% of plants 
selected 
(field)

Dried biomass 
(kg)/plant

São Paulo 19.165 4.461 15.25 5.83 0.34 (average of 
the three 
populations)

Minas 
Gerais

14.683 3.244 20.08 10.83

Paraná 13.723 5.963 15.71 2.5
F1 16.08 8.645 17.84 26.08 0.32
F2 19.58 6.876 23.21 37.72 0.39
F3 26.97 4.653 10.71 57.9 0.45
F4 40,40 4237 8.36 90.0 0.64

F = filial generation

Fig. 17.3 Uniformity of seedlings without dormancy after 5 selection cycles of Baccharis trimera
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4  The Protection of the Cultivar

The protection of a cultivar is equivalent to an industrial patent (Brasil 1997). In 
order to protect a cultivar, it must be distinguishable from others, be homogeneous 
(with little variation between individuals), and have stability, that is, maintain its 
characteristics through generations. Therefore, before being protected, the cultivar 
undergoes evaluations of distinguishability, homogeneity, and stability. Because it 
is the first cultivar of the species Baccharis trimera, it was necessary to establish 
which criteria would be used to distinguish it from the wild populations and the pos-
sible cultivars that will arise. These criteria are given the names of descriptors, as 
they describe the characteristics of the cultivar. With the help of the National Service 
of Protection of Cultivars, agency linked to the Ministry of Agriculture Livestock 
and Supply, 15 descriptors for the cultivar CPQBA 1 have been established: archi-
tecture, height, width, number of chapters, stem thickness, anthocyanin pigmenta-
tion in the stem, leaf length, leaf width, green color intensity, number of seeds per 
plant, cycle until flowering, epicuticle wax, essential oils content, presence of car-
quejol, and presence of carquejila acetate. With the protection of cultivar CPQBA 1, 
the technology developed could be licensed by UNICAMP, and today the seeds of 
that cultivar can be purchased in the seeds market.

Fig. 17.4 Cultivated field showing the vigor and uniformity of Baccharis trimera cultivar CPQBA 1
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5  Conclusion

The domestication of medicinal plants is a way of preserving nature as it eases the 
ecological pressure caused by extractivism. A new species that enters an agricul-
tural system does not compete with nature for space, for new areas of cultivation; on 
the contrary, it offers the farmer a new agricultural option. The lack of economically 
viable agricultural options is one of the reasons that encourage poor agriculture: this 
exhausts the environment, rendering it unproductive and demanding new areas. The 
cultivation of medicinal plants guarantees the quality of the raw material, because 
the cultivation allows controlling the environment, the genetic characteristics of the 
population under cultivation, the stage of development of the plants at the time of 
harvest, and the postharvest operations, which are the four factors that influence the 
pattern of a vegetable raw material. The cultivation guarantees the production of the 
finished product, since the companies that will transform the raw material into a 
product can predict the amount, the regularity, and the standard of raw material they 
will work with.

The cultivar CPQBA 1 has also contributed in the field of agricultural, chemical, 
pharmacological, and clinical research, as conducting experiments with standard-
ized vegetable raw material helps to ensure that the proposed objectives will be 
achieved. This occurs because, in science, experiments need to be replicated to 
come to general conclusions. To obtain replicated results, the same experimental 
conditions must be maintained. The plant samples used in experiments are part of 
such experimental conditions. This means that by following several research steps, 
the plant samples need to be standardized. For this reason, many researchers have 
worked with this cultivar, since they know that they can count on the same raw 
material in the different stages of research.
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Abstract Cancer incidence and mortality are increasing worldwide, and the exist-
ing treatment protocols, which most frequently involve chemotherapy, are far from 
being successful for all kinds of tumors or all patients. Novel chemotherapy strate-
gies are crucial to overcoming this issue, and secondary metabolites from plants and 
other biological sources are relevant in the search for new anticancer drug candi-
dates. The genus Baccharis, mainly represented by the species B. artemisioides, 
B. concinna, B. coridifolia, B. dracunculifolia B. gaudichaudiana, B. grisebachii, 
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B. latifolia, B. megapotamica, B. milleflora, B. obtusifolia, B. ochracea, 
B.  penningtonii, B. salicina, B. scandens, and B. trimera, has been studied in experi-
mental models, and their chemical extracts have demonstrated toxic effects on a 
range of tumor cells from different cancer origins, with low or no effects on healthy 
cells. Green propolis, whose botanical origin is B. dracunculifolia, also revealed 
comparable results. Some phytochemicals isolated from Baccharis extracts as well 
as from green propolis, such as artepillin C, baccharin, curcuphenol, drupanin, gar-
denin B, quercetin, and spathulenol, demonstrated remarkable anticancer activities 
in in vitro and in vivo preclinical laboratory studies. Interestingly, through different 
mechanisms of action, these bioactive compounds are capable of inhibiting tumor 
cell proliferation, migration and invasion, eliciting death by apoptosis, and affecting 
the tumor microenvironment. Nevertheless, more preclinical evidence is still 
required to point out candidates for clinical trials and to drive the development of 
new drugs to fight cancer.

Keywords Anticancer action · Cancer cells · Drug discovery · Cytotoxicity  · 
Natural products

1  Introduction

Plant secondary metabolites are related to a variety of significant ecological roles, 
such as plant protection against herbivores and pathogens, the attraction of pollina-
tors and seed dispersers, plant–plant competition as well as in their communication 
(Harborne 1991a, b; Harborne 1999; Price et al. 1991; Herrera and Pellmyr 2009; 
Isah 2019), and litter decomposition (review in Chomel et al. 2016), among many 
other roles (see Yang et al. 2018). These metabolites have been shown to be impor-
tant sources of novel bioactive compounds with potential application for the discov-
ery of new drugs (e.g., Seca and Pinto 2018; Newman and Cragg 2020). Indeed, 
around 80% of the world population still uses medicinal plants as the main resource 
for basic health care, and since 1978, herbal medicines are recognized as important 
therapeutic resources by the World Health Organization (WHO) (Brandão et  al. 
2010; WHO 2019). Among the potential chemotherapeutical effects of plant com-
pounds, the anticancer activity has great relevance, since cancer is the second lead-
ing cause of death worldwide (WHO 2020).

This chapter presents a review of the scientific literature, along with unpublished 
data obtained by our research group, regarding the current knowledge about antip-
roliferative and proapoptotic effects of secondary metabolites and natural products 
from plants of the genus Baccharis against in  vitro cancer cells, in addition to 
in vivo experimental models of cancer. These studies aim to demonstrate the poten-
tial of some of these compounds as anticancer drug candidates.
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2  Overview About Cancer

Cancer comprises a large group of diseases that are characterized by abnormal cell 
multiplication and spread from primary lesion, a process known as metastasis. 
Currently, it is understood as a disease of the genome, arising through the accumula-
tion of genetic mutations and epigenetic modifications that disturb the normal func-
tion of signaling pathways responsible for the coordination of cell proliferation, 
differentiation, and death (Koeffler et al. 1991; Tomasetti et al. 2017).

To acquire a neoplastic phenotype, germinative cells pass through a sequence of 
changes in their genes, which can be activated or inactivated by genetic mecha-
nisms, such as gene mutations, chromosomal breaks and losses, gene amplifica-
tions, and epigenetic events (like DNA methylation or histone acetylation) (Hanahan 
and Weimberg 2011; Youn and Simon 2011; Roy et  al. 2014; Baylin and Jones 
2016). Over time, such modifications cause instability in the genome of the affected 
cells, leading to the phases of initiation and progression of cancer, a process known 
as carcinogenesis. In fact, to promote tumorigenesis, these modifications must occur 
in driver genes mainly associated with the regulation of cell growth and differentia-
tion, cell life cycle, and cell death. One important group of driver genes are proto- 
oncogenes, responsible for coding transcription factors, growth factors, receptors, 
and apoptosis regulatory factors, or involved with chromatin remodeling. Another 
group comprises tumor suppression genes, which encode proteins involved in con-
trolling cell life cycle, damage repair, and apoptosis (Hanahan and Weimberg 2011; 
Youn and Simon 2011; Collura et al. 2019).

The loss of genomic stability is critical for carcinogenesis, when high rates of 
mutations, combined with alterations in chromosome number and structure, cause 
uncontrolled cellular proliferation. Besides these intrinsic factors, the growth of 
cancer needs an enabling microenvironment around tumor cells, which allows 
immune system evasion, promotion of angiogenesis, and escape from apoptosis 
inducers and tumor suppressors (Fig. 18.1; for a review, see Hanahan and Weinberg 
2011; Fares et al. 2020).

Some of the changes in the DNA that predispose humans to cancer (5–10% of 
the events) can be inherited, since they occur in germinative cells – the so-called 
germline mutations. However, most cases (90–95%) are related to somatic muta-
tions, which are not inherited. Genetic and chromosomic mutations can be the result 
of a deficient system of DNA repair, commonly caused by aging (Chatterjee and 
Walker 2017), or can be induced by exposure to external factors and poor lifestyle 
habits, such as ultraviolet radiation (UV), ionizing radiation, chemical products 
(called xenobiotics: e.g., alcohol, tobacco, pesticides) (Ali and Bhattacharya 2014), 
or can also be an effect of biologic carcinogenic agents, like Epstein-Barr virus 
(EBV), human B and C hepatitis viruses (HBV and HCV), human papillomavirus 
(HPV), human T-cell lymphotropic virus type 1 (HTLV-1), and the bacteria 
Helicobacter pylori (Bouvard et al. 2009).

Cancer incidence and mortality are rapidly growing worldwide, and according to 
the Global Cancer Observatory (GLOBOCAN), approximately 18.1 million new 
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cases and 9.6 million cancer deaths were estimated for 2018 (Bray et al. 2018). For 
men, lung cancer was responsible for the main estimated incidence (14.5%) and 
mortality (22.0%), followed by prostate (13.5%), colorectum (10.9%), stomach 
(7.2%), and liver (6.3%) cancer, concerning incidence. Higher mortalities were 
expected for liver (10.2%), stomach (9.5%), colorectum (9.0%), and prostate (6.7%) 
cancer, thus revealing that those types of tumors are among the most frequent and 
lethal ones. For women, breast cancer had the major incidence (24.2%) and mortal-
ity (15.0%), followed by colorectum (9.5%), lung (8.4%), and cervix uteri (6.6%) 
cancers as the ones showing the highest incidence, while lung (13.8%), colorectum 
(9.5%), and cervix uteri (7.5%) were the most lethal ones (Fig. 18.2).

In Brazil, for instance, the National Cancer Institute (INCA) has estimated the 
occurrence of about 625,000 new cases of cancer for the biennium 2020–2021 
(Fig. 18.3; INCA 2018). Among the ten types of cancer with the highest incidence, 
except nonmelanoma skin cancer, the estimates in men are prostate (29.2%), lung 
(7.9%), intestine (9.1%), stomach (5.9%), and oral cavity (5.2%) cancers. In women, 
breast (29.7%), intestine (7.4%), cervix (8.1%), lung (5.6%), and thyroid (4.0%) 
cancers are expected to be the most incident in the population for the current bien-
nium (INCA 2018).

Cancer is one of the most expensive diseases, which demands huge resources, 
including hospitalization, surgery, chemotherapy, radiotherapy, hormone therapy, 
and novel approaches as targeted therapy. In the United States, the estimated cost of 
cancer in the year 2020 reached $157 billion. In addition, up to 73% of cancer sur-
vivors in that country face financial difficulties, caused by a series of out-of-pocket 
costs associated with the disease, such as new supportive needs, aggravated by 
employment loss and psychological consequences (Lentz et al. 2019).

Fig. 18.1 Hallmarks of carcinogenesis. (Modified from Hanahan and Weinberg 2011)
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3  Conventional Treatment for Cancer and Drug Resistance

The strategies of treatment for each cancer will depend on its type and stage. As 
mentioned previously, they may include surgery, radiotherapy, chemotherapy using 
cytotoxic drugs, hormone therapy, or novel approaches as targeted therapy, which 
include cancer vaccines, gene therapy, immunotherapy using tumor-specific mono-
clonal antibodies, or immunomodulation with checkpoint inhibitors. Association or 
combination of the different methods is used to obtain better effectiveness, such as 
photodynamic combinational therapy, personalized cancer medicine, conventional 
therapy, and immunotherapy, among other options (e.g., Jackson and Chester 2015; 
Zhao 2016; Lee et al. 2018; Wang et al. 2018; Zhang and Li 2018).

Despite all the advances in cancer treatment, chemotherapy remains the most 
used. Chemotherapy is classified according to the purpose of the treatment, as cura-
tive, adjuvant, neoadjuvant, or palliative. Curative chemotherapy has the objective 
of eradicating the disease, being used for primary tumors as well as on some meta-
static tumors. Adjuvant treatment is implemented after surgical removal of the 
tumor, in order to suppress micrometastasis, eventually not detected by imaging 
scans. Neoadjuvant treatment, instead, is used with the purpose of reducing the 

Fig. 18.2 Worldwide distribution of cancer cases and deaths, by gender, in 2018, according to 
GLOBOCAN report (Bray et al. 2018)
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tumor size before surgical removal. Palliative chemotherapy is used to extend sur-
vival and to improve the life quality of patients (DeVita et al. 2018).

In clinical practices, the same chemotherapy protocol is not effective to everyone 
with the same type of cancer, since factors related to the tumor heterogeneity, along 
with patient health condition, other pre-existing diseases, stage of cancer develop-
ment, rate of evolution, migration, and metastasis of tumors, among other aspects, 
may interfere with the success of the chemotherapeutical treatment (Conforti et al. 
2018; DeVita et al. 2018; Thallinger et al. 2018; Silva et al. 2019; Fares et al. 2020).

Resistance to chemotherapy represents one of the greatest challenges in oncol-
ogy (Harder et al. 2017). Some types of tumors, such as melanoma and hepatocel-
lular carcinoma, are intrinsically resistant to chemotherapy, meaning that they do 
not respond properly since the beginning of conventional drug treatment (Kunjachan 
et al. 2013). However, other types, such as ovarian, breast, colon, rectum, and lung 
cancer, may initially be sensitive to treatment and later be resistant to the same 

Fig. 18.3 Distribution of the ten more frequent types of cancer in the Brazilian population, by 
gender, except for nonmelanoma skin cancer, estimated for 2020. For males, 163,910 new cases 
are expected, and for females, 159,460 new cases. (Data from INCA 2018)

C. Contigli et al.



433

drugs, characterizing acquired resistance (Robey et al. 2007). In fact, not all tumors 
are identical or behave in the same way, although they could receive the same histo-
pathological classification, based on their morphology. The genetic and phenotypic 
diversity of neoplastic cell populations, among patients and even within the tumor, 
is responsible for most of the differences observed in response to treatment proto-
cols (DeVita et al. 2018).

Another problem associated with resistance to treatment observed in cancer 
patients is due to the presence of cancer stem cells (CSCs). These cell types take 
part in tumor formation, and they have a high capacity for self-renewal, differentia-
tion, and tumorigenicity. They are related to tumor heterogeneity, expression of 
drug transporters, resistance gene activation, and evasion of cell death. These char-
acteristics lead to chemo- and radioresistance, culminating in tumor recurrence, as 
well as metastases (Prieto-Vila et al. 2017; Shibue and Weinberg 2017; Smith and 
Macleod 2019; Fares et al. 2020).

Therefore, considering that cancer is a major problem for public health world-
wide, and that novel strategies for prevention and treatment are needed in order to 
offer better chances of cure, extended survival, and improvement of life quality to 
all cancer patients, the discovery of more selective and effective anticancer drugs is 
an urgent need. Cancer also has a high economic cost to the population, and its 
control could certainly represent a significant input of resources in other sectors of 
society. These reasons justify the development of scientific studies and the search 
for new drugs to properly bring this disease to a level in which society can deal with. 
In this context, biodiversity is a powerful source of potentially bioactive compounds 
to fight against tumor development.

4  Phytopharmacological Drugs in Use for Cancer Treatment

Until recently, approximately half of the antineoplastic drugs contain, as active prin-
ciples, chemical compounds from biological sources, or synthetic forms chemically 
identical or derived from their natural precursors (DeVita et al. 2018; Newman and 
Cragg 2020). The main classes of phytochemicals used in cancer chemotherapy are 
taxane diterpenes (paclitaxel and docetaxel), vinca alkaloids (vinblastine, vincris-
tine, and vinorelbine), the lignan podophyllotoxin and its semisynthetic derivatives 
(etoposide, teniposide, and etoposide phosphate), camptothecin derived alkaloids 
(topotecan and irinotecan), omacetaxine mepesuccinate, and combretastatins.

Other anticancer compounds from plant origin, still in study, include geniposide, 
colchicine, artesunate, salvicine, ellipticine, roscovitine, maytanasin, tapsigargin, 
and bruceantin. Additional substances with anticancer activity from other natural 
sources, such as psammaplin, didemnin, dolastin, ecteinascidin, and halichondrin, 
were isolated from microalgae, bacteria, and invertebrates (e.g., DeVita et al. 2018; 
Lichota and Gwozdzinski 2018; Seca and Pinto 2018).
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Table 18.1 presents the more commonly used anticancer phytochemicals, their 
synthetic/semisynthetic derivatives, as well as their chemotherapeutic targets (see 
also DeVita et al. 2018; Seca and Pinto 2018; Choudhari et al. 2020; Newman and 
Cragg 2020; Sabzehzari et al. 2020).

For instance, paclitaxel (brand name: Taxol®), isolated from Taxus brevifolia 
(Taxaceae, common name: Pacific yew), is an antineoplastic drug used as adjuvant, 
neoadjuvant, and palliative in chemotherapeutic protocols for ovarian, mammary, 
lung, esophagus, head-and-neck, and bladder cancer, as well as for Kaposi sarcoma 
related to AIDS (DeVita et al. 2018). Paclitaxel acts specifically in the mitosis phase 
(M) of the cell cycle, by inhibiting tubulin polymerization, which causes the disrup-
tion of microtubules formation, leading to inhibition of cell division and, conse-
quently, cell death (Nobili et al. 2009).

Paclitaxel was approved by the USA Food and Drug Administration (FDA) in 
1992, but the first indications of cytotoxic activity on the natural source were 
reported in 1964. Its active principle was isolated in 1966 and had its chemical 
structure defined later in 1971 (Wall and Wani 1996). The anticancer activity was 
established, on animal models, for rat B16 melanoma, lung and breast cancer on 
animal model LX1 e MX1 (Wall and Wani 1996; Cragg 1998). The yield of pacli-
taxel from T. brevifolia is extremely low to cope with the massive demand for this 
chemotherapeutic drug. In addition, despite what has already been described, the 
total synthesis of paclitaxel is not economically viable for industrial purposes, due 
to its very complex chemical structure, bearing several stereocenters, which 
demands a long series of chemical reactions. Nowadays, this chemotherapeutic 
drug is obtained by a semisynthetic process using a taxol-related plant-derived natu-
ral diterpene as starting material. Production utilizing endophytes from T. brevifolia 
and other taxol-synthetizing plants and biotechnological production is under study 
(El-Sayed et al. 2020).

Until today, Taxol® is used as first-line adjuvant therapy, in combination with 
Platin, for ovarian epithelial carcinoma, and as a second line of treatment for 
advanced ovarian carcinoma, among other applications (Ye and Bhatia 2012). 
Therefore, paclitaxel is a good example of a drug extracted from plant sources with 
successful use in clinical oncologic, with the global market expected to reach 
$152 million by 2025 (Seca and Pinto 2018; Sabzehzari et al. 2020).

The alkaloids vinblastine and vincristine, both extracted from a plant known as 
periwinkle (Catharanthus roseus: Apocynaceae), act similarly to paclitaxel. 
Vinblastine (brand name: Velban®) is a chemotherapeutic drug for the treatment of 
lymphoma, testicular cancer, and Kaposi sarcoma. Vincristine (brand name: 
Oncovin®) is used for acute lymphoblastic leukemia, lymphomas, multiple 
myeloma, rhabdomyosarcoma, neuroblastoma, Ewing’s sarcoma, Wilm’s tumour, 
chronic leukemia, and trophoblastic neoplasm (DeVita et  al. 2018). Vinorelbine 
(brand name: Navelbine®), derived from vinblastine, is also an antimitotic drug, 
highly specific for mitotic microtubules and with a low affinity for axonal microtu-
bules. Vinorelbine can additionally inhibit the synthesis of protein, DNA, and 
RNA.  The drug is applied to mammary cancer and small cell lung carcinoma 
(DeVita et al. 2018).
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Another phytochemotherapeutic drug is etoposide (brand name: Etopophos®), 
extracted from mayapple (Podophyllum peltatum: Berberidaceae) and specific for S 
and G2 phases of the cell cycle, capable of inhibiting topoisomerase II, stabilizing 
DNA–topoisomerase II complex, and consequently preventing DNA from 

Table 18.1 Phytochemicals and derivatives in use as cancer chemotherapeutic drugs

Phytochemical 
or derivative

Original 
source Brand name Chemical class Cancer target

Paclitaxel Taxus 
brevifolia 
(Pacific yew)

Taxol® Taxane 
diterpenes

Ovarian epithelial 
carcinoma, mammary 
cancer, lung cancer, 
head-and-neck cancer, 
esophagus cancer, 
bladder cancer, Kaposi 
sarcoma

Docetaxel Semisynthetic 
taxane

Taxotere® Mammary cancer, ovary 
cancer, lung cancer, 
prostate cancer, gastric 
cancer, bladder cancer

Vinblastine Catharanthus 
roseus 
(periwinkle)

Velban® Vinca alkaloids Lymphoma, testicular 
cancer, Kaposi sarcoma

Vincristine Oncovin® Acute lymphoblastic 
leukemia, lymphomas, 
multiple myeloma, 
rhabdomyosarcoma, 
neuroblastoma, Ewing’s 
sarcoma, Wilm’s tumour, 
chronic leukemia, 
trophoblastic neoplasm

Vinorelbine Synthetic 
derivative of 
vinblastine

Navelbine® Mammary cancer, small 
cell lung carcinoma

Etoposide Podophyllum 
peltatum 
(mayapple)

Etopophos®

Vepesid®

VP16®

Lignan 
podophyllotoxins

Germ cell tumors, small 
cell lung carcinoma, 
non-Hodgkin lymphoma

Teniposide Semisynthetic 
derivatives of 
etoposide

Vulmon® 
VM-26®

Germ cell tumors, lung 
cancer

Etoposide 
phosphate

Etipophos®

Irinotecan Camptotheca 
acuminata

Camptosar®

CPT-1®

Camptothecin 
alkaloids

Colorectal cancer, lung 
cancer

Topotecan Semisynthetic 
derivative of 
camptothecin

Hycamtin® Ovarian cancer, cervical 
cancer, small cell lung 
carcinoma, acute 
myeloid leukemia

Omacetaxine 
mepesuccinate

Cephalotaxus 
fortunei

Synribo® Alkaloid Chronic myeloid 
leukemia

Combrestatin 
A4 phosphate

Combretum 
caffrum

Fosbretabulin 
Tromethamine®

Combrestatin Thyroid cancer and 
ovarian cancer
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unfolding. This drug is active for germinative cell tumors, small cell lung carci-
noma, non-Hodgkin lymphoma, and Hodgkin lymphoma recurrence (DeVita 
et al. 2018).

Topotecan (brand name: Hycamtin®) is a semisynthetic chemotherapeutic agent 
that causes cell death through the inhibition of topoisomerase II and DNA cleavage. 
This drug is derived from camptothecin, an alkaloid extracted from the tree 
Camptotheca acuminata (Cornaceae). It is used for ovarian cancer, small cell lung 
carcinoma, and acute myeloid leukemia (DeVita et al. 2018).

Other examples of plant-derived metabolites approved for anticancer therapy 
include omacetaxine mepesuccinate, used for chronic myeloid leukemia, and com-
pounds of the combretastatin class, applied for thyroid and ovarian cancers. 
According to Choudhari et al. (2020), around 30 phytochemicals are currently in 
preclinical and clinical trials for cancer treatment.

Palliative and preventive cancer therapies also benefit from phytotherapy com-
pounds and traditional herbal preparations. Medicinal plants utilized for cancer 
treatment by decoction or infusion preparations are well described in the literature. 
Some of them are under investigation, for instance, Curcuma longa (Zingiberaceae), 
whose roots are rich in curcumin, a potent bioactive polyphenol compound. Pure 
curcumin and its preparations are on clinical trials for several diseases, including 
breast, lung, prostate, pancreatic, and colorectal cancers (Salehi et  al. 2019; 
Choudhari et al. 2020). Other plants popularly used against tumors have only indi-
rect evidence of their effectiveness. For example, Arrabidaea chica (Bignoniaceae), 
known in Brazil as pariri, has been related to antioxidant activity because of its 
phenolic compounds (De Siqueira et al. 2019). However, this is an area of research 
that should be further explored, since popular knowledge has been of major rele-
vance in many scientific developments. Indeed, ingenol mebutate is a successful 
case of a bioactive compound applied in preventive cancer therapy. Isolated from 
Euphorbia peplus (Euphorbiaceae), it is indicated for actinic keratosis, a condition 
that may evolve to squamous cell carcinoma (Choudhari et al. 2020).

Medicinal plants are an important alternative for people from low-income coun-
tries, which concentrate higher incidence of some types of cancer. For instance, 
countries with a human developing index lower than 0.80 concentrated 84% of 
cases and 88% of deaths due to cervical cancer in 2018 (Wild 2019). In this context, 
scientific evidence of the biological mechanisms of action, as well as the absence of 
toxicity, should be encouraged to assure the safety of herbal medicines.

The scientific literature is abundant in studies showing the potential of organ-
isms, from the most diverse taxa, for producing anticancer agents. However, this 
knowledge rarely reaches the shelves of pharmacies as medicines, a fact that 
deserves more attention from governments and society, so that the results of basic 
science will be fully appreciated and supported.
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5  Overview of the State-of-the-Art Evidence of Anticancer 
Baccharis Metabolites

As we present in this chapter, there is a considerable number of reports related to the 
potential anticancer roles of phytochemicals from the Baccharis genus, on in vitro 
and in vivo experimental conditions, as well as descriptions of their chemical nature. 
Nevertheless, for most scientific studies on phytochemical properties of plant prod-
ucts against cancer, including Baccharis, further testing and development are still 
needed to better understand their mechanisms of action and to foresee their possible 
applications in clinical oncology.

Among the genus Baccharis, which represent more than 440 species from the 
American continent (see Chap. 2), a small number of species has been used in folk 
medicine as herbal remedies for a large spectrum of diseases, including few indica-
tions for protection or treatment against cancer (see also Chap. 16 – Cultural and 
popular use of Baccharis: drugs, culinary and utensils). Only a few Baccharis spe-
cies have actually been studied and have demonstrated any anticancer effects either 
in vitro and or in experimental in vivo models. As shown in Table 18.2, 15 species, 
along with B. dracunculifolia-derived green propolis, had their crude extracts or 
isolated compounds evaluated to determine their potential anticancer properties. 
B. dracunculifolia is the most studied species, followed by B. trimera. Notably, the 
majority of B. dracunculifolia studies had comparative evaluations with Brazilian 
green propolis extracts or analysis of isolated compounds shared by both sources. 
This is explained by the chemical similarities between plant metabolome and the 
natural bee product.

 The analysis of 36 scientific reports on the strategies carried out to determine the 
possible anticancer effects of Baccharis metabolites and to elucidate their mecha-
nisms of action indicates that the vast majority of studies used in vitro experimental 
assays with tumor cell lines, and sometimes nontumor cells as controls (Table 18.2). 
Only 8 articles, out of these 36, report experimental animal models in their studies. 
Taking the biological effects briefly reported in Table 18.2, which is explored in 
more details later in this chapter, it is observed that these studies are limited to the 
early stages of research and development, since they generally performed screening 
assays to determine the Half Maximum Inhibitory Concentration (IC50) of crude 
extracts, fractions or pure compounds, while only some of them included additional 
methodological approaches to investigate the biological mechanisms of action. The 
number of tumor cell lines tested varied from one, in some articles, to a complete 
panel, with diverse histopathological origins (see Table 18.2 footprint).

