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Editorial

Time Travel Within the History of Ethnobotany

Raivo Kalle '* and Renata Séukand %*

Estonian Literary Museum, 51003 Tartu, Estonia

Biocultural Diversity Lab, Department of Environmental Sciences, Informatics & Statistics,
Ca’ Foscari University of Venice, 30173 Venice, Italy

*  Correspondence: raivo.kalle@mail.ee (R.K.); renata.soukand@unive.it (R.S.)

Currently, science is increasingly being influenced by artificial intelligence (Al). Al-
though Al can be used to write content for articles quickly and conveniently, there is also
a dark side: this tool is being used more and more to “produce” articles with fictitious
content. Thus, what remains permanent is history: the periods when human scientists
authored articles, books and articles were published in print, manuscripts were written
with pen and paper, and notes were made by hand in fieldwork diaries.

We initially thought that artificial intelligence would not significantly affect ethnob-
otanical research, but we were mistaken. We have encountered situations, even during the
review process, where the content of an article was too good to be true. When checking
the original sources, it became apparent that these were empty references, as the cited
articles had never been published and the information attributed to them did not exist;
these spurious references were created by Al Therefore, references that have historically
appeared in print or have been preserved in manuscripts are stable and reliable—i.e.,
permanent—if they were archived in the pre-Al era. That is why we, as editors, are drawn
to historical ethnobotany: it is based on physically existing notes that can be reinterpreted
from different perspectives again and again in light of new knowledge, yielding answers
to new questions that arise.

However, a historical manuscript or book on plant use is definitive, as it remains
as it was originally written. Researchers who read it in the modern day can no longer
question or clarify the contents. In many cases, these scarce earlier records are the only
available data, requiring researchers to interpret and reconstruct the records’ contexts. To
do this, it is necessary to look at broader cultural-historical sources and cultural changes, the
natural conditions of the region and their transformations, and the specific features of the
written language. Even then, it is always possible to err, make false assumptions, and draw
erroneous conclusions. Such errors may arise from fragmented data, intentional omissions,
or prior misinterpretations of the data—whether accidental [1] or deliberate [2]—that have
been carried forward for decades or even centuries [3].

It was over two years ago in November 2023 when the first edition of this Special Issue
was published in print [4]. At that time, the collection was fairly popular, and thus we
received numerous contributions, 13 of which made it to publication. This success revealed
that the topic was popular among researchers. Even as we were closing the previous Special
Issue, we still received inquiries about whether it would be possible to submit manuscripts.
We discussed this with the editor-in-chief of the section and he suggested creating a new
Special Issue. Since history, cultural history, and plants and their use have been of interest
to us for a long time, we accepted the task of editing this new Special Issue. We have
now received the requisite number of contributions for publication. It brought us great
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pleasure to receive manuscripts from all over the world on a range of interesting topics.
This Introduction will outline the submissions that deal with the earliest periods of plant
use, dating from a few thousand years ago and to the mid-20th century.

The first to take us back to the distant past Huan Wu, Xiaofeng Long, and Yanfei
Geng [5] from Guizhou University, College of Tea Science. They chose Guizhou Province,
China, as their research area. Tea bushes have probably been grown on forest terraces
in China for thousands of years. According to archeological findings, Chinese tea cul-
ture dates back 10,000 years. Initially, the leaves of Camellia sinensis were collected from
bushes growing naturally in forests to make tea. With the beginning of cultivation, this
environment also began to be reshaped, and, over its long history, it was observed that
some trees and shrubs were more suitable for co-existing with tea bushes by supporting
them in their growth or protecting them from many hazards. Terraces, therefore, became
the most common form of cultivation for tea bushes in that region. Forest tea gardens
were only defined as agroforestry systems in 2022. According to this definition, they must
contain at least 10% other species (in addition to Camellia spp.), must be over 0.5 hectares
and over 5 meters high, and the forest must be managed in a traditional way. The authors
not only examined 21 ancient written sources to determine how tea forests were described,
but also conducted fieldwork in eight traditional tea forests to assess which plant species
grow alongside tea bushes today. The authors found that, in early sources, tea bushes
were recorded as growing together with 24 species of companion plants (including 12 tree
species and 7 shrub species). The data collected during their fieldwork show that tea bushes
grew alongside 81 species of plants (including 40 woody plants and 10 shrub species) on
terraces, but also that there were as many as 234 species around tea bushes grown in forests
(including 64 tree species and 98 shrub species). Tall trees provide shade for tea bushes,
enrich the soil with nitrogen, and improve the water regime. However, the literature men-
tions that Albizia chinensis (Osbeck) Merr. is necessary because it attracts flies that would
otherwise harm tea bushes. Fruit trees and vegetables are also grown between tea gardens.
The authors found that people were inspired by the original tea forests to find suitable
companion plants for tea bushes in established tea gardens and terraces. This knowledge
also aids in the transition to agroecological agriculture because the cultivation of tea bushes
growing on terraces changed in the second half of the 20th century when agrochemicals
began to be widely used, which polluted the soil and water, and thus alternative solutions
are now being sought.

Wendy L. Applequist, who works at the Missouri Botanical Garden, takes us on
an exciting journey to Africa with the most famous botanist of his time, Ibn al-Baytar
(1197-1248) [6]. Ibn al-Baytar compiled the Arabic knowledge of plants from that time and
supplemented it with personal experiments and observations. His most important work
included over 2300 entries, in which he described the uses of 1400 substances. Applequist
provides a comprehensive overview of how Ibn al-Baytar’s legacy has been recorded and
studied in the past. Additionally, in the introduction to her article, she provides examples
of how and by whom plant use in historical sources have been compared with modern
practices. She also discusses the people known as Berbers, from whom Ibn al-Baytar
acquired and recorded plant knowledge during his lifetime. Applequist relies on articles
based on fieldwork conducted among Berbers in modern times, as well as reference books
for comparative research. She identifies 46 plant names in Ibn al-Baytar’s work that were
associated with Berbers; however, as is typical with historical sources, she was not able to
identify all the names, and thus only 38 species remained in the final selection, 28 of which
(or 61%) are still in use among Berbers today. Appelquist concludes that, since Berbers
were largely illiterate with no written language to support the preservation of plant use,
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oral traditions of plant use remained uninterrupted for about 750 years. This reveals that
these plants had therapeutic effects, which could become a basis for current research into
the active ingredients of medicinal plants.

Next, we move to the other side of the globe to South America. Verénica S. Lema of
the Institute of Anthropology of Cérdoba studied Anadenanthera colubrina (Vell.) Brenan
var. cebil (Griseb.), a tree native to the southern Andes, locally called vilca or cebili [7]. This
tree is known throughout the Indigenous population of this mountainous region for its
psychoactive properties. Archaeological evidence suggests that the seeds of Anadenanthera
sp. have been used in pipes for psychoactive purposes for 4000 years, and this tradition
continues today. Lema reviewed the prior literature and conducted fieldwork in urban and
suburban markets, interviewing vendors of this plant. For shamans, inhaling powdered
seeds or smoking them in a pipe was essential to achieving visions, healing, and communi-
cating with spirits. The seeds were also used in ethnomedicine to alleviate various ailments.
Placing the seeds in amulets and wearing them as jewellery was believed to protect the
owner from the evil intentions of witches. Consuming the seeds as a ritual beverage was
also thought to offer protection against diseases and evil spirits. In addition, the bark of
this tree was used both for tanning leather and in ethnoveterinary medicine; the leaves
have also been used in ethnoveterinary medicine. Since the 19th century, all parts of the
tree have been used as therapeutic agents. The use of the seeds also expanded after the
arrival of the Spanish. Today, this tree holds great cultural significance, and the associated
cultural practices are vibrant.

We continue our travels in the Andean region. Matteo Sartori and Julia Prakofjewa
from Ca’ Foscari University studied the uses of the species Otholobium glandulosum (L.)
J.W.Grimes, native to Chile [8]. Historically, this plant was known in that region as Culén.
The period selected for study spans from 1646 to 1810. The authors reviewed the prior
literature discussing the local population’s knowledge regarding this plant and how its
use was reflected in Europe. It proved to be the case that O. glandulosum was a popular
medicinal plant among the local population and was used both to treat skin diseases and as
an infusion for digestive problems. In Europe, however, this plant was mainly advertised
as a recreational tea. The authors point out that, under the influence of colonization,
Indigenous knowledge and the local name of this plant were pushed aside and replaced by
scientific knowledge.

Next, we move to the Atlantic coast of South America, specifically to Brazil. Plant use
in that region has been selected for study by Natalia Hanazaki from the Department of
Ecology and Zoology at the Federal University of Santa Catarina [9]. Hanazaki structures
her article as a flowing narrative, and her qualitative research shows how even the smallest
coincidences and the fates of individual ordinary people can lead to significant changes.
This historical adventure begins in November 1793 when a merchant ship with a crew of
sixteen men set off from northern Japan to deliver goods to the central part of the country.
The voyage was expected to last only a few weeks, but due to a strong storm, the ship
drifted at sea for over five months, eventually reaching the Aleutian Islands, which then
belonged to Russia. From there, the shipwrecked crew were taken to central Siberia, where
they were detained for almost seven years. They were not sent back to Japan because, at
that time, Japan had a strict policy of isolation and forbade contact with the outside world.
In 1803, the Russian Tsar decided to establish relations with Japan, and four Japanese
shipwrecked crew members were taken along to help smooth relations. On the way from St.
Petersburg to Japan, there was only a single stop of about 45 days in southern Brazil. After
unsuccessful diplomatic negotiations with the Japanese government, the four shipwrecked
men were handed over to Japanese officials in April 1805. Because of Japan’s strict isolation
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policy, the men were then thoroughly interrogated. The records of this interrogation were
the first reports and descriptions of the flora and fauna of Brazil for the Japanese people.
Several books were subsequently published about the crewmen'’s journey, which later
influenced the emigration of Japanese people to Brazil in the early 20th century. Hanazaki
provides fascinating examples of how the shipwrecked men described both the localplant
species and the cultural and ecological conditions of Brazil.

The article that follows is authored by Szabolcs Kis and Attila V. Molnér [10], who
work in the Department of Botany at the University of Debrecen. They reviewed the
historical literature (including newspapers aimed at a wide audience) and archival sources
in Hungary from 1721 to 1943 that deal with the distribution and popular use of the
highly poisonous Cicuta virosa L. The distribution of this plant in Hungary has significantly
decreased compared to the past. The folk name of this plant varies significantly in different
regions of Hungary. Overall, three major folk name areas can be distinguished for this plant,
but, in total, i has been known by eight folk names throughout history. New locations where
this plant used to be found were also discovered in historical sources. This shows that
earlier manuscripts and written sources in the national language are an important source
for both ethnobotany and biogeographical data. The authors provide a comprehensive
overview of the history of poisoning cases caused by this plant in Hungary. There have
been many accidents, especially involving children who mistook this poisonous plant for
an edible one. However, the plant has sometimes been used deliberately to poison and kill
people. There have also been numerous reports in Hungary of livestock deaths caused by
C. virosa. Its toxicity is also one of the reasons it was removed from farmland in the past
and why its distribution has decreased.

Next, we arrive in the 20th century. A large team of authors, including eight scientists
from Zhejiang Agricultural and Forestry University, China, led by Ke Shi and Shuai Liao
from the South China Botanical Garden, studied the legacy of Scottish plant collector George
Forrest (1873-1932) in China [11]. Forrest visited China seven times between 1904 and 1932.
During this time, he amassed a remarkably large collection of plant specimens, which are
now kept in 31 herbaria around the world. Shi and his co-authors undertook the major task
of reviewing all these digital herbaria and recorded a total of 38,603 plant specimens that
Forrest collected in China. These specimens belong to 233 plant families, 1395 genera, and
a total of 5426 plant species. The authors organized and harmonized the disparate data by
date, region, and elevation. They used this information as a source to reconstruct each of
Forrest’s expeditions to China. Shi and his co-authors subsequently wrote a compelling
descriptive story, which will be a significant aid to modern scholars for understanding
the history of Chinese plant research at that time. Although Forrest’s achievements as a
plant collector stand out in many respects, his work not only advanced botany, but also
had a profound impact on the fields of horticulture, ecology, and plant conservation. He
made a particularly significant contribution to the introduction of Rhododendron species
to Europe. However, the authors also pay attention to the negative aspects of his work,
noting that such a colonial attitude towards collecting natural resources in another country
is inconsistent with today’s ethical norms. The authors also point out that Forrest, in his
passion for collecting plants, did not really care about the local natural environment, as
they cite the case of his cutting down a Rhododendron tree that was important to locals
and taking its logs back to England.

Next, we come to the 1970s. A large team of authors, including eleven scientists from
six different research institutions, led by Andrea Pieroni from the University of Gastronomic
Sciences, studied the use of medicinal plants by people living in the Susa Valley in the
Italian Alps [12]. The people living in this valley are heavily dependent on the tourist
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seasons of summer and winter (ski tourism); during other periods, there are few permanent
residents living in the area. A prior comprehensive study on the use of medicinal plants in
this region was conducted in 1970 (the use of 96 plant species was documented), while a
comparative study was conducted in 2018 (the use of 36 plant species was documented).
A comparison between periods revealed a significant decrease over time regarding the
knowledge and use of medicinal plants. This can be attributed to the socio-economic,
cultural, and potentially even environmental changes that have occurred over the past
half century. In addition, the authors point out that, due to the current trend of functional
foods, these plants can also be used in the food industry to develop regional products (e.g.,
seasoning salts). This could represent one solution for keeping local plant traditions alive.

The same time period—although in this instance covering an overseas territory—was
studied by an international team of authors led by Renata Soukand from Ca’ Foscari Univer-
sity and Andrea Pieroni [13]. Their work describes the resilience and transformation of the
biocultural heritage of wild greens foraged among the Arbéreshé, an ethnolinguistic minor-
ity, in the Argolis and Corinthia regions of Greece. Compared with historical ethnobotanical
records from the 1970s, this fieldwork, conducted in 2025, not only documents previously
unrecorded linguistic labels, but also new plant species. However, current Arbéreshé
ethnobotanical heritage has undergone profound linguistic and cultural assimilation, with
the majority of folk plant names being of Greek origin and the remainder being Albanian
or a hybrid. However, the tradition of using foraged plants in boiled mixed greens (lakra
in Arbéreshég, chorta in Greek) remains central to local cuisine. The authors highlight the
urgent need for recognizing and supporting the continuity of this minority’s remaining
linguistic and ethnobotanical diversity. They suggest that the changes that appeared in the
past fifty years have been driven by the ecological availability of the plants, socio-cultural
transformations, and changing taste preferences.

And so we finally arrive at the 21st century. An international group of authors,
including eight researchers from six institutions, led by Raivo Kalle from the Estonian
Literary Museum, examined the use of medicinal plants among Karelians and Finns
living in Northern Karelia, Finland [14]. This region is interesting because the majority of
former settlements of one ethnic group, the Karelians, are occupied today by the Russian
Federation. However, after World War II, when this border was closed, a significant
number of Karelians moved from Russia to live in Finland. A total of 67 semi-structured
interviews were conducted, and the current use of 31 medicinal plants was recorded.
The plant names were mainly in Finnish, with only a few wild berries, one tree, and
some weeds recorded in Karelian. Overall, the use of medicinal plants has significantly
decreased today compared with the historical data gathered in the 19th century. Also,
most knowledgeable respondents were of mixed Finnish-Karelian origin, drawing on both
ancestral (and historical) knowledge. Factors such as resettlement from Russia to Finland,
which resulted in the loss of contact with their traditional ancestral lands and difficulties
in adapting to the new environment, may have contributed to the small number of plants
reported by people with purely Karelian origin. The official health system, which did
not favor the use of medicinal plants, also played a role in hindering the continuation of
this tradition. Understanding all these factors could help to better preserve traditional
knowledge when future decisions are made.

Saint Augustine (354 AD-430 AD), who contemplated the concepts of “long time”
versus “short time” thousands of years ago, concluded, “But in what sense is that long or
short, which is not? For the past, is not now; and the future, is not yet. Let us not then
say, ‘it is long’; but of the past, ‘it hath been long’; and of the future, ‘it will be long.”” [15],
p- 235. All our actions today are already history tomorrow. Therefore, with our data on
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plant uses published today or collected in archives, we point the direction to tomorrow’s
scientists so that they can say “it hath been long”, just as we rely on past scientists to make
decisions for the future.
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Article
Companion Plants of Tea: From Ancient to Terrace to Forest

Huan Wu, Xiaofeng Long and Yanfei Geng *

College of Tea Science, Guizhou University, Guiyang 550025, China; hwu2023@163.com (H.W.);
xflong66662022@163.com (X.L.)
* Correspondence: yfgeng@gzu.edu.cn

Abstract: China is one of the origins of ancient tea gardens, with a long history of tea culture and
tea cultivation. Guizhou Province is an important tea production place in southwest China with
rich forest tea resources. The purpose of this study is to obtain historical information on companion
plants in historical tea gardens and provide a theoretical basis for the sustainable development of
forest tea gardens in Guizhou Province. We conducted a statistical analysis and comparison of plant
species among ancient tea gardens, terrace tea gardens, and forest tea gardens from a diachronic
perspective, based on 21 ancient tea literature studies, 116 terrace tea garden documents, and 18
sampled plots of forest tea gardens in Guizhou. A total of 24 companion plants species belonging
to 16 families and 22 genera were found in ancient tea gardens, 81 species were found in terrace tea
gardens belonging to 37 families and 74 genera, and 232 species were found in sample plots of forest
tea gardens belonging to 90 families and 178 genera. Companion plants can be divided into three
categories. Most of the plant families recorded in the literature also appeared in the forest tea garden
we surveyed. In ancient tea gardens, terrace tea gardens, and forest tea gardens, Poaceae, Fabaceae,
and Rosaceae were the most dominant families, respectively. The intercropping of tea gardens has
been practiced since ancient times. Companion plants in natural forest tea gardens not only provide
important insights into intercropping of terrace gardens but also hold significant implications for the
conservation of existing forest tea gardens and the sustainable development of tea gardens.

Keywords: companion plants; forest tea gardens; ancient literature; sustainable development

1. Introduction

Tea has a long history in China. Tea plants originate from forests. They are one of the
characteristic and important tree species of subtropical evergreen broad-leaved forests. In
a stable plant community structure, they are found as tall trees or shrubs in the understory
of the forest. According to legends, Shennong, an ancient Chinese ruler, tasted various
herbs and encountered seventy-two toxic substances in a single day but was healed by tea
(M2 EE, —HBt+ =8, 545M##2), which was believed to be the main function
of tea in ancient China. In the Ming Dynasty, Shen Yang’s “Dan Qian Record” (the year
1547) states that “tu %% is the ancient word for tea 7. Additionally, Yu Lu’s “The Classic
of Tea” (the year 780) from the Tang Dynasty mentioned that tea originated from the Shen-
nong family %2 AR, KFMARIIK. According to Gu Ban’s “White Tiger Tongyi” (the
year 79) in the Eastern Han Dynasty, the Shennong period was the primary agricultural
stage of China’s Urgesellschaft. At present, archaeological discoveries have revealed that
the Shennong period began over 10,000 years ago, and it can be inferred that the history of
tea might also extend over 10,000 years [1].

Chinese tea culture has a rich and extensive history, dating back to the Pre Qin period,
appearing also in the literature of the Jin Dynasty and Han Dynasty, and thriving in the
Tang Dynasty and Song Dynasty. “The Classic of Tea” (the year 780) written by Yu Lu
marks the formal establishment of Chinese tea culture and also allows the study of Chinese
tea culture to enter the academic field of vision [2]. The emergence of the “The Classic of
Tea” (the year 780) led to the rise of the tea literary works, such as Tingyun Wen’s “Tea

Plants 2023, 12, 3061. https://doi.org/10.3390/plants12173061 7 https://www.mdpi.com/journal/plants
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Picking Record” (the year 860), Ran Jiao’s ”Cha Jue” Z%#k (the year 784), Wen Fei’s "Cha
Shu” #%i& (the years 811-813), etc. During the Song and Yuan Dynasties, the trend of
drinking tea flourished day by day, and tea was an indispensable drink in the daily lives
of the people from the emperor to the countryside. Moreover, there were stunning verses
such as “ Tea is for civilian use, equivalent to rice and salt, and cannot be consumed without
it for a day” in Anshi Wang’s “Yi Cha Fa” (%% (the year 1059) of the Song Dynasty, and
“those what are indispensable every day are firewood, rice, oil, salt, sauce, vinegar and tea”,
recorded in Zimu Wu’s “Dream of Liang Lu” (the year 1274) of the Song Dynasty. In addition,
tea-drinking customs such as tea parties, tea competitions, and tea banquets are also quite
popular, and this further illustrates the important position of tea at that time [3,4].

The cultivation of tea plants in China also has a long history. Chaosheng Wang [5] in-
ferred that the tea planting by ancient people in China has a history of at least 2000 years
through his understanding of the two ancient tea literatures “Huayang Guo Zhi” (the years
348-354) and “Sichuan General Records” (the year 1816). The earliest records of tea tree cul-
tivation techniques in China can be traced back to “Guang Zhi” (the year 270), which was
written in the Western Jin Dynasty. There are also numerous pieces of literature from later
dynasties that record the cultivation of tea plants. Lin Luo’s “Cha Jie” %fi# (the year 1609)
of the Ming Dynasty recorded the method of preserving tea seeds to facilitate planting in the
coming year. “Dongxi Shi Cha Lu” (the years 1049-1054) and “Da Guan Cha Lun” (the years
1107-1110) of the Song Dynasty recorded “Tea is suitable for the shade of high mountains, but
prefers the early morning of the sun”. “Beiyuan Bie Lu” (the year 1196) and “Cha Jie” (the
year 1609) of the Song and Ming Dynasty recorded “where was better place for tea plantation,
and what were good companion trees to tea”.

During the Ming and early Qing dynasties in China, the Tea culture was a stage of stable
and sustainable development, but in the end of Qing Dynasty, it was a stage of abnormal
development followed by rapid decline [6]. In the Ming Dynasty, not only did the cultivation
of tea plants expand but later Ming treasure voyages spread Tea culture further. Moreover,
there was a big improvement in tea cultivation techniques with the emergence of tea seedling
transplanting methods and tea garden intercropping practices. In the early Qing Dynasty, the
area of tea plantations continued to expand, and asexual propagation methods of tea branch
cutting and layering were invented [7,8]. There have also been further improvements in tea
garden management, such as tea tree pruning, weeding, and fertilization. From the late Qing
Dynasty to the establishment of the People’s Republic of China, Chinese tea farming entered
a period of decline [9-12].

After the establishment of the People’s Republic of China, the tea economy developed
gradually. During this period, great efforts were devoted to developing terrace tea gardens,
from learning methods to improve terrace tea garden management to increasing investment
in labor, funds, fertilizers, and pesticides in terrace tea gardens. As a result, the area of terrace
tea gardens was expanded, and the yield of terrace tea gardens was significantly increased na-
tionwide. For example, from 1954 to 1965, the terrace tea garden in Yuhang Tea Experimental
Field increased its area by 153.3 hectares, with an average yield of 1200 kg per hectare [13].
According to the data from the China Tea Marketing Association, the total area of China’s
terrace tea gardens reached 3.165 million hectares in 2020. Although the development of ter-
race tea gardens in this way can play a great role in the economy, there are serious problems
such as ecosystem instability caused by single planting, ecological environment destruction,
pesticide residues, and chemical fertilizer residues [14-17].

In December 2022, Professor Shengji Pei defined a Forest Tea Garden as “it is a tea com-
munity of the genus Camellia (sect. Thea, including C. sinensis var. sinensis, C. sinensis var.
assamica, C. sinensis var. dehungensis, C. taliensis, C. crassicolumna) of family Theaceae, man-
aged in a traditional way, meeting the green and organic planting standards, with the goal of
producing ecological tea and an area of more than 0.5 hm?, accompanied by at least one other
wild or cultivated woody plant that forms a canopy over 10% and reaches a height of over
five meters” [18]. Guizhou Province is an important tea production area in Chinese history,
and it was also one of the eight major tea regions in China during the Tang and Song dynas-
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ties, known as the “Qianzhong Tea Region” [19]. Records of forest tea in Guizhou could be
traced back to Yu Lu’s “The Classic of Tea”. It was written that the taste of “Du Ru Gao Shu
Tea” (also known as Wu Chuan Da Shu Tea) was highly enjoyable. Tingjian Huang of the
Song Dynasty also praised the Du Ru Gao Shu Tea of Qianyang, which had a bitter taste and
helped to relieve the dizziness in his “Jian Cha Fu” (the years 1057-1061). Guizhou Province
is rich in wild tea forest resources. According to the survey, Fanjingshan Nature Reserve in
Tongren City alone has an area of 13,700 hm? of wild tea forest [20].

The purpose of this study is to conduct a diachronic comparison of the similarities and
differences in companion plants among ancient tea gardens, terrace tea gardens, and forest
tea gardens by analyzing ancient tea literature and terrace tea garden literature, as well as a
sample plot survey. Also, it aims to provide a theoretical basis for the sustainable development
of forest tea gardens in Guizhou Province.

2. Materials and Methods
2.1. Review of Ancient Literature in China before the Late Qing Dynasty

In this study, 21 pieces of ancient tea literature including articles, books, and poetry writ-
ten before the end of the Qing Dynasty of China were selected using the keywords “ancient”,

i

“tea garden”, “companion plants”, and “intercropping” (Figure 1). The author’s name, liter-

ature name, the year of completion, the Chinese name of companion plants, and reference
fragments regarding companion plants of ancient tea literature were summarized (Table 1).

3.Twelve Rhymes of Tea Garden
4.Tea Garden

5.Elegy for Jun You Xu

6.Zi Liao

7.Bei Yuan Bie Lu

8.Jian Zao Yu Cha You Suo Zheng Zhi
9.Journey at Noon

16.Guang Dong Xin Yu
17.Yue Dong Wen
12.Duo Neng Bi Shi Jian Lu
13.Chun An Dao 18.The Song of
Zhong Yong Planting Tea
Yu Lang Ba Yun 19.Tea Picking Song
14.Xi Hu Zhu zhi Ci 20.Zhong Cha Shuo

HAEERG o 10.Shi Xia Mountain Tea Blooms 15.Cha Jie 21.Fu Jun Nong Chan
Guo Zhi 2.5i Shi Zuan Yao 11.A Flower—Hangzhou Scenery Kao Lue
Northern Five
Eas'tern Sojmdem Tarlg Dynasties
Jin pynasties, | Dynasty :;‘:
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420 618 907 960 1271 1368 1636
317 1912

Figure 1. Historical records of major ancient tea literature.

Table 1. A summary of companion plants in ancient tea literature.