The progress of the studies over time called our attention. Taking as reference the 
data presented in Table  18.2, after the first studies from 1976 (n  =  1) and 1977 
(n = 1), there is a gap until the 1990s, with few studies (n = 5), and then a slight 
increase from 2000 to 2009 (n = 9). In the 2010s, an increased number of scientific 
articles (n  =  20)  was finally observed, as well as an improvement in the 
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Table 18.2 Overview on the anticancer effects of bioactive compounds from Baccharis genus and 
B. dracunculifolia–derived green propolis, by in vitro and in vivo experimental models of cancer

OriginExtract/molecule

Experimental system

References
In vitro model/
cell line* In vivo animal model Biological effect

B. artemisioides

Ethanol extract CCRF CEM, 
CMLK562, 
CEM/
ADR5000, 
Lucena 1, and 
healthy PBMC

– Cytotoxicity to 
cancer cells and 
PBMC

González 
et al. 
(2018)

B. concinna

Hexane and ethyl 
acetate extracts

HL-60, Jurkat, 
MCF7, and 
healthy PBMC

– Cytotoxicity to 
cancer cells, no 
effect on PBMC

See Sect. 7

B. coridifolia

Dichloromethane 
extract

KB – Cytotoxicity, 
interaction with 
DNA, antioxidant 
activity

Mongelli 
et al. 
(1997)

Ethanol and aqueous 
extracts

HT29, 
NCI-H460 and 
U373

– High cytotoxicity Monks 
et al. 
(2002)

Ethanol extract CCRF CEM, 
CMLK562, 
CEM/
ADR5000, 
Lucena 1, and 
healthy PBMC

– High cytotoxicity 
to cancer cells 
and PBMC

González 
et al. 
(2018)

B. dracunculifolia

Methanolic fraction L-1210 – High cytotoxicity Fukuda 
et al. 
(2006)

Baccharisketone and 
p-Methoxythymol 
acetate

Moderate 
cytotoxicity

Spathulenol and 
3,4,3′,4’-Tetrahydroxy-
5,5′-diisopropyl-2,2′-
dimethylbiphenyl

High cytotoxicity

Hexane and ethyl 
acetate extracts

HL-60, Jurkat, 
MCF7, and 
healthy PBMC

– Cytotoxicity to 
cancer cells, no 
effect on PBMC

See Sect. 7

Baccharin – Induced colorectal 
cell carcinogenesis in 
rat

Chemoprotective, 
antigenotoxic, 
reduction of DNA 
damage, and 
aberrant crypt 
foci

Munari 
et al. 
(2014)

Artepillin C
Drupanin

(continued)
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Table 18.2 (continued)

OriginExtract/molecule

Experimental system

References
In vitro model/
cell line* In vivo animal model Biological effect

B. dracunculifolia–derived green propolis
Artepillin C HuH 13 – DNA 

fragmentation, 
apoptosis

Matsuno 
et al. 
(1997)

Artepillin C Leukemic cell 
lines

Human carcinoma 
and 
melanoma xenografts 
in nude mice

Apoptosis, 
necrosis, abortive 
mitosis, 
suppression of 
tumor growth, 
increased CD4/
CD8 T cells ratio

Kimoto 
et al. 
(1998)

Propolis extract and 
artepillin C

– Induced renal cell 
carcinogenesis in 
mice

Prevention of 
oxidative renal 
damage and 
carcinogenesis

Kimoto 
et al. 
(2000)

– Induced pulmonary 
cell carcinogenesis in 
mice

Inhibition of lipid 
peroxidation, and 
development of 
pulmonary 
cancers from 
adenomas

Kimoto 
et al. 
(2001a)

Artepillin C Lymphocytic 
(7 T-cell lines, 5 
B-cell lines), 
myeloid and 
monocytic 
leukemia, 
nonlymphoid 
nonmyeloid 
leukemia, and 
healthy 
lymphocytes

– Cytotoxicity, 
DNA 
fragmentation, 
high apoptosis 
induction on 
cancer cells, 
especially T-cell 
lines; inhibition 
on activated 
lymphocytes; 
limited effect to 
healthy cells

Kimoto 
et al. 
(2001b)

Methanol extract and 
ethyl acetate fraction

HT-1080 and 
26-L5

– Cytotoxicity Banskota 
et al. 
(1998)Coniferyl aldehyde, 

betuletol, kaempferide, 
ermanin, and others
Baccharin and drupanin – Sarcoma 

S-180 allograft in 
mice

Suppression of 
tumor growth, 
genotoxicity

Mishima 
et al. 
(2005)

Ethanol extract and 
artepillin C

Angiogenesis 
model using 
nontumoral 
HUVEC

Mouse dorsal air sac 
assay, transfected 
with S180 tumor 
cells

Suppression of 
angiogenesis

Ahn et al. 
(2007)

(continued)
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OriginExtract/molecule

Experimental system

References
In vitro model/
cell line* In vivo animal model Biological effect

Ethanolic propolis 
extract

LNCaP – TRAIL-induced 
cytotoxicity and 
apoptosis

Szliszka 
et al. 
(2011)

Artepillin C, quercetin, 
kempferol and 
p-coumaric acid

Szliszka 
et al. 
(2011, 
2012)

B. dracunculifolia and green propolis
Ethanolic plant extract
and essential oil

RC-58T/h/
SA#4, DU145, 
PC-3, and 
nontumor PrEC

– Selective 
inhibition of 
proliferation, cell 
cycle arrested at S 
phase, inhibition 
of cell cycle–
related gene 
expression on 
cancer cells

Li et al. 
(2007)

Ethanolic propolis 
extract

Ethanolic plant extract
and essential oil

HEp-2 – Cytotoxicity at 
high 
concentration

Bufalo 
et al. 
(2009, 
2010)

Ethanolic propolis 
extract
Caffeic and cinnamic 
acids
Artepillin C HT1080, A549, 

and U2OS
– p53 activation, 

nuclear 
translocation

Bhargava 
et al. 
(2018)

Artepillin C U343 – Cytotoxicity De 
Oliveira 
et al. 
(2014)

Baccharin B16F10

Artepillin C HeLa, SiHa, 
CaSki, C33A, 
and nontumor 
HaCaT

– Selective 
apoptosis 
induction of 
cancer cells, 
inhibition of 
migration and 
invasion

Souza 
et al. 
(2018)

Artepillin C Hep-2
Langmuir 
monolayer and 
GUV* models

– Dose-dependent 
cytotoxicity, 
membrane 
aggregation and 
permeabilization, 
DNA degradation, 
cell necrosis

Kobal et al. 
(2020)

B. gaudichaudiana

Table 18.2 (continued)
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OriginExtract/molecule

Experimental system

References
In vitro model/
cell line* In vivo animal model Biological effect

Gaudichaudol C KB-V1 Lymphocytic 
leukemia in P-388 
mice

Cytotoxicity 
in vitro and 
in vivo

Fullas 
et al. 
(1994)

Gaudichaudone –
Articulin acetate
Apigenin BC-1, Col-2, 

HT-1080, KB, 
KB-V1, Lu-1, 
and Mel-2

–
Hispidulin

Spathulenol Mel-2
B. grisebachii

Lyophilized decoction HCT-116, and 
nontumoral 
HBL-100

– Cytotoxicity, also 
against 
nontumoral cell 
line

Gómez 
et al. 
(2019)

B. latifolia

Ethanolic extract Hep3B, HepG2, 
PLC/PRF/5, 
and SNU-182

– Antiproliferative Carraz 
et al. 
(2015)

Hep3B Morphologic 
modifications

B. megapotamica

Alcoholic extract KB Lymphocytic 
leukemia in P-388 
mice

Antileukemic 
in vivo, in vitro 
cytotoxicity

Kupchan 
et al. 
(1976, 
1977)

Baccharin
Baccharinol
Isobaccharin
Isobaccharinol
B. milleflora

Essential oil Jurkat, Raji, 
HL-60, and 
healthy PBMC

– Cytotoxicity to 
tumor cells, 
inhibited 
proliferation and 
DNA replication, 
G0/G1 arrest of 
cell cycle, 
apoptosis and 
necrosis, selective 
to cancer cells

Pereira 
et al. 
(2017)

B. obtusifolia

Methanolic extract RKO and 
D-384

– Cytotoxicity Romero- 
Benavides 
et al. 
(2018)

Genkwanin RKO
Apigenin 7,4’-Dimethyl 
Ether

Table 18.2 (continued)
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OriginExtract/molecule

Experimental system

References
In vitro model/
cell line* In vivo animal model Biological effect

B. ochracea

Ethanol and aqueous 
extracts

HT29, 
NCI-H460 and 
U373

– High cytotoxicity Monks 
et al. 
(2002)

B. penningtonii

Curcuphenol Caco-2 – Inhibited 
proliferation and 
DNA replication, 
increased 
caspase-3 activity, 
apoptosis

Rodrigo 
et al. 
(2010)

B. salicina

2-β-(L- 
Rhamnopyranosyl)-3- α- 
angeloyloxy-15-
acetyloxy- 7,13(14)-E- 
dien- ent-labdane

A375 and 
HCT-116
Taq DNA 
polymerase 
assay

– Cytotoxicity Garro et al. 
(2020)

2-β-(L- 
rhamnopyranosyl)-3- α- 
angeloyloxy-15-
hydroxy- 7,13(14)-E- 
dien- ent-labdane

Cytotoxicity, 
inhibition of Taq 
DNA polymerase

B. scandens

Quercetin HL-60 and 
U-937

– Cytotoxicity Cabrera 
et al. 
(2016)

Salvigenin
Xanthomicrol
Gardenin B High cytotoxicity, 

DNA degradation, 
cell cycle 
disturbance, 
activation of 
multiple caspases, 
apoptosis

B. trimera

Hexane and ethyl 
acetate extracts

HL-60, Jurkat, 
MCF7, and 
healthy PBMC

– Cytotoxicity to 
cancer cells, no 
effect on PBMC

See Sect. 7
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OriginExtract/molecule

Experimental system

References
In vitro model/
cell line* In vivo animal model Biological effect

Phenolic compounds SiHa – Cytotoxicity, 
inhibition of cell 
colony survival, 
inhibition of 
motility, 
disruption of cell 
membrane, 
necrosis

De 
Oliveira 
et al. 
(2013b)

Terpenoid compounds Cytotoxicity, 
disruption of cell 
membrane, 
apoptosis

Essential oil MCF7, HepG2, 
and nontumoral 
MCF-10a

– Cytotoxicity, 
apoptosis and 
necrosis, 
including for 
nontumoral cells

Moro 
(2016)α-Humulene, 

β-caryophyllene, and 
caryophyllene oxide
Eupatorin
Trimeroside HT-29, 

NCI-H460,
U-251, KB, 
HepG2, and 
nontumoral 
NIH-3 T3

– Low cytotoxic 
effect

Dos Santos 
et al. 
(2018)

*Human cancer cell lines: KB – nasopharynx carcinoma, KB-V1 – derived from KB; HEp-2 – 
laryngeal epidermoid carcinoma; Mel-2, A375  – melanoma; BC-1, MCF7  – breast carcinoma; 
Col-2, SW480, DLD-1, COLO201, RKO, Caco-2, HT-29 – colon cancer; HCT-116 – colorectal 
cancer; MKN1, MKN28, MUGC4 – gastric cancer; A549, Lu 1 – lung carcinoma; NCI-H460 – 
non–small cell lung cancer; HeLa, SiHa, CaSki, C33A – cervical cancer; HuH 13, Hep3B, HepG2, 
PLC/PRF/5, SNU-182 – hepatocarcinoma; Raji – lymphoblastoid cells derived from Burkitt lym-
phoma; CCRF-CEM, CMLK562, CEM/ADR5000, Lucena 1, Jurkat – acute lymphoblastic leuke-
mia; HL-60 – acute promyelocytic leukemia; L-1210, NB4, K562– leukemia; U937 – promonocytic 
myeloid leukemia; D-384 – astrocytoma; U-251, U343 – glioblastoma; HT1080 – fibrosarcoma; 
U2OS – osteosarcoma; LNCaP, RC-58T/h/SA#4 – prostate cancer; DU145 – brain metastasis of 
prostate cancer; PC-3 – bone metastasis of prostate cancer
Human nontumoral cells: HBL-100 – epithelial mammary cell line; HaCaT – epithelial; PBMCs – 
peripheral blood mononuclear cells; HUVEC – umbilical vein endothelial cells; PrEC – prostate 
epithelial cells; MCF-10a – breast cell line
*Animal cancer cell lines: B16F10 – murine myeloma; 26-L5 – murine colon carcinoma; S180 – 
murine sarcoma; MDCK – Madin-Darby canine kidney
*Animal nontumoral cell line: NIH-3 T3 – murine embryo fibroblast
**GUV – giant unilamellar vesicles

Table 18.2 (continued)
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methodological strategies applied to identify, isolate and purify bioactive com-
pounds, and to understand their mechanisms of action, especially in the case of 
those molecules shared by Baccharis metabolomes as well as by Brazilian green 
propolis.

Another aspect of the research of novel drug candidates, regardless of their future 
therapeutic application, is to assure the absence of side effects, especially genotox-
icity and mutagenicity to healthy cells. The studies of Munari et al. (2008), Rodrigues 
et al. (2009), De Oliveira et al. (2013a), and Roberto et al. (2016), among others, 
have explored these features from Baccharis metabolites as well as from B. dracun-
culifolia–derived propolis (discussed later in this chapter).

6  Experimental Evidence of the Anticancer Effects 
of Baccharis Metabolites

A significant number of independent scientific studies, using in vitro and in vivo 
experimental models, has been calling attention to previous empirical evidence of 
the potential anticancer effects of Baccharis. Indeed, current scientific knowledge 
strongly supports the development of strategies to use Baccharis secondary metabo-
lites on novel approaches to cancer treatment.

Some of the first studies on the anticancer properties of Baccharis species were 
published by Kupchan et al. (1976, 1977). These authors have worked on the biogu-
ided isolation and structural elucidation of new trichothecenes from a B. megapota-
mica alcoholic extract (Fig.  18.4e), which had presented in  vitro and in  vivo 
antileukemic activities, respectively to cells derived from human oral epidermoid 
carcinoma (KB lineage), and P-388 mice leukemia model. Interestingly, those 
trichothecenes, identified as baccharin, baccharinol, isobaccharinol, and isobaccha-
rin (Fig.  18.4), were described, until then, as fungi secondary metabolites. 
Trichothecenes are mycotoxins with different chemical structures, including the 
macrocyclic baccharins, and with diverse biological and toxicity profiles, according 
to their structural features. Despite their natural toxicity, trichothecenes can either 
generate immune suppressive or stimulatory responses. Their use as anticancer 
agents can be accomplished in the form of immunotoxins, which can be prepared by 
attaching a toxin, as a trichothecene, to an antibody specific to proteins exclusively 
expressed on cancer cell surface (Wu et al. 2017).

Almost two decades later, Fullas et al. (1994) isolated several diterpenoids from 
the aerial parts of B. gaudichaudiana, in addition to other chemical compounds 
(Fig. 18.5g). Among all these molecules, the newly described labdane diterpene, 
named as gaudichaudol C, presented a cytotoxic activity to P-388 murine lympho-
cytic leukemia (Half-Maximal Effective Dose, ED50 = 2.4 μg/mL) and to KB-V1 
(ED50 = 4.7 μg/mL), a multidrug resistant (including to vinblastine) lineage derived 
from KB cells. Gaudichaudone, another new compound, as well as the previously 
described articulin acetate, were both cytotoxic to P-388 cells (respectively, ED50 
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= 11.7 μg/mL and 1.7 μg/mL). The flavonoids apigenin and hispidulin were weakly 
effective to other human tumoral cell lines, such as BC-1 (breast cancer), Col-2 
(colon cancer), HT-1080 (fibrosarcoma), KB, KB-V1, Lu-1 (lung cancer), Mel-2 
(melanoma), and murine P-388. Sesquiterpene spathulenol was active against Mel-2 
(ED50 = 6.3 μg/mL).

A few years later, Mongelli et al. (1997), studying the in vitro cytotoxic activity 
of B. coridifolia (Fig. 18.6a), revealed that a dichloromethane extract was also able 
to inhibit the proliferation of KB human cell line (derived from oral epidermoid 
carcinoma), presenting an ED50  =  4.2 μg/mL.  This fraction also elicited a 56% 
decrease in DNA absorbance at 1000 μg/mL, on DNA-methyl green assay, suggest-
ing the presence of DNA-interacting compounds on its composition. Moreover, 
measuring the in vitro antioxidant activity, the dichloromethane extract was able to 
induce oxidative stress in a dose-dependent way.

Studying B. coridifolia as well, Monks et al. (2002) reported that the ethanolic 
and aqueous extracts of that species, and those of B. ochracea, were able to elicit 
pronounced cytotoxicity against cell lines from colon cancer (HT-29), non–small 
cell lung cancer (NCI-H460), and glioblastoma (U343). In the study of González 
et al. 2018, a similar ethanolic preparation from B. coridifolia, besides B. artemisi-
oides, induced potent cytotoxic effects (IC50 values from 0.37 to 5.89 𝜇g/mL) on a 
panel of cell lines representative of acute lymphoblastic leukemia. However, they 
also affected normal peripheral blood mononuclear cells, used as control. These 

Fig. 18.4 (a) Baccharin, (b) baccharinol, (c) isobaccharinol, and (d) isobaccharin, isolated from 
(e) B. megapotamica. (Molecules reproduced from NCBI 2020, image of B. megapotamica by 
G Heiden)
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in vitro activities observed for B. coridifolia compounds might be related to the 
biological mechanism of action that ultimately leads to cell death. Detailed phyto-
chemical studies of Arisawa et al. (1985) have previously identified schottenol glu-
coside in this species, which may be one of the active components responsible for 
the observed results.

Fig. 18.5 (a) Gaudichaudol C, (b) gaudichaudone, (c) articulin acetate, (d) apigenin, (e) hispidu-
lin and (f) spathulenol, isolated from (g) B. gaudichaudiana. (Molecules reproduced from NCBI 
2020, image of B. gaudichaudiana by G Heiden)
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B. trimera (Fig. 18.6b) is one species that has been extensively studied to deter-
mine its biological properties, including its anticancer potential. In previous studies, 
De Oliveira et al. (2012) observed that phenolic enriched extracts were able to elicit 
in vivo anti-inflammatory effects upon carrageenan-induced pleurisy, and antioxi-
dant activity on DPPH and TAR in  vitro assays. Subsequently, these authors 
explored the antitumor properties of B. trimera phenolic (PHE) and terpenoid (SAP) 
compounds by in  vitro assay, using SiHa cell line derived from human cervical 
cancer (De Oliveira et al. 2013b). When exposed to PHE and SAP for 24 h, this cell 
line presented inhibited viability on MTT (3-(4,5-dimethylthiazol-2-yl)-2,5- 
diphenyltetrazolium bromide) assays (IC50 = 482 μg/mL and 456 μg/mL, respec-
tively). Interestingly, on clonogenic assays and wound-healing migration assays, 

Fig. 18.6 (a) B. coridifolia, (b) B. trimera, (c) B. latifolia and (d) B. concinna. (Images by 
G Heiden)
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PHE was also able to elicit a dose-dependent inhibition of cell colony survival and 
motility. SAP compounds, instead, increased colony formation and did not affect 
cell motility. Both compounds were able to affect cell membrane integrity, since a 
significant dose-dependent increase in extracellular lactate dehydrogenase was 
observed. Despite that, cell death assays revealed that those B. trimera compounds 
act by different mechanisms: PHE eliciting adverse necrosis, and SAP inducing 
death via apoptosis. These complementary activities of PHE and SAP indicate these 
compounds as possible candidates for future anticancer drug development.

B. trimera essential oil and its components, α-humulene, β- caryophyllene, 
caryophyllene oxide, and eupatorin, were also evaluated in  vitro, using MCF7 
(breast cancer), HepG2 (hepatocarcinoma), and a nontumoral cell line MCF-10a 
(Moro 2016). All the samples were cytotoxic, at some level, to tumoral and nontu-
moral cells, probably through induction of death by apoptosis, but also by the necro-
sis pathway. The absence of selectivity to tumor cells, besides their high level of 
elicited necrosis, disqualifies these compounds as chemotherapeutic candidates.

More recently, Dos Santos et al. (2018) isolated a novel normonoterpene glyco-
side, trimeroside, from B. trimera aqueous extract, along with three already known 
flavonoids, cirsimaritin, luteolin, and quercetin. The antitumor activity of trimero-
side was assessed by in  vitro viability assays using a panel of tumor cell lines, 
derived from colon cancer (HT-29), non–small cell lung cancer (NCI H460), naso-
pharynx carcinoma (KB), hepatocarcinoma (HepG2), glioblastoma (U-251), and 
nontumor murine embryo fibroblast (NIH-3 T3) as control. Unfortunately, this com-
pound did not show an expressive cytotoxic effect against these cell lines and, as 
such, it may not represent a good drug candidate at this moment.

Another species that evoked interest was B. latifolia (Fig. 18.6c). On an ethno-
pharmacological survey, Carraz et  al. (2015) investigated 51 Peruvian medicinal 
plant species, evaluating the cytotoxicity of their secondary metabolites against 
hepatocarcinoma cell lines. The ethanolic extract of B. latifolia presented antiprolif-
erative activity on Hep3B, HepG2, PLC/PRF/5, and SNU-182 tumor cell lines 
(IC50  =  10.8 μg/mL, 33.3 μg/mL, 24.3 μg/mL and 20.1 μg/mL, respectively) on 
ATP-based luminescence assay. Besides, no in vitro cytotoxic effect was shown on 
healthy human hepatocytes up to 100 μg/mL. B. latifolia extract also induced micro-
scopic morphological modifications on Hep3B cells, but no microtubule or mitosis 
cytoskeleton perturbations were observed on immunofluorescence assay. Although 
this species is commonly used in Peru for kidney and liver inflammation, the cyto-
toxic mechanism of action on human hepatocellular carcinoma has not been com-
pletely elucidated.

Certainly, one concern about using natural compounds, particularly in cancer 
protocols, is to prevent possible genotoxic and mutagenic effects on healthy cells. 
Munari et  al. (2008) revealed that the ethyl acetate extract of B. dracunculifolia 
leaves (Fig. 18.7c) presented bioactive metabolites that possibly act as “Janus com-
pounds,” with distinct biologic behaviors depending on the concentration. In in vitro 
assays using Chinese hamster ovary cells, the extract mentioned above at 12.5 μg/
mL caused a significant reduction in doxorubicin-induced chromosome damage, 
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whereas, at 100 μg/mL, the extract itself was able to increase chromosomal aberra-
tions and abnormal metaphases. The authors have discussed the complexity of com-
ponents in B. dracunculifolia extract, which could be acting alone or synergically to 
reveal these apparently contrasting results. Additionally, they have remarked that 
artepillin C (Fig. 18.7), the major flavonoid found in their high-performance liquid 
chromatography (HPLC) analysis, might be involved in the observed results. 
Interestingly, artepillin C, also found in green propolis, was previously described as 
a free radical scavenger (Kumazawa et al. 2003; Nakanishi et al. 2003), an activity 
that could be correlated to the observed protection from DNA damage.

B. dracunculifolia ethyl acetate extract (Bd-EAE) was evaluated on its chemo-
preventive potential by in  vivo model of experimental colorectal carcinogenesis 
(Munari et al. 2014). Wistar rats were submitted to a protocol of exposure to the 
colon carcinogen inducer 1,2-dimethylhydrazine (DMH), or to the ethyl acetate 

Fig. 18.7 (a) Artepillin C and (b) drupanin, isolated from (c) B. dracunculifolia and from green 
propolis. (Molecules reproduced from NCBI 2020, image by G Heiden)
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extract before DMH. In vitro comet assays, conducted to analyze DNA degradation, 
showed that the pretreatment of rat colon cells with Bd-EAE was able to reduce 
DNA damage elicited by DMH.  Moreover, no aberrant crypt foci (ACF) were 
observed on colon samples from animals that received only Bd-EAE. A significant 
lower frequency of ACF was encountered on samples from animals treated with 
DMH plus Bd-EAE, indicating a protective effect against colon carcinogenesis of 
B. dracunculifolia ethyl acetate extract.

Likewise, Rodrigues et al. (2009), investigating the in vivo genotoxic/antigeno-
toxic and mutagenic effect of B. trimera, observed a transient effect of DNA lesions 
on peripheral blood cells, 3 h after treatment of female adult mice with a single dose 
of B. trimera aqueous extract (500–2000 mg/kg). However, this damage seemed to 
be reversible or repaired, when analyzed by comet assay, since no other genotoxic 
effect was observed in blood or liver samples of the animals, 24 h after treatment 
with three doses of the extract. Additionally, an antigenotoxic effect was observed 
when blood cells were treated ex vivo with hydrogen peroxide. B. trimera extract 
also presented a dose-dependent antioxidant activity by in vitro DPPH (2,2- diphen
yl- 1-picryl-hydrazyl-hydrate) and xanthine oxidase assays (IC50 = 0.69 mg/mL and 
92.39 μg/mL, respectively). In contrast, a higher frequency of micronucleated poly-
chromatic erythrocytes was observed in the bone marrow of treated mice, indicating 
a possible chromosomal mutagenic activity. These contradictory effects indicate the 
importance of further studies to better understand the potential and safety of 
B. trimera preparations.

The scientific reports discussed so far, in addition to others listed in Table 18.2, 
demonstrate that many efforts have been made to assure the safety of Baccharis 
species used as traditional medicines and to isolate bioactive metabolites with a role 
in in vitro and in vivo models of cancer. Researchers were primarily looking for 
unique compounds with selective and effective anticancer action. This means that 
those molecules must be cytotoxic preferentially to tumor cells, with minor side 
effects on healthy cells and tissues. Furthermore, they need to induce the apoptosis 
pathway of cellular death, instead of the necrosis pathway, since in vivo immune 
responses involving inflammation must be avoided. So far, a few candidates fulfill 
the selection criteria.

7  Potential Anticancer Properties of Baccharis Inhabiting 
the Brazilian Savanna

In this section, we report on our preliminary studies of anticancer in vitro effects of 
extracts from three Baccharis species commonly distributed in the Brazilian 
Cerrado, a uniquely local savanna: B. trimera (Fig.  18.6b), B. dracunculifolia 
(Fig. 18.7c), and B. concinna (Fig. 18.6d). The last one is a rare and threatened spe-
cies that inhabits higher altitudes of Serra do Espinhaço, a mountain range located 
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in the Brazilian Atlantic plateau (see Marques et  al. 2002; Gomes et  al. 2004; 
Fernandes et al. 2017a).

To study their potential anticancer properties, the aerial parts of plant samples 
were separated into different groups, according to branch maturation (young or 
mature) and sex (female or male, except for B. trimera, from which only female 
plants were available). Each sample was then processed by solvent gradient extrac-
tion, generating hexane, ethyl acetate, n-butanol, and aqueous fractions. Plant 
extracts were subsequently tested by in  vitro MTT viability/cytotoxic assays 
(Mosmann 1983), using three human cancer cell lines: Jurkat acute lymphoblastic 
leukemia, HL-60 acute promyelocytic leukemia, and MCF7 breast adenocarcinoma. 
Peripheral blood mononuclear cells (PBMC) from healthy donors were used as con-
trol. In brief, cells were exposed to 100 μg/mL of each Baccharis extract, in tripli-
cate, for 24 h. Cell viability was then determined by spectrophotometric measurement 
of MTT dye reduction, catalyzed by mitochondrial dehydrogenase of active cells in 
formazan. Figures 18.8, 18.9, and 18.10 show the cytotoxic profile of those extracts 
on cancer cell lines and control PBMC.

According to our results, nonpolar extracts (hexane and, especially, ethyl acetate 
fraction) from all three studied Baccharis species contain plant secondary metabo-
lites with selective cytotoxic activity against at least one of the cancer cell lines used 
(Figs. 18.8, 18.9, and 18.10). These extracts show a discrete to no effect in healthy 
control cells (cell viability values around 100%, Figs. 18.8 and 18.9), as evidenced 
by the proportional metabolic reduction of MTT. Among cancer lineages, HL-60 is 
the one with the highest sensitivity for both nonpolar extracts. MCF7 and Jurkat 
cells, in contrast, are those that showed less sensitivity to the majority of assayed 
extracts, although some samples of B. trimera ethyl acetate fractions (Fig.  18.8, 
samples 2 and 6 against Jurkat cells) and B. dracunculifolia hexane fraction 
(Fig. 18.9, sample 13 against Jurkat and MCF7 cells) elicit cytotoxic effects. Hexane 
extracts of B. trimera and B. dracunculifolia are also capable of inhibiting the 
PBMC viability, showing no selectivity of these preparations for cancer cells. In 
general, extracts obtained with the same solvent give the same cytotoxic effect, 
regardless of the origin of the plant’s sample group, whether from mature or young 
branches, or from female or male individuals, indicating that there are no apparent 
differences in the secondary metabolites present in these sample groups (see also 
Espírito-Santo et al. 2012).

Our results also showed that polar extracts (n-butanol and aqueous fractions), 
particularly from B. dracunculifolia, contain metabolites that seem to improve the 
metabolism of healthy cells (PBMC), as observed by an increase of the number of 
viable cells (Fig. 18.9). Nevertheless, we also recorded an increase in the metabo-
lism of cancer cells, especially for MCF7 lineage treated with B. dracunculifolia 
and B. concinna polar extracts (Figs. 18.9 and 18.10).

The hexane and ethyl acetate extracts, which had caused high-limit cytotoxic 
effects in screening assays at 100 μg/mL, were then evaluated to determine the IC50 
for HL-60, since this leukemic cell line was shown as the most sensitive among the 
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Fig. 18.8 In vitro cytotoxic effect of B. trimera metabolites against cancer cell lines of HL-60 
acute promyelocytic leukemia, Jurkat acute lymphoblastic leukemia, and MCF7 breast adenocar-
cinoma, compared to peripheral blood mononuclear cells (PBMC) from healthy donors, 
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three studied cancer cell lines. Values of IC50 ranged from 43.25 to 360.60 μg/mL 
(Table 18.3), with best results for ethyl acetate fractions from female samples of 
B. dracunculifolia (Bd6, IC50 = 47.88 μg/mL) and B. concinna (Bc6, IC50 = 43.25 
μg/mL). Despite the cytotoxicity observed on screening assays (n = 2), three frac-
tions (Bd13, Bd14, and Bc5, see Table 18.3) were considered inactive against HL-60 
cells up to 100 μg/mL, since IC50 could not be determined in the range of assayed 
concentrations (see Table 18.3 for the nomenclature of plant samples extracts). The 
loss of activity of these samples in IC50 assays might be explained by the additional 
freeze/thaw cycles, or by poor solubility in ethanol (the solvent used for dissolution 
of dry extracts) or in culture medium, among other factors well discussed in the 
literature (Cheng et al. 2003; Di and Kerns 2006).

According to Starlin et al. (2012), phytochemical extracts are considered to have 
a moderate anticancer effect when IC50 values of ≤100 μg/mL are obtained for at 
least two lineages. Despite the fact that, in our study, the IC50 ≤ 100 μg/mL of non-
polar extracts was only determined for HL-60 cell line, their cytotoxic effect seems 
promising for myeloid leukemia cells. Therefore, further detailed studies are needed 
to confirm these findings in other cancer lineages.

This study indicates the presence of a variety of secondary metabolites produced 
by Baccharis species, capable of inducing widely divergent biological effects. In 
addition, it is possible that there are similarities among the metabolome of these 
three species, since they revealed a common pattern of modulatory effects on tumor 
and healthy cells. In fact, previous studies have shown that Baccharis species share 
common bioactive compounds in their metabolome (see Table 18.2). Therefore, our 
findings on the cytotoxic potential of B. dracunculifolia, B. trimera, and B. con-
cinna extracts might be explained by the presence of secondary metabolites with 
low to medium polarity, such as phenolic compounds like caffeic acids and cin-
namic acid derivatives (as p-coumaric acid, artepillin C, drupanin, and baccharin), 
flavonoids (as kaempferol, luteolin, gardenin B, quercetin), and terpenes (as oleano-
lic acid, clerodane diterpene) already described in similar chemical preparations 
from some Baccharis species (see Table  18.2). Artepillin C, the main bioactive 
compound of B. dracunculifolia, has already demonstrated a selective cytotoxic 
effect to leukemic cell lines (Kimoto et al. 1998, 2001b). Furthermore, Kabala-Dzik 
et al. (2018) observed that the flavonoids apigenin and quercetin, commonly present 
in Baccharis species and propolis from different origins, are cytotoxic to MCF7 
cells, being able to induce cell cycle arrest and apoptosis. Three metabolites of 
medium polarity, the flavonoids 3-O-methylquercetin, quercetin, and kaempferol, 
were recently detected in B. trimera by High-Resolution Magic Angle Spinning 

Fig. 18.8 (continued) elicited after 24 h of exposure. Extracts (100 μg/mL) correspond to hexane 
(green), ethyl acetate (yellow), n-butanol (red), and aqueous (blue) fractions of young (1–4) or 
mature branches (5–8) from female individuals. Controls correspond to solvents (ethanol 5%, 
DMSO 5%, or water 5%), cytotoxic etoposide 147.5 μM (gray), or culture medium (Control cells, 
in white). The most cytotoxic fractions to cancer cells, with low effect on PBMC, were indicated 
(highlighted in red). Results correspond to mean ±  sd (standard deviation) of two independent 
assays, each one in triplicate, for cancer cell lines, and mean ± sd of five independent assays, in 
triplicate, for PBMC
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Fig. 18.9 In vitro cytotoxic effect of B. dracunculifolia metabolites against cancer cell lines of 
HL-60 acute promyelocytic leukemia, Jurkat acute lymphoblastic leukemia, and MCF7 breast 
adenocarcinoma, compared to peripheral blood mononuclear cells (PBMC) from healthy donors, 
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Nuclear Magnetic Resonance (1H HR-MAS NMR) (Dutra et al. 2020). It is known 
that flavonoids had been previously associated with the cytotoxic activities of 
B. trimera (Oliveira et al. 2013), specifically, quercetin, lately isolated from B. scan-
dens (Cabrera et al. 2016), which has been shown to elicit cytotoxicity to HL-60 
(Dutra et al. 2020).

The study presented here comprises the first scientific report of an in vitro anti-
cancer effect of B. concinna metabolites, a rare Brazilian Baccharis (Marques et al. 
2002; Gomes et al. 2004; Fernandes et al. 2017a). Likewise, B. trimera and B. dra-
cunculifolia had not been previously tested for their cytotoxic effects against HL-60 
and Jurkat cell lines, representative from different leukemias, neither B. dracuncu-
lifolia for breast cancer–derived MCF7 cell line. The HL-60 cell line was previously 
used for the evaluation of isolated compounds from B. scandens (Cabrera et  al. 
2016, see Table 18.2). This lineage, as well as the Jurkat cell line, is also sensitive 
to B. milleflora essential oil (Pereira et al. 2017, see also Table 18.2). Interestingly, 
few in vitro Baccharis studies have used tumor cells from breast cancer origin. One 
exception was presented by Cordero et al. (2004), who reported no cytotoxic effect 
of scopolin, a metabolite isolated from B. tricuneata, against four human tumor cell 
lines, including MCF7. Moro (2016) observed apoptosis and necrosis of MCF7 
cells treated with B. trimera essential oil or its components, although nontumor cells 
were also affected. Our present results are the first that indicate an in vitro selective 
effect of B. dracunculifolia nonpolar metabolites on breast cancer (see Fig. 18.9).

Finally, the limited cytotoxic effects of ethyl acetate fractions from B. trimera 
and B. dracunculifolia on healthy PBMC mean a selective anticancer activity of 
their bioactive components. This is a promising result for further investigations of 
the role of each Baccharis metabolite on cancer cell cytotoxicity, looking for more 
selective and effective antineoplastic drug candidates.

8  Anticancer Mechanisms of Action Elicited by Baccharis 
Secondary Metabolites

The screening of bioactive compounds capable of inducing cytotoxicity in in vitro 
and in vivo experimental models is only the first step in the way to discover poten-
tial antineoplastic drug candidates. It is imperative to understand the cellular and 
molecular pathways employed by molecules that selectively inhibit tumor growth, 

Fig. 18.9 (continued) elicited after 24 h of exposure. Extracts (100 μg/mL) correspond to hexane 
(green), ethyl acetate (yellow), n-butanol (red), and aqueous (blue) fractions of young (1–4) or 
mature branches (5–8) from female individuals, or young (9–12) or mature (13–16) branches from 
male individuals. Controls correspond to solvents (ethanol 5%, DMSO 5%, or water 5%), cyto-
toxic etoposide 147.5μM (gray), or culture medium (Control cells, in white). The most cytotoxic 
fractions to cancer cells, with low effect on PBMC, were indicated (highlighted in red). Results 
correspond to mean ± sd (standard deviation) of two independent assays, each one in triplicate, for 
cancer cell lines, and mean ± sd of five independent assays, in triplicate, for PBMC
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Fig. 18.10 In vitro cytotoxic effect of B. concinna metabolites against cancer cell lines of HL-60 
acute promyelocytic leukemia, Jurkat acute lymphoblastic leukemia, and MCF7 breast adenocar-
cinoma, elicited after 24 h of exposure. Extracts (100 μg/mL) correspond to hexane (green), ethyl 
acetate (yellow), n-butanol (red), and aqueous (blue) fractions of young (1–4) or mature branches 
(5–8) from female individuals, or young (9–12) or mature (13–16) branches from male individuals. 
Controls correspond to solvents (ethanol 5%, DMSO 5% or water 5%), cytotoxic etoposide 
147.5μM (gray), or culture medium (Control cells, in white). The most cytotoxic fractions to can-
cer cells were indicated (highlighted in red). Results correspond to mean ± sd (standard deviation) 
of two independent assays, each one in triplicate
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migration, metastasis, resistance, or that specifically induce cancer cell apoptosis, as 
well as the recruitment of a patient’s immune system.

It was shown that curcuphenol (Fig. 18.11), a sesquiterpene present in a variety 
of plants, including B. penningtonii and also in marine sponges, has antiprolifera-
tive and proapoptotic action against cancer cells (Rodrigo et al. 2010). In an in vitro 
model, using Caco-2 human colon cancer cell line, these authors observed a dose- 
dependent effect of curcuphenol (29 to 116 μg/mL) capable of inhibiting cell prolif-
eration (9 to 32%) as well as DNA replication (IC50 = 43 μg/mL), and to induce cell 
death by apoptosis (2.6 to 3.0-fold) with increased caspase-3 activity (6.6- and 
eightfold at 29 and 58 μg/mL, respectively). Three other polyoxygenated flavo-
noids, isolated from B. pentlandii by Tarqui Tarqui et  al. (2012), named 
8- methoxycirsilineol, xanthocrimol, and sideritoflavone, had already been associ-
ated with cytotoxic and apoptotic activities in a previous study published by Sergeev 
et al. (2007).

Apigenin, isolated from B. gaudichaudiana by Fullas et al. (1994), is a natural 
dietary flavonoid, abundantly found in many plant species. This flavone has been 
successfully correlated with in vitro and in vivo anti-inflammatory, antiproliferative, 
pro-apoptotic, antiangiogenic, and antimetastatic effects on a variety of cancer 
types, such as head-and-neck, skin, breast, prostate, colorectal, pancreatic, liver, 
cervical, and ovary tumors (Liu et al. 2005; Ujiki et al. 2006; Vargo et al. 2006; 
Shukla and Gupta 2007; Bhattacharya et al. 2018; Chang et al. 2018; Hu et al. 2018; 
Yan et al. 2018; see also the review of Madunic et al. 2018). Recently, Yan et al. 
(2018) verified that this bioactive compound was responsible for in vitro and in vivo 
inhibition of human chondrosarcoma cell proliferation by cell cycle arrest at G2/M 
phase, colony formation impairment, and by eliciting cell apoptosis through the 
increase of reactive oxygen species (ROS). Likewise, Vargo et al. (2006) had previ-
ously observed the effect of apigenin on ROS generation and phosphorylation of 

Table 18.3 IC50 values of nonpolar extracts from three Baccharis species, against HL-60 tumor 
cell line

Species Extracta IC50 (μg/mL)b

B. trimera (Bt) Bt5 61.32 (32.35–116.2)
Bt6 77.02 (62.17–95.42)

B. dracunculifolia (Bd) Bd5 85.28 (67.79–107.3)
Bd6 47.88 (38.03–60.28)
Bd13 >100
Bd14 >100

B. concinna (Bc) Bc5 >100
Bc6 43.25 (6.396–292.4)

Extracts had their IC50 determined after viability assay screening
aExtracts: 5 (hexane fraction) and 6 (ethyl acetate fraction), from female mature branches; 13 
(hexane fraction) and 14 (ethyl acetate fraction), from male mature branches
bIC50 (with 95% confidence interval) determined in two independent assays (except for Bt13 and 
Bt14), each assay in triplicate
Values >100 mean that IC50 could not be determined in the concentration range used
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MAPK (mitogen-activated protein kinase), p38, and ERK (extracellular signal–reg-
ulating kinase) on THP-1 leukemia cells, although they had suggested the existence 
of an alternative mechanism of apigenin-induced apoptosis, independent of these 
factors, and related to the activation of caspase-3 and PKCδ (protein kinase Cδ).

Chang et al. (2018) demonstrated the ability of apigenin to reduce proliferation, 
migration, invasion, and metastasis of non–small cell lung cancer in a study using 
in  vitro assays, as well as an in  vivo xenograft model. In another experimental 
model, Bhattacharya et al. (2018) observed a significant reduction of tumor progres-
sion after the administration of apigenin-loaded nanoparticles to rats with chemical- 
induced hepatocellular carcinoma.

The in vitro and in vivo experimental use of apigenin, combined with conven-
tional chemotherapeutic drugs, has also shown promising results, since this flavone 
is able to act synergistically, increasing the bioavailability or improving cell intake 
of some drugs (Madunic et al. 2018). For example, the association of apigenin with 
cetuximab, an anticancer monoclonal antibody, tested in a nasopharyngeal carci-
noma model, revealed a synergistic increase in cell cycle arrest and apoptosis, in 
addition to inhibition of tumor growth (Hu et al. 2018). All these findings together 
indicated the relevance of apigenin as a candidate for preclinical trials, as pointed 
out by Madunic et al. (2018) and Choudhari et al. (2020).

B. scandens is also indicated as a source of bioactive flavonoids, such as salvi-
genin, gardenin B, xanthomicrol, and quercetin (Cabrera et al. 2016) (Fig. 18.12). 
Comparing their chemical structures to their cytotoxicity to HL-60 acute myeloid 
leukemia and U-937 human promonocytic myeloid leukemia cell lines, Cabrera 

Fig. 18.11 (a) Curcuphenol, isolated from (b) B. penningtonii. (Molecule reproduced from NCBI 
2020, image by G Heiden)
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et al. (2016) concluded that methoxyl groups at certain positions (C4’ and C8) con-
ferred to gardenin B the highest effect among all tested compounds (IC50 = 1.6 and 
3.0μM, respectively). This activity seemed to be selective to cancer cells, since gar-
denin B up to 30μM had no significant effect on the viability of quiescent or prolif-
erating (phytohemagglutinin B induced) human peripheral blood mononuclear 
cells. The cytotoxic effect of this flavonoid on HL-60 and U-937 cells was dose and 
time dependent and involves death by apoptosis, as evidenced by DNA fragmenta-
tion, apoptotic bodies, cell cycle arrest at S and G2/M phases, increase in sub-G1 
fraction, and externalization of phosphatidylserine in the cell membrane. 
Furthermore, these authors demonstrated that gardenin B induces the extrinsic and 
intrinsic apoptotic pathways by the activation of procaspases-2, −3, −8, and −9, 
and poly-(ADP-ribose) polymerase, and by the induction of caspase-2, −3, −8, and 
−9 activities. In the study of Cabrera et al. (2016), similarly to the observations on 
apigenin by Vargo et al. (2006), the mechanism of cell death elicited by gardenin B 
was independent of ROS.  However, the authors verified that this flavonoid also 
induced the generation of these oxidants.

Quercetin is also an abundant dietary flavonoid, encountered in many vegetal 
sources besides Baccharis, and its anticancer potential had been previously studied 
by other authors. In an in vitro model using human oral squamous carcinoma SCC-9 
cell line, Haghiac and Walle (2005) demonstrated that quercetin affects DNA syn-
thesis (IC50 = 15μM) after 24 h of exposure, strongly inhibiting thymidylate syn-
thase, and elicits an irreversible antiproliferative effect after 48 h (IC50 = 94μM) and 
72 h (IC50 = 50μM). The compound also induces early necrosis at 24 and 48 h of 
exposure, probably by a direct interaction on the cell membrane and by cell cycle 
arrest at the S phase. This effect is followed by an increase in apoptosis after 72 h, 
correlated to caspase-3 activation.

Fig. 18.12 (a) Salvigenin, (b) gardenin B, (c) xanthomicrol, and (d) quercetin, isolated from (e) 
B. scandens. (Molecules reproduced from NCBI 2020, image by D Montesinos)
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Priyadarsini et al. (2010) and Bishayee et al. (2013), both using the human cervical 
carcinoma HeLa cell line, confirmed the role of quercetin on cell cycle arrest at G2/M 
phase, its direct effect on DNA intercalation, cell membrane depolarization, and ROS 
accumulation, and on apoptosis induction, through p53 upregulation, NF-κB, AKT, 
and Bcl-2 antiapoptotic proteins’ downregulation, and caspase-3 activation.

The antioxidant potential of quercetin from B. trimera ethanolic extract was 
evaluated by Araujo et al. (2017) in SK Hep-1 cells (human liver adenocarcinoma). 
The authors detected a possible signaling pathway by which B. trimera metabolites, 
probably due to quercetin and other flavones’ synergistic action, decrease the 
expression and the enzymatic activity of protein kinase C (PKC), playing a potential 
role in ROS inhibition. Although the study did not show this correlation, it is likely 
that the antioxidant potential of metabolites derived from Baccharis may be involved 
in its anticancer action.

The recent findings of the multiple mechanisms of action of quercetin related to 
chemoprevention and chemotherapy of cancer (Rather and Bhagat 2020) justify its 
indication as a potential novel drug candidate. In fact, this flavonoid is in clinical 
trials not only for prostate cancer treatment, but also for chemoprevention of squa-
mous cell carcinoma and prevention of chemotherapy-induced neuropathic pain in 
cancer (Choudhari et al. 2020).

In a recent study by Romero-Benavides et  al. (2018), the cytotoxic effect of 
methanol extract from B. obtusifolia leaves and two isolated flavonoids, identified 
as 5,4′-dihydroxy-7-methoxyflavone (known as genkwanin) and 5-hydroxy-7,4′-
dimethoxyflavone (known as apigenin 7,4′-dimethyl ether) (Fig. 18.13), was evalu-
ated in in vitro assays against tumor cell lines derived from prostate adenocarcinoma 
(PC-3), colon carcinoma (RKO), astrocytoma (D-384), and breast adenocarcinoma 
(MCF7). The authors observed that RKO and D-384 are the cell lines most sensitive 
to the methanolic extract, their growth being inhibited by 89.2% and 60.6%, respec-
tively. It was also observed that genkwanin and apigenin 7,4′-dimethyl ether are not 
able to affect PC-3, D-384, or MCF7 cells up to 100 𝜇M. Instead, these flavonoids 
demonstrate specificity to RKO cell line, with IC50 of 68.11 𝜇M (19.48 𝜇g/mL) and 
34.30 𝜇M (10.22 𝜇g/mL), respectively. Interestingly, apigenin 7,4′-dimethyl ether 
presents a methoxy group in the C-4′ position of B ring, similarly to gardenin B 
(Fig. 18.12b), which suggests that this analogous stereochemistry might be involved 
in the higher cytotoxicity of these two compounds.

The studies of Kimoto et al. (1998, 2000, 2001a, b) show the efforts to under-
stand the mechanism of action on cancer of the Brazilian green propolis’ artepillin 
C, also found as a secondary metabolite of B. dracunculifolia (see Fernandes et al. 
2018)  (Fig. 18.7). Using in vitro and in  vivo cancer experimental models, these 
researchers observed that artepillin C increases the apoptosis of leukemic cells and 
inhibits in  vitro tumor growth. In addition, Kimoto et  al. (1998) had previously 
shown that xenografts of human carcinoma and melanoma in nude mice are notably 
affected by artepillin C, which induces apoptosis and necrosis, abortive mitosis, and 
suppression of tumor growth, and indirectly activates the immune system despite an 
increase in CD4/CD8 T cells ratio.
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It was shown, in another in vitro study (Kimoto et al. 2001b), that artepillin C is 
able to inhibit cell proliferation, as measured by the decrease in DNA synthesis, and 
is also able to induce apoptosis to all tumor cell lines, preferentially to T-cell tumor 
lines, as evidenced by the frequency of apoptotic bodies and DNA fragmentation. 
Moreover, this study had shown that artepillin C is cytotoxic to mitogen-stimulated 
normal blood lymphocytes, but not to nonactivated lymphocytes, used as control, 
meaning that the compound is probably selective to proliferative transformed cells. 
The authors concluded that the mechanism of action seems to be partially associ-
ated with the higher expression of Fas antigen and with the disturbance of mito-
chondrial membrane potential.

In experimental renal cell carcinogenesis, the treatment of mice with propolis or 
artepillin C prevented oxidative renal damage and tumor development (Kimoto 
et  al. 2000). Similarly, on induced pulmonary cell carcinogenesis, artepillin C 

Fig. 18.13 (a) Genkwanin and (b) apigenin 7,4′-dimethyl ether, isolated from (c) B. obtusifolia. 
(Molecules reproduced from NCBI 2020, image by G Heiden)
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affected lipid peroxidation and prevented the transformation of adenomas into ade-
nocarcinomas (Kimoto et al. 2001a).

Akao et al. (2003), who studied baccharin (Fig. 18.4), artepillin C, and drupanin 
(Fig.  18.7), demonstrated that these compounds at 150 μM were able to trigger 
in vitro cytotoxic effect on a panel of human cell lines derived from gastric and 
colon cancer, and leukemia (Table  18.2). In a further study using angiogenesis 
in vitro model with nontumor human umbilical vein endothelial cells (HUVEC), 
and an in vivo model using the ICR mouse strain transfected with murine Sarcoma 
S180 tumor cells in dorsal air sac (DAS), propolis ethanolic extract and artepillin C 
were able to suppress angiogenesis (Ahn et al. 2007).

Complementary studies on possible genotoxic and protective (antigenotoxic) art-
epillin C activities were presented by De Oliveira et al. (2013a). It was observed in 
those studies, using in vitro comet and micronucleus assays, that DNA damage and 
micronucleus frequencies are significantly increased by the treatment of Chinese 
hamster lung fibroblasts (V79 cells) with artepillin C at 20μM. In antigenotoxicity 
assays, artepillin C at a low dose (2.5  to 10.0μM) can protect cells from methyl 
methane sulphonate (MMS) induced genotoxicity, perhaps through its already 
known antioxidant properties. Roberto et al. (2016) have further confirmed the anti-
genotoxicity and antimutagenicity effect of ethanolic extracts of green propolis and 
B. dracunculifolia (known by their artepillin C and quercetin contents, among other 
compounds) on rat hepatoma HTC cell line. DNA damage and micronuclei occur-
rence were significantly reduced in cells exposed to MMS in the presence of plant 
extracts (65.32% and 85.00%, respectively) or cells pretreated with propolis extract 
and then exposed to MMS (62.39% and 86.67%, respectively).

De Oliveira et al. (2014) also investigated the in vitro antiproliferative effect of 
artepillin C and baccharin, compared to Brazilian green propolis and crude extracts 
from the source plant B. dracunculifolia. The study evaluated a panel of human and 
murine tumor cell lines, and a control cell line GM07492A from nontumor human 
lung fibroblasts, in cytotoxic assays using XTT dye [(sodium 2,3,-bis(2-methoxy- 4-
nitro-5-sulfophenyl)-5-[(phenylamino)-carbonyl]-2H-tetrazolium) salt]. As 
expected, the isolated compounds were more cytotoxic for tumor cell lines than 
Brazilian green propolis or B. dracunculifolia crude extracts. For example, the low-
est IC50 value achieved by propolis extract was 41.0 ± 4.5 μg/mL on the human 
glioblastoma U343 cell line. In contrast, for B. dracunculifolia extract, the lowest 
IC50 value achieved was 44.9 ± 7.1 μg/mL on the human hepatocellular carcinoma 
HepG2 cell line. On the other hand, the lowest observed IC50 values were 20.1 ± 2.9 
for artepillin C on U343 cells and 13.0 ± 1.5 μg/mL for baccharin on murine mela-
noma B16F10 cells. The selectivity index (SI) values determined for those com-
pounds indicated a preferential cytotoxic effect on tumor cell lines, compared to 
control cells, more effective than the chemotherapeutical drugs used as positive 
controls. For the association of artepillin C plus baccharin, the lowest IC50 result 
was 35.2 ± 0.5 μg/mL for B16F10 cells, although no additive or synergistic effect 
was observed for most cell lines. Nonetheless, these two compounds from B. 
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dracunculifolia and green propolis origin have been considered promising antican-
cer candidates.

In a more recent study, Souza et al. (2018) explored the mechanisms of action of 
artepillin C, evaluating the effect of this isolated compound on a panel of human 
cervical cancer cell lines, represented by HeLa (human papillomavirus/HPV 18 
positive), SiHa (HPV 16 positive), CaSki (HPV 16 and 18 positive), and C33A 
(HPV negative), compared to the nontumor human epithelial cell line HaCaT. The 
bioactive compound selectively inhibited viability, migration, and invasion of tumor 
cells and triggered oxidative stress, inducing apoptosis through its intrinsic path-
way. The authors have indicated artepillin C as a promising drug candidate for cer-
vical cancers, including those caused by HPV.

Another aspect of the role of artepillin C on cancer was revealed by molecular 
docking studies conducted by Bhargava et al. (2018), using the tumor suppressor 
protein p53 and its inhibitor, the mortalin protein. Through in  vitro and in  vivo 
assays, the researchers had compared artepillin C to green propolis-supercritical 
extract (GPSE) and this extract conjugated with γ cyclodextrin (GPSE-γCD), which 
contained, respectively, 9.6 and 3.0% of artepillin C. Immunofluorescence staining 
of treated cells showed that artepillin C and GPSE act by inducing the nuclear trans-
location and activation of free p53 through its dissociation from the mortalin com-
plex. On viability and clonogenic assays, it was observed that GPSE and GPSE-γCD 
were more cytotoxic than artepillin C for fibrosarcoma HT1080, lung carcinoma 
A549, and osteosarcoma U2OS human cell lines. These findings indicate the essen-
tial role of other propolis bioactive compounds, as well as the effectiveness of 
encapsulating propolis with cyclodextrin to improve its solubility in aqueous sol-
vents. Finally, in an in vivo model of subcutaneous tumor xenograft using HT1080- 
treated nude mice, GPSE and especially GPSE-γCD were able to suppress tumor 
growth, indicating the potential anticancer use of encapsulated propolis.