Serial Ancient Tea Author The Year of Chinese Name of Reference Fragment
Number Literatures Names Completion Companion Plants 8
Huayang Guo Zhi Eastern Jin Dynasty There are fragrant konjac and fragrant tea in the garden.
! T 2 Qu Chang (348-354) Mo Yu WHF . T
Late Tane and five Under the mulberry trees and bamboo shades, any
Si Shi Zuan Yao & al . place is suitable for planting... There is no
2 E Han Dynasties Sang, Zhu, Su, Ji, Ma L. . . X
I 6 (Around 900) restriction on planting ramie, millet, and barley.
FTVTRLRN ST TR R R A R S
Twelve Rhymes of Song Dynast: Green onions share a garden
3 Tea Garden Yucheng Wang & ynasty Cong SR & ’
S+ — (997) A [
Tea Garden . Song Dynasty . The winter plum has not yet bloomed.
4 % Yuanchong Liu (1081) Mei KIEMEFAE
Alone, I came to plant willows after the snow.
Through the bamboo grove, I walk once more to
5 Eleg}%ﬁ% ﬁ%};}u Xu Shi Su Son;(;llggz;;asty Liu, Zhu Zi gather tea. B
- TR AL, ATIRAT SRR
Zi Liao Song Dynasty Planting tea should be done in a shaded area with
6 EEL Zi Zhang (1153-1221) Sang mulberry trees

TR AR ST
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Table 1. Cont.

Serial Ancient Tea Author The Year of Chinese Name of Reference Fragment
Number Literatures Names Completion Companion Plants 8
. . Tung wood remains, and the prosperity of tung
7 Bei ;%%%IF; Lu Ruli Zhao Son%lli)gyéx;asty Tong wood is compatible with tea.
AT BE AR A2 %5 2 AH
Jian Zao Yu Cha You Song Dynast The beautiful tung tree forest has tea trees
8 Suo Zheng Zhi JiXu (11%2_}1]21 4)}1 Tong under its shade.
I R A TR MR, FHARMIK
A few white branches emerge from plum tree in the
bamboo gate, and a few stacks of green trees lie
Journey at Noon Song Dynast horizontally on the pine outside the mountain. The
9 q;%y e Zengbo Li (11%8—}1]2 65)y Mei, Song people gradually pick tea on the hills of Longfu, while
T many households brew rice wine for sale at market.
11 I ROk 5,
FAAMUBULRT . AWERIREIEE, KR AT me s
Shi Xia Mountain Tea . . . .
10 Blooms Fengchen Fang SFE% E}{;;;;y Huo Shu I'am not alone whlb(z%}}geﬁrul% 55?}?\ is under sunshine.
vl 2 I
A
Flower —Hangzhou . Yuan Dynasty Tea Garden and Rice Paddy Path.
n Scenery Hanging Guan (1220-1300) Dao R
R ITIES
- Qs . When the tea plants are not yet matured, it can be
12 Duozl\lﬁinﬁ% g Shi Ji Liu Ngg%ﬁ{?;g;y Ma, Su Zhu Ma planted with “Ma, Suand Zhu Ma” next to it
y TR ILAERIR, S SHE AT &2 T
Chun An Dao Zhong Ming Dynast The sparse plum trees stand on the bamboo bank,
13 Yong Yu Lang Ba Yun Minzheng Cheng (1 4§ 6—{ 499)}7 Mai and the fine wheat embraces the tea garden
LB T ) BHEIE AT, ANk
Xi Hu Zhu Zhi Ci . Ming Dynasty . Plant plum blossoms above and tea below
14 b Zhideng Wang (1535-1612) Mei RS TR
. . e . Such as osmanthus, plum, Xin Yi, magnolia, green
15 C%aﬁg ¢ Lin Luo Mngllé)oygr;asty I\fealﬁxslgn“, g}‘:lll glu pine, and emerald bamboo, and the like.
* $oonE TN NE T NE NS N 2
In the present day, people in the mountains often
Guang Dong Xin Yu . Qing Dynasty . grow tea, occasionally complemented by
16 I A Dajun Qu (1630-1696) Ku Ding Cha Shu Kudingcha tree.
Al rh NS, ] DL
Yue Dong Wen Jian . In Xiqiao, most people grow tea, and in the tea Beds,
17 Lu Qu Zhang Q;%% ;:) {;ZSW Ying Shu there are Yingshu.
B L (168654740) LUEZE N 2
The Song of Planting . . -
. Qing Dynasty . Then he mixed it with barley.
18 Tea Tingdong Cao - Da Mai o 7
T (1699-1785) TTakLLRZE S
S . Drunk and fallen into seasame land, holding a pipa
19 Tea Plf,l;king Song Bingkun Huang Q(Illé%g }{ggz’;y Hu Ma (a Chinese musical instrument).
o MBI &
. When the tea tree is not yet lush, you can plant Shu
20 Zhon%%?eshuo Jingfan Zon Q1ng(;11§7y4r;asty Shu, Dou and Dou next to it
- ELIL BN ¥ P P N R e L
Fu Jun Nong Chan Under the tea, fragrant orchids and graceful
& Qing Dynasty chrysanthemums can be planted, creating a clear
21 Kao Lue Gangde He (1903) Lan, Ju and delightful aroma
AR 0 & '

FLCHS) T DT 22 B 55 2 )

2.2. A Survey of Companion Plants in Terrace Tea Gardens after the Establishment of the People’s
Republic of China

One hundred and sixteen Chinese documents regarding companion plants in terrace tea
gardens were found in the CNKI database (www.cnki.net, accessed on 16 August 2023) us-
ing the keywords “tea garden”, “intercropping”, “companion plants”, “ecological benefit”,
“terrace tea garden”, and “tea growth”. The types of publications were articles and reviews,
and the period of publication was 1957 to 2022.

2.3. Forest Tea Garden Survey
2.3.1. Overview of the Survey Area
(1) Puding County (longitude 105°27" E to 105°58’ E and latitude 26°26’ N to 26°31’ N) is
located northwest of Anshun City in the middle of Guizhou Province (Figure 2). It has
a subtropical monsoon humid climate.
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(2) Sandu (longitude 107°40’ E to 108°14’ N and latitude 25°30’ N to 26°10’ N), located
southeast of Qiannan Buyi and Miao Autonomous Prefecture in Guizhou Province, is
the only autonomous county of Shui nationality in China (Figure 2). It is located in the
hinterland of “Moon Mountain and Leigong Mountain”. It has a temperate subtropical
monsoon climate.

101°E 103°E 106°E 109°E 112°E

N

37°N A

33°N

30°N

27°N

90 520
Kilometers

24°N

Geographical location map of Sandu County and Puding County

Figure 2. Location of the forest tea gardens in Guizhou Province, China.

2.3.2. Sample-Plot Survey

Eighteen sample plots were chosen in the forest tea gardens located in Sandu County
and Puding County, Guizhou Province (Table 2, Figure 3a). The specific details of another
10 plots in Sandu County could be seen in our previous study [21]. Each sample plot cov-
ered an area of 20 m by 20 m and trees with a diameter at breast height exceeding 5 cm were
recorded. Additionally, four middle squares (5 m by 5 m) were established along the diago-
nal of each sample plot to examine the shrubs. Furthermore, four smaller plots (1 m by 1 m)
were arranged in the center of each shrub layer sample to study the herbaceous plants [22].

Table 2. Specific information of the sample plots in Puding County.

. Sample Plot North East . Slope o Total
Region Nu}:nber Latitude Longitude Altitude/m Aspln:ct Slope/ Coverage/%

DB 26°14/8.35" 105°34/24.58" 1287 SE 66 92

CJo1 26°14'51.06"”  105°34/28.47" 1301 E 69 95

CJo2 26°14’48.33”  105°34/18.13" 1265 SW 65 96

Puding County CJo3 26°14’50.17"  105°34/13.84” 1243 SW 69 98
SZ01 26°13'53.68"”  105°34/18.55" 1383 NE 77 93

5702 26°14/26.45"”  105°35'14.39" 1353 E 67 98

5703 26°14'46.77"  105°35'15.74" 1370 SE 77 95

XF 26°14/29.39"”  105°34/17.11" 1307 N 76 92

11
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(a)

Figure 3. The comparison of forest tea gardens and terrace tea gardens in Guizhou, China. (a) Forest

tea garden. (b) Terrace garden.

3. Results

3.1. Diversity of Companion Plant Species in Three Different Types of Tea Gardens

In this study, a total of 24 companion plant species belonging to 16 families and 23 genera
were found in ancient tea literature, including 12 species of tree plants, 7 species of shrub
plants (with 5 species of them being both trees and shrubs), and 10 species of herbaceous

plants (Table 3).

Table 3. Companion plants in ancient gardens and terrace tea gardens.

Nsuer::liler Scientific Name Family Chinese Name Life Form T}g):: d(;izea
1 Mangifera indica L. Anacardiaceae Mang Guo Tree Terrace
2 Alstonia scholaris (L.) R. Br. Apocynaceae Tang Jiao Shu Tree Terrace
3 Ilex Latifolia Thunb. Aquifoliaceae Ku Deng Tree Ancient
4 Pinellia ternate (Thunb.) Breit. Araceae Ban Xia Herbaceous Terrace
5 Areca catechu L. Arecaceae Bing Lang Tree Terrace
6 Hemerocallis citrina Baroni Asphodelaceae Huang Hua Cai Herbaceous Terrace
7 Asteraceae sp. Asteraceae Ju Herbaceous Ancient, Forest
8 Atractylodes macrocephala Koidz. Asteraceae Bai Shu Herbaceous Terrace
9 Artemisia argyi Lévl. et Van. Asteraceae AiHao Herbaceous Terrace
10 Alnus nepalensis D.Don. Betulaceae Ni Bo Er Qi Mu Tree Terrace, Forest
11 Raphanus sativus L. Brassicaceae Luo Bu Herbaceous Terrace
12 Brassica rapa var. glabra Regel Brassicaceae Bai Cai Herbaceous Terrace
13 Brassica napus L. Brassicaceae You Cai Herbaceous Terrace
14 Dioscorea alata L. Convolvulaceae Shu Herbaceous Ancient, Terrace
15 Cornus officinalis Sieb. et Zucc Cornaceae Shan Zhu Yu Tree, Shrub Terrace
16 Cunninghamia lanceolata (Lamb.) Hook. Cupressaceae Shan Mu Tree Terrace
17 Vatica mangachapoi Blanco Dipterocarpaceae Qing Mei Tree Terrace
18 Diospyros kaki Thunb. Ebenaceae Shi Zi Tree Terrace
19 Eucommia ulmoides Oliv. Eucommiaceae Du Zhong Tree Terrace, Forest
20 (Willd. Pelfzﬁfl ]bézzgli\l/q[i;l. Arg. Euphorbiaceae Xiang Jiao Shu Tree Terrace, Forest
21 Ricinus communis L. Euphorbiaceae Bi Ma Shrub Terrace
22 Triadica sebifera (L.) Small Euphorbiaceae Wu Bai Tree, Shrub Terrace
23 Vernicia fordii (Hemsl.) Airy Shaw Euphorbiaceae You Tong Shu Tree Terrace, Forest
24 Albizia chinensis (Osbeck) Merr. Fabaceae Ying Shu Tree Ancient
25 Fabaceae sp. Fabaceae Dou Herbaceous Ancient, Terrace
26 Medicago sativa L. Fabaceae Zi Hua Mu Xu Herbaceous Terrace
27 Trifolium repens L. Fabaceae Bai San Ye Herbaceous Terrace

12
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Table 3. Cont.

Nsuerln‘:liler Scientific Name Family Chinese Name Life Form T}g):rs d(;i"l;ea
28 Astragalus sinicus L. Fabaceae ZiYun Ying Herbaceous Terrace
29 Glycine max (L.) Merr. Fabaceae Huang Dou Herbaceous Terrace
30 Cassia rotundifolia (Pers.) Greene Fabaceae Yuan Ye Jue Ming Herbaceous Terrace
31 Indigofera spicata Forssk. Fabaceae Pu Di Mu Lan Herbaceous Terrace
32 Senna siamea (Lam.) H. S. Irwin & Barneby Fabaceae Tie Dao Mu Tree Terrace
33 Zenia insignis Chun Fabaceae Ren Dou Tree Terrace
34 Acacia richii A. Gray Fabaceae Tai Wan Xiang Si Shu Tree Terrace
35 Arachis hypogaea L. Fabaceae Luo Hua Sheng Herbaceous Terrace
36 Delonix regia (Boj.) Raf. Fabaceae Huo Shu Tree Ancient
37 Kummerowia striata (Thunb.) Schindl. Fabaceae Ji Yan Cao Herbaceous Terrace
38 Leucaena leucocephala (Lam.) de Wit Fabaceae Yin He Huan Tree Terrace
39 Macroptilium lathyroides (L.) Urban Fabaceae Da Yi Dou Herbaceous Terrace
40 Pisum sativum L. Fabaceae Wan Dou Herbaceous Terrace
41 Phaseolus calaratus Roxb. Fabaceae Zhu Dou Herbaceous Terrace
42 Vicia faba L. Fabaceae Can Dou Herbaceous Terrace
43 Vicia sativa L. Fabaceae Ye Wan Dou Herbaceous Terrace
44 Vigna radiata L. Wilczek Fabaceae Lv Dou Herbaceous Terrace
45 Vigna unguiculata (L.) Walp. Fabaceae Gang Dou Herbaceous Terrace
46 Castanea mollissima Blume Fagaceae Ban Li Tree Terrace, Forest
47 Ginkgo biloba L. Ginkgoaceae Yin Xing Tree Terrace, Forest
48 Cinnamomum camphora (L.) Presl Lauraceae Zhang Shu Tree Terrace, Forest
49 Litsea cubeba (Lour.) Pers. Lauraceae Shan Ji Jiao Tree, Shrub Terrace
50 Ocimum basilicum L. Labiatae Luo Le Herbaceous Terrace
51 Perilla frutescens (L.) Britt. Labiatae Zi Su Herbaceous Terrace
52 Agastache rugosa (Fisch. & C. A. Mey.) Kuntze Labiatae Huo Xiang Herbaceous Terrace
53 Salvia japonica Thunb. Labiatae Shu Wei Cao Herbaceous Terrace
54 Allium sativum L. Liliaceae Da Suan Herbaceous Terrace
55 Alliun fistulosum L. Liliaceae Cong Herbaceous Ancient
56 Punica granatum L. Lythraceae Shi Liu Tree, Shrub Terrace
57 Firmiana simplex (L.) W. Wight Malvaceae Wu Tong Tree Ancient
58 Yulania denudate (Desr.) D. L. Fu Magnoliaceae Yu Lan Tree Ancient, Forest
59 Yulania liliiflora (Desr.) D. L. Fu Magnoliaceae Xin Yi Shrub Ancient
60 Toona sinensis (A. Juss.) Roem Meliaceae Xiang Chun Tree Terrace
61 Morus alba L. Moraceae Sang Tree, Shrub Ancwi:rl)t;el;irrace,
62 Musa acuminata Colla Musaceae Xiang Jiao Herbaceous Terrace
63 Morella rubra Lour. Myricaceae Yang Mei Tree Terrace, Forest
64 Osmanthus fragrans Lour. Oleacea Gui Tree, Shrub Ancient, Terrace
65 Orchidaceae sp. Orchidaceae Lan Herbaceous Ancient, Terrace
66 Sesamum indicum L. Pedaliaceae Hu Ma Shrub Ancient
67 Pinus elliottii Engelm. Pinaceae Shi Di Song Tree Terrace
68 Pinus sp. Pinaceae Song Tree Ancmi:nt, Terrace,
orest
69 Pinus taeda L. Pinaceae Hou Ju Song Tree Terrace
70 Bambusoideae sp. Poaceae Zhu Zi Herbaceous Ancient, Forest
71 Hordeum vulgare L. Poaceae Da Mai Herbaceous Ancient
72 Oryza sativa L. Poaceae Dao Herbaceous Ancient, Terrace
73 Saccharum officinarum L. Poaceae Gan Zhe Herbaceous Terrace
74 Lolium multiflorum Lamk. Poaceae Duo Hléaa?el Mai Herbaceous Terrace
75 Paspalum notatum Flugge Poaceae Bai Xi Cao Herbaceous Terrace
76 Panicum miliaceum L. Poaceae Ji Herbaceous Ancient
77 Setaria italica var. germanica (Mill.) Schred. Poaceae Su Herbaceous Ancient
78 Sorghum bicolor (L.) Moench Poaceae Gao Liang Herbaceous Terrace
79 Zea mays L. Poaceae Yu Mi Herbaceous Terrace
80 Secale cereale L. Poaceae Hei Mai Herbaceous Terrace
81 Eriobotrya japonica (Thunb.) Lindl. Rosaceae Pi Pa Tree Terrace, Forest
82 Malus pumila Mill. Rosaceae Ping Guo Tree Terrace
83 Prunus mume Siebold & Zucc. Rosaceae Mei Tree, Shrub Anc1eFrl)t;;l;etrrace,
84 Prunus salicina L. Rosaceae Li Tree, Shrub Terrace, Forest
85 Crataegus pinnatifida Bunge Rosaceae Shan Zha Tree Terrace
86 Prunus sp. Rosaceae Ying Tao Tree Terrace
87 Pyrus bretschneideri Rehd. Rosaceae Li Shu Tree Terrace
88 Citrus reticulata Blanco Rutaceae Gan Ju Tree, Shrub Terrace, Forest
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Table 3. Cont.

Nsl1e1:1lliler Scientific Name Family Chinese Name Life Form T}g:rs d(;i"l;ea
89 Populus sp. Salicaceae Yang Shu Tree Terrace, Forest
90 Salix sp. Salicaceae Liu Tree Ancient
91 Dimocarpus longan L. Sapindaceae Long Yan Tree Terrace
92 Lucuma nervosa A.DC. Sapotaceae Dan Huang Guo Tree Terrace
93 Paulownia fortunei (Seem.) Hemsl Scrophulariaceae  Bai Hua Pao Tong Tree Terrace, Forest
94 Capsicum annuum L. Solanaceae La Jiao Herbaceous Terrace
95 Laportea sp. Urticaceae Ai Ma Tree, Shrub Ancient
96 Boehmeria sp. Urticaceae Zhu Ma Tree, Shrub Ancient
97 Vitis vinifera L. Vitaceae Pu Tao Herbaceous Terrace, Forest

* Note: If the companion plants presented here also existed in forest gardens, then it was also marked with “forest”
in the last column.

The companion plants found in terrace tea gardens include 81 species belonging to
37 families and 74 genera, including 40 species of tree plants, 10 species of shrub plants (with
9 species of them exhibiting dual life forms), and 40 species of herbaceous plants (Table 3).
According to the selected articles, intercropping economic trees (apples, mulberry trees, etc.)
in tea terrace gardens demonstrated favorable strategic selection, while young terrace tea gar-
dens (14 years old) were generally intercropped with leguminous plants (peanuts, peas, etc.).

The companion plants found in forest tea garden sample plots include 232 species belong-
ing to 90 families and 178 genera, including 64 tree species, 98 shrub species, and 111 herbaceous
species (Table 3, Table A1). In the sample plots of forest tea gardens we surveyed, the total veg-
etation coverage exceeded 92.44%. The JQO2 plot (Altitude 877 m) situated in Sandu County
exhibited the highest species richness with 43 recorded species, while the CJO1 plot (Altitude
1301 m) located in Puding County presented the lowest species count of 25.

3.2. The Categories of Companion Plants

The companion plants could be divided into three categories. The first type was compan-
ion plants that have ecological value. For instance, tall trees such as Firmiana simplex (L.) W.
Wight and Morus alba L. can provide shade for the tea plant, as tea plants prefer shade. Also,
some companion plants could be multi-purpose (nitrogen fixing, fly attracting, water storage
for tea, and so on). There was a multi-purpose tree written in several pieces of ancient literature
named Albizia chinensis (Osh.) Merr, which not only can provide shade for tea but also attracts
flies to avoid the gathering of flies around tea and contaminating the tea leaves. At the same
time, it can also help regulate the soil moisture in the tea garden. The second type referred to
aromatic plants, such as Osmanthus fragrans Lour. and Yulania liliiflora (Desr.) D. L. Fu. The
third type included companion plants that have economic value (fruits and economic crops). In
the terrace tea gardens, fruits trees like Prunus salicina L., Mangifera indica L., and Punica grana-
tum L. were often used to provide shade for tea while economic crops like Vicia faba L., Zea
mays L., and Sorghum bicolor (L.) Moench were often planted to change the microclimate of tea
gardens and obtain economic benefits.

3.3. Dominant Family of Companion Plants in Three Different Types of Tea Gardens

According to ancient tea literature, a greater diversity of companion plant species was doc-
umented within the families of Poaceae, Urticaceae, and Fabaceae in ancient tea gardens. In
terrace tea gardens, higher species diversity was observed in the families Fabaceae, Rosaceae,
and Poaceae. Meanwhile, the predominant families were Rosaceae, Asteraceae, and Dryopteri-
daceae in sample plots of forest gardens in Guizhou (Figure 4). The findings demonstrated the
prevalence of the Rosaceae family within both terrace and forest tea gardens, while the Poaceae
and Fabaceae families exhibited dominance in ancient tea gardens and terrace tea gardens.
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Figure 4. Families with many companion plant species appear in tea gardens.

3.4. The Common Family of Companion Plants in Three Different Types of Tea Gardens

The highest affinity in terms of companion plant species at the family taxonomic level was
observed between ancient tea gardens and terrace tea gardens (Jaccard Index, JI = 0.23), and a
high resemblance also occurred between terrace tea gardens and forest tea gardens (JI = 0.22),
whereas the lowest similarity was detected across all three garden types (JI =0.07). The level of
similarity between ancient tea gardens and forest tea gardens fell within an intermediate range
(JI=0.12).

4. Discussion

Tea plants thrive beneath the canopy of arboreal vegetation in the forest and have evolved
over an extended period of systematic cultivation to acquire distinctive genetic traits associated
with shade endurance, temperature and humidity preferences, and the ability to efficiently har-
ness diffused light [23]. Our research shows that the companion plants found in forest tea gar-
den sample plots include 232 species belonging to 90 families and 178 genera, and there is a
rich diversity of plant species in the Guizhou forest garden. It is found that as early as the Tang
Dynasty in China, ancient people discovered that companion plants in tea gardens are benefi-
cial to tea plants [24]. Appropriate plant diversity can improve the microclimate of tea gardens,
improve the physical and chemical properties of soil, and increase beneficial insects in tea gar-
dens [25-28], which further proves the importance of companion plants in tea gardens.

Currently, there are still serious issues that need to be addressed in the terrace tea garden.
Primarily, commencing from the latter half of the 20th century, certain terrace tea gardens have
employed substantial quantities of agrochemicals (pesticides, fertilizers) with the intention of
achieving heightened tea yields. Regrettably, this practice has engendered soil microbiota, the
dissipation of vital nutrients, and disruption to the ecological equilibrium of terrace tea gardens,
thereby exerting a significant influence on the biodiversity of indigenous plant species [29,30].
In congruence with existing research findings, it has also come to our attention that a few forest
tea gardens have suffered artificial degradation [31-33]. These gardens are susceptible to pests
and diseases, resulting in suboptimal rates of tea plant resource utilization.

The intercropping of tea gardens has been practiced since ancient times and most of the
intercropping plants in terrace tea gardens were fruits trees (pomegranate, loquat, and pear),
economic trees (chestnut and rubber tree), legumes (broad bean, mung bean, and cowpea),
and grain (corn and sorghum). In our research, we also found that only a small number of
companion shrub plants were intercropped in terrace tea gardens. The reason for this may be
that the tea planted in terrace tea gardens was mostly shrub tea plants, and there was a com-
petitive relationship between shrubs. The intercropping of shrub species might lead to compe-
tition between them and tea plants for nutrient elements, which is unfavorable for tea growth
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and development [34]. Introducing intercropping practices encompassing clover, straw, and
other herbaceous species offers a pragmatic method for diminishing soil erosion in terrace tea
gardens, concurrently upholding soil element stability [35,36], and intercropping trees such
as magnolia and chestnut in the middle of terrace tea gardens can contribute to the modera-
tion of microclimatic conditions, fostering a cooler and more humid environment that benefits
tea vegetation [37,38].

The Rosaceae family exhibits a relatively higher diversity of companion plant species within
both terrace tea gardens and forest tea gardens. This phenomenon could be attributed to their
considerable economic significance, expansive geographical distribution, and high endurance
to climate change [39].

Comparing the three garden types, the family-level similarity is lowest among the com-
panion herbaceous plants (which possess relatively greater species richness in forest tea gar-
dens), while companion trees exhibit the highest level of similarity. This disparity could be
attributed to the fact that certain companion herbs in forest tea gardens may be got rid of as
weeds in terrace tea gardens, whereas certain companion trees play a favorable role in tea plant
growth and garden development. The majority of the families observed in ancient tea gardens
and terrace tea gardens can also be found in the forest tea gardens we investigated. These find-
ings suggest that the inspiration for planting companion plant trees in ancient tea gardens and
terrace tea gardens might have originated from natural forest tea gardens, which demonstrates
the feasibility of promoting the vigorous development of forest tea gardens.

5. Conclusions

Our study indicates that the utilization of companion plants in tea gardens has been preva-
lent since antiquity, showcasing a diverse array of companion plant species. Notably, Poaceae,
Fabaceae, and Rosaceae emerge as the most prevalent botanical families. These diverse compan-
ions can confer distinct advantages to tea cultivation. During the establishment of tea gardens,
it is recommended to deliberate on approaches that ensure the preservation of the ecological
balance and the optimal utilization of companion plant resources. This will facilitate the attain-
ment of sustainable progress across a spectrum of tea garden contexts.

Author Contributions: Conceptualization, Y.G.; investigation, HW. and X.L.; writing—original draft
preparation, H.W.; writing—review and editing, Y.G.; funding acquisition, Y.G. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by the National Natural Science Foundation of China (32260099 and
31900275) and the Natural Science Foundation of Guizhou Province (Qiankehejichu-ZK [2021] 091).

Data Availability Statement: Data is contained within the article and Appendix A.
Conlflicts of Interest: The authors declare no conflict of interest.
Appendix A

Table A1. Companion plants in forest tea gardens in Puding County, Guizhou Province, China.