Although the complete mechanism of action of many Baccharis metabolites 
against cancer still needs to be elucidated, scientific data have indicated that 
B. dracunculifolia- derived compounds, including Brazilian green propolis, present 
important characteristics such as (i) the inhibition of tumorigenic signaling path-
ways that drive cancer cells proliferation, migration, and invasion; (ii) the recruit-
ment of specific anticancer immune responses, instead of an inflammatory immune 
response, and iii) the impairing of tumor microenvironment, avoiding cancer pro-
gression (Fig. 18.14; see also Patel 2016). Therefore, considering the scientific evi-
dence regarding apigenin, quercetin, baccharin, and especially artepillin C 
mechanisms of action against tumor cells, and their role in preventing cancer devel-
opment and progression, these bioactive molecules are the most promising antineo-
plastic candidates among Baccharis secondary metabolites and propolis compounds 
as well.
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9  Final Considerations

In the course of the biotechnological roadmap of natural drug discovery, some 
issues need to be carefully undertaken. First, to consider that long-term studies are 
needed to go from the ecosystem or biodiversity to drug development. Taking the 
route of paclitaxel as an example, from the first scientific evidence as an anticancer 
agent to drug approval, a few more years of research will be necessary to completely 
elucidate the pathways by which Baccharis metabolites exert their biological role 
against cancer. Therefore, solid scientific observations of the potential chemothera-
peutic use of plant species must be strongly supported.

Additionally, metabolite composition can be influenced by genetic, epigenetic, 
and environmental factors (as discussed by Yang et  al. 2018), hence potentially 
affecting the efficiency of extraction of bioactive compounds from natural sources. 
Moreover, standard protocols are needed to properly isolate and characterize these 
bioactive compounds, to better elucidate their biological mechanisms of action, 
pharmacological applications, side effects, administration routes, formulations, and 
dosage. As pointed out by Patel (2016), standardized quality controls and properly 
designed clinical trials are also imperative to allow that Baccharis compounds or 
derivatives are accepted as novel strategies for cancer treatment.

It is equally relevant to consider the economic, environmental, and social viabil-
ity of exploring natural sources, versus the feasibility of using biotechnological or 
chemical routes to scale up the production of bioactive molecules present on 
Baccharis metabolome and on propolis composition, such as apigenin, quercetin, 

Fig. 18.14 The potential of B. dracunculifolia secondary metabolites as anticancer candidates
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baccharin, and artepillin C. Considering the bioavailability of propolis to ingestion, 
its biosafety acceptation, and low price, as observed by Watanabe et al. (2011) and 
Patel (2016), the more indicated strategy seems to be optimizing an industrial pro-
cess to extract these phytochemicals directly from propolis sources.

Finally, but not the least, basic research is fundamental for drug discovery, and 
current trends of inadequate or decreasing investments must be reverted at all costs. 
Investments in basic research by the public sector create essential human and intel-
lectual capital and enrich society in unexpected ways, including new treatments and 
technologies that generate new industries, elevating the global standard of living 
(GSAS 2020). The expansion of fundamental knowledge about Baccharis will 
result in enormous contributions to solve these global challenges to human health. 
Most of the Baccharis species are solely found in Latin American countries, where 
financial resources in science have been cut to insufficient levels (e.g., Angelo 2017; 
Fernandes et al. 2017b; Oliveira et al. 2020). As such, restoration of basic research 
funding and building a strong, stable, and long-term program for research on 
biodiversity- derived products represent a wise strategy to elevate the standard of 
living of the global human population (Joly and Speglich 2003; Joly et al. 2014; 
Boggio 2019). These challenges need to be met urgently, as the current devastation 
of the global biodiversity is under acceleration, and many unknown Baccharis, for 
example, B. concinna, are in the route of disappearing without being studied for 
their medicinal properties against cancer and other important worldwide diseases.

Having in mind these considerations, the search for more selective and effective 
anticancer drugs is justified by the worldwide growth of cancer incidence and mor-
tality, the increase of chemotherapeutical resistance, and the specific lack of drug 
therapies. Considering this, Baccharis phytochemicals have proved to be valuable 
sources for new anticancer strategies due to the wide mechanisms of action that they 
trigger against tumor cells, despite being well tolerated by healthy cells, as demon-
strated by in vitro and in vivo experimental studies. In addition, some of these bio-
active compounds also have chemoprotective properties, opening other possibilities 
of usage, from primary prevention for healthy individuals to secondary prevention 
against premalignant lesions, as suggested by López-Romero et al. (2018).

Interestingly, many of the bioactive compounds indicated in this chapter are 
being isolated from different Baccharis species and from diverse Baccharis-related 
origins, such as green propolis, as well as by Baccharis-associated endophytic fungi 
(Fernandes et al. 2018). These multiple sources allow the development of different 
approaches to scale up the isolation of future drug principles, being eventually the 
starting point for the development of more effective and selective synthetic analogs 
for cancer chemotherapy.

As stressed by Alonso-Castro et al. (2011), more studies are essential to deeply 
understand the mechanisms of action of these bioactive phytochemicals responsible 
for interfering in cancer progression pathways, in order to move forward to clinical 
trials with selected anticancer candidates.
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Chapter 19
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Abstract Baccharis species are well known for their secondary metabolites used in 
the treatment of several diseases and for having great potential of use in various 
industries. In order to identify the current status of innovation in which species of 
this genus are found, an assessment on scientific and technological productions was 
carried out, as well as on the collaboration of those involved in the generation of 
scientific knowledge and/or in the production of products and processes. This analy-
sis aimed to measure the contributions of science and technology to society. As of 
December 2019, about 991 articles and 223 patents on the genus Baccharis were 
registered. Brazil, which harbors a great diversity of species of this genus (178 spe-
cies), stands out in the number of published scientific articles (45.22%). Moreover, 
the United States with 21 native Baccharis species excels as the country with the 
highest number of patents for products and processes of this genus (48.02%). 
Nonetheless, it is worth mentioning that the majority of patents are not for Baccharis 
species from this country. When analyzing the species found in patents and scien-
tific articles, the presence of 21 species of common interest was observed, mostly 
associated with the biological activity of their secondary metabolites. Baccharis 
patents are focused on the production of drugs for various medicinal applications. 
Although some scientific articles also deal with this topic, the authors focus on the 
chemical analysis of different species of Baccharis. Among the 401 inventors and 
100 authors, only four turned out to be both patent filers and authors of scientific 
articles. These findings indicate a great difference between the production of arti-
cles and patents on Baccharis, which consequently, may represent a loss in eco-
nomic development and performance, and international competitiveness.
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1  Introduction

Over the last few years, the interest in science-technology relations has increased 
due to the relevance of knowledge and innovation for economic development and 
social benefits (Looy et al. 2006). It is an approach worth highlighting, especially in 
periods of economic recession and questioning of public expenses (Meyer 2000). 
Works such as those by Narin (1995) and Narin et al. (1997), in which analyses of 
patents and research activities (articles) were performed, underlined an increasing 
relationship between science and technology, especially in high-tech areas in the 
United States. Although technological production is associated with knowledge, 
this relationship is not always direct and clear. It can vary with the degree of science, 
and social interest and economic applicability.

Baccharis is one of the genera that aggregates a diversity of economic applica-
tions, and, among them, the control of soil erosion (Martinez et al. 2015; Vessella 
et al. 2015; Woolsey et al. 2018), ornamental use (Tognon and Cuquel 2016), food 
supplement (Navares et al. 2010), raw material for the development of cosmetics 
and pharmaceutical products (Sousa et  al. 2011; Mejía-Giraldo et  al. 2016; 
Casagrande et  al. 2018), source of raw material for bees in propolis production 
(Souza et al. 2019), and products of botanical origin. Such prominence in the area 
of natural products is due to its diverse pharmacological properties in the treatment 
of several diseases such as ulcers, gastrointestinal diseases, diabetes, cancer, inflam-
mations, and bacterial-fungal infections (e.g., Corrêa 1984; Carneiro and Fernandes 
1996; Claudino 2013; Silva et al. 2019). These uses have  favored studies on the 
propagation of some species of  Baccharis. Furthermore, all of these attributions 
provided by Baccharis fall within the paradigm of bioeconomics, which describes 
the way in which a set of economic activities obtains latent value from biological 
processes and renewable bioresources to develop and promote better health, growth, 
and sustainability conditions (Vivien et al. 2019).

Baccharis’ scientific knowledge and potential for innovation are high. In this 
research, we verify the existence of more than 900 published articles and 200 patent 
applications, as we shall see below. On the other hand, tropical countries such as 
Brazil, which exhibit a great diversity of species of this genus, do not always present 
a parallel relationship with scientific production nor are associated with the genera-
tion of patents. The challenges of many of these countries involve the ease and suc-
cess of filing patents (França and Vasconcelos 2018) since the current relationship 
between science and technology may also help to better diagnose problems and to 
propose solutions that favor economic development.
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2  Scope and the Database

Currently, prospective studies have shown to be a way of stimulus for organizations 
of innovation systems as it contemplates the interaction between science and tech-
nology. The publication of research results is seen as a direct representation of sci-
ence itself in the form of scientific articles while technology is portrayed through 
the application of knowledge obtained from the creation of processes and products, 
represented by patents (Meyer and Batthacharya 2004). Thus, in order to seek com-
prehension of Baccharis’ science-technology interaction, this chapter sought to 
analyze the profile of registered patents and articles on this genus available on vir-
tual databases over the last six decades (1940–2019). To this end, the chapter was 
divided into five sections. The first section approaches an analysis of the profile of 
patents and articles on species of the genus Baccharis. In this section, we present 
the chronology, species of interest, and the origin of patents and articles. The second 
section addresses the processes, products, and international classification of patents 
that involves the genus. The third section discusses areas of interest and applications 
of patents and articles. The fourth section deals with the network of authors and 
inventors involved in patents and articles. Finally, the last section presents remarks 
on science-technology relations developed with Baccharis and their contributions to 
society.

The database used for patents was Google Patents, United States Patent and 
Trademark Office (USPTO), Espacenet (developed by the European Patent Office 
(EPO) together with member states of the European Patent Organization), Instituto 
Nacional da Propriedade Industrial (INPI), DISCUS, and World Intellectual 
Property Organization (WIPO). The data searches used for scientific productions 
was Web of Science.

3  Profile of Patents and Articles of the Genus Baccharis

 Chronology of Publications and Patent Filings of Species 
of the Genus Baccharis

The first patent on Baccharis registered in the main available patent basis was in 
1942. This first order was placed by the private company American District 
Telegraph Company and entitled “Radiant energy receiving system” (Lindsay and 
Pearson 1942). The purpose of this patent application was to create an antitheft 
system equipped with a sensor coupled to the alarm, and the main differential was 
the high capacity for protection regardless of weather conditions. One of the materi-
als of interest described in this document is the fiber of Baccharis sp. (with no spe-
cies identification), which is presented as one of the materials used in the sensor 
assembly once this fiber has a high adsorption capacity. Although the first patent 
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filing focused on the use of Baccharis in the composition of a sensor, no other patent 
or article with the same purpose was developed afterward.

The first patent registrations occurred in a timid and inconsistent way during 
1942 to 1995 (Fig. 19.1). Before that period, the patenting of pharmaceutical prod-
ucts was historically not permitted in many countries. Only in the late twentieth 
century, mandatory pharmaceutical patent protection was established for all mem-
bers of the World Trade Organization (WTO) (Shadlen et  al. 2019). Since then, 
registrations have increased rapidly, reaching a total of 223 registrations in 2019. 
The recent increase is so clear that in the last 10 evaluated years, almost half (98 
patents) of Baccharis patents were registered.

The first article on Baccharis  according  to  the Web of Science 
(1945–2019) was published in 1961 by Dolejs and collaborators (1961), with the 
title “Sesquiterpenic compounds of Baccharis genistelloides Pers  – Structure of 
palustrol” in the journal Collection of Czechoslovak Chemical Communications. 
This publication analyzed secondary substances in the aerial part of B. genistelloi-
des, focusing on the δ-cadinene sesquiterpenes. To date, this phytochemical interest 
in Baccharis species continues, particularly focused on the extraction and identifi-
cation of chemical compounds (Bettucci et al. 2020).

Unlike patents, the publication of scientific articles on Baccharis only displayed 
a boost almost 10 years after the first scientific article had been published in 1961. 
Although the publication of articles started slightly later than patents, there has been 

Fig. 19.1 Number of patent filings and publications of scientific articles on species of the genus 
Baccharis until 2019
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a substantial growth reaching about 991 articles in 2019. Comparatively, the num-
ber of articles represents about 4.5 times more than the number of patents.

One of the factors that influence this variation between numbers of patents and 
articles is related to differences in the time of evaluation and concession between 
them. Most articles (67%) take 6 months to 2 years to finalize publication (Noorden 
2016). However, even when an author needs to wait a long time for the article to be 
published, that time is much shorter than one required for a patent to be filed. 
Moreover, it is also important to highlight that article publication or even a lecture 
in any type of event before the secrecy period (1–5 years) can make patenting unfea-
sible. This condition imposes a choice that is not always feasible for the researcher 
who is being evaluated for his production of articles, and little for the number of 
patents.

Additionally, a patent application request does not mean that the patent will be 
granted (França and Vasconcelos 2018). In an analysis of the technological field of 
herbal medicines in Brazil, where there is the largest number of published articles, 
from a total of 876 analyzed  patent applications, only 12 (1.3%) were granted 
(Vasconcellos et al. 2004). Therefore,  the fact that the patent is granted does not 
mean that it will be licensed or even exploited in any way. This topic is complex, 
and the information gathered only outlines some of the many factors present in the 
context of the comparative and competitive relationship between the basic research 
of scientific articles and the generation of patent products and/or processes. The 
incentive to innovation based on basic research represents the entrepreneurial con-
tinuity of organizations, taking into account such important issues in the conduction 
of economic and social growth within companies and universities.

Currently, incentives and guidelines for the effective granting of patent deposits 
are not uniform across countries. Many developing countries have few incentives, 
and institutions that assist in the patenting process guarantee sooner success in pat-
ent grant (Moreira et al. 2016). Many research institutions validate various pharma-
cological data every day, but the lack of a culture of protection, or even the lack of 
knowledge about intellectual property, makes it impossible for these results to pro-
mote financial return (Dundas 2012; Fisch et al. 2015; Arqué-Castells et al. 2016).

 Species of Interest for Patents and Articles

Baccharis is considered the largest genus that belongs to the Asteraceae family, 
covering formally 442 species (Fielding 2001; Giuliano 2001; Heiden and Pirani 
2016). Baccharis has a wide geographic distribution occuring from Canada to the 
southern tip of Argentina and Chile (Barroso 1976; Fielding 2001; Verdi et al. 2005; 
Heiden et al. 2006). In patent filing applications, 43 species of this genus were iden-
tified. However, patent filing requests without identification at the species level 
reached 15.7%. In scientific articles, the number of investigated species was greater, 
192 studied species (43.4% of the genus). Approximately 10% of published articles 
present only the genus, without species determination. Those of common interest 
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found in articles and patents are: B. concinna, B. coridifolia, B. cutervensis, 
B. crispa, B. dentata, B. dracunculifolia, B. erioclada, B. glaziovii, B. glutinosa, 
B. grisebachii, B. halimifolia, B. megapotamica, B. microcephala, B. pilularis, 
B. pseudotenuifolia, B. salicifolia, B. santecilis, B. sarothroides, B. stenocephala, 
and B. trimera (Fig. 19.2).

The most cited species of the most cited patents are B. trimera (36.3%), B. mega-
potamica (16.6%), and B. sarothroides (12.6%) (Fig. 19.2). Baccharis trimera is 
considered one of the most studied plant species in botanical, pharmacological, and 
chemical terms and is present in the list and described in the sixth Edition of the 
Brazilian Pharmacopoeia (Karam et al. 2013; ANVISA 2019). It has a wide distri-
bution in Brazil, occurring in the Cerrado (Rodrigues and Carvalho 2001), Atlantic 
Forest (Pavan-Fruehauf 2000; Vieira and Silva 2002), and Pampa (Ritter and 
Baptista 2005; Caporal and Boldrini 2007) biomes, and can even be found in many 
ruderal environments (Brandão and Oliveira 1995; Macedo 1995; Vieira and Silva 
2002), whereas B. megapotamica inhabits wetlands from Brazil and Argentina 
(Tokarnia et al. 1992; Carneiro and Irgang 2005). This shrub stands out for the pres-
ence of a series of potent cytotoxic agents that belong to the trichothecene antibiot-
ics complex. In addition, trichothecenes have exceptionally high toxicity for 
eukaryotic organisms, including high phytotoxicity (Ueno 1983; Bamburg 1983; 
Snyder 1986). Among the analyzed chemical compounds, macrocyclic trichothe-
cenes (roridins, verrucarins, and baccharinoids) proved to be among the most potent 
phytotoxic agents (Cutler and Jarvis 1985). The species B. sarothroides has its ori-
gin in the desert regions of the United States, and its notoriety is mainly focused on 

Fig. 19.2 Number of (a) patents and (b) scientific articles of the most cited species of the genus 
Baccharis
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its concentration of flavonoids with proven cytotoxic activity such as centauredin 
and 3,4′-di-methoxy −3′,5,7-trihydroxy-flavone (Kupchan and Baverschmidt 1971).

The most cited species in articles are B. trimera (22.3%), B. dracunculifolia 
(13.5%), and B. halimifolia (8.87%). Baccharis dracunculifolia is a dioecious shrub 
whose distribution ranges from southeastern to southern Brazil, reaching Argentina, 
Uruguay, Paraguay, and Bolivia (Gomes and Fernandes 2002). This species is a 
facilitator of other species in Cerrado, as it houses a wide network of interactions 
(Fagundes et al. 2005; Neves et al. 2016; Barbosa et al. 2019; Monteiro et al. 2020; 
Rodrigues et al. 2020), especially with the Africanized bees Apis mellifera that col-
lect their resins for propolis manufacturing (Fernandes et al. 2018; Rodrigues et al. 
2020). It is also known for its pharmacological properties and for the treatment of 
several microbial and fungal diseases, ulcers, leishmania, schistosomiasis, and can-
cer, among others (e.g., Park et  al. 2004; Silva-Filho et  al. 2009; Parreira et  al. 
2010). The shrub species B. halimifolia, known for its complex network of interac-
tions, is native to salt marshes and dunes along the Atlantic and North American 
Gulf Coast (Krischik and Denno 1990; Egerova et  al. 2003). It is considered an 
invasive species in Australia and especially in Europe (Sims-Chilton et al. 2010; 
Caño et al. 2013, 2016). In the past hundred years, B halimifolia has invaded almost 
all of Europe’s estuaries (Caño et al. 2016).

 Origin of Patent Filings and Articles

The origin of Baccharis’ patents is distributed in 53 countries, and the articles have 
been originated from 174 countries (Fig. 19.3a, b). Despite being a genus of origin 
in the Americas (Heiden and Pirani 2016), only 5.73% of patent deposits were gen-
erated in this region (Fig. 19.3). This number is significantly lower than the fre-
quency of articles published in the same region, which was approximately 67.5%. 
These results also show that the potential to generate patents with Baccharis is not 
being explored by the countries of origin.  Consequently, these  countries are not 
being favored by the economic advantages that patents can bring such as market 
monopoly for a certain period of time (Moir 2008). This way, these countries through 
patents could have higher income and profitability indicators. 

The country with the highest number of patents (95 patents, 48.02% of patents) 
for Baccharis was the United States (Fig. 19.3a). The country is home to 21 native 
species (Kupchn and Baverschmidt 1971), of which only six have patents (28.6% of 
native species in the United States): B. dioica, B. emoryi, B. glutinosa, B. halimifo-
lia, B. pilularis, and B. sarothroides. It is noted; however, that about 50% of the 
patents in the United States correspond to two non-native species: B. trimera (26.3% 
of the United States patents) and B. megapotamica (24.2% of the patents) (Fig. 19.4). 
B. trimera patents are associated with the development of cosmetics (69.23% of 
patents), pharmacological products (23.08%), and chemical extraction (7.69%), 
while B. megapotamica patents are mostly directed to pharmacology (91.30%). The 
United States has been known for its mastery in the pharmacological field since the 
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nineteenth century by means of pharmaceutical researches based on the extraction, 
purification, and isolation of natural products (Radaelli 2007).

The United States’ leadership in the number of Baccharis patents may be associ-
ated with its oldest patent on record as of 1790 and its stronger and facilitative 
structure in patent generation (Khan 2005). A different profile of countries in South 
America, such as Brazil, which harbors 178 species of Baccharis (about 36% of 
Baccharis species; Heiden et al. 2019), leads the list of countries with the largest 
number of scientific publications on species of this genus with a frequency of 
45.22% (448 articles) among published studies (Fig. 19.3b). Brazil has 12 patents 
for 30 species of Baccharis (30 species out of 175 registered species: 17% of the 
existing species in the country). Part of this difference may be associated with the 
country’s patent history. Until 1996, pharmaceutical products were excluded from 
patent protection in the country (Nogués 1990). Currently, unfortunately, the vast 
majority of patent rights granted in Brazil belong to foreign business groups, espe-
cially from the United States (Marques 2000).

Additionally, an analysis on the patents’ origin countries of the three most cited 
Baccharis species (B. trimera, B.megapotamica, B. dracunculifolia) indicates that 
over 50% of the patents were developed outside their countries of origin (Fig. 19.5). 
About 88% of B. trimera patents came from where it is not native: Canada, China, 
EPO, Spain, United States, France, Japan, United Kingdom, and WIPO (Fig. 19.6). 
While for B. megapotamica, no patent was found for its origin locations. About 
53.9% of B. dracunculifolia patents were carried out outside their countries of ori-
gin: United States, EPO, Japan, and WIPO (Fig. 19.6). In contrast, the origin of 
studies developed for publication of articles on B. trimera, B. megapotamica, and 
B. dracunculifolia are, in their majority (over 50%), in the countries where they 
are native.

Fig. 19.4 Distribution of the number of patents in the United States (95 patents) per species of 
Baccharis. Baccharis sp.* – identification presented in the patent only at gender level
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 Plant Parts Explored in Patents and Articles

Plants exhibit a wealth of chemical substances that can vary not only among species 
or plant gender but also according to the plant organ (Ferracini et al. 1995; Muller- 
Riebau et al. 1997; Perri et al. 1999; Vesela et al. 1999; Lago et al. 2008; Manurung 
et al. 2017; Feduraev et al. 2019). These chemical differences in composition and 
contents found among plant organs have been generally considered in studies and 
scientific innovations. Other environmental factors may influence plant production 
of chemical compounds such as seasonality, geographical distribution, and the level 
of stress that they are subjected to (Perri et al. 1999; Carvalho-Filho et al. 2006; 
Edreva et  al. 2008). These factors, regardless of their importance, are hardly 
explored in patents but practically only in scientific publications.

In patents, pollen represents the part of the plant of greatest interest (37.3%), 
followed by the use of leaves (25.5%), aerial part as a whole (13.7%), and whole 
plant (11.8%) (Fig. 19.7). Other organs such as branches, roots, and cladodes are 
less explored in patents.

The majority of the patents of  Baccharis pollen  is associated with the health 
benefits it brings, such as nutritional supplementation (Cho et al. 2017), physical 
vigor, and immune-strengthening (Kroyer and Hegedus 2001). Pollen has been 
incorporated for the development of patents that involve immunotherapy of aller-
gies and vaccines and administration of immunomodulatory compounds in order to 
increase immune response or sensitivity of patients with cancer or autoimmune dis-
eases (Graça and Água-Doce 2010; Bartlett et  al. 2014; Santos et  al. 2014; Zhu 

Fig. 19.5 Frequency of patents (a) and articles (b) found inside (N) and outside (O) their country 
of origin for Baccharis trimera, Baccharis megapotamica, and Baccharis dracunculifolia
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2015; Fleisner 2016). Another highlight of the use of pollen in patents, for B. saro-
throides in this matter, is related to the improvement of immune responses during 
the treatment of complications derived from transplant and graft rejection. Most of 
the patents that use pollen as a raw material are for B. sarothroides and B. halimifo-
lia. Baccharis halimifolia is native to Nova Scotia, eastern and southern United 
States, eastern Mexico, Bahamas, and Cuba (Heering 1907; Hitchcock and Standley 
1919; Sánchez and Cano 1983).

Fig. 19.6 Number of patents and published articles for the species B. trimera and B. 
dracunculifolia
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In articles, the aerial part as a whole (leaves and branches) was mainly used for 
studies (44.8%), while the specific use of leaves was found in 37% of the articles 
(Fig. 19.7). The other parts of research interest were roots, seeds, flowers, pollen, 
branches, and cladodes, each presenting less than 5% of the articles herein analyzed 
(Fig. 19.7). Baccharis is a genus with a great richness of secondary compounds in 
leaves, such as flavonoids, phenolics, and, especially, essential oils, which release a 
distinctive odor that attracts insects (Ferracini et al. 1995; Moreira et al. 2019). Two 
species of Baccharis stand out for the exploration of all plant parts: B. trimera, and 
B. dracunculifolia.

4  Processes and Products and the International 
Classification of Patents

Patents are classified into products, processes, or products and processes (found in 
a single patent application). The differentiation between product and process can be 
summarized as follows: the product is directly related to the customer’s needs and 
desires, whereas the process pursues to define how produced items or services can 
be presented in the most optimized possible way.

As an exemplification of a product patent, there is the first patent application for 
a body sunscreen that utilized the photo-absorbent chemical compounds of B. 

Fig. 19.7 Percentage of patents and articles on plant parts of species of the genus Baccharis
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sarothroides in the cosmetic composition (Unger and Creery 1998). This applica-
tion was dated in 1998 by an American company, and the patent was entitled 
“Sunscreen agents from natural sources”. It is known that B. sarothroides possesses 
a high concentration of centaureidin. According to Saeki et al. (2003), centaureidin 
is able to inhibit the growth of melanocyte dendrites, which reduces epidermal pig-
mentation. A combination of chemical compounds of natural origin and their proven 
effectiveness, such as centaureidin, presents an opportunity to create exclusive cos-
metic products applied precisely in skin darkening or lightening (Tada et al. 2006).

As to exemplify a process patent, we can reference “Method for obtaining 
extracts of Baccharis glutinosa with antifungal activity” (Rosa-Burgos et al. 2011). 
This patent, filed in 2015, is the most recent among the reviewed documents in the 
pharmacology field of plants of the genus Baccharis with interest in the develop-
ment of extraction methods, more specifically of B. glutinosa chemical compounds.

Moreover, in product and process patents, the technical formulation characteris-
tics of a given product as well as the methodology used to produce it are described 
in the same patent application. A good example of this type of patent is “Combination 
of vegetable extracts modifies immune response and is effective against e.g. multi-
ple sclerosis” (Carreiras 2001). This application fits in the area of oncology and 
autoimmune diseases. It is a Spanish patent from 2001, which contains in its claims 
the extraction description of root chemical compounds of several plant species, 
among them B. trimera, followed by the drug formulation and its description as a 
pharmaceutical product.

In general, about 59.2% of Baccharis patents refer to products and processes, 
26.3% refer to products, and 14.5% aim at the creation of processes only (Fig. 19.8).

Regardless of the type of patent (product or process), a specific classification is 
designated. All applications are classified in accordance with the International 
Patent Classification (IPC) according to their technological area. The assessment of 
this classification by the users promotes the establishment of yet another effective 

Fig. 19.8 Percentage of Baccharis patents classified as product, process, and product and process
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search tool for the retrieval of patent documents. Statistical analysis of patent filing 
activity is one of the most used methodologies in technological monitoring (Weid 
et al. 2018); therefore, IPC can be used as a database for the elaboration of statistics 
aimed at the industrial property, which allows the assessment of technological 
development in several areas (OECD 2005). Human needs represent the area of 
greatest interest for patents of species of the genus Baccharis with a frequency of 
88.6% (Fig. 19.10). This class of patents encompasses subclasses that involve agri-
culture, food or food products, articles for personal household use, as well as health 
and recreation.