Serial Number Scientific Name Family Chinese Name Life Form
1 Alternanthera philoxeroides (Mart.) Griseb Amaranthaceae Kon Xin Lian Zi Cao Herbaceous
2 Toxicodendron vernicifluum (Stokes) F. A. Barkl. Anacardiaceae Qi Shu Tree
3 Aralia echinocaulis Hand. Mazz. Araliaceae Chi Jin Song Mu Tree
4 Artemisia carvifolia Buch.-Ham. ex Roxb. Asteraceae Qing Hao Herbaceous
5 Artemisia lavandulifolia DC. Asteraceae Ye Ai Hao Herbaceous
6 Conyza sumatrensis (Retz.) Walker Asteraceae Su Men Bai Jiu Cao Herbaceous
7 Erigeron acer L. Asteraceae Fei Peng Herbaceous
8 Eupatorium coelestinum L. Asteraceae Po Hua Cao Herbaceous
9 Gnaphalium hypoleucum DC. Asteraceae Qiu Shu Qu Cao Herbaceous
10 Senecio scandens Buch.-Ham. ex D. Don Asteraceae Qian Li Guang Herbaceous
11 Blumea balsamifera (L.) DC. Asteraceae Ai Na Cao Herbaceous
12 Sphaeranthus africanus L. Asteraceae Dai Xinh Cao Herbaceous
13 Athyrium otophorum (Miq.) Koidz Athyriaceae Guang Ti Gai Jue Herbaceous
14 Betula luminifera H. Winkl. Betulaceae Guang Ye Hua Tree
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Table A1. Cont.

Serial Number Scientific Name Family Chinese Name Life Form

15 Catalpa bungei C. A. Mey. Bignoniaceae Qiu Tree

16 Pachysandra axillaris Franch. Buxaceae Ban Deng Guo Shurb

17 Lonicera fulvotomentosa Hsu et S. C. Cheng Caprifoliaceae Huang He Mao Ren Dong Shurb

18 Lonicera hypoglauca Miq. Caprifoliaceae Gu Xian Ren Dong Shurb

19 Viburnum fordiae Hance Caprifoliaceae Nan Fang Jia Mi Shurb

20 Cerastium fontanum Baumg. Caryophyllaceae Con Sheng Juan Er Herbaceous
21 Stellaria vestita Kurz. Caryophyllaceae Jing Gu Cao Herbaceous
22 Cornus macrophylla (Wall.) Sojak Cornaceae Lai Mu Tree

23 Capsella bursa-pastoris (L.) Medic. Cruciferae Ji Cai Herbaceous
24 Dioscorea bulbifera L. Dioscoreaceae Huang Du Herbaceous
25 Cyrtomium caryotideum (Wall.) Presl Dryopteridaceae Chi Ci Guan Zhong Herbaceous
26 Cyrtomium fortunei J. Sm. Dryopteridaceae Guan Zhong Herbaceous
27 Dryopteris championii (Benth.) C. Chr. Dryopteridaceae Kua Ling Ling Mao Jue Herbaceous
28 Dryopteris setosa (Thunb.) Akasawa Dryopteridaceae Liang Se Ling Mao Jue Herbaceous
29 Polystichum xiphophyllum (Baker) Diels Dryopteridaceae Jian Ye Er Jue Herbaceous
30 Elaeagnus pungens Thunb. Elaeagnaceae Hu Tui Zi Herbaceous
31 Hylodesmum podocarpum (C.andolle) H. Ohashi Fabaceae Chang Bin Shan ma Shurb

& R.R. Mill Huang

32 Castanopsis chinensis (Sprengel) Hance Fagaceae Zhui Shurb

33 Clinopodium chinense (Benth.) O. Ktze. Labiatae Feng Lun Cai Herbaceous
34 Clinopodium gracile (Benth.) O. Ktze. Labiatae Xi Feng Lun Cai Herbaceous
35 Stauntonia sp. Lardizabalaceae Niu Teng Herbaceous
36 Cinnamomum bodinieri H. Lév. Lauraceae Hou Zhang Shurb

37 Phoebe zhennan S. K. Lee & F. N. Wei Lauraceae Nan Mu Shurb

38 Ophiopogon japonicus (L. f.) Ker-Gawl. Liliaceae Mai Dong Herbaceous
39 Stenoloma chusanum Ching Lindsaeaceae Wu Jue Herbaceous
40 Palhinhaea cernua (L.) Vasc. & Franco Lycopodiaceae Chui Sui Shi Song Herbaceous
41 Toona sinensis (A. Juss.) Roem. Meliaceae Xiang Chun Shurb

42 Broussonetia papyrifera (L.) Vent Moraceae Hou Shu Herbaceous
43 Ficus heteromorpha Hemsl. Moraceae Yi Ye Rong Shurb

44 Humulus scandens (Lour.) Merr. Moraceae Lv Cao Herbaceous
45 Morus australis Poir. Moraceae Ji Sang Shurb

46 Camptotheca acuminata Decne. Nyssaceae Xi Shu Shurb

47 Osmunda japonica Thunb. Osmundaceae Zhi Qi Herbaceous
48 Oxalis corniculata L. Oxalidaceae Chu Jiang Cao Herbaceous
49 Plantago asiatica L. Plantaginaceae Che Qian Cao Herbaceous
50 Arthraxon hispidus (Trin.) Makino Poaceae Jing Cao Herbaceous
51 Eremochloa ciliaris (L.) Merr. Poaceae Wu Gong Cao Herbaceous
52 Heteropogon contortus (L.) P. Beauv. ex Roem. et Schult. Poaceae Huang Mao Herbaceous
53 Microstegium nodosum (Kom.) Tzvel. Poaceae Xiu Zhu Herbaceous
54 Miscanthus sinensis Anderss. Poaceae Mang Herbaceous
55 Fagopyrum dibotrys (D.Don)Hara Polygonaceae Jin Qiao Mai Herbaceous
56 Fallopia multiflora (Thunb.) Harald. Polygonaceae He Shou Wu Herbaceous
57 Pteris cretica L. Pteridaceae Feng Wei Jue Herbaceous
58 Pteridium aquilinum (L.) Kuhn Pteridiaceae Jue Herbaceous
59 Ranunculus sieboldii Miq. Ranunculaceae Yang Zi Mao Geng Herbaceous
60 Agrimonia pilosa Ldb. Rosaceae Long Ya Cao Herbaceous
61 Duchesnea indica (Andr.) Focke Rosaceae Shei Mei Herbaceous
62 Pyrus pashia F. Schmidt Rosaceae CiLi Shurb

63 Cerasus pseudocerasus (Lindl.) G. Don Rosaceae Ying Tao Tree, Shurb
64 Rosa cymosa Tratt. Rosaceae Xiao Guo Qiang Wei Shurb

65 Rubus multiflora Thunb. Rosaceae Ye Qiang Wei Shurb

66 Rubus coreanus Miq. Rosaceae Cha Tian Pao Shurb

67 Rubus ellipticus var. obcordatus (Franch.) Focke Rosaceae Zai Yang Pao Shurb

68 Rubus pectinellus Maxim. Rosaceae Huang Pao Shurb

69 Rubus swinhoei Hance Rosaceae Mu Mei Shurb

70 Rubia cordifolia L. Rubiaceae Qian Cao Herbaceous
71 Evodia fargesii Dode Rutaceae Shu Ye Wu Yu Shurb

72 Populus adenopoda Maxim. Salicaceae Xiang Ye Yang Tree, Shurb
73 Populus tremula var. villosa Carr. Salicaceae Bai Yang Tree, Shurbs
74 Koelreuteria paniculata L. Sapindaceae Luan Shu Tree

75 Houttuynia cordata Thunb. Saururaceae Zhe Er Geng Herbaceous
76 Selaginella tamariscina (P. Beauv.) Spring Selaginellaceae Juan Bai Herbaceous
77 Onychium japonicum (Thunb.) Kunze Sinopteridaceae Ye Zi Jin Wei Fen Herbaceous
78 Solanum virginianum L. Solanaceae Huang Guo Qie Shurb

79 Cryptomeria fortunei Miquel Taxodiaceae Liu Shan Tree, Shurb
80 Cunninghamia lanceolata (Lamb.) Hook. Taxodiaceae Shan Mu Tree, Shurb

17



Plants 2023, 12, 3061

Table A1. Cont.

Serial Number Scientific Name Family Chinese Name Life Form

81 Cyclosorus acuminatus (Houtt.) Nakai Thelypteridaceae Jing Jian Mao Jue Herbaceous
82 Phegopteriis decursive-pinnata (Ven Hall) Fée Thelypteridaceae Yan Yu Luan Guo Jue Herbaceous
83 Cryptotaenia japonica Hassk. Umbelliferae Ya Er Qing Herbaceous
84 Debregeasia orientalis C. J. Chen Urticaceae Shui Ma Shurb

85 Gonostegia hirta (Bl.) Miq. Urticaceae Luo Mi Tuan Herbaceous
86 Pilea notata C. H. Wright Urticaceae Len Shui Hua Shurb

87 Urtica fissa E. Pritz. Urticaceae Qian Ma Shurb

88 Viola philippica Cav. Violaceae Zhi Hua Di Ding Herbaceous
89 Cayratia japonica (Thunb.) Raf. Vitaceae Wu Lian Mei Herbaceous

Note: If the companion plants in forest gardens were already listed in Table 3 (marked with “forest”), then no
duplication was presented in Appendix A (Table A1).
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Abstract: The long-term stability of orally transmitted ethnopharmacopoeias is of inter-
est, but difficult to study for lack of information on plants used by a specific past culture.
Similarities between modern Italian ethnopharmacopoeias and Dioscorides’ classical text
have been proposed to derive from modern replacement of traditional practices with those
from published translations of Dioscorides. Ibn al-Baytar produced the best compendium
of medicinal substances in medieval Islamic science. He gave “Berber” common names for
some plants, which were presumptively used by North African Amazigh people. Since
Amazigh traditional knowledge was largely transmitted orally, with little access to me-
dieval literature, this allows comparison of historic (>750 years ago) practices and modern
practices that are unlikely to be causally derived. Presumptive identities for Ibn al-Baytar’s
plants with Berber names were obtained from key references. Recent ethnomedicinal pub-
lications from Amazigh-populated areas in North Africa were surveyed for reports of those
species and homologous common names. Of 46 historically used plants, an estimated
60.9% are still used in Amazigh regions, 78.6% with homologous common names. This
is likely to underestimate persistence of species use across the entire local pharmacopoeia.
Second, emulating a published analysis of Dioscorides, plants reported by three large re-
cent studies in Amazigh regions were compared with plants recorded by Ibn al-Baytar and
in a comprehensive modern Moroccan reference. Between 58.2% and 73.8% of species in-
cluded in individual studies were recorded by Ibn al-Baytar; of the 46 shared among all
three, 82.6% were recorded by Ibn al-Baytar and 100% by the modern reference. An histor-
ical compilation may be more likely to mention plants that are widely used today simply
because a thorough author could document most plants that were widely used at the time;
use of such data to assess causality should take that effect into consideration.

Keywords: Algeria; Berbers; Jamal Bellakhdar; historical ethnobotany; Islamic medicine;
Lucien Leclerc; medicinal plants; Morocco; North Africa

1. Introduction

A question of interest in ethnobotany is the degree of change in indigenous medicinal
knowledge, which is usually orally transmitted, and practice over long times. It is obvious
and uncontroversial that change occurs in any culture, but also that some transmission of
useful knowledge between generations is essential to survival. Many cultures or regions
have been repeatedly studied by ethnobotanists in the modern era, so that surveys taken a
generation or two apart may be compared. Relatively few studies address the more diffi-
cult question of how closely a culture’s present body of medical knowledge might resemble
knowledge from the much more distant past, centuries or millennia ago. It is increasingly
acknowledged that oral traditions can preserve some culturally important knowledge, not
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necessary for daily survival, for several thousand years or more, e.g., [1-3]. How long
might people continue to hand down knowledge of medicinal plants? Most medicinal
plants are unlikely to be preserved in archaeological sites, and when found, their inter-
pretation is often disputable (even regarding their status as artifacts if they are not in a
preserved container [4]). In regions with a long history of indigenous or colonial literacy,
amore fruitful approach can be to compare modern ethnobotanical surveys to information
from historical literature (including unpublished documents and herbarium specimens).

1.1. Studies Utilizing Colonial Records

Certainly one of the most substantial studies to use colonial records is Bussmann and
Sharon’s comparison of extensive modern ethnomedicinal data from Peru and Ecuador,
with equally substantial data published by the Spanish colonial author Martinez de Com-
panoén in 1780 [5]. Of 526 plants historically used in Peru, 73% were sold in markets or
found to be used locally. Conversely, 42% of the species sold in modern markets, which
included many post-colonial introductions, had been recorded by Martinez de Companon.
Similarly, Van Andel et al. compared 228-242 Surinamese plant species recorded as use-
ful in Daniel Rolander’s diary, which he kept in 1754-1756, with plants in modern use [6].
About 208 (at least 86%) were still considered useful in Suriname at present, and 54%, espe-
cially crop, timber, and ornamental species, had at least one modern use corresponding to a
historical use. In Brazil, Alcantara-Rodriguez et al. [7] reported that 80% of the 256 species
described as useful in the Historia Naturalis Brasiliae (1648) had similar uses recorded in
recent literature. This represents a knowledge survival period of ca. 280-360+ years (since
the earliest reference Alcantara-Rodriguez et al. used as a source of “recent” traditional
knowledge began publication in 1926).

Data from herbarium specimens have also been used to document historical use. Van
Andel et al. analyzed the Hermann Herbarium, a bound collection of 51 Surinamese useful
plant specimens probably made around 1687 [8]. Forty-eight species were represented, al-
most all known today as useful; all included medicinal plants were still in use, though com-
monly for different purposes. Similarly, Soelberg et al. [9] located herbarium specimens
from 1695-1697, 1799-1803, and 1817 that recorded medicinal plant uses by the Fante, Ga,
and Ashanti people, respectively, all of whom reside in modern Ghana. For all three collec-
tions combined, at least 75% of the species were still used, though only 31% of specific uses
persisted. In both studies [8,9], 52-59% of common names persisted into modern times. A
caveat for both is that small collections of useful plants may disproportionately represent
well-known species, whose names and use would be most likely to persist.

Limitations of historical comparative studies include the facts that some plants in
older literature will not be identifiable and that ethnobotanical surveys can rarely docu-
ment all current knowledge. Both would result in underestimation of the proportion of
species that persist in use. Studies of this nature, conducted in countries where most local
knowledge transmission over the relevant time frame would have been oral, demonstrate
that substantial preservation of an ethnopharmacopoeia over a period of at least several
generations is common. However, studies of time periods over 200 to 300 years are rare.

1.2. Historical Comparisons Involving Dioscorides

Literate scholarship in some regions is of such antiquity as to create the possibility of
exploring changes in plant use over much longer periods. The longest time horizon for
European studies was established by Leonti et al. [10,11] who examined the proportion
of currently used species or genera in various Italian datasets that had been documented
in Dioscorides” De Materia Medica, a massive compilation of medicines known in the Ro-

21



Plants 2025, 14, 342

man empire over 1900 years ago. (Of note, a recent study involving some of the same
authors [12] similarly compares Dioscorides to selected Central European references from
the medieval, Renaissance, and modern eras).

Leonti et al. [10] first compared current medicinal plant lists from Sardinia and Sicily,
two Italian islands, with each other and with Dioscorides. Introduced species were ex-
cluded from analyses; of the native medicinal species, 170 were used on both islands,
while 247 species found on both islands were known to be used only on one. Accord-
ing to plant identifications in Berendes [13], Dioscorides mentioned 62% of the 170 shared
species and the genera of another 28%, and reported many of the modern uses for the most-
cited 15 species on both islands. He was much less likely to mention the species or genera
of plants used on only one of the islands.

The statistical analysis of Leonti et al. [10] rejected the null hypothesis that the
170 plants used on both islands were selected randomly on each “from a pool of 1573 (po-
tential medicinal) species” [10] (p. 265), which is the total number of plant species found on
both islands. They concluded that the high proportion of shared medicinal species reflects
“common cultural knowledge or selection criteria” [10] (p. 265). More controversially, they
suggested that those criteria were neither shared antique tradition nor actual benefits, but a
more recent uncritical adoption of plants from printed editions of De Materia Medica: “the
medicinal plant knowledge in Sicily and Sardinia is a shallow stereotype of... De Materia
Medica” [10] (p. 265).

This interpretation may be questioned. First, the number of species not mentioned
by Dioscorides supplies evidence that many modern practices derive from other sources.
Second, plants are rarely if ever used at random. In addition to observing benefits di-
rectly, users may prescreen plants using characters such as flavor and odor that suggest
bioactivity, e.g., [14-16]. Likewise, plants that are rare, locally endemic, or inaccessible are
less likely to be tested, adopted, then used for long periods. Rarer species might also be
less useful, for example, if superior chemical content might help a species to flourish or if
past human populations have dispersed useful plants, e.g., [17-19]. Many native species
would not have been considered suitable for medicinal use. Leonti et al. [10] noted that
the 170 shared species could have been shared at random if independently selected from
a population of 477 to 539 medicinal species (higher than the 417 medicinal species actually
present on both islands).

Third, Leonti et al. were surely right to say that writing “revolutionized the transmis-
sion of knowledge” [10] (p. 265) and “accentuated the homogenization of medicinal plant
use” (p. 266). However, Dioscorides’ creation of a written record of medicines already in
use would not have immediately or automatically terminated ongoing oral transmission
of folk knowledge of them, and little is known about oral transmission in various time peri-
ods. The coexistence of two effective routes of knowledge transmission makes assessment
of their relative influence challenging, as suggested by Kohler [20] in a study of the writ-
ings of Polish botanist J6zef Rostafinski (1850-1928). Rostafinski also came to believe, after
observing overlap between Polish folk medicine and the writings of Dioscorides and Pliny
the Elder, that 19th-century folk medicines were not survivals from pagan culture. Instead,
he concluded that they had been introduced after Christianization in written herbals that
influenced first the literate nobility and by further dissemination their servants, then fi-
nally rural commoners, whose descendants preserved the introduced practices after the
upper classes abandoned them. Kohler observed that Rostafiniski had overlooked a possi-
ble alternative explanation: that the two bodies of knowledge had a common origin, both
descending from the folk knowledge that existed before the scholarly works were written.
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In a second paper, Leonti et al. [11] compared the current ethnopharmacopoeia of
Campania in southern mainland Italy with those of Sardinia and Sicily and with plants
reported by Dioscorides, as copied in a book by the well-known physician and botanist
Pietro Andrea Mattioli or Matthioli that also discussed additional species [21]. This work,
termed in brief I Discorsi, was first published in Italian in 1544 [22] and was the major
pharmacological text in Italian universities until the 18th century. Use categories were
recorded separately from Dioscorides’ text and Matthioli’'s commentaries. Of 120 native
species used medicinally in Campania, Sardinia, and Sicily, all but five were identifiable
as Dioscoridean plants, which again was viewed as evidence of Dioscorides” influence.

Leonti et al. [11] conducted a Bayesian inference-based analysis of use reports for
27 frequently-cited species that concluded that 19.7% of their uses were derived from
Matthioli as a causal correlation. This analysis assumed that if species mentioned in a use
category by Matthioli are more likely than others to be mentioned in that category today,
Matthioli should be treated as a causal influence. Further, the causal effect was considered
higher for uncommon plants and uses. An expanded follow-up study [23] analyzed use
reports for 87 taxa commonly used in all three Italian regions and sought to detect causal
influence of both Dioscorides and a second classical authority, Galen, on modern use. In
their model, Dioscorides was estimated to have an average 27.6% (15.1-51.7%) causal ef-
fect on plant uses in the three regions, while Galen’s causal effect was estimated at 36.4%
(14.3-66.2%). Relative local accessibility of Galen’s and Dioscorides” work in recent cen-
turies was not discussed.

Such analyses may be vulnerable to bias if many remedies actually work. The finite
number of remedies that are most effective for each purpose should be more likely to be
adopted, passed on, or rediscovered if once abandoned. Leonti et al. noted that De Ma-
teria Medica “generally includes widespread species... and commercialized plant prod-
ucts” [10] (p. 265). Though Dioscorides” work was magisterial, most of the plant uses
he described were not his own discoveries or inventions, but documentations of already-
existing professional and folk medical practices in the eastern Mediterranean. If those tra-
ditions had discovered a large majority of the indigenous plants that were bioactive and
plentiful enough to be worth using by professionals, and Dioscorides’ investigations were
thorough, he could have recorded most native genera that multiple modern populations
from the region would consider useful, even if his opinions had had no direct influence
on theirs at all (that being the extreme case of Kohler’s [21] alternative explanation for
shared knowledge).

The opposite question, of how many of the plants recorded by Dioscorides persisted
in use to the modern era, is one that cannot be answered fully for two major reasons. First,
it is never possible to identify all plants in classical literature. Classical descriptions were
often very poor or incomplete, and errors could be introduced by hand-copying. Hence,
one purpose of early European herbarium collections was to provide definition for the ap-
plication of names in classical literature [24]. Folk taxa incorporating multiple species can
legitimately be treated as entities with persisting use, but it is sometimes not possible to
determine even what genus was described. Second, if the interest is in unbroken trans-
mission of knowledge over long periods, which group(s) are the inheritors of recorded
knowledge, within which its “persistence” should be checked for? The plants listed by au-
thors such as Dioscorides were not all used within any single region or culture, and large
classical compilations seldom provide adequate information about where plants grew or
were used to permit expected descendant cultures to be identified.

The studies by Leonti et al. [10,11] showed that many of the native plants considered
useful today in southern European datasets were also recorded by Dioscorides’ great clas-
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sical compilation. However, their belief that that history was for many species broken by
an unspecified, but presumably centuries-long, lacuna rejects the assumption that these
species could be said to have a 2000-year history of use. Therefore, to demonstrate persis-
tence of plants’ use in folk medicine over very long periods may require a context in which
literate scholarship has existed for several centuries, yet ordinary people in later genera-
tions did not place enough value on its products that they could be thought likely to have
abandoned traditional knowledge for it.

1.3. Ibn al-Baytar’s Treatise on Simples

Information of the kind necessary to demonstrate long-term oral knowledge trans-
mission from a forward-looking perspective, starting from the historical document, may
be available for small subsets of plants treated by the great Andalusian physician, phar-
macist, and botanist Diya” al-Din Abu Muhammad Abdullah Ibn Ahmad al-Malaqi, com-
monly called Ibn al-Baytar, who lived from ca. 1197 to 1248 CE. Born in Malaga, Ibn al-
Baytar studied with the famed botanist Abu al-Abbas al-Nabati, then traveled widely in
North Africa and the Middle East, gathering information on medicines from practitioners
along his route. He is known to have authored 11 works, not all of which survive [25]. One
of his two major works, known briefly as the Jami’ al-mufradat (Treatise on Simples), was a
compilation of text about medicinal plants, animals, and minerals from dozens of classical
and medieval Arabic sources, supplemented by personal experiments and observations
from his field research. The work included over 2300 alphabetically organized entries; be-
cause many substances were given multiple entries for different names and others were
unintentionally treated repeatedly, an estimated 1400 substances were included [25].

An authoritative discussion by Bellakhdar [26,27] highlights that Ibn al-Baytar was
among the most important authors whose medical works were studied in Islamic univer-
sities during the flowering of Islamic science. At that time, all books were hand-copied.
Eighty-six handwritten copies of the Treatise have survived, which preserved portions of
several earlier Arabic works that would otherwise have been entirely lost to history [25].
Printed copies of the Treatise were published in 1874 and 1992, the former with many er-
rors [25]. There was also a 1990 edition published in Beirut, which may be more scholarly.
All are very rare outside their region of origin, though Bellakhdar [27] reports that schol-
arly practitioners of herbal medicine in modern Morocco often possess copies.

Lucien Leclerc published a scholarly French translation in 1887-1883, omitting most of
the lengthy text copied from Dioscorides [28]. Earlier translations into modern European
languages had been partial, of dubious quality, or both [25,28]. Leclerc’s translation in-
cluded annotations discussing his and some previous European scholars’ opinions on the
identity of many substances. A facsimile with minor omissions was produced in the late
20th century by the Institut du Monde Arabe (Paris), but is no longer sold. Google Books
currently makes all three volumes available [29]. There is still no English translation.

Bellakhdar [26,27] published a comprehensive survey of the modern Moroccan tradi-
tional (or folk) pharmacopoeia based on years of field research. As part of his analyses
of this very large ethnobotanical dataset, he searched five key medieval Arabic reference
works for possible citations of each substance and included notes on such citations. This
analysis was similar to Leonti et al.’s [10,11] later backward-looking studies, with more di-
verse historical sources targeted, but with a time gap less than half as long. The expanded
third edition of his work [27] described 759 substances in current use, which included a
total of 1118 species or individual non-biological products. Only 31.4% of these were con-
sidered not to appear in Ibn al-Baytar’s Treatise, which was the most comprehensive of
the five. The 239 substances not mentioned included 14 compounded formulas, 25 later-
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developed industrial products, and 50 species introduced later from other geographic re-
gions. Of the 576 currently used plant species or species groups, 163 were definitely not
mentioned in the Treatise and 15 only dubiously mentioned, leaving 67.4% as presump-
tively mentioned by Ibn al-Baytar, at least in generic categories [27].

El-Gharbaoui et al. [30] analyzed the overlap between use records of Lamiaceae
species in modern eastern Morocco and eastern Andalusia and those from Ibn al-Baytar’s
Treatise (referred to there briefly as the Compendium). Fourteen taxa were recorded in
current use, with Thymus spp. treated as a single taxon as they are used interchangeably.
All 14 taxa had been described by Ibn al-Baytar, who recorded 195 uses for them. Ibn al-
Baytar had recorded 44% of the 95 specific uses recorded in modern Morocco and 28% of
the 257 uses from modern Andalusia.

Based on the reported citation by Ibn al-Baytar of many currently used species inves-
tigated in those works and three others, Alami Merrouni & Elachouri [31] have recently
argued that “a large part of modern traditional knowledge [in Morocco] originated from
ancient Arabic-Islamic medieval medicine” [31] (p. 8). Similarly to Leonti et al. [10,11] but
more extreme in interpretation, they described El-Gharbaoui’ et al.’s [30] article as indicat-
ing that “43% of plant uses may have [been] acquired straight from Ibn al-Baytar text” [31]
(p- 8). Their implication is that all modern uses corresponding to a historical use should be
assumed to be derived from historical authors, though later generations may have trans-
mitted this knowledge orally. This ignores the prior existence of the folk knowledge that
was merely documented by elite authors. These authors demonstrate an evident bias in
favor of crediting the scholars of the “Arabic-Islamic Golden Age” for knowledge genera-
tion; their schema for the origins of modern knowledge in Morocco depicts North African
and African medicine as being influenced by Arabic-Islamic medicine, but not the reverse.

A very recent publication by Mir et al. [32] provides brief comments on a compari-
son of Ibn al-Baytar’s work to current knowledge in northeastern Morocco. These authors
had recently published an ethnobotanical dataset based on surveys of 1177 people in three
provinces, both “Berber” (Amazigh) and Arab [33]. While analyzing this dataset primar-
ily in comparison to other modern Moroccan datasets, they also compared it to a list of
363 taxa believed to have been treated by Ibn al-Baytar and identified as being extant in
Morocco. They reported that 221 of 241 taxa mentioned by their interviewees had been
cited by Ibn al-Baytar. Those 221 taxa were noted to be “15.78% of Ibn al-Baytar’s sim-
ples” [32] (p. 5) [assuming precisely 1400 products were included], but they represented
60.9% of his simples that were believed to be found in Morocco. However, 18% of the 241
taxa mentioned by interviewees had no medicinal use reported, so it was not clear what
percentage of relevant simples cited by Ibn al-Baytar were documented as medicines in
the investigated region. No further details of methods or results were given.