5  Areas of Interest and Applications of Patents and Articles

 Patents

Baccharis’ product and process patents were found in the following application 
areas: cosmetics, pharmacology, methods of chemical compounds extraction, nutri-
tion, sensors, veterinary, agronomy, environment, and labeling. For Baccharis’ 
product patents, the main areas of interest are cosmetics (63.75%) and pharmacol-
ogy (24.35%) (Fig. 19.9a, Table 19.1). Baccharis patents for cosmetic products are 

Fig. 19.9 International Patent Classification (IPC) referring to species of the genus Baccharis. 
Abbreviations: ME Mechanical Engineering, L Lighting, H Healting, W Weapons, B Blasting, FC 
Fixed Constructions, PO Performing Operations, T Transporting, P Physics, C Chemistry, M 
Metallurgy, HN Human necessities
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mostly aimed at dermatological treatments, such as hair loss, prevention and treat-
ment of signs caused by age, scar treatment, exfoliating, and others. As for pharma-
cology, product patents were found for administration and production of drugs in 
the following areas: psychiatry, endocrinology, oncology, autoimmune diseases, 
otolaryngology, rheumatology, pain, urology, dentistry, hepatology, gastroenterol-
ogy, infectology, and applied pharmacology (release of drugs) (Table 19.1). About 
18% of patents aimed at oncology draw on the species B. glutinosa, B. megapota-
mica, B. sarothroides, and also on documents in which the species has not been 
described at species level, reaching 21% of the analyzed results. Process patents 

Fig. 19.10 Frequency of patent applications for products (a) and processes (b) of the genus 
Baccharis, separated by areas of interest

19 Innovation and Knowledge of Prospective Studies on the Genus Baccharis



490

Table 19.1 (a) Products and (b) processes generated from species of  Baccharis in the areas 
of pharmacology and cosmetology

(a) Products
a.1) Dermatology
Skin clarification
Inhibit or restore skin damage caused by dryness
Artificial skin coloration
Cosmetic with anti-inflammatory property
Hair cleaning and hydration
Hair loss treatment
Prevention and cure of gray hair
Sunscreen
Antiperspirant
Routine skin, hair and/or nail care
Skin preparation
Skin protection for diaper wearers
Prevention and treatment for aging
Protection against skin lesions
Artificial skin coloration
Composition for treatment of herpes and cold sores
Diaper rash treatment
Exfoliating
Products for better appearance or health of lips and facial skin
Dehydroascorbic acid or its derivatives for skin coloration; care and/or makeup methods
Wound care
a.2) Psychiatry
Treatment and prevention of cognitive decline and age-related memory impairments
Addiction treatment
a.3) Endocrinology
Sweeteners, promoters, or enhancers of sweeteners
Drug for prevention and treatment of diseases and conditions induced by carbohydrates
Treatment of diabetes, obesity, and other metabolic diseases
Product to promote weight loss
a.4) Oncology and autoimmune diseases
Kit with presegmentation compounds
Treatment or prevention of autoimmune disease, allergic reaction, transplant-related 
complication, graft rejection
Treatment of infectious diseases, cancer, inflammation, tissue damage, etc.
Induction of immune tolerance
Vaccine to improve immune response
Immunotherapy and vaccine
Immunotherapy and allergy
Treatment of angiogenesis and metastasis
Fc coupled to compositions and methods of its use

(continued)
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Table 19.1 (continued)

Product that prevents or limits the effects of chemotherapy
Oncology and autoimmune diseases
a.5) Otorhinolaryngology and allergy
Treatment of one or more nasal or sinus conditions
Composition to prevent and treat type I allergy
Expandable devices for nasal polyps treatment
Treatment for allergies and asthma
Methods and compositions for allergens dosage
Method and device for testing and allergy treatment
a.6) Rheumatology
Treatment for arthritis-associated deformity, including pain and for prevention or treatment of 
stiffness or inflammation
Prevention, therapy, and osteoporosis treatment
a.7) Ache
Therapeutic inhibitor of vascular smooth muscle cells
Anti-inflammatory (potent COX-2 inhibitors)
a.8) Urology
Treatment of urinary system diseases
a.9) Dentistry
Prevention and treatment of oral diseases
Aroma for oral products
Oral health products
a.10) Hepatology
Compound for hepatitis treatment
a.11) Gastroenterology
Intestinal regulator
Treatment to reverse symptoms of constipation
a.12) Angiology
Treatment of homeostatic instability conditions
Treatment for vascular trauma
Treatment for thrombosis
a.13) Infectology
Malaria treatment
Treatment of diseases related to coronavirus infection (pneumonia and gastroenteritis)
a.14) Applied pharmacology
Product and method for oral administration of nutraceuticals
Promoter of vitamin C transporter production
Drug delivery and release
Antibiotics
a.15) Antisepsis
Paints, coatings, and polymers containing phytochemicals
Paint to apply on surface and inhibit the colonization of organism-painted surfaces
Product with sanitizing, antiseptic, and/or disinfectant function for objects, food, and skin

(continued)
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focused on pharmacology generally describe the way a certain product was pro-
duced or even optimized, the extraction of its compounds, or even the evaluation 
methods for dermatological problems (Table 19.1).

The greatest highlight in the agronomy, veterinary, and environment fields (about 
1% of product patents) is among phytosanitary products formulated with secondary 
compounds of Baccharis species, which have a natural-based formulation and, for 
this reason, present shorter retention time in the cultivated area and low level of soil 
and water contamination. Another interesting application is related to hybrid spe-
cies, that is, the result of natural crossing between genetically similar species, such 
as the following species: Baccharis hybris ‘Starn’, Baccharis halimifolia ‘Kolmmyst’ 
(Kolster 2003a), Baccharis halimifolia ‘Kolmstar’ (Kolster 2003b), and Baccharis 
halimifolia ‘Kolmsil’ (Kolster 2003c). The particularity of these species  is their 
high potential in the recovery of degraded areas due to their morphological charac-
teristics such as deep root system and voluminous aerial part.

Considering the areas of interest of process patents (Fig. 19.9b), cosmetics and 
pharmacology occupy second and third places with a frequency of 16.07% and 
6.55%, respectively. In first place, with 66.07% of frequency, there are processes 

Table 19.1 (continued)

Filtering materials with biocidal phytochemicals
Skin sanitizers (durable)
Hand sanitizer
Antimicrobial film
(b) Processes
b.1) Dermatology
Assessment method of dry skin state
Process for artificial skin coloration
Tanning techniques
Fast and economical process for preparing substituted phenylaldehydes (raw material for the 
preparation of a large number of aromatic compounds useful in the perfume industry)
b.2) Extraction of compounds
Methodology of secondary metabolites extraction
Identification of compounds found in propolis
Acquisition of propolis extract
Methodology of artepilin C extraction
Process of acquisition of plant extracts and compositions comprising extracellular protease 
inhibitors
Extraction and use of propolis extracts in products
b.3) Quality control
Methodology for quality control of propolis and extracts of B. dracunculifolia

b.4) Antisepsis
Active oxygen scavenger
b.5) Applied pharmacology
Isolation of autoantibodies (autoimmune diseases)
Methodology of product/medicine preparation
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aimed at agronomy and environment, mostly associated with damage reduction 
caused by herbivores and phytopathogens, but also weed control.

Process patents, when compared to product patents, have been particularly evalu-
ated at a lower economic value, partly due to the difficulty of screening  (Kartal 
2007). In addition, many product patents are frequently filed with the same meth-
odologic process (Kartal 2007).

 Articles

The scientific articles on Baccharis can be grouped into three large groups in accor-
dance with similarity of interests: pharmacology (54.5%), agronomy, veterinary and 
ecology (45.5%), and nutrition (1%) (Fig. 19.11). Within the great area of pharma-
cology, there are studies focused on the extraction of chemical compounds, taking 
into account the following aspects: types of solvents, concentration and chemical 
composition, and according to the plant part, optimization of extraction processes, 
chromatographic analysis of compounds, and others. In studies that involved tests 
of medicinal interest, extracted chemical compounds were tested in vivo and in vitro 
experiments.

Many in vivo and in vitro experiments carried out with Baccharis coincide with 
the testing objectives of patent applicants, such as compounds with carcinogenic, 
analgesic, anticonvulsant, anti-inflammatory, antihyperglycemic, and antihyperlip-
idemic functions and antioxidants among others. This similarity suggests an inter-
action between articles and patents with regard to the knowledge generated on 
Baccharis’ biological activities of pharmacological interest, especially those 

Fig. 19.11 Areas of interest of scientific articles on Baccharis
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associated with carcinogenic activity of chemical compounds of Baccharis (Galvão 
et al. 2012; González et al. 2018; Jaramillo-García et al. 2018). The species that 
stood out the most in carcinogenesis studies were B. coridifolia and B. dracunculi-
folia. However, within pharmacology scientific articles, 68% refer to biocidal activ-
ities found in some Baccharis. Some of these articles aim to apply the 
Baccharis compounds to bacteria and fungi responsible for human diseases. In the 
meantime, no antibiotic product or fungicide with the same activity was observed in 
patents, only just fungicide patents for the protection of agricultural crops, such as 
the patent by Burgos and Rocha (2014). 

It was also noted that some biological activities, such as the antimalarial action 
of Baccharis species, were more significantly evaluated in articles than in patents. 
Oliveira et al. (2012) were the inventors of a patent on the use of antimalarial chemi-
cal compounds (diterpenes), but the species has not been described at species level. 
While, in articles found on the same subject, the following Baccharis species were 
used in the tests: B. microdonta, B. paucifloculosa, B. punctulata, B. reticularioides, 
B. stenocephala, and B. genisteloides (Henning et al. 2011; Budel et al. 2018a, b). 
Baccharis’ biological activities for Leishmaniasis treatment (Grecco et  al. 2010, 
2012; Parreira et al. 2010; Passero et al. 2011; Neto et al. 2019) and Chagas disease 
(Grecco et al. 2010; Vanini et al. 2012; Guerreiro et al. 2018; Ueno et al. 2018) were 
only addressed in scientific articles. The species B. uncinella and B. dracunculifolia 
showed activity to treat Leishmaniasis and Chagas disease. For Chagas disease 
treatment, the species B. semiserrata and B. retusa also showed activity. This lack 
of interaction between science and technology is aimed at curing neglected dis-
eases, although in 2009, they were considered priorities by the World Health 
Organization (2004).

In the veterinary field, studies focused on species that cause animal poisoning, 
with emphasis on B. megapotamica. Reports on the intoxication of whole herds, 
induced resistance, experimental intoxication, and animal testing with the purpose 
to prevent intoxication were found in the studies. Another information only found in 
articles is related to the antiophidic capacity that the leaves of B. crispa present 
(Costa 2010).

Baccharis friburguensis was the species of interest in only one scientific article; 
however, this same species has been pointed out to be used as a natural sweetener. 
In the four remaining scientific articles involving plants of the genus Baccharis in 
the area of nutrition, there are nutritional analyses in search of carbohydrate sources.

In our study, a total of 85 articles involves morpho-anatomical study areas of the 
species, taxonomic classification, and floristic surveys (involving native, pioneer, 
endemic, dominant, weed species, etc.). Specifically, inside ecology, studies with 
Baccharis were carried out on the recovery of degraded areas (e.g.,  Perea et  al. 
2019), phytoremediation (Haque et  al. 2008), and insect–plant interaction 
(e.g., Fagundes et al. 2005; Fernandes et al. 2014; Monteiro et al. 2020), mainly 
with gall-inducing insects (e.g.,  Arduin et  al. 2005; Espirito-Santo et  al. 2012; 
Agudelo et al. 2018).
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6  Collaborative Network Among Those Involved 
in the Patents and Articles

Other aspects related to the study of science–technology interaction start from the 
analysis of coauthorship. One hundred of scientific articles authors were found in 
this survey, a number far lower than the number of patent applicants for the genus 
Baccharis: four hundred and four. A survey was carried out with ten patent inven-
tors and scientific article authors (Table 19.2). Bastos JK is the author of the largest 
number of published scientific articles, with 40 publications. Bastos is a 
Pharmacognosy professor in the Department of Pharmaceutical Sciences at the 
Faculty of Pharmaceutical Sciences, University of São Paulo. His research is 
focused on the organic chemistry of natural products, mainly on secondary metabo-
lites of higher plants and propolis, in which species of the genus Baccharis lie, with 
emphasis on B. dracunculifolia. The inventor Reno JM stood out in the ranking of 
the most frequent inventors, with 20 patent applications. All of Reno’ patents were 
applied by the private company Neorx Corporation. The high number of patents 
invented by Reno draws attention mainly due to the fact that the other inventors 
present a frequency of 1 to 3 deposits.

Bastos presented another very interesting feature, as he was one of the 4 patent 
inventors who also appear on the list of scientific article authors, the other three are 
Jarvis BB, Rosa-Burgos EC, and Cortez-Rocha MO. Bastos and Jarvis are inventors 
of one patent each; however, Bastos published 40 articles while Jarvis published 21. 
Rosa-Burgos and Cortez-Rocha filed two patent applications each, yet the first has 
seven scientific articles published, while the second has five. This amount of inven-
tors–authors demonstrates how weak is the collaboration between professionals 
involved in the science and technology of species of the genus Baccharis. Pravdic 
and Oluic-Vukovic (1986) stated that more productive authors tend to form partner-
ships more frequently, and authors who work in multidisciplinary research exhibit 
the most frequent collaborative behavior with highly productive authors.

Table 19.2 Ranking of inventors and authors who most filed patents and published scientific 
articles on the genus Baccharis

Inventors Number of patent deposits Authors Number of article publications

Reno JM 20 Bastos JK 40
Theodor LJ 13 Fernandes GW 35
Gustavson LM 10 Tonn CE 27
Axworthy DB 9 Giordano OS 24
Leroy Kunz LL 9 Budel JM 23
Portes P 9 Lago JHG 23
Gupta SK 9 Jarvis BB 21
Simonnet JT 8 Heiden G 20
Jia Q 8 Romoff P 19
Laboureau J 6 da Silva AA 18
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The future perspective in which society can be favored by the range of benefits 
provided by species of the genus Baccharis focuses on the need of a deep stage of 
maturity related to interaction and collaboration of professionals interested in patent 
study and development. According to Moura (2012), authorship in scientific articles 
has been configured as an opening opportunity, mainly to compete or obtain funding 
to carry out their research, discussions between counterparts, and the researcher’ 
scientific visibility in their area of expertise. In contrast, coinvention presents crite-
ria of participation for authorship in technological production, different from those 
used in scientific production.

Collaborations between universities and companies have been growing in recent 
years (Cohen et al. 2002; Kon 2016). The knowledge generated by universities is 
extremely important for industrial development, especially high-tech sectors due to 
their proximity to the scientific knowledge basis (Klevorick et al. 1995). The finan-
cial resources derived from companies are pointed out as one of the advantages of 
partnership for universities (Lehmann and Menter 2016).

7  Final Considerations

Baccharis stands out for its great potential for science and technology, especially in 
the pharmacological area, with publications and patents that go beyond limits of 
origin. Patent filings on Baccharis; however, have been hampered due to legal rea-
sons, required time for patenting, and difficulty in patent granting after application. 
These barriers have affected countries such as Brazil, which, although shows the 
greatest scientific contribution on Baccharis, does not have the greatest economic 
contribution in the form of patents. The largest number of Baccharis patent filings 
is led by the United States, which, throughout its history, has had great incentives 
and investments in the innovation sector.

Among the species B. trimera and B. dracunculifolia represent the species with 
more scientific studies. Baccharis trimera also appears at the top of the species of 
greatest interest to patent inventors, followed by B. megapotamica. This great scien-
tific and market interest in B. trimera may be related to the use of secondary metab-
olites in the treatment of various diseases. 

Unfortunately; however, Baccharis’ scientific knowledge has not always contrib-
uted to the advance of the generation of patent filings. Published scientific articles 
could assist in generating patent filings, such as a potential antibiotic and antifungal 
for human diseases, treatment of various diseases (such as autoimmune diseases, 
cancers, among others) bringing innovation and economic incentives. The innova-
tive discoveries evidenced in patents of this genus were also not reflected in the 
scientific deepening and development. There are no reports in the form of articles on 
the already patent work deposited, Baccharis fiber sensors, nor studies that explore 
the anticarcinogenic activity of the species B. glutinosa, B. megapotamica, and 
B. sarothroides.
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Another aspect that reinforces the poor interaction between the knowledge gen-
erated by articles and patents is the low collaboration among authors of scientific 
articles (mostly researchers from higher education and research institutions) and 
patent applicants (mostly companies). These findings indicate an urgent need for 
greater exchange of knowledge generated from articles and patents, and collabora-
tions between Baccharis researchers and applicants to promote science and technol-
ogy. The application of research and technology helps to create new demands and 
new industries, which drive a future of economic growth and social development.
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Green propolis, known as the green treasure, has a high added value and is produced 
by Apis mellifera bees from a special resin collected from Baccharis dracunculifo-
lia. The unsurpassed value of green propolis is mainly due to its chemical com-
pounds, such as artepillin C, which is effective in inhibiting the growth of tumor 
cells. Green propolis is made up of several other chemical constituents of pharma-
cological importance, such as caffeic, ferulic, p-coumaric and cinnamic acids, 
kaempferol, and chrysin. Propolis also stands out for its antioxidant properties, 
immunological potential, and for the treatment of other diseases, such as arthritis, 
diabetes, ulcer, pneumonia, among others.

 

Resin collection from Baccharis dracunculifolia. Illustration by Patrícia Angrisano
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Chapter 20
Chemical Constituents and Antioxidant 
Properties of Green Propolis

Shigenori Kumazawa

Abstract Propolis is a resinous substance collected by honeybees from various 
plant sources. Propolis from the southeastern region of Brazil is known to have a 
greenish-brown or green color because of which it is called “green propolis.” The 
plant origin of Brazilian green propolis is Baccharis dracunculifolia 
DC. (Asteraceae); hence, both Brazilian green propolis and B. dracunculifolia 
contain similar compounds. In this chapter, the chemical constituents and the anti-
oxidant properties of Brazilian green propolis and its plant origin, B. dracunculi-
folia, are reviewed. The major components of the ethanol extracts of Brazilian 
green propolis are terpenoids and the prenylated derivatives of p-coumaric acid. In 
particular, 3,5-diprenyl-4- hydroxycinnamic acid (artepillin C) is known to be the 
characteristic compound found in the Brazilian green propolis. The in vitro anti-
oxidant activity of Brazilian green propolis using various methods has been evalu-
ated, and artepillin C and caffeoylquinic acid derivatives have been reported to be 
its major effective antioxidants. However, few studies have explored the in vivo 
antioxidant activity of Brazilian green propolis.

Keywords Antioxidant activity · Artepillin C · Cinnamic acid derivatives · 
Terpenoids · Caffeoylquinic acid derivatives

1  Introduction

Propolis, a natural resinous substance collected by honeybees from buds and exu-
dates of plants, is thought to be used as a protective barrier for the beehive. Propolis 
has been reported to have many beneficial biological properties, including antibac-
terial, antiviral, and anticancer properties (Silva-Carvalho et al. 2015); hence, it is 
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extensively used in various health foods and beverages to prevent inflammation, 
heart disease, diabetes, and cancer (Sforcin 2016; Pasupuleti et al. 2017).

The chemical composition of propolis has been reported to be dependent on the 
local flora of the site from which it is collected (Bankova 2005; Salatino et al. 2011). 
Thus, the composition of the plant origin of propolis determines its chemical com-
position. Various propolis types and their plant origins have been studied. It is gen-
erally accepted and chemically demonstrated that the bud exudates of poplar trees 
are the main source of propolis in the temperate zones (Bankova et  al. 2000). 
Because of this, the European propolis contains the typical “poplar bud” phenolic 
compounds, such as flavonoid aglycones (flavones and flavanones), phenolic acids, 
and their esters (Bankova et al. 2002). Poplar trees cannot grow in tropical and sub-
tropical regions; therefore, propolis from these regions has a chemical composition 
different from that of the “poplar type (poplar bud)” propolis. For example, there are 
few poplar trees in southeast Brazil; however, honeybees use other plants as their 
source of propolis (Marcucci and Bankova 1999). A study was previously reported 
Baccharis dracunculifolia DC. (Asteraceae) to be the plant origin of the propolis of 
the Brazilian green propolis (propolis found in southeast Brazil), by observing the 
honeybee behavior and doing a phytochemical analysis of propolis (Kumazawa 
et al. 2003). Brazilian honeybees collect the leaves of this plant and bring them back 
to their hives to use them as a source of propolis.

The Baccharis plant species have been studied for their antifungal (Rahalison 
et al. 1995), insecticidal (Juan Hikawczuk et al. 2008), and plant growth inhibitory 
(Céspedes et al. 2002) properties. B. dracunculifolia was reported to have cytotoxic 
(Búfalo et al. 2010), antioxidant (Guimarães et al. 2012), antibacterial (Pereira et al. 
2016), and anti-inflammatory (de Figueiredo-Rinhel et  al. 2019) properties. The 
chemical constitution of the Brazilian green propolis is identical to that of B. dra-
cunculifolia, which has been shown to be the source of the propolis (Kumazawa 
et al. 2003; Park et al. 2004). Further, the biological properties of Brazilian green 
propolis have also been observed in B. dracunculifolia (da Silva Leitão et al. 2004; 
de Funari et  al. 2007). In this chapter, the chemical constituents and antioxidant 
properties of the Brazilian green propolis and its plant origin, B. dracunculifolia, are 
reviewed.

2  Chemical Constituent of Green Propolis

Propolis is a complex resinous mixture, comprising approximately 50% resin, 30% 
wax, 10% essential oils, 5% pollen, and 5% other organic substances (Toreti et al. 
2013). The chemical composition of propolis differs according to the geographic 
region from where the resins were collected, based on the flora of that region. 
Additionally, the compositions of the propolis vary according to the season (Bankova 
et al. 1998).

Many studies have been conducted on the chemical composition and the biologi-
cal properties of propolis, and it has been shown to contain a variety of chemical 
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compounds, including polyphenols (flavonoids, phenolic acids and their esters), ter-
penoids, steroids, and amino acids (Salatino et al. 2011). However, because of the 
geographical differences, propolis from Europe, South America, and Asia have dif-
ferent chemical compositions (Salatino et  al. 2011). Propolis from Europe and 
China comprises many kinds of flavonoids and phenolic acid esters (Bankova et al. 
2000). In contrast, the major components in the propolis of Brazilian origin are 
terpenoids and the prenylated derivatives of p-coumaric acid (Marcucci and Bankova 
1999; Kumazawa et al. 2003).

According to Park et al. (2002), Brazilian propolis can be divided into 12 classes. 
Propolis from southeast Brazil is known to have a greenish-brown or green color, 
because of which it is also called “green propolis” (Park et al. 2002). As described 
above, because the plant origin of Brazilian green propolis is B. dracunculifolia 
(Kumazawa et al. 2003), the composition of both is similar. Figure 20.1 shows the 
representative phenolic compounds found in the ethanol extract of Brazilian green 
propolis. 3,5-Diprenyl-4-hydroxycinnamic acid (artepillin C), known to be the 
characteristic compound in green propolis and B. dracunculifolia, was quantified to 
be 43.9 mg/g in the ethanol extract of the Brazilian green propolis (Kumazawa et al. 
2004), and has been reported to be the extract’s main pungent ingredient (Hata et al. 
2012). Artepillin C is also known to possess anti-inflammatory and anticancer prop-
erties (Paulino et al. 2008; Messerli et al. 2009).

Fig. 20.1 Representative phenolic compounds in Brazilian green propolis
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The volatile compounds in the Brazilian green propolis have been reviewed 
(Bankova et al. 2014). The representative volatile compounds are shown in Fig. 20.2. 
Sesquiterpenes, such as (E)-nerolidol, δ-cadinene, and spathulenol, are the major 
volatile compounds in the propolis (de Sousa et al. 2009), and these compounds 
have also been shown to be responsible for its pleasant aroma as well as biological 
properties (de Sousa et al. 2009; Bankova et al. 2014).

Many analytical methods have been used for the separation and identification of 
the propolis components. The chemical composition of the propolis also depends on 
the method of extraction and the solvent used. Commercially sold medicinal prod-
ucts, such as tablets, capsules, and syrups, are usually prepared using the ethanol 
extracts of propolis. However, there are a few products that use the water extracts of 
propolis.

3  Antioxidant Properties of Green Propolis

Oxidative stress has been recognized to be involved in the pathology of several 
human diseases, such as diabetes, neurodegenerative diseases, and aging (Aruoma 
1998). An increase in oxidative stress has been associated with many degenerative 
diseases such as atherosclerosis and cancer, through its effect on DNA mutation, 
protein oxidation, and lipid peroxidation (Aruoma 1998; Kim et al. 2015). Therefore, 
many studies have focused on investigating novel antioxidant compounds from 
natural products. Most propolis extracts are composed of different polyphenols, 
which have been reported to possess potent antioxidant activity (Toreti et al. 2013; 
Silva-Carvalho et al. 2015). However, the antioxidant activity of the propolis sam-
ples from different geographies varies, based on their chemical constitutions.

Fig. 20.2 Representative volatile compounds in Brazilian green propolis
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There are several methods to study the antioxidant properties of natural products. 
Because of operational simplicity, radical-scavenging assays such as DPPH 
(2,2-diphenyl-1-picrylhydrazyl) and ABTS (2,2′-azinobis-(3-
ethylbenzothiazoline- 6-acid) have been widely used to evaluate antioxidant activity. 
Other in vitro methods such as FRAP (ferric reducing antioxidant power) and 
ORAC (oxygen radical absorption capacity) assays are also used to evaluate the 
in vitro antioxidant activity (Bunaciu et al. 2016). Recently, cell-based in vitro anti-
oxidant assays have been reported (Kellett et  al. 2018). Further, the antioxidant 
activity of propolis from different sources including Brazilian green propolis has 
been evaluated (Silva-Carvalho et al. 2015).

Many studies have been conducted on the evaluation of the in vitro antioxidant 
activity of the Brazilian green propolis, using the DPPH assay. For example, Basnet 
et  al. (1997) evaluated the DPPH-free-radical-scavenging activity of the water, 
methanol, and chloroform extracts of Brazilian propolis, and isolated the antioxi-
dant compound, propol (3-[4-hydroxy-3-(3-oxo-but-1-enyl)-phenyl]-acrylic acid). 
Propol was found to possess more active antioxidant activity than vitamins C and E 
(Basnet et al. 1997). Souza et al. also evaluated the ethanol extracts of Brazilian 
propolis, using the DPPH assay and identified 3-prenyl-4-hydroxycinnamic acid 
(drupanin) and artepillin C to be the major antioxidants (Souza et  al. 2007). 
Artepillin C has been identified also by Izuta et al. (2009) as the compound with 
DPPH radical-scavenging activity in Brazilian green propolis. They also reported 
that the caffeoylquinic acid derivatives (3,4-di-caffeoylquinic acid, 3,5-di- 
caffeoylquinic acid, and chlorogenic acid) are also the antioxidants found in the 
Brazilian green propolis. The caffeoylquinic acid derivatives exhibited a DPPH- 
radical- scavenging activity as strong as that of ascorbic acid and trolox (Izuta et al. 
2009). Zhang et al. (2017) have also reported that artepillin C and caffeoylquinic 
acids were identified as antioxidant components from the Brazilian green propolis. 
Thus, artepillin C and caffeoylquinic acid derivatives could be the major effective 
antioxidants with a DPPH-radical-scavenging activity in the Brazilian green propo-
lis. Table 20.1 summarizes some of the studies addressing the antioxidant activity of 
Brazilian green propolis.

The effects of Brazilian green propolis against UV-irradiation-induced oxidative 
stress have been evaluated by Fonseca et al. (2011). In the study, oral treatment of 
commercially available Brazilian green propolis extracts was shown to prevent 
UV-induced glutathione depletion in hairless mice. Murase et  al. (2013) have 
reported that the ultraviolet A (UVA)-irradiation-induced production of reactive 
oxygen species is suppressed by pretreatment with the water extracts of Brazilian 
green propolis (WEP). The same group also reported that WEP acts as an early 
inducer of HO-1 and a rapid activator of Nrf2 to protect against UVA-induced oxi-
dative stress (Saito et al. 2015).

A study has investigated the potential effects of the Brazilian green propolis on 
glucose metabolism and its antioxidant function in patients with type-2 diabetes 
mellitus (T2DM) (Zhao et al. 2016). At the end of the study, serum glutathione and 
total polyphenols were significantly increased, and serum carbonyls and lactate 
dehydrogenase activity were significantly reduced in the Brazilian green propolis 

20 Chemical Constituents and Antioxidant Properties of Green Propolis



512

group. Zhao et  al. (2016) concluded that Brazilian green propolis is effective in 
improving the antioxidant status of T2DM patients.

4  Summary and Future Directions

Propolis has been commonly used as traditional medicine since ancient times. 
However, its constitution and biological properties (such as antioxidant activity) 
differ based on geographical origin. Moreover, the solvents used for extraction (i.e., 
water or ethanol) also influence the biological properties of propolis. Studies using 
both, ethanol and water extraction, have explored the antioxidant properties of 
Brazilian green propolis. While ethanol extracts of the propolis have been shown to 
contain cinnamic acid derivatives, such as drupanin or artepillin C, its water extracts 
have been shown to contain primarily caffeoylquinic acid derivatives. All these 
compounds, derived from ethanol and water extracts, have been shown to possess 
in vitro antioxidant activity. However, only a few studies have explored the in vivo 
antioxidant activity of Brazilian green propolis. Furthermore, information on the 
safe dose needed for clinical use is lacking. Therefore, clinical studies using 
Brazilian green propolis and its active compounds are needed.
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Chapter 21
Possible Role of Propolis-Derived 
Components in the Prevention 
and Treatment of Obesity and Diabetes

Takanori Tsuda

Abstract Propolis consists of the gums, saps, pigments, and essential oils collected 
by honey bees from particular parts of plants, mainly the sprouts, buds, and bark, 
and is mixed together with bees’ own secretory substances. Recent studies demon-
strated that one of the key plant sources in Brazilian green propolis is Baccharis 
dracunculifolia. This chapter presents the possible role of Brazilian green propolis–
derived components in the prevention and treatment of obesity and diabetes. 
Especially, we focus on the regulation of white adipocyte function (upregulating 
adiponectin expression) and induction of brown-like adipocyte formation by 
Brazilian green propolis constituents. We demonstrated that artepillin C (ArtC), 
which is one of the abundant constituents in Brazilian green propolis, significantly 
inhibited the downregulation of adiponectin expression in white adipocytes. 
Moreover, we found that ArtC induces brown-like adipocyte formation in white 
adipose tissues. Finally, we summarize the challenges concerning research on 
Brazilian green propolis’ health benefits. This fundamental research has established 
a promising new function for Brazilian green propolis constituents, with several 
exciting possibilities for its application in dietary supplements and the like.
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1  Introduction

Humans have been making use of honeybee products since ancient times, most 
notably in the consumption of honey. Moreover, honeybees are essential to the pol-
lination of crops. Recent concerns over the shortage of honeybees have sparked an 
interest in studying honeybees and understanding the reasons for their diminishing 
numbers. In particular, one honeybee product that has been studied extensively over 
the past decade is Brazilian green propolis, the health benefits of which have been 
investigated.

Perhaps, the most promising of Brazilian green propolis’ health benefits is the 
prevention of obesity and diabetes. Both obesity and diabetes have become signifi-
cant global problems in recent decades. In Asia, especially, there has been a notable 
increase in diabetes in recent years (Scully 2012). This health crisis must be resolved 
urgently, and toward this end, new means of prevention and treatments using dietary 
factors are awaited.

To date, various food-derived factors have been investigated for their preventive 
and curative roles in obesity and diabetes. While there have been some publications 
on the propolis ethanol extract, data on individual propolis components and their 
comparative activities are insufficient. In addition, the antiobesity and antidiabetic 
mechanisms are not yet well understood. To give the current status of research in 
this area, this chapter presents our progress on the regulation of white adipocyte 
function (upregulating adiponectin expression) and induction of brown-like adipo-
cyte formation by Brazilian green propolis constituents.

2  Propolis Plant Sources and Health Benefits in Humans

Propolis is a viscous, resinous substance, varying from dark green and brown to 
dark brown in color. It consists of the gums, saps, pigments, and essential oils col-
lected by honeybees from particular parts of plants, mainly the sprouts, buds, and 
bark, and is mixed together with bees’ own secretory substances. The history of 
propolis goes as far back as ancient Egypt and Greece, where traditional medicinal 
uses for propolis were already known (e.g., as an antibacterial treatment) (Kartal 
et  al. 2003). Many physiological functions of propolis have been reported as its 
chemical constituents have been analyzed over the past 20 years. The use of propo-
lis is expanding both as a popular health food and dietary supplement and as an 
additive in beauty products (e.g., skin creams) and candies.

Meanwhile, there has also been a considerable amount of false information being 
spread on the health benefits and chemical composition of propolis. One likely rea-
son for this misinformation involves the premature marketing of propolis on a large 
scale before the chemistry of its constituents has been adequately elucidated. The 
chemical composition of propolis varies; more often than not, a constituent present 
in one propolis is absent in another. The exact composition of propolis depends 
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entirely on its place of origin as well as its extraction method. So, these differences 
naturally affect the physiological effect and strength of each propolis.

One propolis in particular, Brazilian green propolis, is one of the most studied 
propolis worldwide. It is characterized by its many cinnamic acid derivatives, such 
as artepillin C (ArtC). Propolis composition varies by the place of origin because of 
the different plant sources involved in its creation. From direct behavioral observa-
tion of honeybees as well as from chemical analyses, Kumazawa et al. have deter-
mined that one of the key plant sources in Brazilian green propolis is Baccharis 
dracunculifolia (Kumazawa et al. 2003).

As much as propolis is a fascinating natural product from the perspective of 
chemistry, we will focus here on the specific effects that ArtC from B. dracunculifolia- 
derived Brazilian green propolis has on adipose tissues as an example of our research 
related to the health benefit.

3  Brazilian Green Propolis Constituents and their 
Physiological Functions

 Regulation of White Adipocyte Function

ArtC is a key constituent of Brazilian green propolis, of which Baccharis dracuncu-
lifolia is one plant source. Besides ArtC, this propolis also contains various other 
cinnamic acid derivatives, which contain a prenyl group (Fig. 21.1) (Tazawa et al. 
1998; Tazawa et al. 1999; Ikeda et al. 2011). In collaboration with the University of 
Shizuoka, Kitasato University, and Kyoto University, we have demonstrated the 
ability of Brazilian green propolis–derived compounds to augment adiponectin 
expression, which in turn affects insulin sensitivity (Ikeda et al. 2011).

Mammals, including humans, have two types of adipose tissues. While brown 
adipose tissue (BAT) is an organ responsible for fat catabolism and heat generation, 
white adipose tissue (WAT) exists as subcutaneous and visceral fat. Over the past 
20 years, studies have shown that WAT is not just an adipose depot; it is in fact the 
largest endocrine tissue in the body. It produces and secretes various physiologically 
active substances, which exert a great influence on the human body as a whole 
(Matsuzawa 2005). Such bioactive substances secreted by white adipocytes are 
called adipocytokines. The regulation of adipocytokine expression and secretion is 
disrupted in hypertrophic adipocytes. To date, numerous adipocytokines and their 
close relationship with various metabolic disorders and diseases have been identified.

The relationship between obesity and WAT inflammation, and the molecular 
mechanism thereof, is rapidly being elucidated. After macrophages infiltrate adi-
pose tissue, they secrete an inflammatory cytokine called tumor necrosis factor-α 
(TNF-α). TNF-α induces chronic inflammatory changes in WAT and disrupts white 
adipocyte function. Using this white adipocyte inflammatory model as a basis, we 
developed an evaluation system for food-derived factors that regulate adipocyte 
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function (i.e., adiponectin expression upregulators) (Isa et  al. 2008; Ikeda et  al. 
2011; Yanagisawa et  al. 2012). This system revealed that out of the many com-
pounds derived from Brazilian green propolis, ArtC and compound C4 ((E)-3-(4-
(isobutyryloxy)-3-(3-methylbut-2-enyl) phenyl) acrylic acid) significantly inhibited 
TNF-α-induced downregulation of adiponectin (Fig.  21.2) (Ikeda et  al. 2011). 
Furthermore, these two compounds were both able to upregulate adiponectin secre-
tions into the culture supernatant (Fig. 21.2) (Ikeda et al. 2011).

Structure–activity relationship analysis revealed that two prenyl groups must be 
present in order to exert this effect. The presence of a single prenyl group alone did 
not suffice, with the notable exception of compound C4, which has an isobutylic 
acid ester at the 4-position in its structure (Ikeda et al. 2011).

Next, we investigated how the two identified compounds inhibit the downregula-
tion of adiponectin. Prior research had shown that adiponectin expression is con-
trolled by peroxisome proliferator–activated receptor γ (PPARγ). A possible 
mechanism is that our propolis-derived compounds act as PPARγ agonists, thereby 
driving adiponectin expression. Another possible mechanism by which these 
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Fig. 21.1 Chemical structure of the propolis-derived components. This figure was reproduced 
from Ikeda et al. (2011) with permission from Elsevier
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compounds might inhibit the TNF-α-mediated downregulation of adiponectin is 
through modulation of the c-Jun-NH2-terminal kinase (JNK) signaling pathway. 
We previously demonstrated that inhibition of TNF-α-mediated JNK activation sup-
presses the decrease in adiponectin expression (Isa et al. 2008). Based on the above 
hypothesis, we investigated how the two propolis constituents inhibit the downregu-
lation of adiponectin. Reporter assay results revealed that ArtC was a powerful ago-
nist of PPARγ (Fig. 21.3) (Ikeda et al. 2011). Similar activity was also observed for 
C4, but the effect was much weaker than that of ArtC, even at a final concentration 
of 25 μM (Fig. 21.3) (Ikeda et al. 2011). Subsequently, to better understand PPARγ’s 
target gene expression, we tested the effects of ArtC alone or ArtC with PPARγ 
antagonist pretreatment. The expression levels of both adiponectin and fatty acid–
binding protein 4 (aP2) significantly increased after the single ArtC treatment, but 
this effect was significantly suppressed by the PPARγ antagonist pretreatment. 
Meanwhile, we conducted the same test with C4 but found that it did not increase 
the expression of PPARγ target genes (Fig. 21.4) (Ikeda et al. 2011).

Taking these findings together, we concluded that ArtC’s effect on upregulation 
of adiponectin expression is mediated by its PPARγ agonistic effect. However, as 
this mechanism did not appear to be applicable to C4, we decided to investigate 
another possible mechanism of action. As a result of this study, C4 significantly 
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suppressed the TNF-α-induced phosphorylation of JNK. Thus, C4 most likely acted 
directly on JNK, because it did not inhibit the upstream kinases of JNK. Meanwhile, 
ArtC, which we showed acts as a PPARγ agonist, did not inhibit the TNF-α-induced 
activation of JNK (Ikeda et al. 2011).

To further investigate the above results, we performed docking simulations and 
compared the predicted structure of the complex with that of known ligands and 
inhibitors. First, we investigated the PPARγ–ArtC complex by selecting the best 
binding pose (Fig. 21.5) (Ikeda et al. 2011). It became clear that ArtC displays a 
binding pose very similar to that of a known PPARγ agonist called troglitazone 
(TZD), which presumably forms hydrogen bonds and hydrophobic interactions 
with neighboring amino acids. It was also presumed based on binding free energy 
that ArtC has a strong PPARγ agonistic effect, which was supported by the experi-
mental results thus far. Similarly, we performed docking analyses with JNK. First, 
we evaluated a known inhibitor of JNK in addition to C4 and determined that both 
of them bind to the JNK protein via hydrogen bonding and ionic bonding, display-
ing very similar docking poses to one another. On the other hand, when we evalu-
ated ArtC, it differed in its orientation and a comparison of binding affinity indicated 
that it does not inhibit JNK (Fig. 21.6) (Ikeda et al. 2011).

These findings could be useful for determining the different applications of indi-
vidual propolis constituents as well as for designing propolis-containing dietary 
supplements with specific fortified effects. For instance, since ArtC increases adipo-
nectin expression, it could be given to people whose adiponectin level is naturally 
low. On the other hand, since C4 counteracts the inflammation-induced reduction of 

Fig. 21.5 Binding modes of ArtC, C4, or TZD with the PPARγ LBD. This figure was reproduced 
from Ikeda et al. (2011) with permission from Elsevier
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adiponectin expression in WAT, it may be able to correct the anomalous adiponectin 
expression that occurs in obesity. However, as these are the results of cell culture 
experiments, the exact effects in humans must be further investigated (e.g., with 
clinical trials).

Fig. 21.6 Comparison between docking models and X-ray structures of JNK1-inhibitor com-
plexes. (a) Docking model of ArtC, (b) docking model of C4, (c) X-ray structure of Abbott’s JNK 
inhibitor (PDB identification code: 2 h96), and (d) X-ray structure of SP600125 (PDB identifica-
tion code: 1uki). Inhibitors are represented by ball and stick models. JNK1 is represented by 
capped stick models and hydrophobic residues are colored orange. Hydrogen bonds and electro-
static interactions are represented by dashed lines. This figure was reproduced from Ikeda et al. 
(2011) with permission from Elsevier
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 Adipocyte Browning Induction and Mechanism of Action

Recent discoveries have led to a new era of adipocyte research. As mentioned previ-
ously, there are two types of mammalian adipose tissues, WAT and BAT. WAT is an 
energy depot, and one of the body’s most significant endocrine organs. It expresses 
adipocytokines that regulate biological functions. Meanwhile, BAT consumes fat 
and generates body heat, taking part in thermoregulation (Giralt and Villarroya 
2013). Naturally, it follows that an increase in BAT promotes overall energy con-
sumption. Brown adipocytes are rich in mitochondria and contain a brown adipo-
cyte–specific mitochondrial protein called uncoupling protein 1 (UCP1). This 
protein is involved in heat production in the body. UCP1 is a marker of brown adi-
pocytes and its role is to convert energy to heat by uncoupling oxidative phosphory-
lation (Cannon and Nedergaard 2004). UCP1 is essential in cold-induced 
thermoregulation.

BAT has long been deemed physiologically unimportant as it is abundant in new-
borns but lacking in adults. Recently, however, the presence of BAT has been con-
firmed in adults as well, and individual differences have also been identified. In 
addition, BAT quantity decreases with age, which is one of the causes of obesity 
(Cypess et al. 2009; Saito et al. 2009; van Marken Lichtenbelt et al. 2009; Virtanen 
et  al. 2009; Nedergaard and Cannon 2010; Yoneshiro et  al. 2011). Furthermore, 
there are two distinct populations of brown adipocytes: the classical brown adipo-
cytes that are naturally present, and inducible brown adipocytes (brown-like adipo-
cytes) that differentiate from adipocyte precursor cells but are distinct from the 
classical ones (Kajimura et al. 2010; Harms and Seale 2013). The brown-like adipo-
cytes are also called beige adipocytes or brite adipocytes and appear in WAT. Their 
presence leads to a continuous increase in energy consumption due to heat produc-
tion as well as to a loss of body fat (Yoneshiro et al. 2011). Presently, increasing 
these energy consumption-promoting brown-like adipocytes is considered an effec-
tive and novel strategy to counter obesity (Wu et al. 2012). The induction of brown- 
like adipocytes formation could be achieved by 1) having a continuous cold stimulus, 
or 2) inducing the brown adipocyte differentiation of human ES/iPS followed by 
transplantation. However, method 1) is unrealistic and method 2) is impractical at 
this time, but it may become feasible in the near future. All in all, a better option 
seems to be to find a food-derived factor that induces the differentiation of adipo-
cyte precursors into brown-like adipocytes. To do this, the mechanism of action 
needs to be elucidated in order to form the basis of novel antiobesity and antidia-
betic strategies.

Hence, our group decided to investigate food-derived factors that induce brown- 
like adipocyte formation. In this process, we studied the brown-like adipocyte- 
inducing ability of ArtC and its mechanism of action (Nishikawa et al. 2016). We 
knew that thiazolidinediones, such as rosiglitazone, act as PPARγ agonists and that 
their adiponectin expression–enhancing ability is an effective treatment of diabetes. 
Furthermore, studies have shown that rosiglitazone can induce brown-like adipo-
cyte formation (Ohno et al. 2012). As earlier results indicated, ArtC also acts as a 
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PPARγ agonist (Ikeda et al. 2011); thus, it seemed entirely plausible that ArtC could 
also induce brown-like adipocyte formation.

Therefore, we investigated the brown adipocyte–inducing ability of ArtC using 
two in vitro evaluation systems using C3H10T1/2 cells (Reznikoff et al. 1973) as 
well as murine WAT-derived primary cells. C3H1010T1/2 cells are derived from 
murine mesenchymal stem cells and can differentiate into white and brown adipo-
cytes depending on the conditions. The murine WAT-derived primary cells were 
prepared from the adipocyte precursor cell–containing fraction of collagenase- 
treated murine WAT. Brown-like adipocyte induction was evaluated by measuring 
the expression of brown-like adipocyte marker genes such as UCP1 and cell death–
inducing DNA fragmentation factor alpha subunit-like effector A (CideA). From the 
results of the study, in C3H10T1/2 cells, ArtC strongly increased the mRNA expres-
sion of brown-like adipocyte markers in a dose-dependent manner (Fig.  21.7) 
(Nishikawa et al. 2016). ArtC also significantly increased the expression of brown 
adipocyte marker mRNA in murine WAT–derived primary cells (Fig.  21.7) 
(Nishikawa et al. 2016). In addition, ArtC induced the protein expression of UCP1 
and PRD1-BF-RIZ1 homologous domain-containing protein-16 (PRDM16) 
(Fig. 21.8) (Nishikawa et al. 2016), the latter being an essential factor for brown 
adipocyte differentiation. Previously, we showed that ArtC acts as a PPARγ agonist 
(Ikeda et al. 2011); so we then investigated the relationship among ArtC, induction 
of brown-like adipocyte formation, and PPARγ ligand activity. To do this, we treated 
C3H10T1/2 cells with a combination of ArtC and the PPARγ antagonist. As a result, 
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both the UCP1 and PRDM16 protein expression-enhancing effects of ArtC were 
significantly suppressed by the PPARγ antagonist (Fig.  21.8) (Nishikawa et  al. 
2016). These results indicated that ArtC induces brown-like adipocyte formation, 
presumably through its PPARγ-agonist function.

We then looked deeper into the mechanism of brown-like adipocyte induction by 
ArtC.  As shown in previous studies, rosiglitazone induces brown-like adipocyte 
formation by binding to the complex of the PRDM16 protein and PPARγ as a 
PPARγ ligand, which stabilizes the PRDM16 protein (i.e., suppressing its degrada-
tion) (Ohno et al. 2012). Because of this, it also seemed plausible that ArtC works 
similarly. To verify this hypothesis, we observed the PRDM16 protein degradation 
dynamics present in C3H10T1/2 cells by 1) treatment with cycloheximide, a protein 
synthesis inhibitor, after inducing brown-like adipocyte differentiation with con-
tinuous ArtC treatment, and 2) culturing under the control condition and then 
administering a single dose of ArtC together with cycloheximide. From the results 
of experiment 1), PRDM16 protein degradation was significantly inhibited in the 
ArtC group for 4, 8, and 16  h after cycloheximide treatment. The half-life of 
PRDM16 was calculated as 6.2 h in the control group compared with 19.2 h in the 
ArtC group (i.e., ArtC more than triple the PRDM16 protein’s half-life) (Fig. 21.9) 
(Nishikawa et al. 2016). Additionally, from experiment 2), PRDM16 protein’s deg-
radation was also significantly inhibited for 16  h after cycloheximide treatment 
(Fig. 21.9) (Nishikawa et al. 2016). PRDM16’s half-life for this experiment was 
9.4 h in the control group compared with 18.2 h in the ArtC group. These results 
demonstrated that ArtC acts as a PPARγ ligand and induces brown-like adipocyte 
formation by inhibiting PRDM16 protein degradation.

Subsequently, we studied the brown-like adipocyte induction of ArtC in vivo. To 
do so, we administered 5 mg/kg and 10 mg/kg of ArtC orally to C57BL/6 J mice 
every day for 4 weeks. Hematoxylin and eosin (H&E) staining revealed that induc-
tion of brown-like adipocyte formation was dose-dependent in the inguinal WAT 
(iWAT), visible as multilocular adipocytes. Immunostaining with anti-UCP1 and 
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Fig. 21.8 Immunoblot analysis of UCP1, PRDM16, and β-actin proteins in C3H10T1/2 cells dif-
ferentiated with vehicle or ArtC. (a) The expression of UCP1, PRDM16, and β-actin proteins in 
C3H10T1/2 cells differentiated with ArtC at different doses; (b) the effect of the PPARγ antagonist 
on ArtC-induced UCP1 and PRDM16 protein expression. This figure was reproduced from 
Nishikawa et al. (2016)
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anti-PRDM16 antibodies revealed a strongly positive response in the ArtC- 
administered group (Fig. 21.10) (Nishikawa et al. 2016). Meanwhile, epididymal 
WAT (eWAT) tested negative for both multilocular adipocytes formation and immu-
nostaining (Fig. 21.10) (Nishikawa et al. 2016). In addition, there was no difference 
in H&E or the immunostaining of BAT between the control and ArtC groups; 
equally, positive staining was observed for both antibodies (Fig. 21.10) (Nishikawa 
et al. 2016).

Next, we investigated the protein expression of UCP1 and cytochrome c oxidase 
subunit IV (COXIV), which is a mitochondrial marker in iWAT and BAT. In iWAT, 
the protein expression of both UCP1 and COXIV was increased in the 10 mg/kg 
ArtC treatment group, whereas there was no difference among the groups in BAT 
(Fig. 21.11) (Nishikawa et al. 2016).

Previous research has shown that induction of brown-like adipocyte formation is 
also induced via the sympathetic nervous system (SNS)-mediated β3-adrenergic 
signaling pathway. For example, the intake of fish oil significantly increases UCP1 
expression in iWAT and BAT and is accompanied by an increase in urinary norepi-
nephrine (NE) excretion (Kim et  al. 2015). With this in mind, we decided to 
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investigate the β3-adrenergic signaling pathway response during ArtC treatment. 
Based on our experiments, we found that there was no difference in plasma NE 
concentration between the control and ArtC groups. We also determined that there 
was no difference in the expression levels of β3-adrenergic receptor (β3-AR) mRNA 
in iWAT and BAT between the control and ArtC groups (Fig. 21.12) (Nishikawa 
et  al. 2016). One may wonder why ArtC did not induce UCP1 expression in 
BAT. Generally, BAT is more sensitive than iWAT to β3-adrenergic signaling path-
way activation (Slavin and Ballard 1978; Trayhurn and Ashwell 1987). Since ArtC 
does not affect molecules related to the β3-adrenergic signaling pathway, it seems 
that ArtC- induced brown-like adipocyte formation relies mostly on the aforemen-
tioned stabilization of the PRDM16 protein rather than the β3-adrenergic signaling 
pathway. The exact reason for this (i.e., ArtC did not induce UCP1 expression in 
BAT) is not yet fully understood.

In sum, our fundamental research has established a promising new function for 
ArtC, a Brazilian green propolis constituent, with several exciting possibilities for 
its application in dietary supplements and the like.
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Fig. 21.10 Representative images of H&E staining and immunohistochemical staining of UCP1 
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from Nishikawa et al. (2016)
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4  Health Benefits of Green Propolis: Challenges 
and Future Prospects

As we better understand the chemical structures and various plant sources of 
Brazilian green propolis constituents, research regarding their health benefits also 
advances, such as traditional medicinal use and disease prevention in humans. How 
should we now proceed further with research into propolis health benefits? The 
foremost point to consider is the compositional variation of propolis due to both the 
geographical origin and the extraction method. These greatly influence the presence 
and strength of its biological activity. This variation is one of the main reasons for 
the confusion and misunderstanding surrounding Baccharis-derived Brazilian green 
propolis as well as other propolis of different geographical origins and derived from 
other plant sources. It follows that the amount and stability of constituents must be 
carefully considered to fully understand the health benefits of Baccharis-derived 
Brazilian green propolis. Below, we have highlighted some key challenges for 
future propolis health benefits research based on the above points of consideration.

Firstly, more data on the absorption and metabolism of propolis constituents are 
required. Compared with other food-derived compounds, the absorption and metab-
olism of Brazilian green propolis constituents are relatively unclear and have not 
been studied in detail. For example, in the case of ArtC, we need to determine 
whether it is ArtC itself that acts on tissues or whether it is ArtC’s catabolic and 
metabolic products that are active. Furthermore, there are questions as to whether 
propolis’ activity is affected by a difference in the intestinal flora, and whether prop-
olis intake, in turn, affects our intestinal flora.

Secondly, clinical trials need to be conducted in order to address the lack of effi-
cacy data in humans. Such trials need to be randomized, double-blind, and placebo- 
controlled. They also need to be cross-sectional with minimized variations in 
conditions and samples across the research groups.

Finally, when using a propolis extract, we need to determine which constituent is 
responsible for which effect, or if it is in fact a synergistic effect of multiple con-
stituents. We know that in the case of Baccharis-derived Brazilian green propolis, 
ArtC greatly contributes to its health benefit. We must bear in mind, however, that 
other constituents are present, and so we must determine whether ArtC requires the 
presence of other constituents to exert its effects.

Very little is currently known about the health benefits of Baccharis-derived 
Brazilian green propolis. We hope to overcome the issues described in this chapter 
and realize a future not only in which the advancement of propolis research is con-
tributing greatly to our health but also one in which the advanced application of 
Baccharis plants is being actively promoted.
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Chapter 22
Effects of the Green Propolis 
on the Immune Response

José Maurício Sforcin and Marco Biagi

Abstract Africanized bees have a preference for Baccharis dracunculifolia 
DC. (Asteraceae) as a source of green propolis in Brazil. Propolis has been always 
mentioned as an immunomodulatory agent, and in vitro and in vivo assays have 
provided new information concerning its mechanisms of action. Propolis effects on 
antibody production have been widely investigated, and its impact on different cells 
of the immune system, involving the innate and adaptive immune response, has 
been assessed. Propolis increased the microbicidal activity of macrophages, mono-
cytes, and neutrophils, as well as the lytic activity of natural killer cells against 
tumor cells. Since humans have used propolis for different purposes and propolis- 
containing products have been marketed, the knowledge of its properties with sci-
entific basis is not only of academic interest but also of those who use propolis 
as well.

Keywords Antitumor property · Baccharis dracunculifolia · Bio-economy · 
Immune system · Plant chemistry

1  Introduction

Africanized bees have a preference for Baccharis dracunculifolia DC. (Asteraceae) 
as source of propolis in southeast Brazil (Teixeira et al. 2005). Volatile substances, 
in the resiniferous ducts or gland trichomes, trigger bee attraction. Brazilian “green” 
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propolis contains B. dracunculifolia resin as its main vegetal source and, as the 
name indicates, it is greenish in color.