Names Ibn al-Baytar used or cited included Arabic, classical Greek and Latin, and
less often regional (Persian, Berber, or Spanish) vernacular names. Though Ibn al-Baytar
mentioned a few substances only briefly without detailing their medicinal uses, his clear
intent in writing the Treatise was to document substances of medicinal value (“simples”, or
individual medicaments). He was not writing a general botany or zoology text, nor did he
seek to provide exhaustive lists of common names for included species. Given the nature
and intent of his research, his use of a vernacular name from a regional language provides
good reason to believe that people from that region were a source of information on the
substance’s use, even if, as was often the case, he did not explicitly say so. He thereby
supplied us with some ethnobotanical data for those cultures, which provides, to a limited
extent, another means of asking a forward-looking question: how many of a group of
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species reasonably presumed to be used in the 13th century CE, by a specified culture, are
still used today by the culture’s descendants?

1.4. The Amazigh People and Medical Traditions

Among these, Ibn al-Baytar recorded “Berber” common names for a few dozen sub-
stances, almost all plants, often as the only name known for the substance. “Berber” refers
to a group of largely North African ethnicities, tribes, or nations, believed to have derived
from at least three separate waves of migration [27], some of whose ancestors have lived
in northwestern Africa for up to 15,000 years, despite many later invasions and migra-
tions [34-38]. The umbrella term by which present-day groups reportedly prefer to be
known is Amazigh (or Imazighen, a plural), which was adopted in part to assert a col-
lective identity for political reasons, and the preferred collective term for their group of
languages is Tamazight [39,40]. Most modern ethnobotanical publications continue to use
“Berber” for the people and languages, presumably because of the term’s familiarity from
past literature. However, it is a term utilized by outsiders and it may be considered deroga-
tory; though its derivation is disputed, it closely resembles Greek and Arabic words for
“barbarian”. In this paper, “Berber” refers only to text in historical works that used that
term; when the present-day people or language are discussed, “Amazigh” or “Tamazight”
will be used.

The Amazigh have for millennia included large settled agricultural communities, as
well as nomadic groups. In Ibn al-Baytar’s time, North Africa was largely Muslim, having
long since been conquered by the Arabs [40—42], but many Amazigh remained culturally
distinct. Today there are many “Arabized” Amazigh who are fluent in Arabic and often
identify themselves as “Arab” even if that is not their actual ancestry [42,43]. Conversely,
Bellakhdar observes that much Moroccan Arabic culture has been strongly influenced by
“berbere” culture, so that the mixture of the two cultures is “indissociable et non réductible”
(inseparable and not reducible) in his country [27] (p. 34).

Traditional Amazigh culture reportedly was primarily oral (despite having an indige-
nous alphabet, Tifinagh, used for inscriptions and short messages [44]), and until recently
Amazigh communities tended to have low literacy rates, e.g., [43,45]. Medicinal knowl-
edge in many communities is transmitted mostly by women, who have traditionally had
particularly low literacy rates [43]. Fakchich and Elachouri [46] and Ouhaddou et al. [47]
reported 32.3% and 52% of their interviewees, respectively, to have had no formal educa-
tion. Eddouks et al. [48], in their large ethnobotanical survey that included 1616 people
from the Tafilalet area, asked interviewees where they obtained knowledge about plants;
though 83.4% had at least primary school education, only 6.75% said “reading”, while
most indicated “heritage”, learning from others, or personal experience. In an Algerian
Amazigh population surveyed by Bendif et al. [49], 73% of those using herbal medicine
were women, and 60.27% were illiterate; only 2% of medicinal plant use was reported to
derive from “reading”, vs. 89% from “experience of their predecessors”.

Bellakhdar [26,27] considers it certain that there has been an unbroken tradition of
oral instruction in healing practices (“une chaine ininterrompue”, an unbroken chain [27],
p.- 71) in Morocco, formerly parallel to a literate scholarly track, and later completely re-
placing it so far as transmission of Arabo-Islamic medicine was concerned, with one result
being the loss of much theory and doctrine. To be clear, he does not suggest that no ru-
ral North African Amazigh knowledge holders in more recent centuries ever possessed
or read key medieval scholarly texts, only that their access to them was too limited to be
the major influence upon what plants people continued to use. The scholarly informa-
tion regarding Amazigh ethnobotany in Ibn al-Baytar’s book was derived from traditional
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knowledge already held by the people among whom he traveled. Had large portions of
that knowledge later been abandoned by the Amazigh, their respect for oral tradition and
the limited physical accessibility of Ibn al-Baytar’s work (or lesser works of other medieval
Arabic authorities) to rural Moroccans make it implausible to assume that that literature
would have been sufficiently available, at any time in the past few centuries, to bring about
its popular restoration. The importance of these facts is that, if a substantial number of
medicines from the “Berber” pharmacopoeia of 750 years ago were found to appear in the
Amazigh pharmacopoeia of today, the most plausible explanation for the majority of that
similarity would not be abandonment of those plants followed by their relatively recent
uncritical adoption from Ibn al-Baytar or some other work of medieval Islamic medicine,
but the persistence of indigenous, orally transmitted traditional knowledge for ca. 750
years.

In this paper, plants with Berber common names documented by Ibn al-Baytar will
be compared to modern ethnobotanical literature dealing with traditional medicine among
Amazigh-descended populations to estimate the proportion of those plants that are still in
use today, as well as the proportion that still have similar Tamazight common names. (It
seems particularly unlikely that common names would ever be revived from medieval
literature, had they dropped out of use and been replaced by others, so homologous com-
mon names can be assumed to exist through an unbroken history of use). Additionally,
species lists from a selected set of three large ethnobotanical surveys from these popula-
tions, and the list of species shared among all three, will be checked for inclusion in Ibn
al-Baytar’s work (and that of Bellakhdar, the local modern equivalent) to see whether pat-
terns of greater documentation in historical scholarly literature of plants more widely used
today, similar to those found by Leonti et al. [11], may be observed.

2. Materials and Methods
2.1. Comparison of Historical Berber Data to Modern Amazigh Ethnobotanical Data

Medicinal substances for which Ibn al-Baytar reported Berber names were enumer-
ated, with numbered entries cross-referenced in Leclerc’s French translation [28] as being
applicable or partly applicable to each. For some, Bellakhdar [26,27] identified additional
entries believed to pertain to the same species or group that were not indicated by Ibn al-
Baytar as such; these numbers were not included. Substances that were stated to occur in
North Africa were not recorded if Berber names were not mentioned because of the pos-
sibility that they were used primarily by Arab populations. Special note was made of a
few substances without specified-Berber names that were said to come from Berber lands,
but they were not included in the main analysis in order to maintain a consistent criterion.
Because modern publications generally deal only with botanical medicines, one fungus,
one beetle and one bird were excluded (though one lichen was included). Leclerc noted
some Berber names to have been doubtfully recorded or written differently, possibly by
copyist error, in different manuscripts. All listed variants of such names were recorded.

Presumptive identifications for Ibn al-Baytar's names were those proposed by Bel-
lakhdar [26,27], or by Leclerc if Bellakhdar did not mention an historical name. Synonymies
were confirmed as needed using major taxonomic databases [50,51]. Bellakhdar [26,27] of-
ten identified historical names more precisely than Leclerc and identified and corrected a
few misattributions by Leclerc with citations of recent literature. Where Leclerc and Bel-
lakhdar [27] definitely and substantially differed on the identity of a name, both proposed
identities were recorded so that modern usage and common names pertaining to both sug-
gested identities could be compared, with the expectation that these would demonstrate
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more support for Bellakhdar’s identifications. In one case, a differing opinion in a nomen-
clatural reference by Trabut was also recorded [52].

A large group of recent journal articles presenting ethnobotanical data appearing rel-
evant to Amazigh populations, as well as one book, were surveyed for references to the
species or genera with which Bellakhdar (or Leclerc) identified historically used plants. Ac-
cessible literature was mostly Moroccan, with a lesser portion Algerian. Most regions of
both countries having largely Amazigh populations do also have residents of Arab ethnic-
ity, though as Bellakhdar [27] notes, those cultures have mutually influenced one another.
Studies from regions reported to have high Amazigh ethnic populations, especially if they
reported common names derived from Tamazight languages, were considered relevant re-
gardless of whether interviewees’ ethnic backgrounds were reported. This survey could
not be exhaustive, but it was considered that the large number of accessible recent ref-
erences would almost certainly include any species having frequent use. In a few cases,
when the ethnic background of interviewees was unclear, papers were used as evidence
of Tamazight names but not Amazigh use data. Publications providing relevant data in-
cluded [33,46-49,53-75].

If no Amazigh region-specific use data were found for a species or species group,
major reference works on Moroccan and Algerian ethnobotany [26,27,76] and two recent
publications on locally marketed Moroccan medicines [77,78] were checked for national-
level citations of the plant’s use, especially associated with Tamazight common names.
Bellakhdar [27] occasionally mentioned a specific region, of known Amazigh population,
in which he had observed a species to be used. However, it was not counted as Amazigh
use if he cited Amazigh regions only as a source of Tamazight common names.

When species or species groups (folk taxa) identified with historically used plants
were mentioned in those references, any documented common names that were similar to
those in Ibn al-Baytar’s compilation were recorded. If the taxa were not found to be in use
or only unrelated common names were seen, the historical Berber common names were
searched for without taxonomic restriction in a major compilation of North African com-
mon names [52] and in ethnobotanical sources that had provided substantial lists of species
with apparently Tamazight common names. A few Berber common names were given by
Ibn al-Baytar only in Arabic translation of the meaning, so that possible homologues could
not be recognized (at least by this author). If a current common name was located that
appeared homologous or similar to a historical name, the plausibility of identifying the
historical medicine as the species known by that name was considered.

Common names were recorded exactly as printed in original publications, except that
for a few of Ibn al-Baytar’s names from Leclerc, vowel marks were added following his
own instructions for correct orthography. Leclerc provided a francophone transliteration
of names in the Arabic alphabet (e.g., “ch” was used for &) and used multiple symbols for

“"_gr
T

some letters (especially ¢, a “gh” sound sometimes rendered as “r”), while frequently using
“k” for both & and &. Recent publications vary substantially in practice, e.g., using a wide
variety of diacritical marks. Many of Ibn al-Baytar’s Berber names begin with a double
alif (1), which Leclerc stated to be a definite article in the Berber language; this is generally
not seen in recent publications. Likewise, the “t” (&) with which some historical names
began was indicated to be a feminine prefix. Although some modern Tamazight common
names are variable in spelling and pronunciation (or are variably recorded), many modern
publications reported common names only in the Latin alphabet and may have variably
rendered identical names. When spelling of modern common names varies among refer-

ences, all observed variants were recorded.
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Two quantitative questions were asked of the resulting data set: (1) Using the best
available identifications, what proportion of plants with Berber common names reported
by Ibn al-Baytar appear still to be in use in Amazigh traditional practice, or to be in use
regionally? (2) What proportion of the plants in use have modern common names homol-
ogous to historical names?

2.2. Comparison of Modern Amazigh Ethnobotanical Data to Historical Data

A separate analysis was made to determine what percentage of the species recorded
in three selected current ethnobotanical studies involving primarily Amazigh populations,
and what percentage of the species that were recorded in all three studies, were mentioned
by Ibn al-Baytar, or belonged to species groups or genera that were mentioned. For this
analysis, there was no requirement that Ibn al-Baytar should have reported the species to
be used by Berbers or even in North Africa. This was intended to be comparable to Leonti
et al.’s [10,11] comparison of modern data from multiple Italian regions to the species
in Dioscorides” De Materia Medica, which had similarly been derived from knowledge
gleaned over a wide area.

The three datasets chosen for comparison were those of Fakchich and Elachouri [46],
Ouhaddou et al. [47], and Teixidor-Toneu et al. [63], which represented three geographi-
cally distinct regions of Morocco. Fakchich and Elachouri [46] supplied data from 3151 peo-
ple in multiple communities of eastern Morocco, reporting 148 medicinal plants. Ouhad-
dou et al. [47] interviewed 400 people in 13 districts of the southwestern province of
Agadir Ida Ou Tanane, reporting 110 medicinal species (including two subspecies of one).
Teixidor-Toneu et al. [63] conducted an in-depth study of a single ethnically Ishelhin,
Tashelhit-speaking rural commune in the High Atlas mountains (hence, this was an en-
tirely non-Arabized Amazigh group); they reported 151 common names and 159 plants,
153 of them identified at least to genus.

Bellakhdar’s [26,27] assessments of whether each of those taxa were mentioned by
Ibn al-Baytar (individually or as part of a species group), not mentioned, doubtfully men-
tioned, or mentioned only in a generic category or lumped in with a similar species, were
recorded, and numbers in each category were tallied. Most of these were extracted from
his first edition [26] because it had a complete table of products with specific information;
species not included in that work were checked for updates in the third edition [27]. Be-
cause preferred nomenclature has changed for some species, the cited online nomenclat-
ural databases [50,51] were used to confirm some synonymies. Where a plant in recent
studies was only identified to genus, if multiple species of that genus were reported by
Bellakhdar [26,27] to be used interchangeably, it was presumed that the species observed
was part of that group.

If a species from the regional datasets was not listed by Bellakhdar as being used in
Morocco, a note was made regarding whether other species of the genus were listed in
that work, and whether any of those species were recorded as being mentioned by Ibn
al-Baytar. Species or genera that were not documented by Bellakhdar, except for exotic
taxa that Ibn al-Baytar could not have seen, were looked up in Leclerc [28] to determine
whether he associated any of Ibn al-Baytar’s species with those names or well-known 19th
century synonyms.

3. Results
3.1. Ibn al-Baytar’s Berber Names

When entries referring to the same species or folk taxon are combined, Ibn al-Baytar re-
ported Berber common names for 46 plants (Table 1). Leclerc [28] remarked upon “Berber”
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usage or provided “Berber” names for a few other plants, but his added information was
not considered as historical because its sources were unclear and it could have been de-
rived from late-19th-century CE scholarship. Eight of the 46 plants had no meaningful
identity supported by either Bellakhdar [27] or Leclerc; one of those (no. 1167, Afersak)
was a fern but otherwise unknown. None of their common names could be identified with
common names in current use in Morocco or Algeria, and none had sufficient descriptive
text to identify them as species in use. This result was unsurprising, as Bellakhdar would
surely have identified them had that been easily done.
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Plants 2025, 14, 342

Of the 38 plants with proposed identities, 28 of these species or species groups were
reported to be in modern use in Amazigh populations. This count excludes no. 6 (Aakcher-
oua), whose proposed identification, only by Leclerc, was very broad and tentative, so that
the association of currently and historically used plants appeared dubious. It also excludes
no. 1369 (Ou’ssab), for which Leclerc proposed Lepidium; Bellakhdar corrected that iden-
tification to Plumbago, but though only Plumbago has homologous common names, only
Lepidium has Amazigh-specific references. Contrarily, it includes no. 876 (Tafifra), a name
used for multiple umbels, for which only Trabut’s [52] proposed identity was seen in an
Amazigh reference. An additional five plants were reported to be in use at a national level
but not specified to be used by Amazigh populations, one (no. 1369) having homologous
common names.

Four plants that were at least marginally identified were not reported to be in current
use in the region at all, one (no. 2015, Tamert ou issoiin) with a homologous common name.
There are a couple of plants for which dubiously related common names may be in use for
other genera than those referred to by Ibn al-Baytar. As for the eight unidentifiable plants,
whose historical names are no longer in use, it is assumed that all are no longer used by
the Amazigh. It is possible that some persist in use under different names, but it would be
inappropriate for the purposes of this analysis to assume that. Thus, it is estimated that at
a minimum 60.9% (28/46) of the plants for which Ibn al-Baytar reported Berber common
names remain in use among the Amazigh; this figure would increase to 63% if no. 1369
were counted.

Of the 28 plants found in Amazigh-related datasets, at least 22 (78.6%) had reported
common names that appeared etymologically related to the historical name, although
some were rarely used. For example, it appears that modern Amazigh populations usually
use the Arabic word zeitoun for olives, but variants of the historical name azemmor do per-
sist. Some plants (nos. 826 [Tiglich or Tiglilich], 1167 [Afersak]) had common names whose
homology was uncertain. Considering the 34 species listed in either Amazigh datasets or
national references, 24 (70.6%) had homologous common names.

Bellakhdar’s identifications were presumed to be more reliable given his greater first-
hand knowledge of the North African flora and ethnobotany. Modern common names
often, but not always, provide evidence in support of his interpretations (see Table 1; or,
contrarily, might have influenced them). For nos. 2 (Aathirilal), 250/1170 (Ousserghind or
Serghent), 539 (Tazghet (=¢ 3=) or Tarakht), and 1369/1549 (Ou’ssab), modern names homol-
ogous to the historical Berber name were recorded for Bellakhdar’s identifications, but not
for Leclerc’s. For no. 398/788 (Tuafghait), which the two identified as different but rather
similar plants, the same common name of tafgha is in use for both species, indicating a folk
taxon that may well have commingled the two at the time of Ibn al-Baytar’s writing. For no.
1654/2286 (Ourdjalouz), no homologous common names were found. Finally, Leclerc iden-
tified no. 658 (Fezan or Keran) as wild artichoke, Cynara scolymus L., whereas Bellakhdar
identified it as the related C. humilis L., though saying that C. scolymus was mentioned in
the treatment. The only dubiously homologous common names reported were applied to
C. scolymus, not C. humilis.

Of substances that Ibn al-Baytar identified as coming from or used in some portion
of North Africa, only five that did not have recorded Berber common names were stated
to come specifically from the Berber country or the Berbers. These are the plants (or, in
one case, a presumptive lichen) numbered 533, 535, 538, 559, and 1002 (Table 2). Two of
those five substances were reported to be used today in Amazigh-related references and
two in national references, but none appear in much of the literature. The historical Arabic
common names reported for 533 and 535 (Djouz ez-zendj and Djouz es-cherc), now reported
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by Bellakhdar to be used for unrelated species, are rather generic geographic names (jawz
means “nut”, which appears in many common names, and the associated adjectives refer-
ence the land of origin) so that a change of meaning would not be unreasonable.

Table 2. Species directly associated by Ibn al-Baytar (IAB) with the Berbers, but without Berber names.

IAB #

Classical Name, Ibn
al-Baytar’s Link to

Suggested Identity

Current Species

Similar Modern

Berber People [28] Used Common Name(s)
. o Leclerc: Sterculia ]?‘Wzat az-zeny .(EJ.}G
Djouz ez-zendj (Jsz . zoud) for Xylopia spp.
DM s acuminata P. Beauv.
zod)); it is brought _ ) (see no. 1698), also by
533 [=Cola acuminata (P.
from the desert of the some for Aframomum
, Beauv.) Schott & Endl.]
Berbers’ country. melegueta (Roscoe) K.
(Malvaceae) [28] Schum [27]
In Morocco and
Djouz es-cherc (J Algeria, Af.
J LM sl s 2 Leclerc: Amomum grana  melegueta (Roscoe) K. Jawzat as-Sirk (3Jsz
,0ad)); it is brought . . .
535 from the Berbers’ paradisi L. [=Aframomum Schum. [27,52]. &Lud)) for Xylopia spp.
sp.] (Zingiberaceae) [28] Bellakhdar: not (see no. 1698) [27]
country. . .
mentioned by ibn
al-Baytar [27]
Djouz djondom (Jsz
#20z); the Livre des Bellakhdar: Lecanora In Morocco and
538 Talismans says that of esculenta (Pall.) Algeria, L. esculenta
the Berbers is the best ~ Eversmann (lichen) [27] [27,52]
and strongest.
Habb ez-zelm (< 2J3JY); Bellakhdar: Cyperus Habb ez-zalam (<z
559 it is brought from the esculentus L. C. esculentus [33,73] 2dJd) [27], Habb ez
Berbers’ country. (Cyperaceae) [27] zelim (< #sd2d) [52]
C. chrysacanthum: None
Deneb es-seba’ (<2 Leclerc: “Cirsium. P.”; o ) similar .
gud)); Abdallah ibn  prior authors suggested Cirsium Dlpsac.us syloestris Huds.
1002 Saleh saw it used by Carduus tenuiflorus chrysacanthum (Ball)  [possibly = D. fullonum

Berbers near Fez.

Curtis (Asteraceae) [28]

Jahand [63]

L.] (Caprifoliaceae):
Denb es sebaa (<02
gu=d)) [52]

No. 1002 (Deneb es-seba’) may be another case in which common names suggest a

misidentification by European scholars and Ibn al-Baytar himself. Leclerc [28] suggested
it to be a thistle (Asteraceae), possibly a Carduus, based on Dioscorides’ Cirsium; Bel-
lakhdar [26,27] provided no identification. The entry included quotations of text from
Dioscorides, who supplied a short description, and Abdallah ibn Saleh, who reported
medicinal use by Berbers near Fez. Dioscorides’ description is of a spiny plant with stems
triangular beneath, leaves similar to bugloss but smaller, whitish but only moderately
hairy, and apically borne heads with red appendices. An almost identical Arabic common
name, given tolerance for misspelling, is used in modern Algeria for Dipsacus sylvestris
Huds. (Caprifoliaceae), usually treated as a synonym or subspecies of D. fullonum L.,
fuller’s teasel [52]. Dipsacus is prickly on all parts and has ridged stems and often dark pink
to purple flowers borne in heads. Bellakhdar [27] recorded no usage of Carduus in Morocco
and recorded Dipsacus fullonum as used only for non-medicinal purposes; he noted its men-
tion by Ibn al-Baytar in several entries, but not 1002. Ibn al-Baytar recorded no personal
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observations of no. 1002. Given the limitations of historical plant descriptions, it seems
plausible that his entry could represent a conflation of Dioscorides’ report of Carduus and
North African reports of Dipsacus.

The three non-plant substances for which Ibn al-Baytar reported Berber common
names were truffles (nos. 411 and 1964), cantharides beetles (no. 995), and the flesh of
the sagr or yanina (a small falcon-like bird, no. 1404). Non-plant substances are seldom
reported in modern ethnopharmacological papers, but Bellakhdar [26] reported modern
use in Morocco of a substantial number, including all of these (if a cited reference to use
of falcon skin in magic is counted); he reported homologous Amazigh common names for
truffles and falcons.

3.2. Comparison of Modern Medicinal Species Lists to Ibn al-Baytar

Table 3 summarizes the appearance or non-appearance of species from three mod-
ern Moroccan ethnobotanical datasets, in the opinion of Bellakhdar [26,27], in the work
of Ibn al-Baytar. Of Teixidor-Toneu et al.’s [63] 153 identifiable medicinal plants from a
single High Atlas Amazigh community, 89 were considered to have been recorded as men-
tioned by Ibn al-Baytar. These include two plants identified to genus (Cinnamomum sp. and
Boswellia sp.) for which several species can be used interchangeably and one, Aristolochia
paucinervis Pomel, that probably represents the taxon Bellakhdar [26] called A. longa L. An
additional six plants were considered to have been mentioned generically or lumped in
with related species, and two to have been doubtfully so mentioned. One was consid-
ered to have been doubtfully mentioned in its own right, and three plants identified only
to genus (Verbascum sp., Juniperus sp., Linum sp.) belong to genera which Ibn al-Baytar
mentioned. Of the remaining 52 species, Bellakhdar specified that Ibn al-Baytar had not
mentioned 26, while the final 26 were not recorded in Bellakhdar’s work as useful. One of
the former is suspected to have been an erroneous identification of an important species,
and twelve of the latter had other members of their genera listed, at least in an obsolete
taxonomy or in notes.

Table 3. Numbers of identifiable taxa reported in three recent Moroccan datasets [46,47,63]; the sub-
group of species found in all three datasets considered by Bellakhdar [26,27] to have been mentioned
by Ibn al-Baytar under individual species or species groups, possibly mentioned, at least possibly in-
cluded in a generic treatment or lumped with other related species, or not mentioned, or not recorded

as useful by Bellakhdar.
Fakchich and Teixidor-Toneu .
Elachouri [46] Ouhaddou et al. [47] et al. [63] Shared Species
Total # taxa 145 111 153 46
Mentioned 107 (73.8%) 73 (65.8%) 89 (58.2%) 38 (82.6%)
Possible mention 2 (1.4%) 4 (2.6%)
Generic mention or o o o o
possible mention 8 (5.5%) 8 (7.2%) 8 (5.2%) 2 (4.3%)
Not mentioned 22 (15.2%) 19 (17.1%) 26 (17.0%) 6 (13.0%)
Not listed in o o o
Bellakhdar 6 (4.1%) 11 (9.9%) 26 (17.0%)

In Fakchich and Elachouri’s [46] dataset, 148 medicinal plants were reported from
eastern Morocco. Nomenclature in this paper was often erroneous. Three names were in-
complete or invalid and could not be identified. Of the remaining 145, 107 were considered
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by Bellakhdar [26] to have been mentioned by Ibn al-Baytar, with two others uncertainly
in that category, four to have been included in a generic entry or with related species and
three doubtfully so included, and 22 not to have been mentioned. Six were not recorded as
useful by Bellakhdar; for four of those, other species of the genus were listed, sometimes
several species, which, however, were not explicitly treated by Ibn al-Baytar.

In Ouhaddou et al.’s [47] dataset, 111 medicinal taxa were reported from southwest-
ern Morocco; these included two subspecies of Euphorbia officinarum L., which had slightly
different reported uses. Of these, 73 were considered by Bellakhdar [26] to have been men-
tioned by Ibn al-Baytar; five to have been included in a generic entry or with related species
and two doubtfully so included, with a possible third dependent upon disagreement re-
garding taxonomy; and 19 not to have been mentioned. Eleven were not enumerated as
useful by Bellakhdar; seven of these had other species of the genus mentioned. One of
the others is Carraluma europaea (Guss.) N.E. Br. (under Apteranthes), to which Bellakhdar
reports that a common name for useful species of Euphorbia is sometimes applied.

In these three individual datasets, 58.2% to 73.8% of reported plants were considered
by Bellakhdar [26] to have been included in the work of Ibn al-Baytar. At most 46 species
appear in all three datasets. That number involves the following presuppositions: the
Linum sp. in Teixidor-Toneu et al. [63] is Linum usitatissimum L., the widespread, important
species cited in the two other papers; the Thymus spp. in Fakchich and Elachouri [46]
include T. willdenowii Boiss., cited in the two others as T. pallidus Coss. ex Batt.; and the
Eucalyptus torquata Lehmann in Teixidor-Toneu et al. can be equated with the Eucalyptus
sp. in the other two. In all three cases, homologous common names indicate that they are at
least the same folk taxon. Of these, 38 (82.6%) were considered by Bellakhdar to have been
mentioned by Ibn al-Baytar as individual species or species groups, two probably to have
been included in a generic treatment or lumped into related species, and six (13.0%) not
to have been mentioned at all. Of the three species reported as “sp.” and presumptively
equated with specific species in other datasets, one was in each of the three categories. If
those had been excluded, 37 of 43 (86.0%) would have been mentioned by Ibn al-Baytar,
and 5 (11.6%) would have been entirely unmentioned.

4. Discussion
4.1. Persistence of Historical Species

Probably ca. 61% of the medicinal plants reported by Ibn al-Baytar to have Berber
common names are still found to be used in one or more North African regions having eth-
nically Amazigh populations, and most of those have homologous (but, importantly, not
always identical) common names. Had the indigenous knowledge of this region’s people
been lost after it was documented by Ibn al-Baytar and other classical authors, including
those whose writings he saved from oblivion, few Amazigh traditional knowledge holders
in later generations would subsequently have had access to their works, much less used
them as an authority superseding local tradition. Therefore, the most parsimonious con-
clusion is that over half of this group of plants (species or folk taxa) persisted in use among
the Amazigh through unbroken oral tradition for some 750 years.

Ibn al-Baytar’s inconsistent reporting of Berber names greatly restricts this analysis.
He did not report Berber common names for the large majority of species from potentially
relevant regions of North Africa, although many of them must surely have been used by
Amazigh people. Modern ethnobotanical surveys in regions of high Amazigh ethnicity
almost always find the most important plant family, in terms of number of species used, to
be Lamiaceae, commonly with 14-20 species listed, e.g., [30,46,48,54,59,62]. El-Gharbaoui
etal. [30] determined that Ibn al-Baytar had recorded 193 uses for 14 taxa (species or genera)
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of Lamiaceae. Despite this, Ibn al-Baytar did not report a Berber common name for any
species of Lamiaceae, though many have modern common names that are of Tamazight
origin [27,76].

Those Lamiaceae are all species, or genera of which multiple species may be used
interchangeably, that are broadly distributed in the Mediterranean. It is reasonable to pre-
sume that if Ibn al-Baytar and his educated audience were familiar with these plants under
Arabic, and often Greek or Spanish vernacular names, he saw no reason to document local
names that his readers would not need to use to obtain or identify medicines. He would
not have reported Berber common names for plants that were widely used outside North
Africa, unless he quoted an author who happened to mention the name. Such widely
used plants, once adopted, might be less likely to fall out of use because their reputation,
commercial availability, and, perhaps, superior efficacy could encourage continued use. If
Ibn al-Baytar recorded Berber names mostly for species that were not already known to
Mediterranean scholars, this dataset might be skewed towards lesser-known or endemic
species whose use might more easily be lost, resulting in an underestimate of the persis-
tence of species.

It is also the case that the number of species recorded to be used in Amazigh regions
was dependent upon the number of primary literature sources examined. Several recent
publications were seen that provided specific use data for a few species previously only
recorded from national-level references. Thus, the percentage of species reported to be
persisting would have been meaningfully lower had this work been completed just a few
years previously. On the other hand, the fact that a few species were recorded in only one
or two of numerous references emphasizes that no community preserves all the knowl-
edge recorded by Ibn al-Baytar, which is not a surprise, since no single community ever
possessed all that knowledge; it was amassed from multiple sources. Whether it is im-
portant that some descendants of the medieval Amazigh still recognize a certain plant as
useful, if the vast majority do not, is an open question.

As for those that appear no longer to be used, Soelberg et al. [9] emphasize that the
abandonment of a medicinal plant or specific plant use does not necessarily mean that
it was concluded to be ineffective. They supply a list of alternative reasons for a plant’s
abandonment, including cultural changes (migration, ethnic change, urbanization, chang-
ing attitudes towards herbal medicine), reduced availability due to overharvest or habitat
loss, increased availability of another medicine perceived as more effective, or reduced oc-
currence of the disease condition. However, the persistence of a plant’s use over several
centuries is, they argue, good evidence that it is perceived to be effective.

4.2. Documentation of Currently Used Plants in Ibn al-Baytar’s Work

Bellakhdar [27] concluded that 365 of 576 plants then identified as used in Morocco
nationwide, including exotics, might be found in Ibn al-Baytar’s Treatise on Simples, or
67.4%. Thus, over two-thirds were already in use 740 years previously. In the present
analysis of three recent ethnobotanical datasets from small regions of Morocco [46,47,63],
which included a number of recently introduced exotic plants, 58.2% to 73.8% of plants
recorded in single studies from small regions had been identified by Bellakhdar with plants
treated by Ibn al-Baytar. However, of the 46 plants considered to be shared among all three
datasets, 82.6% were identified with plants recorded by Ibn al-Baytar.

These numbers are lower than Leonti et al. [10,11] reported for native plants in Ital-
ian datasets. Leonti et al. [11] reported that 115 of 120 native plants found in all three
of their selected Italian datasets, or 95.8%, could be associated with Dioscoridean plants.
The greater overlap between currently widely-used plants and historically used plants in
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that study, despite the longer time frame involved, can plausibly be attributed to the past
availability of Dioscorides’ (or perhaps Galen’s) work in all three regions and the greater
influence of academic scholars and literacy in general, as Leonti et al. propose. How-
ever, the substantial shared similarity in this study, where treating the historical literature
as causal would not be equally plausible, identifies a “floor” for the level of similarity
between widely-used plants from the modern ethnopharmacopoeia and an encyclopedic
historical work that might be seen even if the historical work had had little influence on
modern traditional knowledge holders. Even within “literate” societies, different cultures
may vary greatly in the public’s access to written elite scholarship and the authority they
bestow upon it, and both should be taken into account in assessing possible influences on
modern folk practices.

In fact, the use of Bellakhdar [26,27] as the primary identifying reference for this analy-
sis provides a second demonstration of this effect. His authoritative compilation of medic-
inal plant data for Morocco is, for that country, the early-21st-century equivalent of Ibn al-
Baytar’s work. Many of his use reports came from his own field studies totaling 809 days
in the field between 1969 and 2017 [27]. He obviously did not have a causal effect on the
modern uses that he recorded. Contrarily, the fact that the large majority of species in the
three large individual modern datasets compared, as well as many other recent publica-
tions, are listed in his work is evidence that he did a thorough job of seeking out existing
usage. Each of those three datasets contained some fraction of plants that Bellakhdar had
not documented. However, not a single species that was reported in all three datasets had
been overlooked by Bellakhdar, all of them being recorded already in his 1997 first edi-
tion [26]. It is entirely logical that the more widespread a species’ use is, the more likely a
researcher is to have the opportunity to document it. The same would have been true for
Ibn al-Baytar and, for that matter, Dioscorides.

4.3. Application of Common Names

Folk taxa that are defined by their general morphology and/or uses often persist with
similar circumscriptions for many centuries. It is not uncommon for folk taxa to repre-
sent what a taxonomist would say was not a natural group, including species that are rel-
atively distantly related while excluding more closely related species that have different
properties. For example, the historical name “<©i¢ g\ (taghighesht) was tentatively iden-
tified by Leclerc with two names in Caryophyllaceae that are synonyms of Silene vulgaris
(Moench) Garcke, and modern homologues are usually associated with S. vulgaris or S.
abietum Font Quer & Maire, e.g., [47,48,63,77]. However, Benlamdini et al. [59] identified
“tighighechte” as referring to Saponaria vaccaria L. (Caryophyllaceae) [also known as Gyp-
sophila vaccaria (L.) Sm. or Vaccaria hispanica (L.) Rauschert]. Bellakhdar [27] reported three
minor variants of the name as being in current use for either Silene or Saponaria species and
considered that Ibn al-Baytar had also treated them interchangeably. Ibn al-Baytar explic-
itly attempted, across several different entries, to recognize two distinct types of saponifer-
ous plants, though neither Leclerc nor Bellakhdar seems to have fully respected his opinion
on that point. Similarly, Ouarghidi et al. [78] report that “serghina” or “tasserghint” in com-
merce may refer both to Corrigiola telephiifolia Pourr. and to Petrorhagia illyrica (Ard.) P.W.
Ball & Heywood, also both Caryophyllaceae.

Thus, in many complex genera, the possibility that the application of the name has
changed over time cannot be excluded. It is appropriate to regard modern use as the per-
sistence of the usage, and perhaps name, of a folk taxon, which may or may not be a single
taxonomically defined species. These uses may represent simply inaccurate dissemination
or inconsistent use of a common name across time and place, much as Americans in differ-
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ent parts of the Midwest use the term “pigweed” for different species of Amaranthaceae
s.. However, they could also reflect a deliberate intention to treat the species as similar,
an implicit assertion that they are of similar value. It would be of interest to determine
whether such pairs or groups of plants in fact share similar bioactivities that are not shared
by excluded congeners.

5. Conclusions

Over half of the historical medicinal plants for which Ibn al-Baytar provided Berber
common names are used medicinally by modern populations with Amazigh ethnic or cul-
tural backgrounds, and homologous Tamazight common names still exist for a large major-
ity of them. This demonstrates that primarily oral transmission of traditional knowledge is
capable of maintaining considerable stability in a pharmacopoeia for over 750 years. Fur-
thermore, plants appearing in multiple recent ethnobotanical datasets were more likely
to be included both in Ibn al-Baytar’'s work and in Jamal Bellakhdar’'s modern work than
plants from any single dataset, indicating that plants with widespread current uses are
more likely to be found in major historical reference works even if the reference work is
unlikely to have been responsible for current use. Plants with a long history of continuous
use are particularly likely to demonstrate useful bioactivities and should be prioritized by
local scientific communities for clinical trials or other forms of biomedical research.
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Abstract: Vilca or cebil (Anadenanthera colubrina var. cebil) is a species known for its psychoactive
properties and its widespread use among the pre-Hispanic peoples who inhabited the southern
Andean area (southern Peru, Bolivia, northern Chile and northwest Argentina). Studies on this
species, as well as on medicinal, psychoactive, or magical plants in general, tend to consider its use
in post-Spanish conquest times to be scarce or irrelevant in the Andes of South America. However,
based on an in-depth review of the existing literature and on ethnobotanical research conducted in
markets in Argentina, Bolivia, and Peru, this paper provides an updated overview affirming the
continuity of the use of this species. The results indicate a significant diversity in terms of usage
types, plant parts used, treatments, and conditions in which it is applied, along with new records of
vernacular names. This paper also offers an interpretation from the perspective of Andean logics,
highlighting the current therapeutic effectiveness of the seeds of this plant, facilitated through a series
of “movements” that aim to restore the affected person’s health.

Keywords: Andes; medicinal plants; psychoactives; therapeutics

1. Introduction
1.1. Background

Globally, the American continent stands out for its vast array of plant species with
psychoactive properties [1]. In South America specifically, a wide variety of plants and
their preparations can alter human perception through their chemical components [2]. The
knowledge about these plants in South America is also deeply rooted in history. The earliest
evidence dates back approximately 4000 years, with archeological findings of Anadenanthera
colubrina (Vell.) Brenan var. cebil (Griseb.) Altschul [synonym Anadenanthera macrocarpa
(Benth.) Brenan; Fabaceae] seeds alongside pipes used for smoking them in northwest
Argentina [34].

The genus Anadenanthera has an exclusively neotropical distribution from the West
Indies to Argentina. Anadenanthera trees are feathery-foliaged; the leaves are bipinnately
compound, with leaflets 9-8 mm. long. The trunks may be smooth or appended with
mammillose projections. The flower heads are up to 20 mm in diameter and range from
white or greenish white to orange-yellow. The pods are up to 35 cm long and up to 3 cm
wide; they are more or less flat and unilocular, dehiscing along one suture only, brownish
outside, containing 8-16 thin, flat orbicular and shiny brown or black seeds 10-20 mm
in diameter. Anadenanthera colubrina primarily inhabits seasonally dry forests between 0
and 30 degrees south latitude. Known as vilca or willka in Peru, Bolivia, and Chile, and
as cebil in Argentina, A. colubrina var. cebil has been extensively used over time. Similarly,
its relative A. peregrina, known as yopo, parica, or cohoba, is found in Colombia, Venezuela,
English Guyana, Brazil, and Paraguay. It was also introduced in pre-Hispanic times to the
Greater Antilles [3,5,6].
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The psychoactive effects of this genus of plants, regarded as visionary and entheogenic,
are primarily due to the presence of dimethyltryptamine (DMT), 5-hydroxy-DMT or bu-
fotenin, and 5-MeO-DMT, particularly in their seeds [2,3]. In the pre-Hispanic Andean
world, vilca held significant cosmological, medicinal, and ritual importance. However, its
use began to decline with the expansion of the Inca empire and was further suppressed by
the Spanish conquistadors, leading to its near extinction, or very limited use, from the 18th
century onward [7]. While this perspective is widely accepted, recent studies [8] suggest
that the situation might be different than previously assumed.

This paper will present, on one hand, an exhaustive review of the existing literature
for the Southern Andean Area—covering central and southern Peru, Bolivia, northern
Chile, and northwest Argentina (Figure 1)—that documents the use of vilca or cebil from
post-colonial times to the present (19th to 21st centuries). On the other hand, it will present
the results of a survey conducted in various urban and peri-urban markets of northwest
Argentina, Bolivia, and southern Peru to document the current uses of Anadenanthera colub-
rina var. cebil. Following the presentation of these results, the diversity of registered uses
will be analyzed, culminating in a unified interpretation of the contemporary therapeutic
applications of vilca or cebil seeds within the southern Andean cosmovision.

Figure 1. Map showing the Southern Andean Area and the countries it encompasses in South America
(left), with traditional markets and fairs where Anadenanthera seeds were found during fieldwork (right).

1.2. The Use of Anadenanthera colubrina var. cebil in Pre-Hispanic and Colonial Times (16th to
18th Centuries) in the Southern Andean Area

After its earliest presence in pipes 4000 years ago, remains of vilca or cebil seeds
have continued to be detected in South America in various artifacts, including pipes,
enemas, and items associated with snuffing, such as leather bags, tubes, and trays. These
seeds have also been found as macro remains or as an ingredient in alcoholic beverages
like chicha de molle (Schinus molle L.-Anacardiaceae) and aloja, a fermented drink made
of different Neltuma [Fabaceae] species [3,4,9-17]. All these findings are confined to the
Andean area, in particular northern Chile, northwest Argentina, central and southern Peru,
and Bolivia. The use of vilca has a continuous record throughout the pre-Hispanic period,
except during the expansion of the Inca or Tawantinsuyo empire. For this period, there is no
direct archeological evidence of vilca seeds use; although, the consumption of this plant is
mentioned in early chronicles of the region [7,18]

In pre-Hispanic archeological sites in northwest Argentina, remains of cebil seeds
have been recovered, along with wood, either unmodified or used as raw material for the
production of snuff trays [18-21]. Cebil wood has also been identified as fuel in cremation
funerary contexts in that area [22]. According to early chronicles, its wood was used in the
manufacture of furniture and artifacts [23]. Some authors, such as Gade [7], suggest that its
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wood may have been part of the ceremonial fire called vilcanina, used to offer sacrifices and
oblations to the tutelary hills.

In the 17th century, several chroniclers of the central Andes—Cristébal de Albornoz, Gua-
man Poma de Ayala, Bernabé Cobo, Polo de Ondegardo, and Ludovico Bertonio—documented
the Inca customs of purging (oral and/or anal) with vilca seeds and its inclusion in chicha
(fermented beverage), whether for medicinal, revitalizing, or visionary purposes [7,14,23].

Between the 16th and 18th centuries, the inhalation of vilca or cebil snuff was noted as
a customary practice among the indigenous people of north central Argentina (provinces
of Santiago del Estero and Cérdoba), including its consumption during rituals to ask for
rain [24]. During this period, there are also records of cebil seeds being collected as an
indigenous tribute by a Spanish landowner in Santiago del Estero, as well as accounts of
Spaniards and Creoles using these seeds in Cordoba during the early colonial period to
forge alliances with indigenous chiefs [25-27]. In the 18th century, there are testimonies
from Santiago del Estero of accusations of sorcery among indigenous women. One such
account describes a remedy involving the ingestion of five ground cebil seeds in hot water
to counteract an illness (dafio) caused by one of them through chicha mixed with chamico
(Datura ferox L.-Solanaceae) seeds [28].

These instances demonstrate the significant role of vilca or cebil in the pre-Hispanic
and colonial history of the southern Andes. Therefore, the aim of this paper is, firstly, to
examine whether this importance has been maintained since the 19th century by analyzing
bibliographical background and conducting ethnobotanical fieldwork in traditional mar-
kets. Secondly, the aim of this paper is to offer a possible interpretation of the various uses
of Anadenanthera colubrina var cebil seeds from the perspective of Andean therapeutic logics.

2. Materials and Methods

To survey the contemporary uses of Anadenanthera colubrina var. cebil in the Southern
Andes (Figure 1), both an exhaustive literature review and ethnobotanical fieldwork in
markets were conducted. The former focused on references to the use of vilca or cebil
(including all recorded variants of both terms) [3,5] from the 19th century to the present.
This step implied the use of various internet search engines and references to specialized
books on plants used for medicinal, magical, and ritual purposes in the southern Andes.
Ethnographic, anthropological, archeological, and ethnobotanical publications were ex-
plored, along with graduate and postgraduate theses from institutions in the countries
within the study area. All recorded uses of the plant were documented, with a specific
emphasis on those referring to the seeds. These uses were systematized according to the
logics outlined by the original communities that utilize them, particularly focusing on
traditional doctors and ritual specialists. Additionally, information from Wichi groups
in the western sector of the Gran Chaco, close to the Andean area of northern Argentina,
was included due to their widespread use of cebil. Other extra-Andean references were
excluded, unless they documented a particular form of use not recorded in the primary
area of interest for this paper.

The fieldwork was conducted between 2017 and 2019 in stalls selling medicinal
products in Peru, Bolivia, and northwest Argentina (Figure 1). They are characterized by
the sale of ingredients with traditional ritual and medicinal uses, including plants, animals,
minerals, and various preparations made from these materials. The surveyed stalls are
located in permanent markets and fairs held at different times of the year. The former
include the Carhuaz Market (Ancash, Peru), Central Market, and Vicufias Market in Potosi;
Cochabamba Market and Tarabuco Market (Bolivia); and the old bus terminal market in
San Salvador de Jujuy (Argentina). The fairs include the Manka Fiesta, usually held on the
third Sunday of October in La Quiaca, Jujuy, Argentina, and the Holy Week Fair of Santiago
de Huari in Bolivia. During these years, I also visited several markets and stalls in Tilcara
(Jujuy, Argentina), Lima, Cusco, Hudnuco, Trujillo, Chiclayo, Iquitos (Peru), San Pedro de
Atacama (Chile), and Sucre (Bolivia), without finding vilca seeds alone or in preparations.
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In each market or fair, all stallholders selling Anadenanthera, which are not usually
many, were interviewed. In all cases, only one stall was found, except in the Central Market
of Potosi, where there were two, and in the Santiago de Wari fair, where there were five.
The number was obtained by direct observation of plant remains at the stalls and also by
asking the local population who sell the plant (using the particular name given to the plant
in each place and also showing its seed). However, it should be noted that both fairs and
markets are dynamic and change from year to year, and the number of vendors may vary
as well as the presence or absence of products, including vilca. No formal interviews were
conducted, instead a friendly conversation was sought, explaining my research interests.
In the course of the conversation, the name of the plant, the parts used, its place of origin,
and its applications were discussed. The records from these visits were systematized and
compared with the results obtained from the literature.

The results of the bibliographic research are presented below, followed by the findings
of the fieldwork.

3. Results
3.1. Bibliographic Results

The inhalation of snuff made from vilca seeds was recently documented by Gili [8] as
a healing practice performed by a descendant of the Mochica people of the northern coast
of Peru. Among Wichi shamans, the inhalation and smoking of cebil seeds are established
practices that enable them to obtain visions, perform healings, and communicate with
spirits [29-35]. Field records from the 1970 decade among the “Weenhayek (Mataco-Mak’a
linguistic family) settled in the Boreal Chaco, on both sides of the border between Bolivia
(Tarija) and Argentina (Salta) provide interesting information. The seeds are harvested once
a year, dried (sometimes roasted), strung on a fine thread made from Bromelia [Bromeli-
aceae], and stored as “bracelets” (34 cm long). These “bracelets” are of considerable value
and are traded to regions where the tree is rare (Figure 2a). When hataaj (wichi name for
cebil) powder is needed, the dried seeds are roasted, ground and the powder is put directly
into the nostrils. There are records from the 1930s of a clay container called hataaj wet
(meaning ‘the cebil, its place”’) being used as a base for grinding and/or snuff inhalation
(Figure 2b). Also recorded in that decade is the use of a gourd for grinding, from which
shamans would then take “pinches” to inhale during ceremonies. The ground cebil is also
mixed with tobacco to be smoked in pipes (Figure 2a) [32,33].

The Chorote shamans (Mataco-Mataguayo linguistic family) of eastern Salta also use
the cebil, a practice they acquired from the Wichi. Particularly, female shamans (aiewu-ki),
who have the chant of this plant, make women burn its fruits to ashes when they wish to
kill another woman [36].

In the south of Peru and Bolivia, north of Chile and northwest Argentina, other uses
exist, which will be detailed below. Notably, in northern Chile and Argentina, historical
records and testimonies from decades ago refer to the yungas as suppliers of cebil or
vilca [8,37,38]. These members of the Kallawaya ethnic group, recognized as itinerant
healers, are also known as yunguerios [39].

In addition to the uses detailed below and summarized in Table 1, cebil bark has
been widely used in leather tanning from colonial times to the present in several parts of
northwest Argentina, such as eastern Catamarca. Here, veterinary uses of the bark and
forage uses of leaves and fruits (for animals introduced post-conquest) are reported along
with artisanal and fuel uses of the wood [40—-43]. Among the Wichi, the bark, rich in tannins,
is also used to tan hides and dye fibers [3], and the powder of ground seeds is placed on the
eyelids to cure conjunctivitis; care must be taken to ensure that the powder does not enter
the eyes as it may damage them [35]. Additionally, there is a use of cebil seeds reported as
“magical”, where the victim of a dog bite can kill the aggressor animal by putting ground
seeds in its food [44]. According to Suarez, “some seeds are ground and the powder is
placed on the wound. This helps the wound to heal and at the same time the ‘dog’ that
caused the wound becomes sick, completely inappetent and eventually dies” [35].
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Figure 2. “‘Weenhayek shaman’s implements (a) 1—bag with ceramic and wooden pipes; 2—large
vehicles for spirits; 3—small vehicles for spirits; 4—“secret”; 5—gourds; 6—heron’s whistle; 7—cebil
seed bracelet; 8—cebil seeds and large vehicles; 9—set of vehicles; 10—coca and a jar of bicarbonate
([33], Figure 6). (b) "Weenhayek plate for inhaling cebil ([32], Figure 38).

In the vicinity of Cuzco, Lira mentions the administration of ground willka willka
(A. colubrina) seeds in the food of dogs to make them fierce [45]. Cooper notes that the
Piro and Catawishi (from the southern Amazonia in Peru) administer Anadenanthera,
apparently as snuff, to hunting dogs to make them more alert and improve their vision [6].
Infusions made from cebil leaves are known to induce heat in cows [46], while consumption
of the immature fruits can be abortive in large animals [43].

In eastern Salta (northwest Argentina), an infusion of cebil bark with other ingredients
is used as an external bath to cure skin diseases and other “hot” conditions [47]. The Wichi
also make a decoction of the bark for stomach pains and make enemas with unripe pods,
sometimes adding leaves to treat headaches [1,3]. De Lucca and Zalles report that in Bolivia,
a decoction of the leaves is consumed as an excellent tonic for the stomach and womb. A
decoction of the bark, taken as a drink, is effective against diarrhea and is also used in
lavages to stop bleeding. Additionally, both the bark and resin are utilized for treating lung
ailments and bronchitis [46].

In the following sections, we will examine the documented uses of Anadenanthera
colubrina var. cebil seeds in the context of human consumption.

Table 1. Preparation and administration methods of Anadenanthera colubrina reported for human
consumption in the southern Andean area.

Plant Preparation and Combination with . s
Part Consumption Other Substances Chronology Geographical Area Bibliography
Nicotiana, Pre-Hispanic (ca
Nicotiana tabacum L. p Northwest Argentina [4,13,26]
2000-0 BC)
[Solanaceae]
Burnt ground —
(smoked) Y ggﬁéﬁng:;:;uﬂa Wichi, Salta and Formosa, Argentina;
Modern ‘Weenhayek in Tarija, Bolivia and Salta, [1,31-35]

Vachellia genus,

Fabaceae) Argentina

52



Plants 2024, 13, 2398

Table 1. Cont.

Plant Preparation and Combination with . s
Part Consumption Other Substances Chronology Geographical Area Bibliography
Pre-Hispanic . .
Nicotiana (ca BC 1000-BC Peru, Bolivia, northern Chile, and [3,10,12,15]
northwest Argentina
1000)
Colonial 16th and Lules from Santiago del Estero and [24]
Ground (inhaled) 17th centuries Indians from Cérdoba, Argentina
Mochica in the northern Peruvian coast;
Wichi in Salta and Formosa, Argentina; 8
Modern “Weenhayek in Tarija, Bolivia and Salta, [8,29,33-35]
Argentina
Ground (placed on Modern Wichi, Salta, Argentina [35]
the organ concerned)
Ground in liquid Pizglé%%a?;co . Bolivia; nc;rthern. Chile; Jujuy, [14]
suspension (ca. — ) rgentina
(enema) Colonial 17th Reference to Inca customs Guaman Poma
century 1615 in [14]
Whole in fermented In “chicha de molle” Pre-Hispanic (ca. .
drink (beverage) (Schinus molle) BC 600-1000) Southern Peru (Wari sites) [16]
Not specified whether 1 “2l0ja” (fermented Pre-Hispanic (1000-770 BC) Northern Chile (17]
. Neltuma pods)
whole or ground in
fermented drink Bernabé Cobo
(beverage) In chicha 1563 and Polo de
Ondegardo 1571
Colonial Peru in [23]
. PP . 16th century
Not specified whether In “Polipodio [
. . Bernabé Cobo
Seed whole or ground in (Polypodium fern) root .
. ) . 1563 in [23]
infusion (beverage) decoction

Ground in hot water

Colonial 18th

Santiago del Estero, Argentina

[28]

(beverage) century
In “charcoal tea”
(remains of smoked
elements), with basil
Ground as infusion (Oc1mun.1 basilicum Modern Salta, Argentina [37]
(beverage) L.-Lamiaceae) or
lemon balm (Melissa
officinalis
L.-Lamiaceae)
Corn kernels,
wayluru
(Citharexylum herrerae
Manst.-Verbenaceae)
Ground in distilled seeds, coca seeds, a
spirit couple of carnation Modern Ayacucho, Peru [48]
(beverage) flowers and two
mineral fragments (all
ground together into
a mixture called
llampu).
Bertonio 1612 in
Juli, Bolivia [49], Guaman
Colonial 16th, P 1615in [14
Not specified whether 17?1101;1;1 18th oma in [14]
whole or ground in . . Bernabé Cobo
water (beverage) With honey centuries Peru 1563 in [23]
Santiago del Estero, Argentina [28]
Modern Bolivia and Bolivia—Argentina border [38,39,50-52]
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Table 1. Cont.