In fact, a detailed investigation of the botanical sources of propolis produced in 
the Campus of Botucatu – UNESP demonstrated that B. dracunculifolia is involved 
preferentially in propolis production by Africanized honeybees in this region, as 
well as Eucalyptus citriodora Hook and Araucaria angustifolia (Bert.) O. Kuntze 
(Bankova et al. 1999). Parts of the plants preferably visited by bees (exudates from 
the leaves of Baccharis and Araucaria, and from the trunk of Eucalyptus) were col-
lected and investigated by chromatographic methods. The main components identi-
fied in B. dracunculifolia and in propolis were almost the same: 
3,5-diprenyl-4-hydroxycinnamic acid called artepillin C, other prenylated cinnamic 
acids, dihydrocinnamic acid, p-coumaric acid, prenyl- and diprenyl-p-coumaric 
acids, and flavonoids in similar concentrations. On the other hand, some compo-
nents were entirely absent in Baccharis exudates, and other plants may also contrib-
ute as vegetal sources of propolis. The main components of E. citriodora were 
aromatic acids and sugars, and A. angustifolia exudates contained only traces of 
aromatic acids, consisting mainly of diterpenic acids (Bankova et al. 1999). It has 
been reported that bees do not change its chemical composition in a specific geo-
graphic region, because they visit essentially the same vegetal sources (Bankova 
et al. 2000).

Since clinical and in vivo studies on animal models reported that propolis is well 
tolerated and nontoxic after administration (Mani et al. 2006; Cornara et al. 2017), 
we wish to discuss the effects of the green propolis on the immune response.

2  Propolis Immunomodulatory Action

The greatest problem to initiate in vitro and in  vivo immunological assays is to 
design the experimental protocols, since researchers have used different propolis 
samples from all over the world, different concentrations both in vivo and in vitro, 
different kinds of extracts, intake periods, and routes of administration (Sforcin 
2007; Sforcin and Bankova 2011; Sforcin 2016). Moreover, different assays have 
been validated to evaluate propolis immunomodulatory action using different 
immune cells. The improvement of the innate immunity is thought to be the basis of 
the effectiveness of green propolis in viral, bacterial, and fungal infections; for this 
reason, our group has analyzed the effects of green propolis mainly on monocytes, 
macrophages, dendritic cells (DCs), and natural killer (NK) cells, though green 
propolis has been found to affect also adaptive immunity (Gao et al. 2014).
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 Monocytes

Most of the authors have investigated the immunomodulatory action of green 
propolis studying mice or rats and found that this bee product mainly modulates 
innate immunity (Sforcin 2007; Cornara et  al. 2017). We proposed to deeply 
evaluate the immunomodulatory action of propolis on the initial events of the 
immune response of human monocytes.

Monocytes develop in the bone marrow and represent the primary type of 
mononuclear phagocyte found in the blood. When activated in body tissues, 
monocytes differentiate in macrophages. Monocytes and macrophages are members 
of the mononuclear phagocyte system, a family of myeloid cells that also comprises 
dendritic cells (DCs) (Jakubzick et al. 2017). Monocytes were isolated from healthy 
blood donors and incubated with different concentrations of propolis, up to 20 μg/
ml. Propolis exerted immunomodulatory effects on cell receptor expression, cyto-
kine production, and fungicidal activity of human monocytes against Candida albi-
cans, without affecting cell viability and depending on concentration. Such actions 
involved the participation of TLR-2 and TLR-4 (Búfalo et al. 2014).

In order to compare the modulatory effect of propolis samples from three 
different countries of Latin America, primary human monocytes were incubated 
with propolis samples (0.2–20 μg/ml) collected in Brazil, Cuba, and Mexico and 
their effects on pro- and anti-inflammatory cytokine production (TNF-α and IL-10, 
respectively) were investigated. Data indicated that all samples did not affect mono-
cyte viability. Brazilian green propolis stimulated both TNF-α and IL-10 production 
by monocytes. Cuban propolis stimulated TNF-α and inhibited IL-10 production, 
while the Mexican sample exerted the opposite effect, inhibiting TNF-α and stimu-
lating IL-10 production. Cuban propolis sample was originated from the floral resin 
of the genus Dalbergia, especially D. ecastophyllum (Leguminosae), while Populus 
fremontii was the main vegetal source of Mexican propolis. The major compounds 
found in Brazilian, Cuban, and Mexican propolis samples were artepillin C, isofla-
vonoids, and pinocembrin, respectively. One may conclude that Brazilian, Cuban, 
and Mexican propolis contained different components that may exert pro- and anti- 
inflammatory activity depending on concentration, which may provide a novel 
approach to the development of immunomodulatory drugs containing propolis 
(Conti et al. 2015).

Recently, our group produced a propolis-based odontological product whose 
patent was deposited in February 2015 (BR10 2015 003982–4). This product was 
tested in vivo and beneficial effects were seen in the control of dental plaque in 
humans. Afterward, we investigated the effects of this odontological product–con-
taining propolis on human monocytes in  vitro, since monocytes from the gum 
bleeding come to the inflammatory site in periodontal diseases. Data showed that 
this product may favor the recognition of antigens by monocytes, slightly activates 
the NF-κB signaling pathway, and increases the bactericidal activity of human 
monocytes against S. mutans. Also, this odontological product played a role in 
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anti- inflammatory cytokine production, which can be beneficial in the treatment of 
periodontal diseases (Santiago et al. 2016).

It has been reported that there may be synergistic effects of several compounds 
conferring different pharmacological activities to propolis. Since the synergistic 
effects of propolis constituents are not elucidated, our group evaluated the involve-
ment of phenolic acids (caffeic – Caf, dihydrocinnamic – Cin, and p-coumaric – 
Cou) alone or in combination in the activation of human monocytes, comparing 
their effects to propolis. Propolis and combinations containing Caf enhanced TNF-α 
production by resting cells. Propolis, Cin, Cou, and Caf + Cin stimulated IL-6 pro-
duction. All treatments upregulated IL-10. In LPS-stimulated cells, treatments 
downregulated IL-6 and maintained TNF-α and IL-10 production. A lower TLR-2 
expression was seen than propolis. Caf + Cin enhanced TLR-4 expression. Propolis, 
Caf, and Caf + Cin stimulated hydrogen peroxide (H2O2) production, whereas prop-
olis, Cin, Cou, and Caf + Cin + Cou induced a higher fungicidal activity. Cin and 
Cin + Cou increased the bactericidal activity of human monocytes. In conclusion, 
propolis activated human monocytes, and the acids were involved differently in 
propolis activity (Cardoso et al. 2017). Kujumgiev et al. (1999) have suggested that 
the biological properties of propolis are due to a natural mixture of its components, 
and a single propolis constituent does not have an activity greater than that of the 
total extract.

 Macrophages

Macrophages belong to the mononuclear phagocyte system, which initially included 
circulating monocytes and macrophages and later on included also DCs (Hoeffel 
and Ginhoux 2018). Activated macrophages display an enhanced microbicidal or 
tumoricidal capacity and secrete high levels of pro-inflammatory cytokines and 
mediators such as TNF-α, IL-1β, IL-6, IL-8, and IL-12 (Duque and Descuteux 
2014) and oxygen and nitrogen metabolites (Mosser and Edwards 2008).

Regarding reactive oxygen species, NADPH oxidase catalyzes the reduction of 
molecular oxygen to superoxide anion (O2

−), which spontaneously recombines with 
other molecules to produce reactive free radicals, including hydroxyl radical (OH.) 
and H2O2 (Weigert et  al. 2018). Neutrophils, macrophages, and monocytes use 
myeloperoxidase to further combine H2O2 with Cl− to produce hypochlorite, which 
plays a role in destroying bacteria. Oxidants produced by phagocytes may destroy 
important biomolecules as well as phagocytosed microorganisms, and are involved 
in the tissue injury associated with inflammatory diseases (Babior 2000). 
Antioxidants are present in lower concentrations than biomolecules and may pre-
vent, protect, or reduce the extension of oxidative damage, such as, for example, 
glutathione peroxidase, catalase, and superoxide dismutase. Other antioxidants, 
such as ascorbic acid (vitamin C) and tocopherol (vitamin E), are nonenzymatic 
antioxidants. Thus, there is a delicate balance between the generation and 
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destruction of oxidant agents, which may be beneficial or deleterious to the organ-
ism (Novelli 2005).

In vitro, at concentrations <20 μg/ml, green propolis increased H2O2 generation 
in murine peritoneal macrophages (Orsi et al. 2000). On the other hand, Simões 
et al. (2004) observed an inhibitory effect of propolis and some of its components 
on superoxide anion production by rabbit neutrophils. These results are interesting, 
because propolis may exert both pro- and antioxidant activity depending on concen-
tration, type of cell, and experimental protocol. However, propolis mechanism of 
action on free radical generation by macrophages is unclear (Cuesta et al. 2005).

Nitric oxide (NO) generation is another indicative of macrophage activation. 
Inducible nitric oxide synthase (iNOS)-derived NO directly or indirectly contrib-
utes to the initiation and progression of inflammation and tissue injury. The interac-
tion between NO and O2 produces the highly cytotoxic oxidant peroxynitrite ONOO 
(Novelli 2005). NO is an important microbicidal mechanism of macrophages for 
inhibiting DNA synthesis, mitochondrial respiration, and active transport in fungal 
and bacterial membranes (Macmicking et al. 1997). Besides, NO is also an impor-
tant neurotransmitter, vasodilator, and cellular mediator of tissue repair (Chakraborty 
et al. 2006).

Brazilian green propolis, at low concentrations, inhibited NO generation by 
peritoneal macrophages (Orsi et al. 2000). Other propolis samples from different 
geographic regions also affected NO release. Moriyasu et al. (1994) also observed 
that propolis inhibited NO production by lipopolysaccharide (LPS)-stimulated 
macrophages, and Krol et al. (1996) linked this effect to flavonoids. Hu et al. (2005) 
evaluated the action of water and ethanolic extracts of propolis in a murine model of 
acute inflammation, verifying that both extracts inhibited NO generation.

After propolis treatment of mice for 3 consecutive days (0.2 ml/day of a solution 
containing 250–6000  μg/ml), peritoneal macrophages were taken and activated 
in vitro with gamma-interferon (IFN-γ). H2O2 and NO production were increased, 
which suggested that propolis treatment led macrophages to higher responsiveness 
to stimuli such as IFN-γ (Orsi et al. 2000). However, depending on its concentra-
tion, macrophages from propolis-treated animals and stimulated in vitro with IFN-γ 
showed inhibition in H2O2 and NO generation. These findings indicated a modula-
tory action of propolis on oxygen and nitrogen metabolites production by 
macrophages.

Propolis effects were analyzed on macrophages of BALB/c mice submitted to 
immobilization stress for 7 days. Stressed mice showed a higher H2O2 generation by 
peritoneal macrophages, and propolis treatment potentiated H2O2 generation and 
inhibited NO production by these cells (Missima and Sforcin 2007). In acutely 
stressed mice (3 days), Brazilian green propolis (200 mg/kg/day) restored TLR-2 
and TLR-4 expression, contributing to the recognition of microorganisms during 
stressful conditions (Pagliarone et al. 2009a).

The effect of three main vegetal sources of propolis in our apiary (Baccharis, 
Araucaria and Eucalyptus) on H2O2 and NO generation by macrophages was ana-
lyzed. Data revealed no effects related to such extracts on these metabolites produc-
tion (Lopes et al. 2003). Propolis action results from plant-derived products, and 
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isolated extracts of its plant sources did not have the same effect in this assay. There 
may be synergistic effects involved in the different pharmacological activities of 
propolis.

Since B. dracunculifolia is the main propolis source in our region, the effect of 
B. dracunculifolia extracts and some purified compounds on H2O2 production by 
peritoneal macrophages of male BALB/c mice were also analyzed. Data revealed 
that the leaf, leaf rinse, and root extracts increased H2O2 release by such cells. 
Among the isolated compounds, baccharis oxide and friedelanol increased H2O2 
production. These results suggest a stimulant action of extracts and isolated com-
pounds of B. dracunculifolia on macrophages (Missima et al. 2007).

In order to evaluate propolis effect on macrophage’s microbicidal action, our 
group carried out some works, challenging macrophages with different microorgan-
isms. Macrophages were incubated with Brazilian propolis (5–20 μg/ml) and subse-
quently challenged with Paracoccidioides brasiliensis – a dimorphic fungus and the 
causative agent of the disease paracoccidioidomycosis. Propolis increased the fun-
gicidal activity of macrophages nonsignificantly (Murad et  al. 2002). Brazilian 
propolis increased the bactericidal activity of macrophages against Salmonella 
typhimurium, depending on concentration, which was associated with oxygen and 
nitrogen intermediates (Orsi et al. 2005).

 Natural Killer Cells

The cytotoxic activity of natural killer cells (NK) after in vivo propolis treatment of 
rats was also evaluated by our group. Resistance to spontaneous tumor development 
has been associated with the cytotoxic activity of NK cells, found both in man and 
experimental animals. NK cells exert lytic activity toward several types of tumor 
and virus-infected cells, and we evaluated their activity by the 51Cr-release cytotox-
icity assay against Yac-1 cells (Sforcin et al. 2002a).

In order to investigate the seasonal effect on propolis samples, hydroalcoholic 
solutions were prepared with samples from spring, summer, autumn, and winter and 
administered to rats by gavage over three days (0.4 ml twice a day). Data indicated 
that NK activity increased in propolis-treated animals. There were no significant 
differences related to the seasonal effect on the immunomodulatory action of propo-
lis (Sforcin et al. 2002a).

Recently, Takeda et  al. (2018) also reported that propolis enhanced the NK 
cytotoxicity in mice, and artepillin C and p-coumaric acid may be involved in 
propolis effects.

Oral intake of WPP enhances NK cell cytotoxic activity, but not cell number, in 
a manner dependent on IFN-γ and independent of acquired immune responses. 
Further, artepillin C and p-coumaric acid, but not drupanin, appear to be the critical 
components of WPP, which augment NK cell cytotoxicity. These findings suggest 
the possible utility of WPP for use as a therapeutic to prevent cancer development 
and virus infection through NK cell activation.
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 Dendritic Cells

Dendritic cells (DCs) are found in the blood, epithelia, and lymphoid tissues. DCs 
are professional antigen-presenting cells that recognize pathogens and initiate an 
immune response by internalizing extracellular antigens and presenting peptides to 
naïve T cells. Previous works of our laboratory assayed the effects of propolis on the 
maturation and function of human DCs. Propolis, in the range 5–40 μg/ml, activated 
human DCs, inducing the NF-κB signaling pathway and TNF-α, IL-6, and IL-10 
production. The inhibition of hsa-miR-148a and hsa-miR-148b abolished the inhib-
itory effects on HLA-DR and pro-inflammatory cytokines. The increased expres-
sion of hsa-miR-155 was correlated to the increase in TLR-4 and CD86 expression, 
maintaining LPS-induced expression of HLA-DR and CD40. Such parameters may 
be involved in the increased bactericidal activity of DCs against Streptococcus 
mutans (Conti et al. 2016).

 Antibody Production

Concerning the humoral immune response, the effects of propolis and its constituents 
on antibody production have been mentioned since a long time ago, increasing the 
antibody production using different models and antigens (Scheller et al. 1988; Park 
et al. 2004; Sforcin et al. 2005; Chu 2006; Fischer et al. 2007; Gao et al. 2014; Yang 
et al. 2015).

Propolis effect on antibody production has been associated with macrophages 
activation, which leads to cytokine production, regulating the functions of B and T 
cells. Scheller et  al. (1988) observed higher antibody levels when propolis was 
administered in the short term to the animals. Orsolic and Basic (2003) suggested 
that the increased IL-1β production by macrophages from propolis-treated mice 
might be associated with enhanced T and B cell proliferation.

Still, concerning adaptive immunity, our group evaluated the effect of green 
propolis on antibody production by rats. In this work, it was also analyzed the sea-
sonal effect on propolis action, the action of some active compounds, and the effects 
of Baccharis extract on antibody production. Propolis administration (0.4 ml of a 
hydroalcoholic propolis solution 120 mg/ml for three days) to rats increased anti-
body production after 15 days of immunization (Sforcin et al. 2005). Propolis abil-
ity to modulate antibody synthesis is a part of its adjuvant activity, since it has been 
shown recently that propolis has a potent effect on different cells of innate immune 
response (Sforcin et al. 2002a; Orsi et al. 2005). No differences were seen between 
the samples from each season, which is in accordance with previous works of our 
laboratory (Sforcin et al. 2000, 2001, 2002a, b). Caffeic acid and quercetin had no 
effects on antibody production (Sforcin et  al. 2005). Baccharis extract did not 
increase antibody production significantly when compared to control, but efficiently 
when compared to propolis-treated rats (Sforcin et al. 2005).
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The use of propolis in combination with some vaccines has been evaluated. Mice 
inoculated with the inactivated Suid herpesvirus type 1 (SuHV-1) vaccine plus alu-
minum hydroxide and propolis presented higher levels of antibodies. The use of 
SuHV-1 vaccine plus propolis alone did not induce significant levels of antibodies; 
however, the combination was able to increase the cellular immune response, evi-
denced by the increase in the expression of mRNA to IFN-γ. Besides, propolis 
increased the percentage of protected animals challenged with a lethal dose of 
SuHV-1, suggesting its use in vaccines as an adjuvant (Fischer et al. 2007).

Propolis in combination with the inactivated vaccine against Aeromonas 
hydrophila was analyzed in carps. The phagocytic activity of these fishes and their 
serum antibody levels against A. hydrophila were higher comparing to nonadjuvant 
vaccinated fishes (Chu 2006). Immunostimulants could activate antigen-presenting 
cells (e.g. macrophages) and stimulate these cells to produce cytokines, which in 
turn activate T and B lymphocytes. These data strongly suggested the adjuvant 
capacity of propolis in association with vaccines.

The effects of propolis on immobilization stress-challenged animals were also 
investigated. Brazilian green propolis increased IL-4 production, favoring humoral 
immune response (Pagliarone et al. 2009b).

Finally, it is important to mention that ethanol 70% (propolis solvent) had no 
effects in all immunological assays of our group.

Figure 22.1 shows the main outcomes regarding propolis immunomodulatory 
action in some cells.

Macrophages/
monocytes Dendritic cells

Natural 
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↑  
antimicrobial
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↑ H2O2
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↑ TLR-2
↑ TLR-4
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↑ lytic activity
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↑  
antimicrobial

activity
↑ TLR-4

↑ cytokines
↑ CD86

= HLA-DR
NF-kB

miRNA148a, 
148b and 155

B lymphocytes

↑ antibody
production

Fig. 22.1 Main outcomes regarding propolis immunomodulatory action in some cells
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3  Concluding Remarks

Propolis chemical composition as well as the identification of its vegetal sources 
enables us to carry out the assays with chemically characterized samples. Propolis 
action may occur due to a synergistic effect of its constituents (Cardoso et al. 2017). 
The fact that no seasonal effect was seen on Brazilian green propolis composition 
suggests the use of samples collected in the same place all over the year (Bankova 
et al. 1999, 1998a, b), although in some regions, such as the temperate zone of the 
Northern Hemisphere, bees collect propolis mainly in the summer. Propolis shows 
antimicrobial activities, and its effects may occur through a direct action on micro-
organisms, as well indirectly, via stimulation of the immune cells and further micro-
organism killing.

Propolis biological properties have been intensely investigated in the last years, 
attracting a great interest of consumers in propolis-containing products marketed by 
health-food stores and pointing out propolis potential for the development of new 
drugs. However, in order to establish minimum requirements or setting standards to 
start the investigation of new drugs, immunomodulatory assays must include tests 
with positive controls, such as LPS, concanavalin A (Con A), phorbol myristate 
acetate (PMA), cytokines (IFN-γ), or others to compare propolis efficiency (Sforcin 
and Bankova 2011).

The knowledge of propolis mechanisms of action on the immune system has 
advanced in the last years. In vitro and in vivo assays demonstrated that propolis 
may activate macrophages, monocytes, and DCs, increasing their microbicidal 
activity. Propolis enhances the lytic activity of NK cells against tumor cells. It also 
stimulates higher antibody production, suggesting its use in vaccines, as an adju-
vant. Although related articles provide new information to postulate some hypoth-
esis and explanations, propolis’ mechanisms of action are not fully elucidated, and 
further investigation will help to a better understanding of its effects on the 
immune system.

The number of formulations containing propolis and patents has increased. Since 
humans have been using propolis for a long time, scientific-based information 
brings an important contribution, evidencing the necessity of basic researches in 
this field and opening perspectives for new works.

Although the published evidence to date supports propolis safety and 
effectiveness, its importance to human health is not known with sufficient detail, 
which opens a new perspective for further studies. Several in  vitro assays and 
preclinical studies have been carried out revealing important targets and mechanisms 
of action of propolis or its constituents. However, clinical trials are still needed to 
recommend propolis for veterinary and human purposes and to obtain adequate and 
standardized outcomes (Sforcin 2016).
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Abstract Propolis is a bee product that has wide pharmacological potential and has 
been used in several industrial sectors. Green propolis, a propolis derived from 
Baccharis dracunculifolia, has been highlighted for being a product with relevant 
pharmacological properties and high commercial value. To contribute to the formu-
lation of policies for the regulation, production, and/or commercialization of propo-
lis, this chapter searched for technologies and products involving propolis with 
emphasis on green propolis. The main countries, periods, and technological profiles 
of patents were identified, as well as manufacturers, types of products, and market 
value of propolis (all types) and green propolis. Patent registrations for propolis 
have been found on all continents, but especially in China where most are concen-
trated. Most patents are associated with health care, although most products are 
from the food and cosmetics industries. The value of products with propolis ranged 
from US$ 0.10 to US$ 1005.18 and a kilogram of raw propolis from US$ 26.42 to 
US$ 499.30. Japan presented the largest technological and industrial domain over 
green propolis. Even though Brazil is the exclusive producer of green propolis, the 
country is not a major technology developer. Brazil produces the greatest amount of 
products and the best raw materials in the world but stands out internationally only 
in the primary phase of the propolis production chain. Analysis of patents and prod-
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the understanding of the processes of development and production of items with this 
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1  Introduction

The past few years have seen a progressive increase in new patents and natural prod-
ucts based on propolis due to high consumer demand (Mintel 2017, 2018). Currently, 
there are more than 4500 registered propolis patents from all continents throughout 
the world (reviewed in this chapter). This is quite a large number of patents for a 
natural product, especially considering that incentives for such patents at the global 
level only started in the late 1990s (Shadlen et al. 2019). The explanation for the 
high number of patents involving propolis is not only a consequence of growing 
market interest but also due to increased knowledge and production and technologi-
cal advances related to this natural product. Investments in the development of new 
propolis products have been extensive and distributed among several sectors includ-
ing food, pharmaceuticals, cosmetics, and veterinary medicine (Barros et al. 2019; 
Santos et  al. 2019). It is estimated that the current global supply of propolis is 
between 700 and 800 tons per year (Nothenberg 1997; Pinto et al. 2011), represent-
ing an estimated market value of US$ 700 million per year, with a forecast to reach 
US$ 829 million by 2027 (Openpr 2020). Furthermore, the global propolis market 
is a sector considered to be invulnerable to economic crises as it is directly associ-
ated with human needs (i.e., health market). Indeed, during the present COVID-19 
pandemic, there has been a marked increase in demand for natural products with 
antiviral properties and immune system strengthening capacity such as propolis. In 
Brazil, for example, a private company (i.e., “Bio Mundo – Produtos Naturais”) 
announced an increase in propolis sales of 835%, with 680% specifically for green 
propolis consumption (Ingizza 2020). This is just one example among many other 
potential companies and such a marked increase was found comparing just the 
month prior to and immediately after the quarantine was officially decreed in Brazil.

Part of this significant propolis demand originates from ancient traditional 
knowledge. There are records of propolis use since Ancient Egypt at 1700 BCE, 
when it was used in, among other purposes, the process to mummify pharaohs 
(Pereira et  al. 2002). With time, some of this traditional knowledge was passed 
through different civilizations and cultures. There are also records of propolis being 
used as a remedy in the Old Testament and during the Roman wars to heal wounds 
from arrows and spears (Castaldo and Capasso 2002; Pereira et al. 2002). Persian, 
Arabian, and Incan civilizations have also been reported to have used propolis for a 
wide range of purposes. In Persian ancient manuscripts, propolis is described as a 
product that is used against eczema, myalgia, and rheumatism (Kuropatnicki et al. 
2013). The Arabs used propolis since the Middle Ages due to its antiseptic and heal-
ing actions, while the Incas used it for its anti-inflammatory and antipyretic proper-
ties (Castaldo and Capasso 2002).

Another reason for the great interest in propolis is that there are many types of 
this bee product, each associated with a highly diversified range of chemical com-
pounds. For instance, more than 3000 compounds (Huang et al. 2014; Anjum et al. 
2019) have been identified in propolis with proven efficacy in strengthening the 
immune system and other health benefits. Some of these are the treatment of dis-
eases, whether they are caused by pathogens (e.g., bacteria, fungi, viruses, and pro-
tozoa) or other of origins, such as respiratory diseases, sclerosis, arthritis, and 
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cancer (Marcucci 1995; Sforcin 2009; Veiga et al. 2017; Bhargava et al. 2018). This 
high diversity of propolis types fosters opportunities for a wide range of technologi-
cal and market innovations. The uniqueness of each propolis derives from the fact 
of it being manufactured by a specific bee species utilizing a set of bioactive com-
pounds from a specific plant species and in a specific geographical region (Bankova 
2005). In fact, the same bee species can produce different types of propolis depend-
ing on the associated plant species (Oliveira and Bastos 1999; Salatino and Salatino 
2018). The multiple combination of these characteristics is what determines the 
pharmacological potential of a type of propolis, which is further reflected in demand 
and market value. In Brazil, the Africanized honeybee (Apis mellifera) produces red 
propolis through the collection of sap resin from Dalbergia ecastaphyllum 
(Fabaceae), and green propolis when collecting from the vegetative apices of 
Baccharis dracunculifolia (Oliveira and Bastos 1999; Park et  al. 2002; Sforcin 
2012; Salatino and Salatino 2018).

Among the various types of propolis, green propolis (also known as Brazilian 
propolis) has received major attention in the international market since 1980 
(Berretta et al. 2017). This high level of interest is partially due to the presence of 
over 150 different secondary metabolites in the composition of green propolis 
(Chang et al. 2008) with numerous therapeutic properties of high effectiveness such 
as antibacterial, antiviral, antitumor, and antioxidant activities as well as benefits 
against diabetes and respiratory, cardiac, and degenerative diseases. Among these 
chemical compounds, great interest has been associated with artepillin C 
(3.5- diprenyl-4-hydroxycinnamic acid), a compound with pronounced cytotoxic 
activity against several tumor strains (Messerli et al. 2009; Carvalho et al. 2011; 
Souza et al. 2018; Beserra et al. 2020). For instance, a milligram of artepillin C may 
cost from US$ 168.00 to US$ 297.00 in the North American market.

In the international market, green propolis is particularly renowned and con-
sumed in Japan (Berretta et al. 2017). In addition to its pharmacological properties, 
the great demand for green propolis by the Japanese market is also attributed to the 
organoleptic characteristics of the natural product and the relatively lower content 
of heavy metals and other environmental pollutants (Pereira et al. 2002). Furthermore, 
the Africanized bees, A. mellifera, that produce green propolis are characterized as 
being more resistant to diseases, which reduces the need to subject the bees to 
chemical treatments, as is common in other countries. Ultimately, the absence of 
these chemical treatments guarantees a propolis of greater quality and free from 
potential chemical residue contamination (Berretta et al. 2017).

The combination of these positive characteristics is attributed to the increased 
export of green propolis to the rest of the world. Brazil is fortunate to be the exclu-
sive producer of this natural product; it has exported ca. 140 tons of crude propolis 
for medicinal purposes over the past few years to countries in Asia and Europe and 
to the United States (Berretta et al. 2017). This great international interest has served 
as an economic incentive for Brazilian beekeepers, as it comprises a market respon-
sible for more than US$ 500 million per year and with great potential for growth 
(Openpr 2020).