Plant Preparation and Combination with . .
Part Consumption Other Substances Chronology Geographical Area Bibliography
On ceremonial
. Whole mesas Wlt}.l multiple Ayacucho, Peru and Bolivia [39,53-55]
(buried or burned) ingredients 4
depending on the case Modern
Whole Alone or wrapped in Cuzco, Peru; Bolivia; northwest
. [8,28,39]
(worn as a charm) wool Argentina
Whole Colonial 17th Pampas and Huarpes, central western Opvalle 1646 in
(chewed) century Argentina [5,24]
Decoction (drink or ..
Leaf enema) Modern Bolivia [46,51]
Decoction (beverage) Bolivia. Wichi, Argentina [3,46]
Together with bark
and flowers of
Bark Vachellia caven
ar . .
(Molina) Seigler and .
Decoction (baths) Ebinger and plants of Modern Northwest Argentina [47]
“mastuerzo”
(Lepidium didymumL.-
Brassicaceae)
Bolivia [46]
Resin Probably beverage Modern Bolivia [46]
Burned (inhaled) Colonial 18th Abipones, Formosa, Argentina DObI‘lZ'hOffEI' 1784
Pods century in [5]
Decoction of unripe A. colubrina var cebil . .
pods (baths) leaves Modern Wichi, Argentina [1,3]

3.1.1. For Protection (Contra) and to Attract Good Luck

In the first half of the 20th century, testimonies from Santiago del Estero and Catamarca,
Argentina, describe the use of cebil seeds as amulets and charms for protection (called contra)
to ward off witch attacks [28,43]. Local testimonies indicate that wearing three seeds in the
hem of trousers or a dress, or a necklace hidden in the clothing, was believed to prevent the
influence of witchcraft [43]. In northern Chile, vilca seeds from Bolivia wrapped in pante
wool (dyed fleece of ritual value) are also used as amulets [8]. In Bolivia, Yungefio traders
sell vilca seeds for good luck and remedies for discomfort caused by envy [39]. According
to records from the 1980s, Pellegrin noted the sale of vilca seeds on the border between La
Quiaca (Argentina) and Villazon (Bolivia) [38]. These seeds are either carried (se trajinan)
as amulets or made into an infusion to be drunk three times a day for good luck.

From Salta to Villazon, cebil seeds are used as amulets to counteract evils and attract
luck or fortune. These elements, known as cuti in Andean culture, embody the idea of
turning or changing direction. This concept involves redirecting negative forces rather than
undoing them. Many cuti elements, including certain fruits, have a counterclockwise twist
that stands for this idea [55-57]. Cuti includes various plant elements, such as wuayruros
(usually Ormosia coccinea (Aubl.) Jacks. [Fabaceae] seeds) and willcacuti (vilca seeds),
which must be used in specific numbers or proportions to be effective. They can function
independently or be combined with other elements by ritual specialists. In the latter case,
they can be bought in markets already prepared in small bags, glass containers, or chuspas
(small traditional woven bags), which must be carried by the individual [57].

Gentile analyzed stalls selling traditional Andean talismans and amulets across various
provinces in Argentina and in Sucre (Bolivia) [58]. According to Gentile, talismans are
crafted to attract or obtain desired outcomes. They are made up of various elements and
require preparation by a ritualist who “activates” them, endowing the talismans with their
own will, requiring regular attention. Amulets, on the other hand, are unmodified animal,
plant, or mineral parts that can be purchased or found.
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Gentile highlights the predominance of plant elements in the creation of talismans,
mainly wuayruros, followed by mastuerzo or cuti (Strombocarpa strombulifera (Lam.) A. Gray.,
Fabaceae) and cebil seeds. She describes a composite talisman acquired in Sucre in the 1990s
intended to attract a loved one, which included multiple ingredients, including vilca seeds.
Metraux also notes that in Bolivia, seeds of the wilka or wilkacipa legume, or the fruit of the
Prosopis strobolifera (Strombocarpa strombulifera), known as kutiwainito, are drunk to counter
curses and ailments like neck pain [50].

3.1.2. As Purge, Cleanser, and Medicine

The main chroniclers of the central Andes in the 17th century often mentioned the use
of vilca as a purge, administered either as an enema or as a drink with chicha, due to its
laxative and emetic properties (Table 1). Vilca was also used to cleanse the chest and stomach
and to stimulate urination by drinking its seeds cooked with honey. Additionally, it was
believed to enhance fertility in women [23]. Larrain explains that “to purge” meant to expel
“bad humours”, a practice achieved in the past, as it appears in early chronicles, through
the inhalation and oral consumption of vilca for prophylactic therapeutic purposes [59].
This cleansing process facilitated the plant’s stimulating and ritualistic effects, allowing the
sacred to manifest within the individual, as willka also means “sacred”. In this context, the
effects of vilca are similar to those defined for entheogens [2].

The use of vilca vilca as a stimulant and aphrodisiac is documented in the 19th century
Callahuayan pharmacopeia [60]. The cooked leaf, either in a decoction or enema, is used to
cleanse the chest, stomach, and womb of parasites and mucus and to provoke menstruation.
In [3], Yacovleff and Herrera 1934-1935 note that cebil seeds are sold as a laxative in
Peruvian markets. In northern Chile, the seeds are currently used “as a remedy by women
in the Salado river basin” [49]. In Bolivia, vilca vilca is used as an “aphrodisiac stimulant;
it is taken as mate (infusion) to treat sterility and impotence, and to alleviate anger and
melancholy” [51]. Karen Urcia of the Mochica people explains that the inhaled seed powder
“is used for cleansing, as it is considered the strongest plant capable of expelling deep-
seated evils” [8]. In San Pedro de Atacama, Chile, seeds wrapped in wool or red fleece are
used to cleanse individuals suffering from illnesses [8].

According to Loza and Quispe, traditional Aymara midwives in Bolivia use vilca seeds,
administered in liquid form, to facilitate loosening of the placenta [39]. These seeds are sold
in markets in the city of La Paz (specifically on Santa Cruz and Linares streets) and in El
Alto (in La Ceja area). They are marketed as an abortifacient and for inducing menstruation
when prepared as a decoction [52].

3.1.3. To Cure Susto (Susto (Fright) Refers to a Disease Caused by the Loss of the Vital
Principle, or animu, of the Person, Which Leaves the Body and Becomes Retained
Somewhere) and Restoration of the Person’s Vital Principle (The Cure for Susto Involves
the Return of the Retained or “grabbed” animu to the Individual’s Body)

Ethnographic records from the 1970s and 1990s in Molinos, Salta (northwest Ar-
gentina), document the use of vilca to cure susto in children [61]. The sick children are
smoked (se sahuman) with palm, blessed cane, incense, and lamb’s wool. Subsequently,
the combustion residue is used to prepare an infusion, to which ground vilca is added.
This preparation is typically conducted collaboratively by the “medicine woman” and the
affected person’s family.

Local testimonies inform additional methods for treating susto. One approach involves
taking a fourth of a vilca seed, burning it alongside with a hummingbird’s nest and a piece
of condor feather. Furthermore, three drops of holy water and earth from the afflicted
child’s home are included. Alternatively, basil, lemon balm, and vilca ground with a
spoon and a small, clean stone, are blended, strained, and administered to the frightened
individual [37]. Moreover, in Molinos, vilca is combined with various ingredients to concoct
infusions aimed at alleviating heart maladies attributed to bad wishes [62].

In the case of the Department of Ayacucho, in Peru, willka seeds are integral to various
ritual bundles called pagapu (payments). These bundles, comprising several ingredients,
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are buried in the place where the individual was “grabbed” by the earth or Pacha, often in a
cemetery or a burial ground of gentiles (Gentiles refers to a pre-human generation associated
with the underworld). This ritual is performed to compel the place to release the animu
taken from the person, thereby curing them once this vital essence returns to their body [53].
Additionally, in Ayacucho, a handful of willka seeds is commonly used as an ingredient
in mesas or pagapus to treat ailments believed to be caused by Pacha. These earth-related
diseases may have various origins [63].

3.1.4. As an Ingredient in Mesas (Ritual Bundles)

As we have seen, vilca and wuayruros are cutis and often appear together, commonly
featured in the so-called black mesas. According to Fernandez Juarez, this type of mesa
is used to cleanse, repel, and return the patient’s affliction through a “decontaminating”
preparation that involves “inversion movements” [54]. Rosing adds that these mesas
with kutis operate a “change of direction” through both the ingredients used and the
counterclockwise gestures performed by the specialist [55]. This practice aims to dispel
sorrows and sadness while ensuring that sacred places receive the offering and reciprocate,
a notion closely linked to the concept of Andean reciprocity. Consequently, protection and
rejection are seen as exercises in the constant return of what arrives and must be sent away
to make room for what is to be attracted.

Vilca seeds are used in various ritual mesas, along with many other ingredients, among
the Aymara groups of the Bolivian Altiplano. During his travels in 1930 and 1931, Metraux
documented their use in saxra mesas, which are employed against curses and to treat
diseases caused by “the air” or “blows”, as well as in chywchy mesa composed of chywchys
(lead miniatures) and wuayruru seeds [64].

Fernandez Juarez explains that chiwchis are lead and tin miniatures of domestic ob-
jects, people, animals, tools, crosses, and celestial bodies (such as stars and the moon),
crafted from shiny papers, along with willka and wuayruru seeds [65]. These elements
form the chiwchi mesa but they are also components of other mesas, like the gloria mesa,
which is associated with celestial entities, such as virgins and saints or with lightning [65].
Nordenskiold describes the objects buried when a house is built and mentions that, in
addition to miniatures, vilca and huayruros seeds are acquired in the La Paz market for this
purpose [66].

Among the Aymara ritual specialists of La Paz and El Alto, Bolivia, Loza and Quispe
mention vilca seeds as part of the castilla mesa, which is associated with the conservation
of life and protection against threats from evil entities inhabiting the cosmos [39]. In the
Central Market of San Pedro de Cusco, Peru, vilca is sold for use in dispatch (despacho),
an offering incinerated to honor specific entities [8]. In Humamarca, Bolivia, willka seeds
are included in the saminchay or “smoke offerings”, along with incense, gold and pepper,
coca seeds, and llama fat. These offerings are presented to sacred sites to release water for
irrigating fields [67].

3.1.5. As a Ritual Drink

As previously discussed, the inclusion of vilca in chicha is mentioned by early chron-
iclers and has archeological antecedents in northern Chile and the Cuzco area. Torres
explored this topic by examining the chemistry behind this combination as well as its
historical trajectory and continued practice today [23]. Torres highlighted a unique case:
“cebil wine” among the Wichi, referencing the ethnographic work of Califano [30]. Califano
recounts a shamanic initiation where the individual visits the world of spirits, a place
where the jataj or cebil seed is a wine that produces similar effects once the initiate drinks
it. This narrative appears to be a case of perspectivism [68], which is frequent in several
South American psychoactive plants [69,70], although it had not been previously noted in
the case of Anadenanthera.

Another contemporary account is provided by Isbell. In her ethnography conducted
in Chuschi (Department of Ayacucho, Peru) in August [48], she details the preparation of a
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ritual drink called /lampu, which includes willca seeds and is used for rituals associated with
herranza (livestock branding). This drink, in addition to ground vilca seeds, incorporates
pairs of pulverized ingredients: large-grain white corn kernels, wayluru seeds (Citharexylum
herrerae Mansf., Verbenaceae), coca seeds, white carnation flowers, and fragments of miner-
als known as red and white /[lampu, along with “crude gold” and “crude silver”. The term
llampu seems to refer both to the reddish-colored drink and to certain minerals included
in its preparation, as well as to the ground powder of the mentioned ingredients. This
ground preparation, along with some of its ingredients, such as vilca seeds, are kept inside
the ritual bundles and other paraphernalia for the herranza ceremony.

The drink is offered as payment (poured on the ground) to the wamanis (powerful
mountains) and is consumed as a purifying agent for ritual preparation and as protection
against contamination, capture, and disease caused by the wamanis. As Isbell states:

“When the llampu preparation was finished, our compadre poured trago into a shell and
sprinkled llampu over the liquid, then a small quantity of achita (Chenopodium pallidicaule).
He prepared an identical mixture in a horn cup and drank from both. We followed him by
drinking the double concoctions in turn. He explained to us that the double shots would
protect us from the Wamani” [48].

These two beverages are consumed by everyone who participates in the herranza ritual.
In addition to the preparation of the drink, the ground llampu is essential when setting up
the ceremonial mesa next to the corral:

“The larger cloth of red llampu was untied and the figurines, the illas, were carefully set
upright in the llampu. Another cloth contained a sea shell filled with lighter-colored llampu,
several fossil shells, and some red wool. Our compadre sprinkled three lines of llampu on the
Poncho, then coca leaves were carefully scattered along the lines. The small knife was dipped
in llampu and placed near the center line. The chunks of “crude gold” and “crude silver” were
stationed on the other lines. Now the ceremonial mesa was complete” [48] (Figure 3).
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Figure 3. Ritual bundle (mesa) during herranza rituals in Chuschi, Peru. Lines made of llampu, a
ceremonial powder that includes vilca ([48], plate 12).
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After arranging the mesa, the animals are brought into the corral. The rite officiant then
sprays llampu into the air, tracing a counterclockwise path. Once the branding is complete
and the animals leave the corral, they are also sprayed with llampu [48].

3.2. Fieldwork Results (2017-2019)
3.2.1. Names

Although the names given to Anadenanthera colubrina var. cebil seeds were briefly

mentioned at the beginning of this paper, we will delve deeper into them in this section.

During our fieldwork, we recorded several names that were not included in the existing
bibliography (Table 2).

Table 2. Results from the fieldwork regarding Anadenanthera colubrina var cebil seeds.

Preparation Mode Consumption
Country Place Name Uses of Seeds Mode
protection of the
Perii Ancash (Carhuaz liman house and as part of a Cross hanging in the
Market) livestock; to attract p house or business
money and fortune
cleanse oneself of
Potosi (Central Market) chi’j'pi all spiritual harm ritual bundle cleansing baths
and dirt
powdered or loose
PR - to treat susto and seeds dissolved in  drunk three times
Potosi (Vicunas Market) chipi womb disorders one liter of boiled a day
water
Bolivia
Cochabamba cleanse oneself of
(Cochabamba Market) chi’j'pi all sp1r1tua.1 harm ritual bundle cleansing baths
and dirt
Tarabuco (Tarabuco chipi to treat susto and in warm water drunk
Market) P womb disorders
Santiago de Huari (Holy Ve to treat susto and .
Week Fair) ch’ij’pi womb disorders two seeds in water drunk
San Salvador de Jujuy
(old bus terminal urilimpi for luck ritual bundle cleansing baths
Argentina market)
. . as protection
La Quiaca (Manka Flesta vilca against spiritual .powde.r ed to drunk
fair) dissolve in water

harm

Wilka, Villca, or Vilca is an Aymara word which, according to several chroniclers, refers

to the ancient name of the sun before it was called Inti. It is also the name of certain idols
and shrines and refers to sacred beings sometimes synonymous with huaca. Additionally, it
is the name of a tree whose fruits are used as medicine or visionary vehicle, as previously
mentioned [3,7].

Cardenas, in his manual of economic plants in Bolivia [71], mentions other names for
that species: curupau from the east, yarisana from the Yungas, villca from Peru, and cebil
from Argentina. Altschul, in addition to vilca and cebil with their variants and curupau, also
mentions curupai for Paraguay [5]. Oblitas Poblete also cites the name bayan [51].

In [39], Giraul 1988 says that the Aymara use the term willka, chipa, or kipi. The latter
name resonates with chipi, recorded by Forgione in 1983 in the Villazon market, referring
to Anadenanthera seeds from the Bolivian yungas [38]. During my fieldwork, I most
frequently recorded the term chipi, albeit with different intonations: chi’j’pi in the Central
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Market of Potosi, chipi in the Vicufias Market of Potosi and in Tarabuco, and ch’ij'pi in the
Santiago de Huari Fair.

In addition to the names mentioned above, there are others not found in the literature:
liman in the Carhuaz Market (Peru) and urilimpi in the San Salvador de Jujuy Market (Ar-
gentina). In the Mercado Modelo of Chiclayo (Peru), whose sector of ritual and medicinal
plants is known in tourist jargon as Mercado de los Brujos or de las Huaringas (the latter name
alluding to some famous high Andean lagoons of great power), one of the vendors told me
when I asked him about the urilimpi that they did not have it. They bring it from the jungle
and sometimes they have it, but very rarely. Therefore, although I could not confirm its
botanical identity, the vernacular name was recognized locally.

3.2.2. Source and Vendors

Regarding the sourcing of the seeds sold in markets and fairs, those in Potosi come
from Cochabamba, Santa Cruz, or Argentina. In Tarabuco, they are brought from “the
valleys”, referring to the area of Tarija and Oruro. In San Salvador de Jujuy, the seeds come
from Peru, enter Bolivia through Desaguadero, and then reach the province of Jujuy. These
references to places of origin should not always be taken literally. Access to these seeds is
closely linked to the figure of yungas or Kallawaya doctors. Referring to them or their area
of residence as the source of the seeds adds value. Even in Molinos, Salta, people prefer
seeds sold by the yungas, as they are considered more potent and effective than those they
could collect themselves (Pochettino, personal report).

3.2.3. Uses

In the market of Carhuaz, Peru, I acquired a cross (Figure 4a) used both for protection
of the house and livestock and to attract money and fortune. This cross is possibly made of
chonta palm (Iriartea deltoidea Ruiz & Pav. or Bactris gasipaes Kunth., both of the Arecaceae
family), which is used in the Andes to craft other powerful objects, such as ceremonial staffs.
It is associated with jungle groups like the Chunchos in religious dances from Paucartambo,
Cusco, to northern Chile [72]. This cross features cebil and wuayruro seeds, mastuerzo
fruits—all of them kuti plants—along with a small horseshoe and metal studs. When I
acquired it, the seller had me pass it through iron filings so that the stone magnet at its
upper part would materialize the idea of attracting with my hand [58]. In the old market of
San Salvador de Jujuy, I was told that the seeds are “for luck” due to their coin-like shape.
They are part of a ritual bundle for cleansing baths, which also come from Peru via Bolivia
and are sold in smaller quantities in Jujuy (Figure 4b).

Figure 4. (a) Cross purchased in 2018 at the market of Carhuaz, Peru. (b) Ritual bundle for cleansing
baths, bought in the old market of San Salvador de Jujuy, 2016. Photos taken by the author.
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In the central market of Potosi, vilca seeds are sold individually or as part of the
contra mesa (Figure 5a), which is used to wash and cleanse oneself of all spiritual harm and
dirt. The residue must be discarded in an open place without looking back. This kit even
includes an image of Saint James (San Santiago), a saint linked to the pre-Hispanic deity
Illapa, associated with lightning and thunder, along with a brief prayer. In the Cochabamba
market, a similar preparation with vilca seeds is sold for the same purpose; although, it is
not referred to as black mesa (Figure 5b).

Figure 5. (a) Contra mesa purchased in the central market of Potosi, Bolivia, 2017; (b) similar bundle
prepared in the market of Cochabamba, Bolivia, 2017. Photos by the author.

In Bolivia, at the Vicufias Market (Figure 6a,b), willka is available either as loose seeds
or as a powdered preparation meant to be dissolved in a liter of boiled water and consumed
three times a day. This remedy is used to treat susto and womb disorders. Similarly, at
the Holy Week Fair in Santiago de Huari, vendors sell willka seeds for the same purposes.
According to one vendor, “you put a couple of seeds in water and the woman takes it”.

Figure 6. (a,)b) Vicufias Market, Bolivia, 2017. (c—e) Manka Fiesta, Argentina, 2013. Photos by the author.
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To summarize, in markets across Peru (Carhuaz), Bolivia (Cochabamba), and north-
west Argentina (Manka fiesta) (Figure 6¢c—e), vilca seeds are sold as protection and contra or
kuti. They are available alone, combined with other elements, or placed on supports like
crosses. Vilca seeds are also sold to attract luck (suerte), cleanse from damage (dafio) and
spiritual evils, cure susto, and heal the womb (Table 2).

The relationship between all the uses of vilca seeds reported in this paper may initially
appear confusing or unrelated. In the next section, I will delve into an argumentation that
aims to elucidate the connections between the various reported uses of vilca seeds. Drawing
from native explanations and Andean perspectives on the body;, illness, and healing, I will
elucidate how these seemingly unrelated uses are interconnected. This discussion will
provide clarity on the cultural and traditional rationale behind the multifaceted therapeutic
applications of vilca seeds across different Andean regions.

4. Discussion

The information gathered from the literature and ethnobotanical studies in south Andean
markets revealed both commonalities and variations in the uses, names, and descriptions of
Anadenanthera seeds. The diversity of applications and their seemingly unconnected nature
can be attributed to Andean concepts of illness and the underlying dynamics at play. By
considering these cultural perspectives, we can interpret the contemporary therapeutic uses
of vilca or cebil in terms of “movements” as integral to the healing process.

Firstly, the use of Anadenanthera seeds reflects a fundamental concept of movement—
specifically, the actions of releasing and attracting. These seeds are associated with purga-
tive and abortive properties, indicating their ability to expel substances from the body, such
as phlegm, mucus, the placenta, or to induce menstruation. This concept extends beyond
physical purging; it also encompasses spiritual cleansing rituals, known as limpias, which
aim to release evil energies held within a patient. Moreover, the idea of releasing is integral
to dispatches made to entities in the landscape. These offerings seek to persuade those
entities to release trapped waters for irrigating crop fields.

The treatment of susto, a condition where the patient’s soul is trapped by a non-human
entity, further exemplifies the need for releasing and attracting movements in healing. The
goal is to release the trapped soul so that it may return to the patient’s body. Attracting
is crucial for healing processes, the aim is to attract desired elements—whether it be the
patient’s soul for healing or qualities like fortune, health, or love. This involves not only
removing obstacles that hinder these qualities but also actively working to maintain their
presence and prevent them from turning towards misfortune due to external human or
non-human influences.

Secondly, we found the movements of stopping and returning, which underscores the
use of vilca as kuti or contra to ward off harm. This practice involves redirecting damage
back to its origin rather than attempting to nullify or eradicate it completely, as diseases
and misfortunes emanate from a specific source, human or otherwise [55]. This approach
acknowledges the kinetic nature of afflictions, where new sources of harm can continue
to emerge or return. This also explains why vilca seeds act as protective amulets, playing
a dual role: shielding the body to prevent the displacement of its spirit and embodying
a continuous, rotation movement. This rotational motion compels incoming negativity
to reverse its trajectory and to return to its point of origin. Many plant elements achieve
this effect through counterclockwise twisting [56]. Although the shape of the vilca seed
itself does not explicitly suggest twisting or turning, its shape significantly influences its
therapeutic efficacy.

Lira describes Anadenanthera seeds, known as Willka Willka, pointing out the following:

“The center of the almond has a human footprint shape in some cases, and in others,
the form of a horseshoe, a cow’s foot, or a sheep’s foot. In other cases, it has the shape of a
field plot (chacra), a dog, or a road. Thus, the use of the almond depends on its shape. If it
has the shape of a human foot, it is buried in the ground to prevent servants from leaving
a household. The dog-shaped almond is buried at the entrance of a farm or farmhouse
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to prevent any mastiffs from dying (.. .). The almond with a horseshoe shape is buried in
the manger or in the horses’ stall to protect them from death or theft. The same applies
to almonds shaped like a cow’s foot, a sheep’s foot, or a chacra, which are arranged in the
same way” [45].

Lira then describes how the seeds are buried along with coca leaves, fat, aromatic
plants, and other vegetables. His work emphasizes the importance of the seed’s shape
and its fissural line, which helps to retain those entities (humans, animals, field plots)
with morphological similarity and fend off (or return) potential harm. The implications of
the seed’s shape for its healing properties are uniquely detailed in Lira’s work and were
corroborated during field research.

For instance, in the former market of San Salvador de Jujuy, I was told that the cebil
seed attracts luck due to its resemblance to a coin. This idea aligns with observations made
by early chroniclers such as Bernabé Cobo, who likened it to a half-real, and Cristébal
de Albornoz, who compared it to a copper coin of Castile [23]. This resemblance to coins
that entered America during colonization adds new significance to the vilca seed, which
became part of the transactions between Spaniards or Creoles and indigenous chiefs in
Argentina. Likewise, ancient coins are still used today in Kallawaya ritual bundles and are
sometimes considered as illas [73], underscoring the enduring cultural and symbolic values
of these seeds.

Lira mentions ritual bundles intended to change bad luck, which include ingredients
such as wilka and wuayruro seeds, as well as “a small steel cross, three old silver half coins,
seven reales, seven pesetas, and seven current half coins” [45]. Additionally, the fissural
line inside the seed, which resembles a horseshoe, is linked not only to the hoof of many
livestock animals but also to the horseshoe itself. This is another symbol known to attract
or retain fortune. As noted, vilca seed is accompanied by a miniature metal horseshoe in
the cross of Carhuaz, reinforcing its role as a powerful amulet.

5. Conclusions

Nine uses of Anadenanthera colubrina var cebil have been recorded in the southern
central Andes from the pre-Hispanic past to the present: magical-religious, medicinal,
veterinary, construction, fuel, fodder, dyeing, tanning, and artifact making. These uses span
almost all parts of the tree, including seeds, fruits (pods), bark, wood, resin, and leaves.
The records, which may be incomplete due to gaps in documentation across the extensive
geographic region, reflect a broad and integrated utilization of the tree. The therapeutic
use of the plant parts, apart from the seeds, is mostly modern (from the 19th century
onwards). This intensification of the uses of Anadenanthera trees could be due to difficulties
in accessing other traditional medicines under national legislation or it could also be the
result of more detailed ethnobotanical and anthropological research in modern times.