Regardless of the type, the high diversity of chemical and pharmacological prop-
erties of propolis enables a wide range of applications, which favors the manufacture 
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of several products for direct consumption (capsules, extracts, sprays) and deriva-
tives (candies, shampoos, soaps, ointments, hand and body cream, facial cleanser, 
toothpaste, among others) (Lihong et al. 2009). However, the main challenge in the 
propolis market has been the lack of standardization among the companies that com-
mercialize it (Bankova 2005; Tagliacollo and Orsi 2011; Katekhaye et al. 2019). For 
instance, many brands report the propolis concentration used in the composition of 
their products, but not the propolis type and, even less often, the quality of the natu-
ral product (Bankova 2005; Tagliacollo and Orsi 2011; OpenPR 2020). Such infor-
mation is of extreme importance considering that the core market interest in propolis 
comes from its natural properties and health benefits (e.g., nutritional and pharma-
cological). Thus, this lack of information and transparency may restrict the market 
growth of propolis worldwide (Tagliacollo and Orsi 2011; OpenPR 2020).

In turn, the distribution and commercialization of products based on propolis are 
usually done in  local shops, supermarket chains, pharmacies, or marketplaces. 
Marketplaces are websites that bring together buyers and smaller traders and are 
increasingly relevant in global negotiations (Bakos 1991, 1998). The revenue from 
this virtual market is expected to increase from US$ 18.7 billion in 2017 to US$ 
40.1 billion in 2022 (Coresight Research 2018; Thredup 2018). Despite the eco-
nomic relevance of marketplaces, the market potential that it may provide for prop-
olis commercialization is still poorly understood.

2  Scope

This chapter sought to analyze the profiles of patents involving propolis that were 
registered over the last four decades (1980–2017), as well as the international propo-
lis market. Due to its great importance, more emphasis was placed on green propolis, 
which is produced from Baccharis dracunculifolia. To this end, the chapter was 
divided into three sections. The first section presents an analysis of patent filings for 
all types of propolis including green propolis. The second focused on the propolis and 
green propolis market, specifically on products advertised on marketplaces. Finally, 
the third section discusses the relationship between these patents and the market.

3  Patents

 Global Distribution of Propolis Patent Registration

A search of the main patent databases available online1 revealed that the number of 
patent registrations with the term propolis has increased significantly between 1980 
and 2017 (Fig. 23.1a). During this period, 4989 registered patents were associated 

1 Four databases were consulted: 1) European Patent Office – EPO, which gathers data on more 
than 100 million patent documents from about 70 countries (EPO 2018); 2) World Intellectual 
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with all types of propolis, which represents an average increase of 131 patents per 
year. The registration of patents associated with green propolis also increased 
between 1980 and 2017 (Fig. 23.1a). The first green propolis patent was registered 
in the early 1990s; since then, the number has increased rapidly, reaching a total of 
70 registrations in 2017, which represents 1.3% of all patents with propolis. A fur-
ther analysis clearly indicates the recent increase in patent registrations associated 
with propolis. Specifically, around 50% (2519 patents) of all propolis patents and 
40% (28) of green propolis patents were registered in the last five years (2013–2017). 
Furthermore, the last year evaluated (2017) represented a peak in propolis patent 
registrations, whether for all types (890) or just green propolis (12).

Most of the countries responsible for the increase in propolis patent registration 
in the last four decades are in Asia (Fig. 23.1b). Specifically, Japan and Russia were 
the countries that registered the most propolis patents in the 1990s (Fig. 23.1b), but 
this changed after a steady growth in propolis patent registration by China in the 
1990s and 2000s. In the last five years evaluated, China has registered more than 
150 patents per year, making it the absolute leader for all types of propolis. In 2017, 
China had 3132 patents associated with propolis after registering 819 in a single 
year. China currently has 63% of all the registered propolis patents. Surpassing 
Japan and Russia, South Korea became the second country in the number of patents 
due to a steady increase over the last five years.

Asian countries also stand out for the number of registered patents associated 
with the green propolis (Fig. 23.1c). Japan was the only country with these specific 
patents until around 2000, and it is still currently the leader in registered green 
propolis patents with 46% of the total number (32) (Fig. 23.1c). Throughout the 
2000s, Brazil also registered some green propolis patents, but did not maintain 
steady growth over subsequent years. Since 2010, Taiwan, China, and France con-
tributed to the increase in the number of patents associated with green propolis. 
Currently, China and Taiwan are, respectively, second and third in the number of 
green propolis patents with 19% (13) and 10% (7) of all the existing patents associ-
ated with green propolis.

Considering the global distribution of patent applications, a total of 43 countries 
located in different regions of the world registered patents associated with some 
type of propolis between 1980 and 2017 (Fig.  23.2a). As previously presented, 
Asian countries (i.e., mainly China, South Korea, and Japan) have the largest num-
ber of registered patents considering all types of propolis (Fig. 23.1b). Despite less 
participation, European countries have also played an important role in the number 
of patents associated with propolis. There are currently five European countries 

Property Organization  – WIPO, an organization associated with the United Nations (UN) that 
contains more than 60 million documents from around 50 countries (WIPO 2018a, b); 3) Japanese 
Patent Office – JPO, which allows access to documents deposited in Japan through the Japanese 
Patent Information Platform (J-PlatPat 2010); and 4) National Institute of Industrial Property – 
INPI, the Brazilian federal government agency responsible for patent registrations in the country 
(INPI 2017, 2018). These databases are commonly used in technological prospecting studies (e.g., 
Mayerhoff 2008; Soares et al. 2010; Souza et al. 2012; Castro 2014; INPI 2015; Ghesti et al. 2016).
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Fig. 23.1 (a) Temporal trend of the cumulative number of patents for all types of propolis and 
green propolis. Note that the left vertical axis represents the number of patents accumulated with 
all types of propolis and the right vertical axis refers to green propolis. (b) Temporal trend of the 
cumulative number of patents for all types of propolis and (c) for green propolis among the five 
countries with the highest number of patents
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Fig. 23.3 Distribution of green propolis patents according to applicants. A total of 52 players 
registered 70 green propolis patents between 1980 and 2017

among the top ten in number of propolis patents (i.e., Ukraine, Romania, France, 
Germany, and Hungary). In turn, patents associated with green propolis are distrib-
uted among just 10 countries (Fig. 23.2b), in which Asian countries again concen-
trate the largest number of these patents (i.e., Japan, China, and Taiwan; Fig. 23.1c). 
These are followed by South America (Brazil), Europe (France and Germany), and 
Oceania (New Zealand and Australia). Although Brazil is fourth in the number of 
green propolis patents (8.6% of the total; 6 patents), its participation is still low, 
considering that green propolis is produced exclusively in the country.

 Global Players and Technological Profiles Associated 
with the Registration of Green Propolis Patents

The global players responsible for the research and technology behind the develop-
ment of green propolis patents between 1980 and 2017 comprise a group of 52 
companies, universities, institutes, and individuals (Fig. 23.3). Among these, com-
panies and partnerships between universities and companies are responsible for a 
great part of the registration of green propolis patents with 61.4% (43) and 2.9% (2) 
of all patents, respectively. The high interest from the private sector in the commer-
cialization of green propolis reinforces its great potential in the development of 
medicines and other items, as presented below (see sect. 23.4 Products and market). 
Universities (10 patents, 14% of the total number) and individuals (14%; 10 patents) 
also represent important players.
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Analysis of the technological profiles associated with green propolis patents 
according to International Patent Classification (IPC) and Cooperative Patent 
Classification (CPC) revealed that most of them are linked with human needs (sec-
tion A; 58.2% of all classifications; 57 patents), as well as chemical or metallurgical 
purposes (section C; 9.2% of the total; 9 patents; Fig.  23.4a). Patents related to 
human needs mainly involve applications in the field of health and hygiene (subsec-
tion A61; 64.5% of the patents in human needs section) and food or food products 
(subsection A23; 32.9% of the patents; Fig. 23.4b). Patents related to chemistry or 
metallurgy are concentrated mainly in the areas of organic chemistry (subsection 
C07; 64% of the patents in chemistry or metallurgy section) and biochemistry, beer, 
alcohol, wine, vinegar, microbiology, enzymology, genetic engineering, or mutation 
(subsection C12; 24% of the patents; Fig. 23.4c).

4  Products and Market

An analysis of products containing propolis that are commercialized in five market-
places with global relevance (i.e., Mercado Livre, Rakuten, Ebay, Amazon, and 
Walmart) showed that 47 countries manufacture such products (Fig. 23.5a), whereas 
products that contain exclusively green propolis are sold in eight countries 
(Fig. 23.5b). In total, analyzed marketplaces sell 3065 products containing propolis, 
8% (244 units) of which specifically contain green propolis. The countries that pro-
duce the largest number of products containing some type of propolis are Brazil 
(24% of the total; 721 products), Japan (20%; 623), and the United States (16%; 
482). In turn, Brazil and Japan are the countries with the largest number of products 
with green propolis with 60% (145 products) and 25% (60) of all the total products, 
respectively. However, as described in detail hereafter, Brazil has the lowest added 
value for commercialized green propolis products in the world, while Japan has the 
highest followed by South Korea and Canada, both with 5% of all products (12 
products).

Several types of products that contain propolis are commercialized on market-
places with a wide range of purposes including raw materials, capsules, lozenges, 
liquid extracts, creams, and lotions. The vast majority of propolis products can be 
classified as food (49% of all products; 1498) or cosmetics (45%; 1379; Fig. 23.6). 
These two categories are also the most common for products with green propolis, in 
which 65% (159 products) and 18% (45) of all products are food and cosmetics, 
respectively (Fig. 23.6). Products with raw propolis and therapeutic and veterinary 
use were also found, albeit in small proportions.

The evaluated products containing propolis that are commercialized in market-
places varied widely in price. Products with all types of propolis are sold for values 
between US$ 0.10 and US$ 1005.18 per unit (average value of US$ 29.40), while 
products with green propolis are sold for values between US$ 1.59 and US$ 641.49 
(average value of US$ 39.55). Product prices follow a similar pattern among the ten 
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Fig. 23.4 (a) Distribution of green propolis patents according to the International Patent 
Classification (IPC) and its more refined version, the Cooperative Patent Classification (CPC). 
Patents in section “A” are associated with products and processes related to human necessities; 
those in section “B” are related to carrying out operations, transportation, separation, or mixing of 
substances or materials; those in section “C” are related to chemistry or metallurgy; those in are 
section “G” related to physics; and those in section “Y” are related to the general marking of new 
technological developments and overall identification of transversal technologies. (b) Distribution 
of green propolis patents classified in section “A”. Class A61: veterinary science, medicine, and 
hygiene; class A23: food, food products; class A01: agriculture, forestry, livestock, hunting, trap-
ping, fishing; (c) Distribution of green propolis patents classified in section “C”. Class C07: 
organic chemistry; class C12: biochemistry, beer, alcohol, wine, vinegar, microbiology, enzymol-
ogy, genetic engineering; class C08: organic macromolecular compounds; class C09: dyes, paints, 
polishers, natural resins, adhesives; class C11: animal or vegetable oils, fats, fatty substances or 
waxes, detergents, candles
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countries that sell more propolis products (Fig. 23.7), with most of the items being 
sold at intermediate prices (between US$ 9.14 and US$ 59.60 per unit). Brazil is the 
exception to this pattern as it is the only country where most products are sold at the 
lowest prices (between US$ 0.10 and US$ 9.14). Japan is the country with the high-
est quantity of products sold at the highest prices (from US$ 19.90 to US$ 1005.18). 
Green propolis had a similar profile, but the asymmetry in the distribution of prod-
ucts per country did not allow price analysis per country to be performed. Brazil and 
Japan concentrate the sales of 84% (204 products) of green propolis products, while 
the remaining items are commercialized by the other countries (16%; 40 products) 
(see Fig. 23.5).

Part of the commercialized products (2% of the all products; 60) contain propolis 
in its raw state. Brazil stands out in the production of propolis in this category, since 
the majority of products (87% of all products; 52) are produced in the country 
(Table 23.1). About a third (32% of all products; 19) of the products in the raw state 
are green propolis. Other countries that sell raw propolis are the United States (4 
products), Russia (2), Turkey (1), and Bulgaria (1). The prices for raw propolis 
range from US$ 26.42 (mix of Brazilian propolis produced by “Uruçu”, “Mandaçaia”, 
and “Manduri” bees) to US$ 499.30 per kilogram (propolis produced in Turkey). 
Raw green propolis showed an intermediate price (US$ 114.75 per kilogram) when 
compared to other types of raw propolis.

Fig. 23.6 Distribution of commercialized products of the evaluated marketplaces (i.e., Mercado 
Livre, Rakuten, Ebay, Amazon, and Walmart) by category for products with green propolis and 
with all types of propolis. The total quantity of products is 3065 and 244 for products with all types 
of propolis and green propolis, respectively
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5  Relationship between Patents and the Market

Propolis patent registrations have grown significantly over the past four decades. 
The strong interest in propolis products and the associated technology observed in 
Asian countries is remarkable. This is partially explained by the long tradition held 
by Asian countries in general of using these natural products (Pereira et al. 2002). 
Brazil, in turn, has a modest position among countries with registered patents, even 
though it is one of the largest manufacturers of propolis-based products and the 
exclusive producer of green propolis. The large number of countries involved in the 
manufacture of products containing propolis indicates the widespread interest 
throughout the globe for the production and commercialization of these items. The 
overall profile of products that contain propolis is mainly associated with applica-
tions in food and cosmetics markets. Brazil and Japan are the countries that manu-
facture the largest number of products with propolis, but the price range by which 
these products are sold in Brazil is much lower. On the other hand, the Japanese 
market sells the most expensive propolis-based products.

The profiles of patents and products associated with propolis described in this 
chapter will be useful to decision makers involved in propolis regulation, 

Fig. 23.7 Distribution of commercialized products of the evaluated marketplaces (i.e., Mercado 
Livre, Rakuten, Ebay, Amazon, and Walmart) containing all types of propolis and their price range 
(US dollar). Each price range comprises 30% of the marketed products, except for the last price 
range, which contains 10% of the products with the highest values. The 10 countries that sell the 
most products on the marketplaces are presented; these countries are responsible for the manufac-
ture of 88% (2712 products) of the sold products containing any types of propolis
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production, and marketing policies (Roessing 2002). Specifically, such information 
can guide strategic actions aimed at boosting the production chain based on inte-
grating research and production (Dagnino 2004). Technology plays an increasingly 
important role in the competitiveness of industries, highlighting the need to effec-
tively integrate technological development and production processes, especially in 
countries that produce items with low added value (Batalha and Silva 2013).

Historically, Brazil has stood out in the international market as a major exporter 
of raw materials and commodities (Furtado 2005), as is the case of iron ore and cof-
fee, soybeans, and other agricultural products (Dagnino 2004; Furtado 2005; 
Hausmann et al. 2011; Coelho et al. 2013; Conceição et al. 2017). The present study 
demonstrated that this pattern is also observed in the propolis market, since Brazilian 
propolis represents more than 80% of the raw propolis found in marketplaces. 
Despite the fact that Brazil is the country that commercializes the largest number of 
products containing propolis in marketplaces, it is also the country with the lowest 
price ranges for these products when compared to other countries that produce and 
sell them. Specifically, a 30 ml bottle of propolis extract is sold in Brazil for ca. US$ 
7.00, while in Japan, it is sold for ca. US$ 53.00. In this context, cooperation 
between the scientific community and the productive sector can contribute to the 
production of national items with greater added value. The integration of other sec-
tors is also essential for market expansion. The efficiency of the regulatory sectors 
in Brazil should be a priority in the case of propolis, which is identified as a drug in 

Table 23.1 Quantity of commercialized products of the marketplaces containing raw propolis by 
country with propolis type and prices (US dollar)

Country Propolis Type
Number of 
Raw Products

Minimum 
Price (USD)

Maximum 
Price (USD)

Brazil Geopropolis 1 52.8 52.8
Brown propolis 1 104.5 104.5
Mix propolis of uruçu, 
mandaçaia and Manduri

1 26.4 26.4

Mombucão própolis 1 10.5 10.6
Tubuna propolis 1 43.6 43.6
Borá propolis 2 66.1 264.2
Jataí 3 63.4 158.5
Uruçu propolis 5 21.1 52.8
Mandaçaia 7 15.8 52.8
Unidentified propolis 11 52.3 111.7
Green propolis 19 39.6 166.2

Turkey Unidentified propolis 1 499.3 499.3
Bulgaria 1 466.0 466.0
Russia 2 49.9 244.0
United states 4 13.2 167.7
Total (Brazil) 52
Total (all 
countries)
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many countries but is treated as a conventional food in Brazil, which hampers 
exportation efforts (Apex 2014; Berretta et  al. 2017). Marketing actions are also 
fundamental for the differentiation of agroindustrial products (Conceição et  al. 
2017) and should integrate the strategies of companies promoting propolis products.

While China concentrates the most propolis patents, it does not manufacture a lot 
of propolis-based products. This discrepancy suggests that the number of patents 
may not be a good indicator of the production and commercialization intensity of a 
country. The reasons for the great growth in China’s patent registrations may lie 
beyond the increase in the level of technological dynamism or the development of 
new products. For example, patent registration can be used by large corporations to 
inhibit the production of similar products by competitors and/or to increase a com-
panies’ market value (Bagattolli and Dagnino 2013). In turn, the high cost of the 
patent registration process favors large companies (Bagattolli and Dagnino 2013) 
and explains the dominance of these players among the main patent applicants. 
Thus, the results found in this study question the effectiveness of the patent registra-
tion policy in relation to the expected stimulus for the development and availability 
of new products and technologies for society.

Japan is the main importer of green propolis (Berreta et al. 2017) and is distin-
guished from other countries by its production of a great number of products con-
taining propolis as well as in the number of patents and products associated with 
green propolis. Products from Japan showed high added value, indicating a poten-
tially high level of specialization in the industrialization of apiarian products in the 
country. In fact, Japan is traditionally known for its innovations and technological 
production, as well as for its highly complex and diverse economy (Hausmann 
et al. 2011).

The results found in the present study reinforce the association between the 
increasing number of patents associated with propolis and the growing demand for 
it, mainly motivated by health benefits (Sforcin and Bankova 2011; Apex 2014; 
Berretta et al. 2017; Mintel 2017). This demand is particularly accentuated during 
pandemics, such as the present with COVID-19. Since the beginning of this pan-
demic, green propolis exports by Brazil have increased by 30%, mainly destined to 
Asian countries. Concomitantly, Brazil’s domestic consumption of propolis-based 
products also increased. As a consequence, the gross value of green propolis in the 
Brazilian domestic market went from US$ 32.00 to US$ 75.00 dollars per kilogram 
(Faemg 2014). Yet, green propolis supplies in Brazil have not been able to meet the 
increased demand. In addition, the growing consumption and release of new 
propolis- based products (see Mintel 2017), as well as natural products in general, is 
a trend observed worldwide in recent years, especially among food and beverages 
(Mintel 2018).

Several studies emphasize the importance of integrating innovation and produc-
tive sectors as a relevant competitive factor within production chains (e.g., Roessing 
2002; Dagnino 2004; Batalha and Silva 2013). The analysis of patents and products 
with propolis presented here made it possible to broaden the understanding of the 
innovation and production processes of items containing this natural product. Some 
discrepancies were found between the sectors of innovation and production, 
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demonstrating that the interaction between these sectors is more complex than ini-
tially expected and suggesting the need for future detailed analyses addressing this 
relationship. Another fundamental aspect that still needs to be analyzed is the pro-
ductive chain of apiarian products around the world, bearing in mind the potential 
importance for biodiversity conservation, income generation, and human well-being.
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Corymbosae, 50
Cuneifoliae, 62
Cylindricae, 67
dioecious species, 25
Discolores, 69
Divaricatae, 69
diversity and distribution, 33
exotic herbaceous plants, 178–180
expansion and adaptation of, 5
facilitative effect of, 178–180
Frenguellianae, 69
gall-inducing insects, 7
GBIF, 30
geographical distributional data, 26

Gladiatae, 54
gynodioecious species, 27
herbaria revision, 32
Heterothalamulopsis, 56
Heterothalamus, 45
hybridization role, 40
Illinitae, 62
infrageneric classification, 26
Interactions and Community 

Structuring, 7–8
invasive character of, 186, 187
Molina, 45, 55, 70
monoecious species, 28
narrow endemic species, 37, 38
Nitidae, 67
Oblongifoliae, 44
Palenia, 45
Paniculatae, 48
Pedicellatae, 69
phylogenetic infrageneric classification, 31
phylogenies, 24
Pinnatae, 54
plant facilitation and nursing phenomenon, 

172, 173
Pluricephalae, 56
Polifoliae, 48
polygamous species, 29
Pseudobaccharis, 49
Psila, 45
Punctatae, 54
putative hybrid species, 70
putative hybrids, 34
Racemosae, 62
Rodriguezianae, 55
secondary metabolites (see Secondary 

metabolites)
Serrulatae, 49
sovereign countries, 72–77

Antigua and Barbuda, 73
Argentina, 72
Bahamas, 73
Barbados, 73
Belize, 73
Bolivia, 73
Brazil, 73
Canada, 74
Chile, 74
Colombia, 74
Costa Rica, 74
Cuba, 74
Dominica, 74
Dominican Republic, 74
Ecuador, 75
El Salvador, 75

Index



568

Baccharis (cont.)
Grenada, 75
Grenadines, 76
Guatemala, 75
Guyana, 75
Haiti, 75
Honduras, 75
Jamaica, 75
Mexico, 75
Nicaragua, 75
Panama, 75
Paraguay, 75
Peru, 75
Saint Kitts and Nevis, 76
Saint Lucia, 76
Saint Vincent, 76
Suriname, 76
Tobago, 76
Trinidad, 76
United States of America, 76
Uruguay, 76

species, 6, 32
Subliguliflorae, 45
symbiotic organisms, 11
synapomorphy, 26
Tarchonanthoides, 43
taxonomic checklist, 26
Tenellae, 55
Thymifoliae, 46
tree regeneration microsite, 173–175, 177
Tridentatae, 63
Trinervatae, 46
Tubulatae, 55
unisexual florets, 24
widespread species, 36
World distribution of, 33

Baccharis artemisioides, 366
Baccharis articulata, 205, 307, 311
Baccharis chilco, 311
Baccharis concinna, 118

long-term study, 118
cumulative growth rates, 119
gall-inducing insect species, 120

short-term study, 121
galling insect species, 122
galling richness, 125
male and female plants, 123
plant biomass, 125
post-doc test, 126
resource allocation, 121, 125
statistical analyses, 121

Baccharis conferta, 307
Baccharis coridifolia, 197, 307, 365, 

385, 391–393

bizarre effects, 389
spontaneous poisoning, 384
toxic principles of, 384

Baccharis crispa, 307
Baccharis darwinii, 311
Baccharis dentata, 311
Baccharis dracunculifolia, 158, 198, 307, 311, 

411, 535, 536, 550
Baccharis exudates, 536
Baccharis floribunda, 307
Baccharis gaudichaudiana, 307
Baccharis genistelloides, 311
Baccharis glaziovii, 204
Baccharis glutinosa, 307
Baccharis grisebachii, 307
Baccharis halimifolia, 193–195
Baccharis heterop, 307
Baccharis illinita, 307, 311
Baccharis incarum, 307, 312
Baccharis latifolia, 307
Baccharis linearis, 204
Baccharis milleflora, 411
Baccharis multiflora, 307
Baccharis myrsinites, 204
Baccharis neglecta, 198, 199
Baccharis obtusifolia, 307
Baccharis oxyodonta, 312
Baccharis pentaptera, 221
Baccharis pentladii, 312
Baccharis pentlandii, 307
Baccharis pilularis, 199, 200
Baccharis pingraea, 205
Baccharis plant species, 508
Baccharis platypoda, 204
Baccharis pseudovaccinioides, 308
Baccharis pteronioides, 201, 394
Baccharis punctulata, 204
Baccharis reticularia, 163, 204
Baccharis retusa, 312
Baccharis rubricaulis, 308
Baccharis salicifolia, 201, 202, 308
Baccharis salicina, 202
Baccharis sarothroides, 203, 308
Baccharis species

flavonoids (see Flavonoids of Baccharis)
worldwide distribution, 260

Baccharis spicata, 205, 312
Baccharis spp.

biological activities
antidiabetic and antiobesity, 319, 320
anti-inflammatory and antinociceptive, 

317, 318
antimicrobial and antifungal, 320
antiparasitic, 316, 317

Index



569

cytotoxic, 316
gastroprotective, 315

chemical composition
phenolic compounds, 308–310, 313

chromatographic analyses, 322, 323
digital databases, 403
ethnobotanical data

alimentary use, 403
bee forage, 410
dye plants, 404
medicinal use, 405
utensils, 404

ethnobotany of, 402
ethnopharmacology of, 306–308
original citations of species, 403
poisoning, 390, 391, 393
toxicology, 321

Baccharis subalata, 308
Baccharis teindalensis, 308
Baccharis tricuneata, 308
Baccharis trimera, 206, 307, 312
Baccharis trimera (Less.)

carqueja, 418
chemical constituents, 418
cultivable variety, 418
cultivar CPQBA1 (see Cultivar CPQBA1 

creation)
domestication, 420
economic interest, 418
flavonoids, 418
folk medicine, 418
genetic variability, 419, 420
morphological differences, 420
wild population, 418–419

Baccharis trinervis, 308, 313
Baccharis ulicina, 203
Baccharis uncinella, 206, 313
Baccharis vulneraria, 394
Baccharis weirii, 394
Baccharis, endophytic fungi of

abiotic factors
light availability, 191
nutrient availability, 191
salinity, 192
temperature, 190
water availability, 193, 194

bioactive compounds, 161–163
biological control, 197
chemical control, 196
climate change, 164
distribution and diversity of, 153, 156, 159
ecological functions, 153
ecosystems invaded and impacts, 194–196
enzymes, 160, 161
future research, 206

herbivores, 163
introduced range, 189, 190
leaf age and plant sex, 157
mechanical control, 196
native range, 188
seed production and dispersal, 190

Baccharis-derived Brazilian green 
propolis, 531

Bees, 476
Beige adipocytes/brite adipocytes, 525
Bidens pilosa, 206
Bioactive compounds, 161–163, 464
Bioactive flavonoids, 458
Bioeconomics, 476
Bio-economy, 561
Biologic carcinogenic agents, 429
Brazil’s domestic consumption, 561
Brazilian green propolis, 463

A. mellifera, 549
antioxidant properties (see Antioxidant 

activities, green propolis)
B. dracunculifolia, 509, 536
B. dracunculifolia-derived, 519
biological properties, 508
browning induction (see Adipocyte 

browning induction)
brown-like adipocyte formation, 518
characteristic compound, 509
chemical and pharmacological 

properties, 549
chemical constitution, 508
cinnamic acid derivatives, 519
cytotoxic activity, 549
distribution and commercialization, 550
ethanol extract, 509, 510
health advantages, 518
health benefits, 531
international market, 549
obesity and diabetes prevention, 518
phenolic compounds, 509
positive characteristics, 549
secondary metabolites, 549
standardization, 550
volatile compounds, 510
white adipocyte function (see White 

adipocyte function regulation)
Brazilian honeybees, 508
Brazilian propolis, 560
Breast cancer, 430, 432
Brown adipose tissue (BAT), 519
Brown-like adipocyte formation, 528
Brown-like adipocyte induction, 526
Brown-like adipocyte markers, 526
Brown-like adipocyte-inducing ability, 525
Brown-like adipocytes, 525

Index



570

C
Caco-2 human colon cancer cell line, 457
Caffeic acids, 453
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Oxidative stress, 510
Oxygen radical absorption capacity 

(ORAC), 511

Index



575

P
Paclitaxel, 434
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constituents, 531
ethanol extract, 518
ethanol extracts, 512
extracts, 531
honeybee behavior, 508
mechanisms of action, 543
natural product, 519, 548
natural resinous substance, 507
pharmacological potential, 549
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