In addition to this diverse and integral use, there is a significant variation in the
preparation and administration of vilca or cebil seeds for therapeutic and psychoactive or
visionary purposes, with this variety in seed preparation and administration expanding
after the Spanish conquest. The records reported and analyzed in this work demonstrate the
ongoing use of vilca or cebil and its centrality in contemporary south Andean therapeutics,
highlighting the enduring ritual value of this plant.
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Abstract: A growing body of literature recognises the importance of exploring the uses of plants in
historical written sources. The Chilean native plant culén (Otholobium glandulosum) has a long history
of medicinal use, with various parts of the plant, including its leaves, aerial parts, and roots, employed
to treat numerous ailments. This study undertakes a Critical Discourse Analysis of historical sources,
specifically books published between the 17th and early 19th centuries (1646-1810), focusing on the
medicinal applications of culén. The research highlights the circulation of plant knowledge over time
by adopting an interdisciplinary approach that bridges historical ethnobotany, environmental history,
and the history of knowledge and ignorance studies. The study reveals how the evolution of the
ethnobotanical and ethnomedicinal knowledge of culén reflects the broader environmental ignorance,
wherein the scientific community excluded and oppressed the indigenous and local knowledge
of the plant. This work underscores the importance of integrating historical studies into modern
environmental and botanical research, emphasising the value of understanding past knowledge
systems to inform contemporary conservation efforts and sustainable practices.

Keywords: Otholobium glandulosum; culén; medicinal plants; ethnobotany; ethnomedicine; Chile;
Global South; botanical history; plant knowledge; knowledge circulation

1. Introduction

Studies on the evolution of the relationships between nature and people over the
past centuries represent a growing field in ethnobotanical research [1,2]. Recent work by
historians and ethnobotanists has particularly emphasised the importance of examining
plant knowledge circulation in published sources and the current uses of native and
introduced flora fostered by local communities. Investigating the changes in recorded
plant uses offers critical insights into the evolving relationship between society and the
environment [3,4]. Moreover, historical written sources documenting ethnomedicinal
knowledge allow us to explore how records of plant use have transformed over centuries
and what factors have influenced these changes [5]. By examining these historical sources,
we gain an understanding of how local plant knowledge was interpreted and influenced
by broader contexts [6].

In present-day Chile, yerbateros (herb sellers) continue selling various plant species
along main streets and public squares. Among these, the leaves of culén, scientifically
known as Otholobium glandulosum (L.) ].W. Grimes, a species in the Fabaceae family, is
frequently offered [7]. The scientific name O. glandulosum was first formally published
in 1990 in the Memoirs of the New York Botanical Garden. However, in 2023, this name was
unplaced from the Plants of the World Online database, meaning its taxonomic placement
is no longer recognised within that system [8]. Furthermore, World Flora Online currently
lists this name as unchecked and is awaiting further taxonomic review [9].
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Despite these recent developments, we continue to rely on the Catalog of the Vascular
Plants of Chile (updated in April 2019) to identify this species [7]. This catalogue remains
a widely accepted reference for Chilean flora and provides a stable basis for botanical
nomenclature in our work. Nevertheless, this situation highlights the fluid nature of
taxonomic classifications, where names and categorisations may shift as new research
emerges. However, regional references like the Chilean catalogue often maintain practical
authority.

In Concepcion, Chile, herb sellers not only offer the leaves of O. glandulosum but
also advise customers on their use, continuing a tradition that has persisted for centuries
(Figure 1).

b)

Figure 1. (a) Some medicinal plants sold by a herb seller in the Plaza de la Independencia, the main
square of Concepcion (Chile). Credit by M.S. (2022). (b) The French botanist Claudio Gay (1800-1873)
engraved in the background of a plant included in his Atlas de la historia fisica y politica de Chile
(Thunot: Paris, France, 1854, Vol. 1, Plate 48)—a man on horseback, defined as a herb seller, who is
carrying some vegetables. Credit: Memoria Chilena (Available online: http://www.memoriachilena.
gob.cl/602/w3-article-99629.html, accessed on 25 March 2023).

Chilean herb sellers often prepare culén leaves in tea bags, similar to products offered
by a well-known Chilean company run by Mapuche, one of Chile’s indigenous commu-
nities. Moreover, the Chilean Ministry of Health has authorised the medicinal use of O.
glandulosum [10]. Notably, the most frequently cited sources in the Ministry’s catalogue and
more recent works on Chilean medicinal plants are the natural histories, travel reports, and
descriptions of medicinal plants written during the Chilean colonial period before Chile’s
Independence in 1818. Like the herb-seller trade, the ethnomedicinal use of culén has
endured for centuries. Today, Chilean herb sellers maintain this long-established tradition,
fostering a tangible link between society, the Chilean environment, and the evolving prac-
tices surrounding O. glandulosum [11,12]. The evolution of historical records concerning
this plant reveals the dynamic relationship between people and nature, which was shaped
by the exchange between Chile and Europe.

The scope of this study is to explore the evolution of the historical, ethnobotanical
records of culén (O. glandulosumn) between the 17th and early 19th centuries (1648-1810).
The study aims to (1) document the ethnobotanical uses of the plant in historical written
sources, (2) trace the evolution of its uses over time, and (3) examine the documentation of
local and indigenous practices related to O. glandulosum within historical written sources.
As recorded in historical sources, the evolution of culén ethnomedicinal uses can provide
insights into the changes and the influences underlying the ethnobotanical descriptions
found in these historical records.
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2. Results
2.1. The Evolution of the Ethnobotanical Uses of Culén

The evolution of culén’s uses can generally be divided into two main periods: before
and after its spread in Europe by the Franciscan missionaries and later by Jesuits during the
18th century [13]. Previous research has established that the introduction of culén to Europe
radically changed the recorded uses of this plant [14]. During the colonial period, Chilean
indigenous communities used the juice of the leaves of culén to heal wounds. However, in
the second half of the 18th century, descriptions of the studied species for wound care and
general medicinal usage gradually diminished as the plant was introduced in Europe. At
the same time, Chilean and European naturalists began recommending culén primarily as
a recreational tea for European audiences, and the Latin binomial classification began to
replace the plant’s common name [14].

Despite these changes, naturalists continued to regard culén as a potential remedy
throughout the 18th and early 19th centuries. Almost all scientists of the 18th century
mentioned the use of culén leaves as a treatment for wounds in their writings. For instance,
in 1798, the Argentine Jesuit Gaspar Juarez and the Italian abbot Filippo Luigi Gilii highly
praised the use of culén leaves for healing skin lesions [15,16]. In books published between
1762 and 1810, scholars even recommended the studied plant for treating a broader range
of diseases than in the previous period (Tables 1 and 2).

Table 1. Disease categories for which culén was recommended in historical records before and after
its spread in Europe (see Supplementary Materials), according to ICPC-2.

Sources 1646-1732

Sources 1762-1810

Skin  Bruise/contusion  S16 General Pain general/multiple sites A01
Skin  Skin injury, other ~ S19 General Bleeding /haemorrhage NOS A10
General Swelling A08

Digestive Dyspepsia/indigestion D07

Digestive Worms/other parasites D9%6

Digestive Disease digestive system, other D99

Musculoskeletal ~Rheumatoid/seropositive arthritis ~ L88

Neurological Headache NO1

Ear Ear pain/earache HO1

Skin Bruise/contusion S16

Skin Skin injury, other S19

Psychological Psychological disorders, other P99

Table 2. The medicinal properties of Culén are mentioned in the works before and after the spread of

that plant in Europe.

Sources 1646-1732

Sources 1762-1810

Emetic Balsamic
Purgative Emetic
Vulnerary Digestive

Purgative
Vulnerary

Furthermore, the use of culén leaves in infusions was neither a European invention
nor a result of the plant’s spread in Europe. Even before the mid-18th century, Chilean
military officer Pedro Pascual de Cérdoba y Figueroa and the Spanish Jesuit José Sanchez
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Labrador, residing in Chile and Paraguay, respectively, documented the use of culén leaves
in infusions. Similarly, around 1767, the Spanish Jesuit Miguel de Olivares reported that
“drinking the water from the culén infusion increases the desire to eat”. In 1774, the English
Jesuit Thomas Falkner, who served in Argentina and Paraguay, also noted that the plant
possessed the same virtues as tea, particularly as a remedy for indigestion [17].

In 1783, King Carlos III requested that native medicinal plants be sent to Spain. The
chief Chilean physician, José Antonio Rios, organised the expedition and included culén
among the various species. Rios recommended the infusion of culén leaves and bark to
cure stomachache and indigestion. Historical written sources from the same period also
documented that the Chilean local communities used the culén leaf infusion as a kind
of tea for indigestion [18,19]. Thus, the spread of culén-based tea was not a result of the
plant’s arrival to European territory. However, it was a common practice in Chile even
before the introduction of O. glandulosum in Europe. Moreover, 18th-century naturalists
continued referring to culén using its scientific classification and local names [20]. To sum
up, naturalists consistently reported the ethnomedicinal uses of culén and did not solely
identify the studied plant only with its scientific classification (Figure 2).

Barba Jopis brplilla , flore e albo
A riddeo vario G Calen-pag.—

b)

Figure 2. In the engraving (a), the Spanish botanist Joseph Quer recorded the culén in his Flora
espafiola o historia de las plantas que se crian en Espafia (Ibarra, Madrid, Spain, 1784, 6, Plate 18)
with both scientific and indigenous names. Credit: Biblioteca Digital del Real Jardin Botanico
(https:/ /bibdigital.rjb.csic.es). In the picture (b), the French botanist Luis Feuillée reported the
scientific name he coined “Barba Jovis triphilla, flore ex albo et caeruleo vario”, adding the indigenous
name “culen”.
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2.2. The Documentation of Local and Indigenous Communities in the Historical Written Sources

During the early colonial period, Spanish chroniclers primarily described the studied
plant, reporting its names as “cuelen” (likely a misspelling of the actual indigenous name
culén) and “albahaquilla” (meaning “little basil” in Spanish). For instance, Francisco Nufiez
de Pineda y Bascufidn, a military man from Chillan, mentioned the studied plant in 1629 in
his famous work EI Cautiverio feliz, but without recording any plant use [21].

Generally, no ethnomedicinal information on culén (albahaquilla) circulated in print
until the mid-17th century when Jesuit Alonso de Ovalle published his works in 1646. In
his chronicle, Ovalle reported that the leaf juice could be used to heal wounds, citing an
instance where a Spanish soldier used it to save his wounded dog. Additionally, Ovalle
created a map of Chile for the Spanish King Philip 1V, titled Tabula geographica regni Chile, in
which he depicted a small tree, writing the name “culén” and describing it as a “very healthy
plant” [22].

In the 18th century, French travellers Louis Feuillée and Amédée Francgois Frézier
published accounts of their travels in Chile, both of which gained significant attention [23].
Feuillée’s work was translated into German, and Frézier’s book was printed in the Nether-
lands, each with two editions. The publishing success was probably due to their detailed
engravings and the first comprehensive descriptions of the ethnomedicinal uses of Chilean
plants. Both French travellers mentioned culén in their travel accounts, noting its indige-
nous use for healing wounds. Frézier even used it to cure himself. Feuillée documented
various uses of different parts of the herb by the indigenous communities. However, no
authors from that period recorded the possible ethnomedicinal uses of the plant by local
communities.

In the second half of the 18th century, scientists continued to report the Latin binomial
classifications alongside the indigenous names. However, the local Spanish name “alba-
haquilla” was no longer used to identify the plant. For instance, in the second edition of the
Flora Espafiola [Spanish Flora], the Spanish physician and botanist Joseph Quer referred to
the plant solely as culén. Similarly, priests Gilii and Juarez specified that Italians exclusively
used the indigenous name. In early historical written sources, scholars documented the
indigenous names and practices associated with the plant.

From the second half of the 18th century onwards, most naturalists began including
an engraving of the culén in their descriptions. This innovation likely facilitated the plant’s
knowledge circulation as it spread throughout Europe. However, at the same time, authors
increasingly omitted certain aspects of herbal medicinal preparation. The proportion
of fragmented uses was higher than in the previous century, limiting the circulation of
ethnomedicinal knowledge about the plant.

Moreover, Feuillée was the last to explicitly attribute the medicinal uses to the “natives
of the country”, referring to the indigenous communities [24]. In contrast, the naturalists of
the second half of the 18th century did not acknowledge the indigenous origins of these
medicinal uses; instead, they treated them as scientific knowledge or inherent properties
of the plant. Additionally, many authors failed to report the ethnomedicinal indigenous
and local knowledge of culén during this time. As a result, after the mid-18th century,
indigenous and local knowledge began to disappear from published sources (Figure 3).

Even in the second edition of Molina’s Natural History of Chile, the Chilean Jesuit did
not fully detail the indigenous and local knowledge of culén. He noted that “Araucanians [as
Mapuche communities were identified at those times] consider it a panacea, and the Spanish
peasants of Chile (.. .) use it in all their illnesses” [25]. Despite this, he primarily emphasised the
culén infusion as a powerful remedy against intestinal parasites, although he acknowledged
that other treatments were often preferred for this condition [26].

In 1776, an anonymous work written by a group of Jesuits who had been expelled from
Chile stated that “the Indians (. ..) apply [it] to almost every kind of severe internal illness” [27].
However, in both cases, the authors failed to specify which parts of the plant were used or
for which specific disease the plant was employed. The scientists did not provide detailed
instructions on how the indigenous and local communities utilised this remedy.
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Figure 3. In graph (a), the X-axis shows the written sources that mentioned the medicinal uses of
culén (see Supplementary Materials): Ovalle, A. de. Historica Relatione del Regno di Cile; Cavallo: Rome,
Italy, 1646; Frézier, A.F. Relation du voyage de la Mer du Sud aux cotes du Chily et du Perou, fait pendant les
années 1712, 1713 & 1714; Paris, Jean-Geoffrey Nyon, 1716; 24. Feuillée, L. Journal des Observations
Physiques, Mathematiques et Botaniques; Giffart: Paris, France, 1725; Quer, J. Flora espafiola o historia
de las plantas que se crian en Espafia; Ibarra, Madrid, Spain, 1762; Compendio Della Storia Geografica,
Naturale e Civile del Regno del Chile; Stamperia di S. Tommaso d’Aquino: Bologna, Italy, 1776; Quer, J.
Flora espariola o historia de las plantas que se crian en Espana; Ibarra, Madrid, Spain, 1784; Gilii, FL.;
Xuarez, G. Osservazioni fitologiche sopra alcune piante esotiche introdotte in Roma. Arcangelo Casaletti,
Rome, Italy, 1798; Molina, J.I. Saggio Sulla Storia Naturale del Chili; Stamperia di S. Tommaso d”Aquino,
Bologna, Italy, 1810. The Y-axis shows the total number of uses of the studied herb described in
each historical text. The blue line represents the total medicinal descriptions, while the orange line
corresponds to the partially described knowledge. In diagram (b), the X-axis represents the written
records about the ethnomedicinal knowledge of culén. The Y-axis shows the total number of uses
described in each historical written source. The blue line corresponds to the total medicinal records,
while the green line shows the knowledge attributed to indigenous and local communities.

Therefore, like all authors of the studied period, the Jesuits did not fully recognise
or give voice to the indigenous and local communities. They primarily emphasised the
importance of the native Chilean species that were brought to Italy and the ethnomedicinal
uses promoted by the scientific community. Generally, naturalists of the late colonial period
prioritised scientific knowledge, documenting more detailed and comprehensive plant
uses from a scientific perspective while providing less information on indigenous practices,
which were often incomplete or fragmented (Figure 4).

Scientific Knowledge Indigenous and local Knowledge

9

® Complete description ™ Partial description

b)

Figure 4. The dark red portions represent the complete records of ethnomedicinal uses of culén
in naturalists’ books about Chilean flora. The rose parts indicate the incomplete uses reported by
the scientists in the historical written sources. The graphics show the fragmentation of the most
extensive set of DURs related to scientific knowledge (a) and the smallest number of DURs pertaining
to indigenous and local knowledge (b).
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The authors of the 18th century supported the ethnomedicinal knowledge of culén but
focused solely on scientific descriptions, giving little significance to the uses by indigenous
and local communities. They limited the circulation of non-European practices, perma-
nently fragmenting and excluding them. As a result, in the 18th and early 19th centuries,
the records of ethnomedicinal knowledge about this plant contributed to the invisibilisation
of indigenous and local cultures.

3. Discussion

The transformation of knowledge about culén into a non-medicinal, tea-like infusion,
as mentioned in the introduction, was not the primary transformation that occurred in the
public circulation of knowledge about the plant. Whether or not this change happened,
and whether it succeeded or failed, the use of culén as tea symbolised the exclusion and
invisibilisation of non-scientific knowledge. The tea made from its leaves was merely one
expression of the coloniality of knowledge, the unbalanced relationship among different
forms of knowledge (scientific, indigenous, local, and others) [28].

Overall, the results indicate that the evolution of the knowledge about culén is a much
more complex phenomenon than just a change in use, a disappearance, or an appropriation
of ethnomedicinal knowledge. The recorded practices of O. glandulosum were not entirely
erased from the historical written sources. For instance, Molina continued to support many
uses of that herb for various diseases, even in his last Natural History of Chile [25]. The
evolution of culén ethnomedicinal knowledge was not a straightforward appropriation,
as the infusion of the leaves was not directly linked to indigenous knowledge. The most
recent use of culén leaves as a tea-like infusion may represent a scientific appropriation of
local use. Nevertheless, the nearly simultaneous spread of this practice in Chile, Argentina,
and Europe makes it difficult to establish clear causal or chronological correlations.

There was a gradual decline in the circulation of indigenous and local knowledge
about culén throughout the 18th and early 19th centuries. Writers did not promote the
non-European ethnomedicinal uses of the plant nor acknowledged the local and indigenous
communities in their descriptions. Scientists progressively fragmented the ethnomedicinal
knowledge about culén and generalised its use, often describing it as a valuable botanical
species to cure any disease without explaining how.

One of the most striking findings is that the evolution of the historical ethnomedicinal
records of culén demonstrates the epistemic exclusion and oppression of non-scientific
knowledge. Epistemic oppression refers to the phenomenon that prevents and deprives a
person or social group from being able to contribute, directly or indirectly, to the circulation
of knowledge [29]. Naturalists of the 18th century did not give equal importance, dignity,
or precision enough to the indigenous and local ethnomedicinal knowledge compared to
scientific knowledge. This exclusion was not a temporary, isolated phenomenon, limited to
a few authors or a scattered group of naturalists. It represented the common denominator
of the entire scientific production of the 18th and early 19th centuries. Thus, it was not
only a temporary exclusion of local and indigenous knowledge but fundamentally an act
of epistemic oppression.

The findings highlight environmental ignorance as one of the consequences of the
exclusion and oppression of indigenous and local knowledge in the Atlantic world [30]. A
similar impact of coloniality can be observed in the evolution of the ethnomedicinal uses
of other Chilean native plants, such as cachanlagua/cachanlahuen (Centaurium cachanlahuen
(Molina) B.L. Rob.) and canelo/boighe (Drimys winteri ].R. Forst. & G. Forst.) [31]. The
ethnomedicinal knowledge of these two plants circulated in published sources during the
same period as culén. However, they were associated with Cinnamomum verum J. Presl
and Centaurium erythraea Rafn, species familiar to Europeans and linked to related local
ethnomedicinal knowledge. The first plant spread as a remedy for fever, while the second
circulated as a cure for scurvy. In both cases, the error arose from the perceived similarity
between species.
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Opverall, the circulation of ethnomedicinal knowledge regarding cachanlagua/cachanlahuen
and canelo/boighe was fragmented and eroded, and this rendered the non-scientific uses
invisible. According to our study, the Atlantic circulation of public knowledge about culén
represented a continuous form of cultural oppression. Using culén leaves as a recreational
tea, rather than as a remedy for wounds, served to exclude and oppress non-European
knowledge. This was one of the ways in which indigenous and local communities were
erased from scientific works. The overall changes in the ethnomedicinal knowledge of culén
privileged the Western scientific knowledge, allowing it to prevail over the indigenous and
local forms of knowledge.

The non-circulation of local and indigenous ethnomedicinal knowledge contributed
to and reinforced a socio-environmental ignorance, which was rooted in a narrow interpre-
tation of diverse knowledge forms. The heterogeneity between scientific and non-scientific
medicinal uses of culén was not valued. Instead, it was implicitly subordinated and underes-
timated relative to non-European knowledge and knowers. During the colonial era, Europe
became the place where the scientific ethnomedicinal knowledge of culén was granted
importance and worth. Consequently, the formation of environmental ignorance around
the studied species contributed to the formation of the geopolitics of knowledge, where the
place of origin primarily and uniquely determined the intrinsic value of knowledge.

During the colonial period, scientists created a deep divide between their knowledge
and local and indigenous communities. This divide contributed to the separation, distanc-
ing, and marginalisation of other knowledges. Scholars did not include, acknowledge, or
integrate these diverse knowledge systems.

Scholars of the 18th century undermined the ethnomedicinal knowledge outside the
scientific realm, limiting its diffusion, fragmenting it, and ignoring it. The circulation of
public knowledge about Chilean native plants during colonial times was heavily influenced
by naturalists’ failure to appreciate any knowledge from outside Europe and any scientific
forms as potentially valid and useful.

4. Materials and Methods

Plants have long been studied from an environmental history perspective. However,
much of the literature has primarily focused on the introduction of species into new
territories and the scientific names attributed to them, with an emphasis on flora introduced
from Europe to other continents. Additionally, scholars often examine the medicinal
properties of plant species without incorporating the knowledge and descriptions provided
by local communities or considering the scientific uses of these plants [32-34].

The novelty of this study lies in its specific methodology, which centres on ethnomedic-
inal knowledge reported by various authors and employs an interdisciplinary approach.
This approach integrates historical ethnobotany, environmental history, history of knowl-
edge, and history of ignorance, all viewed from a decolonial perspective.

We examined the evolution of historical ethnomedicinal records of culén as a phe-
nomenon that reflects societal shifts and represents the changing socio-environmental
relationships in the Atlantic world. Our focus was on public knowledge, defined as the
information communicated through media and disseminated, utilised, and transmitted
via social relations. We explored the close connections between culture and society that
develop in public arenas of knowledge, which are specific spaces where certain forms
of knowledge are promoted, supported, and fostered. In contrast, others are hindered,
fragmented, or rendered invisible [35].

Interpreting the circulation of knowledge as a non-linear process within an epistemic
system, we concentrated on public circulation, examining how this knowledge fluctuated
over time in various published works, which reported different forms of knowledge [36].
During the Chilean colonial period, multiple forms of knowledge coexisted, primarily
indigenous, local, and scientific knowledge. In this context, indigenous knowledge refers
to communities that have had historical continuity from pre-European colonisation. Local
knowledge pertains to the knowledge of communities directly interacting with their sur-
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rounding environments. Scientific knowledge refers to the literature written and cited by
naturalists, scientists, travellers, botanists, and doctors.

In alignment with the “ignorance turn”, we considered the coexistence, interaction,
and interdependence of knowledge and ignorance. We focused on the fragmentation,
erosion, and invisibilisation of knowledge [37]. Central to the decolonial perspective are
two main processes that have occurred since the 16th century: the bright side of modernity,
characterised by rationality, logic, and the development of scientific knowledge, and the
coloniality, the dark side of modernity, in which non-European peoples, knowledges, and
ways of being are disregarded by scientists as non-existent [38].

Due to the coloniality of knowledge, the access to, production, distribution, and repro-
duction of knowledge promoted by scientists and authors were not equal for all knowers.
The circulation of knowledge during modern times followed a hierarchical, vertical struc-
ture in which specific knowledges were valued more critically than others. This meant that
not all knowledge was afforded the same dignity, consideration, or opportunity to spread.
During the colonial period, authors promoted this epistemic hierarchy in their writings,
favouring some knowledge systems than others. Both the coloniality of knowledge and the
epistemic hierarchy, like subterranean rivers, feed the socio-environmental relationship,
often showing little visibility and remaining difficult to detect [39].

Recently, some ethnobotanists have shifted their focus toward examining the transfor-
mation of plant uses over time and turning to historical sources to highlight how totalitarian
dynamics represent complex and articulated phenomena. Simultaneously, there has been a
growing focus on environmental and ethnobotanical ignorance dynamics, both in contem-
porary and colonial contexts [40].

To date, however, research has often framed coloniality solely as a violent form of
destruction or as a form of appropriation, sometimes referred to as bioprospecting, of
non-European knowledge [41].

This study focuses on the colonial period, beginning from 1646, when Chilean Jesuit
Alonso de Ovalle first introduced the knowledge of Culén in the Atlantic world, and
concluding in 1810, when another Chilean Jesuit, Juan Ignacio Molina, published the
second edition of his Natural History of Chile. Molina’s book represents the last description
of culén. Understanding the cultural patterns that influenced the circulation of knowledge
about culen during the colonial period is crucial to grasping the mechanisms of coloniality
of knowledge.

In the colonial descriptions of culén, authors did not always include the Latin name of
the species, as binomial classification was developed only in the mid-18th century by Carl
Linnaeus. However, all colonial authors indicated that they were describing the same herb
mentioned by previous writers. Therefore, we considered all naturalists who described the
same plant species.

For this research, we employed Critical Discourse Analysis (CDA) to explore the
ethnomedicinal discourse surrounding culén (O. glandulosum) in colonial texts. Data were
collected from available colonial sources (see Supplementary Materials) in their original
languages, all of which included ethnomedicinal descriptions of culén. Nine sources,
published between 1520 and 1818, were selected, and the information was compiled into
a Microsoft Excel database. Each entry in the database represents a detailed report of the
uses of O. glandulosum reported in the sources (see [42]). Each use was classified according
to the different forms of knowledges reported (ethnomedicinal use, property, or mention),
the source of information (books, scientific literature, and local and indigenous knowledge),
and the form of information (current or historical usage, use/recommendation to use, and
for which disease, classified according to the International Classification of Primary Care
(ICPC-2) (updated March 2003)).

Through CDA, we assessed the fragmentation of knowledge by examining the extent
to which the sources provided sufficient detail to support the medicinal use of the plant
species. Knowledge was considered fully described when the authors provided details
such as which parts of the plant to use, how to use them, and for which specific disease. In
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contrast, knowledge was considered partial when essential details for the practical use of
culén were missing—for example, when it was merely noted as a general medicinal plant
or when only its properties were mentioned without further context.

5. Conclusions

This study highlights how the historical records of culén (O. glandulosum) reflect the
dynamics of knowledge circulation and suppression during the colonial period. The
fragmentation and marginalisation of indigenous and local knowledge by naturalists in
favour of European practices reveal the coloniality of knowledge, contributing to the
epistemic oppression of non-scientific traditions. The transformation of culén into a tea-
like infusion for European consumption exemplifies how ethnomedicinal knowledge was
appropriated while indigenous uses were disregarded.

Key scientific gaps remain, particularly regarding the full scope of indigenous and
local practices associated with culén and other Chilean plants. Further research should
prioritise recovering indigenous perspectives on culén and other native plants through
collaboration with local communities and oral histories. It is crucial to explore how colo-
nial knowledge systems shaped the trajectory of plant-based medicinal research, with an
emphasis on decolonising this knowledge for modern application. By integrating local
knowledge with scientific research, future studies can contribute to a more complete under-
standing of Chilean native plants and help bridge the historical gap between indigenous
and scientific knowledge.
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Abstract: In 2023, the Japanese migration to Brazil completed 115 years. However, the first time
Japanese people arrived in Brazil and left a testimony of their experience was about two centuries
ago. Their reports were registered in a historical document, handwritten during the Edo period
when Japan was adopting a closed-door policy. The episode of their visit to Brazil is only a small
part of the odyssey of these four Japanese sailors who departed from Ishinomiya to Tokyo at the
end of the 18th century, but unexpectedly traveled around the globe. After a storm, they were adrift
for six months until shipwrecking on the Aleutian Islands; from the Russian Aleutian Islands, they
crossed the whole of Russia and boarded, in Saint Petersburg, on the first Russian expedition to
circumnavigate the world. Their only stop in South America was at Santa Catarina Island, southern
Brazil, and this is the first analysis of this episode from an ethnobiological perspective. Their reports
described both the forest environment and the plants they observed and included at least 23 taxa
of plants, mostly cultivated. These descriptions of plants and the environment are in contrast with
other reports from the same period and to the current environment found in Santa Catarina Island,
inspiring reflections on the construction of Brazil’s image in Japan before the 20th century.

Keywords: historical ethnobiology; historical ethnobotany; Atlantic Forest; navigation

1. Introduction

Being a Brazilian with Japanese ascendants whose grandparents migrated from Japan
to Brazil at the beginning of the 20th century, the issue of migrations and identities always
caught my attention. Why did my four grandparents, on different occasions, decide to
move to the other side of the Earth more than a hundred years ago? Brazil and Japan are
antipodes, or points diametrically opposite on the Earth, which means that to Japan, there
is no place geographically farther than Brazil. Apart from the strong governmental pro-
paganda promising plenty of land and resources in abundance for people suffering from
hunger and other mishaps, people who decided to sail across the ocean knew practically
nothing about the place they were choosing to live. Even with some governmental sup-
port, these deliberate migrations had their own costs because people had to adapt to the
new country, with a different society and environment, facing prejudice, and after one
or two generations, changing their mother tongue to Portuguese. The official registers of
Japanese migrations to Brazil started at the beginning of the 20th century with the arrival
of the ship Kasato Maru in 1908, preceded by bilateral negotiations since the end of the
19th century [1]. Since then, approximately 250 thousand Japanese people have arrived in
Brazil as migrants [2], forming the largest Japanese population outside Japan with approx-
imately two million descendants today [3].

To my astonishment, it was only in 2021 that I saw an internet post about the visit of
the Japanese ambassador to Brazil to a memorial monument for the sailors of Wakamiya
Maru [4]. This was when I first heard about this incredible story of four Japanese sailors
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who unwittingly traveled around the world more than a century before the massive
Japanese migration to Brazil started. In addition, the one and only place in South America
where they stopped was the exact city where I currently work and live. As I sought more
information about this event, my surprise grew. This incredible story of these Japanese
castaways, who crossed the whole Russian territory and, more than ten years after their
shipwreck, returned to Japan aboard the first Russian expedition to circumnavigate the
globe, departing from Saint Petersburg, is registered in a unique historical description: a
manuscript from the Edo period, called Kankai Ibun (32¥#52[, or exotic tales from) with
16 parts, first written ca. 1805 by Otsuki Gentaku and Shimura Hiroyuki [5].

Historical manuscripts such as these are rich sources for ethnobotanical investiga-
tions, even considering some imprecision. The oldest records (written in the usual lan-
guages of Western science) about the plants and the environment in Brazil are present in
manuscripts written by European colonizers, which include documents such as Caminha’s
letter [6] —analyzed from a botanical perspective by the authors of [7] —and other more
detailed (Gandavo [8], first published in 1576) or later better-known descriptions, such as
those after the passage of Piso [9] published in 1658, Humboldt and Bonpland [10] in 1820
and even Darwin [11] in 1832 (published 1859). Ethnobotany in historical documents is an
approach widely explored in relation to medicinal and food plants in historical records in
Brazil (e.g., [12]) and elsewhere in the world (e.g., [13,14]). The contribution of historical
documents, both via written sources and iconography, provides valuable ethnobotanical
information about the plants described [15], but also about the observers who contributed
to science and sometimes remained suppressed in history, such as female naturalists [16].
The approaches to the information on historical documents can be guided by a search about
a given species (in most cases) or themes, or even analyzing the contents of a document
to infer about plants [17] and are not restricted to the plant scope (e.g., [18]), including
important registers about landscape changes [19].

Although some authors explored parts of the amazing history enclosed in Kankai [bun,
including the material testimony and legacy in one jacket used by one of the sailors [20],
the description of an Earth Globe witnessed in Saint Petersburg [21], and a theatrical event
watched by the Japanese castaways when invited by Emperor Alexander I [22], no further
analysis was performed under an ethnobiological perspective. In this article, I explore
the testimonies in the written registers of Kankai Ibun about the months these Japanese
pioneers spent anchored in Santa Catarina, Brazil, and compare these descriptions with
other historical sources about the environment and the ecosystem of this region in this
period between the 18th and 19th centuries.

The oral reports of the first Japanese to circumnavigate the world were materialized in
several versions of the Kankai Ibun [5], a handwritten document, as mentioned above. Ot-
suki Gentaku, the main author of Kankai Ibun, was a rangaku (Dutch learning) scholar [23],
and he was assisted by other scholars who wrote this manuscript based on other Western
documents they had available at the time. They were careful to separate the information
from the oral reports of the castaways and their own observations.

According to Ramming [21], “this work, now rather rare, was at the beginning of the
19th century widely circulated throughout Japan and most eagerly read by all interested
in foreign things”. Such records often provide vivid descriptions of contemporary native
societies with valuable historical, ethnographical, and anthropological data [24], and yet
only a few scholars have analyzed these documents (mainly in Japanese publications but
also in English, see [25]); their value remains much neglected simply as “curious tales” [24].

2. Results and Discussion

The odyssey of the castaways from Wakamiya Maru is described in several docu-
ments, both in Japanese [5] and summarized in English [21,26]. In Portuguese, in addition
to Tomoko K. Gaudioso’s translation of volume 12 of Kankai Ibun [27] and her analysis of
the first Japanese in Brazil [1], there are scattered newspaper notes and internet websites
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and a recent publication of a children’s book about this episode [28]. Nevertheless, since
this is a story quite unknown to the general public, a brief summary is presented here.

At the end of the 18th century, in November 1793, the small ship Wakamiya Maru,
with sixteen crew members, departed from Ishinomaki (currently Miyagi prefecture) to
Edo (currently Tokyo), transporting 1300 bales of rice and 400 pieces of wood [29]. What
was planned as a trip of a few weeks took an unexpected direction: after a strong storm
near the coast of Fukushima, the ship went adrift for over 165 days, or more than five
months, finally shipwrecking at the Aleutian Islands in the North Pacific Ocean. After one
year in Unalaska, an Aleutian island under the Russian domain, the castaways were trans-
ferred to Irkutsk, in the middle of Siberia, where they spent another seven years. When
the new Russian emperor Alexander I decided to support a Russian expedition with an
embassy to establish commercial ties with Japan, the Japanese castaways were summoned
to quickly travel to Saint Petersburg, where after an arduous journey of more than 40 days,
they had an audience with the emperor. At this time, three crew members of Wakamiya
Maru had already died (the captain Heibei, the crew member Kichirgji, and the sailor Ichig-
oro) and another three members decided to stay in Russia due to a weak health condition
(the sailors Sadayti, Ginsaburo, and Saizo). Of the ten who attended the hearing with
the emperor, four decided to return to Japan, and six opted to stay in Russia and be con-
verted to Christianity (the sailors Taminosuke, Shigejiro, Yasaburo, Zenroku, Tatsuzo, and
Minosuke) [29].

An important reminder is that during this period, Japan was under a policy of strict
isolation [25], with the sakoku seisaku (85 [EI3§) or “closed door policy” under the Toku-
gawa shogunate. This policy prohibited all foreign contact except for trade conducted
officially with the Netherlands and China via Nagasaki port [24] and to some extent with
Korea and the Rytkyt kingdom (currently Okinawa). Thus, not only were foreign ships
mostly forbidden to dock in Japan, but Japanese citizens were also forbidden to leave
the country.

The four people who decided to return to Japan by joining the Russian expedition
on board the main ship Nadezhda, were the cook of Wakamiya Maru, Gihei, born in Hi-
gashimatsushima, and the sailors Tsudayt, Sahei, and Tajuro. Tsudayt and Sahei were
born in Shiogama and were approximately 59 and 41 years old, respectively, at the time
the Russian expedition departed in August 1803, approximately ten years after they left
Japan. Tajuro was the youngest, approximately 33 years old, and was born in the same
village as Gihei (at that time, approximately 42 years old). Zenroku, who had already con-
verted to Christianity and became a Japanese teacher in Irkutsk, also joined the expedition
with the role of interpreter [29] and disembarked in Russia prior to their arrival back in
Japan in 1804.

The Russian expedition first docked in Copenhagen, then at Falmouth (England) and
Canaries Islands. After crossing the Atlantic Ocean and the equator line, in December
1803, the expedition stopped in only one port in South America, Ekaterina Island, or Island
of Santa Catarina (currently Florianépolis and Governador Celso Ramos municipalities).
There, they spent approximately 45 days to restock provisions and fix damages in one of
the ships (Neva).

After departing from Santa Catarina Island on 4 February 1804, the expedition passed
through Cape Horn, Easter Island, and Nuku Hiva (French Polynesia). In Hawaii, the ships
parted ways: since the Russian expedition supposedly had only the permit for one ship to
land in Nagasaki, the Nadezhda headed to the Kamchatka peninsula and then to Japan
to attempt the diplomatic mission—which was unsuccessful at the end—and the Neva
headed to the Pacific coast in North America.

The Russian ship Nadezhda reached the Japanese coast in Nagasaki at the beginning
of October 1804, but only after six months of slow negotiations under the strict rules of the
Japanese government; and after the diplomatic mission failed completely, the four cast-
aways Tsudaytii, Sahei, Gihei, and Tajuro were delivered to the Japanese officials in April
1805. This seems to have occurred just before the departure of Nadezhda.
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The anonymity of the castaways is remarkable in the books registering this trip, au-
thored by Krusenstern [30], Langsdorff [31], and Lisiansky [32], and published in 1813
and 1814. They are usually described as “the Japanese”. The commander of the expedi-
tion (Krusenstern) mentioned them as “the Japanese who in 1796 were captured in the
Aleutic Islands” to be returned to Japan and to “secure the favor of the monarch [of Japan]
and his ministers”, together with other valuable presents [30], reflecting the role of the four
castaways in the diplomatic negotiations intended with Japan. When listing the crew and
passengers of Nadezhda, he solely registered “five Japanese”, although he also described
that “except MM. Horner, Tilesius, Langsdorff, and Laband, there were no foreigners on
board either of the ships” [30]. They are mentioned by Krusenstern with words of disap-
proval, being “scarcely possible to imagine worse people than they were” (...) “lazy, dirty
in their persons, always ill-humored”, with the exception of “an old man of sixty years of
age” [30], probably referring to Tsudayui. According to Krusenstern [30], the relationships
between Tsudayii’s group and Zenroku, the interpreter, were also hostile: “they lived in
a continued state of warfare (...) because he [the interpreter] was rather more noticed by
the ambassador than the others”. The Russian Nikolai Reazanoff was the ambassador in
charge of the diplomatic mission with Japan. His disappointment with the failed task of
establishing commercial relations with Japan likely contributed to the start of the conflict
between Russia and Japan on the Kuriles island a few years after the passage of the ship
Nadezhda in Nagasaki. One remarkable episode registered by both Krusenstern [30] and
Langsdorff [31] was when Tajuro tried to kill himself on 16 January 1805, supposedly due
to the frustration of having arrived in Japan but being unable to disembark.

After being left in the care of Japanese officials, they were sent to the capital Edo (cur-
rently Tokyo), and were submitted to 40 days of a detailed inquiry [21]. During this period,
with the closed-door policy, Japanese castaways drifting to other countries faced several
obstacles to returning home, such as the possibility of being arrested upon returning, and
those who returned were subjected to a detailed investigation about the nature of their
experiences abroad. To maintain the closed-door policy, repatriated castaways were not
allowed to relate their experiences freely to ordinary citizens [24]. The written document
produced from this inquiry, known as Kankai Ibun [5], contains the first reports of how
Brazil was viewed by Japanese eyes in the very first years of the 19th century.

Brazilian Environment and Plants through the Eyes of the Japanese Castaways

A disclaimer is necessary regarding this analysis through the eyes of the castaways:
they reported what they saw to people who did not have experiences abroad and who
interpolated their accounts with what was known in Japan during the Edo period. These
accounts were transcribed many times and then translated. In other words, although the
writers were careful to provide accurate descriptions, the original accounts from the cast-
aways were filtered through these other lenses. These narratives were also burdened by the
trauma of a trip lasting more than 10 years through unknown lands, by the uncertainty of
returning to their home country, and by the uncertainty of knowing whether there would
be freedom when they returned home. Additionally, Tajuro was the only one who disem-
barked whenever they had an opportunity to do so [26]. Tsudayt also disembarked in
Santa Catarina [27]. However, after the attempt to end his own life months after his arrival
at Nagasaki, Tajuro probably could not talk during the interrogatory. According to Os-
hima [26], after this incident, he never spoke again; although the captain of the Nadezhda
reported that “after his wound had healed, he was frequently heard to say that the Rus-
sians were very good people, but himself a very bad man; and he wished his life might
soon have an end” [30] (p. 282). Thus, it is possible that most accounts from the Brazilian
land were probably told by Tajuro to their friends who stayed aboard most of the time and
who then retold these accounts to their inquisitors.

Krusenstern’s [30] and Lisiansky’s [32] diaries registered the crossing of the equator
on 16 November 1803. After that, they spotted the Brazilian coast in Cabo Frio (Rio de
Janeiro state coast) on 12 December and anchored on Anhatomirim Island in Santa Catarina
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Bay on 21 December 1803. In Kankai Ibun [5], several misinterpretations appear both in
relation to dates and to places, despite the efforts of Otsuki and Shimura to be as precise as
possible. Among the numerous notes added by Otsuki and Shimura to the accounts they
were registering, there are several pages describing the attempts to equip the Japanese
calendar with the one used by the Russians. In one of these notes, they mention that they
must have landed in Ekaterina or Ecaterina (= 77 7 V) 7, or Santa Catarina Island), Burajiri
(7" 7 v U, Brazil), having stayed there for more than 70 days. Such confusion also reflects
the limited knowledge available during the Edo period in Japan about these faraway parts
of the world. For example, Otsuki and Shimura supposed that they harbored in a place
that could be southern to Santa Catarina Island, at the mouth of the Plata River (which is
between Argentina and Uruguay), although they raised doubts about this based on the
observation that Brazil was part of the Portuguese (2 )v b 7 U, Porutogari) territory [5].

After crossing the equator, the castaways knew they were heading toward South
America and commented “To the south, from that point on, we no longer saw either the
North Star or the constellation of Ursa Major, so we were very amazed and commented
about it” [27]. In this section, they commented, “Sailing on the high seas, we spent two
or three days in places where the color of the water was different. The water had a dark
reddish color” [27]. This fact was remarkable, as it was also reported in [30] and was in-
vestigated by the naturalist Langsdorff [31], who concluded that “this effect arose from an
immense number of little crabs which floated upon the surface of the water”. This phe-
nomenon is caused by the final larval stage (Megalopa) of decapod crustaceans from the
deep sea, which was described, for example, for Moreiradromia antillensis on the shelf break
on the central coast of Brazil in 2002 [33].

One episode involving Japanese travelers aboard Nadezhda in South Atlantic waters
was mentioned by Krusenstern [30]: “We caught but one shark, part of which was eaten,
although it was not as good as a bonito. Our Japanese, however, ate the head and seemed
torelish it much”. Large sharks were much more abundant before the commercial exploita-
tion of the South Atlantic seas [34].

As the expedition approached the Brazilian coast, the increased heat was perceived in
their observations about the need for daily baths, sometimes two or three times a day [27].
Apart from the misregistered dates (probably due to the different calendars used at that
time [27]), they reported that in November 1803, they docked in a large port called Ekaterina
(=747 Y 7), supposed to be one of the largest ports in South America. This observation
reveals the scattered knowledge they had about the places they were passing through, both
for the Japanese travelers and for the transcribers, Otsuki and Shimura. At the beginning
of the 19th century, Santa Catarina was far from being an important port in Brazil when
compared to other ports such as Salvador and Rio de Janeiro, well established since the
16th century (at the end of the 17th century, Santa Catarina Island was marked simply as
“sterile and desert” in Coronelli’s world globes). For Krusenstern, the choice for this port
to restock provisions was due to the lowest fees when compared to major ports [30], cued
by La Perouse [35], who navigated through these waters a few years before and mentioned
the preference for Santa Catarina port instead of Rio de Janeiro to avoid the formalities of
the large cities. Other chroniclers passing through Santa Catarina in the 18th century also
commented on the convenience of this port due to the availability of wood and provisions
for ships [36-38].

Then, they describe that the harbor was large but formed a very shallow bay, so large
ships could not approach the shore. They also reported several small rivers flowing into
this bay. These descriptions, although somewhat vague, reveal their perception of the
North Bay of Santa Catarina Island and the wisdom at that time that already recognized
the limitations of navigation. The submerged relief of the North Bay is a shallow bay, with
an average depth of 5 m (in fact, this is a semiconfined system, as there is a connection with
the South Bay in a constriction approximately 500 m wide, with greater depth, as well as
its open connection to the ocean) [39].
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A precious description of canoes is also found: “the natives’ boats were as thin and
long as bamboo leaves. Its bottom consisted of a board nailed to a tree trunk split in a
half” [27]. Single-trunk canoe carving is a traditional vessel in many parts of the Brazilian
coast, including the Santa Catarina coast. Several chronists and travelers observed and de-
scribed these single-trunk canoes on Santa Catarina Island, some of them large enough to
transport 50 people [38]. According to Souza-Sobrinho [40], at that time, these canoes were
made of woods such as Aiouea glaziovii (Mez) R.Rohde, Terminalia kleinii (Exell) Gere and
Boatwr., Cedrela fissilis Vell., Ficus organensis Miq., F. christianii Carauta, F. insipida Willd.,
and Schizolobium parahyba (Vell.) S.F.Blake. Building and maintaining single-trunk dugout
canoes is an activity still found currently in this area [41], with registers of the contempo-
rary use of C. fissilis, Ficus sp., S. parahyba, and species of Nectandra and Ocotea. De Paula
et al. [42] found canoes about 200 years old in this same region; thus, some canoes cur-
rently found in this area date back to the beginning of the 19th century and are still in use.
In other words, the oldest canoes currently found on the Santa Catarina coast could be
contemporary to those witnessed by the Japanese castaways.

According to Kankai Ibun, Tajuro disembarked and observed a village with approxi-
mately a thousand houses. He probably visited the village of Sao Miguel, where the ships
were restocked with potable water. The distance from the port as described in Kankai [bun
is probably misregistered (20 ri, an old Japanese measure of distance, which would be
equivalent to approximately 80 km) because the distance to Sao Miguel village is no more
than 8 km from where they were docked. Tajuro and his colleagues interpreted the places
based on the knowledge they had at that time, such as describing the roof tiles as being
made of cherry tree bark—a species absent in this region—which is reliable in accuracy
only regarding the color of the traditional ceramic roof tiles when seen from a distance.
Ceramic clay tiles with a frustum-conical shape have been used since Portuguese arrival
in Brazil in the 16th century [43].

According to Kankai Ibun [27], they observed “an enormous number of trees on the
hills. Among the familiar trees were bergamot and orange” (Citrus spp.). The abundance
and quality of oranges, limes, and lemons at Santa Catarina Island is described by other
travelers (e.g., [36,38]). Krusenstern, Lisiansky, and Langsdorff [30-32] all remarked in
their registers on the luxuriant forests with an abundance of resources. These descriptions
could be embedded in the romantic ideal of European naturalists and travelers of that
time, who described picturesque and exotic landscapes but were also guided by their own
subjectivity [44]. In Kankai [bun, the luxuriant vegetation also attracted the attention of
Japanese travelers. Indeed, these descriptions converge to the physiognomy of the original
Atlantic Forest of Santa Catarina [45].

When the Russian expedition docked at Santa Catarina, provisions of staple foods,
fruits, and wood from forests were reported as abundant, while few areas were cultivated.
The registers of deforestation of the island started with the first reports of ships stopping
at Santa Catarina Island for wood supply, dating back to 1526, when a Spanish expedi-
tion traveling to the Mollucas Islands stayed there for four months, the time needed to
build a small vessel [46]. At that time, the use of the environment for cultivation was at a
very small scale for manioc, corn, and cotton production by Carijo indigenous people [46].
The strategic location and the abundance of wood and supplies attracted the attention of
navigators until the end of the 18th century and the beginning of the 19th century. Less
than three decades after the Japanese visit to Santa Catarina, Duperrey [47] did not find an
abundance of provisions and resources. According to Caruso [46], from 1748 onward, de-
forestation for agriculture increased with the settlement of Azorean migrants, and changes
in forest cover were already perceivable in the first years of 1800 [46].

The availability of trees at that time was essential for the supply of wood for the con-
struction of a new mast for Neva. Japanese travelers observed the arrival of the wood in
the port, which they described as “a very hard wood with red and black parts mixed to-
gether. The Russians called it karasunazeriwa” (%7 2 A+ + V) 7, probably krasnoye derevo or
krasnaya drevesina) or red wood. Also related to woods, they reported “They brought to the
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ship exotic woods that are light red in color and have spots the color of egg yolk. The day
we came to Nagasaki, several people told us that it was red sandalwood” [27]. They also
reported that they heard that a wood called suo &#j (X #+ 7)) was native to the region, but
they did not see this wood, which was interpreted by Gaudioso [27] as the word referring
to sappanwood (Caesalpinia sappan L., with occurrence in Asia) but in this case would be
the South American equivalent brazilwood [27] (Paubrasilia echinata (Lam.) Gagnon, H.C.
Lima and G.P. Lewis).

The identification of wood based only on color is very imprecise, and the descriptions
can refer to several different genera. Other travelers at the end of the 18th century reported
the abundance of trees used as high-quality wood but with scattered mentions of their color
or other characteristics. Wood species from that time that could be identified based on
occurrence and on Portuguese names include Cedrela fissilis, Ocotea odorifera (Vell.) Rohwer,
and Ocotea spp. [37,38] (species identifications were based on [40]), and some of them are
currently very rare in this area (e.g., Ocotea catharinensis Mez. [40]). Inregard to brazilwood,
other travelers mentioned the presence of “the Brazilian wood used for dyes” in Santa
Catarina at the end of the 18th century and the beginning of the 19th [38,48].

Paubrasilia echinata was a heavily exploited resource until the middle of the 19th cen-
tury [49]. Historical maps from the 16th century roughly depicted the presence of this
species in the region, although precise information about the geographical distribution in
these cartographies is hampered for two reasons: first, the need to show the precise local-
ization and geographical accidents of the discovered lands; and second, the choice of not
showing the distribution of resources of economic interest with both political and strategic
purposes [50]. The accepted distribution of brazilwood is the Atlantic Forest further north
of Santa Catarina [51,52]; however, these scattered registers of travelers and naturalists
of the 18th and 19th centuries [38,48] inspire thoughts about the unsure possibility of a
broader, albeit rare, distribution of this species.

Tsudayt also disembarked and observed a rice mill. Although we find few mentions

of rice cultivation (Oryza sp.) on the island, other authors mentioned the rice mill powered
by the aqueduct in Sdo Miguel [47], in the continental area, close to the place where ships
sought water supplies. Probably both Tajuro and Tsudayti could observe the village of Sao
Miguel, but is uncertain if they disembarked in Nossa Senhora do Desterro as well. Lisian-
sky [32] described the abundance of cereals and staples and provided a list of provisions
that could be purchased, including rice, wheat (Triticum sp.), corn (Zea mays L.), coffee (Cof-
fea arabica L.), and manioc (Manihot esculenta Crantz). The castaways believed that people
at Santa Catarina had corn as their main staple, and they observed the prohibition of eating
rice [27]. However, what they described as the corn flour prepared with hot water to make
a kind of glue was probably the first description of beiju or tapioca by Japanese eyes. The
main staple at that time was manioc, usually prepared as flour mixed with hot water and
eaten instead of bread [31]. For Langsdorff [31], corn and white bread were found only
among the “very highest and richest of the people”.

The Japanese travelers reported in Kankai Ibun several local products, such as “cab-
bages, turnips (thin, with no change in flavor), horseradish (round), Chinese melons, mel-
ons, watermelons, pumpkins, cucumbers, grapes, pepper (the fruits are small and the pep-
per trees grow like trees), oranges, walnuts (small), apples, sugarcane (the thick ones were
the diameter of a fist” [27]). Travelers’ reports since the 18th century mentioned the pres-
ence of a remarkable variety of oranges (Citrus spp.) [36,38,53], and melons, watermelons
(Cucurbitaceae), sugarcane (Saccharum officinarum L.), and grapes (Vitis vinifera L.) [38,53].
Few products listed by Lisiansky as purchased by the expedition [32] were the same as de-
scribed in Kankai Ibun: lemons (Citrus sp.), pumpkins (Cucurbita sp.), and bananas (Musa
sp.). While some of these crops and fruits were expected to be present in Santa Catarina
Island at that time, others could be reported as similar to fruits known in Japan.
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Their description of coconuts (Cocos nucifera L.) is as follows: “There were some very
large fruits. The outer shell was thick. When you removed it, you could see the very hard
inner shell, part of which looked like a person’s face. Its interior was full of oily meat,
sweet like nuts”. The enslaved people placed these fruits in a container and swam to the
ship to sell them. They reported that when they tried these fruits, “we feel the freshness in
our mouth and forget the intense heat, so we buy them and eat them several times” [27].
According to Kankai Ibun [27], Tsudayt had brought a shell-like object that he used as a
water container, and the writers of Kankai [bun concluded that it was indeed green coconut,
or kokkosu (2 v 3 R).

One of the richest descriptions is related to bananas (Musa sp.), as green plants that
produce 20 to 30 bunches of long things, with three longitudinal edges, without seeds,
which are green at the beginning but when mature turn yellow (Figure 1). They reported
the harvesting of these fruits when green and taking two days to mature, being sweet
and white in the interior, and considered it similar to akebi [27]. Akebi (Akebia quinata
(Thunb. ex Houtt.) Decne.) is a fruit native to Japan with a sweet flavor. It is worth noting
the slight changes in the representations of bananas in different versions of Kankai Ibun
(Figure 1 [5,54-58]). These differences reveal the novelty in the knowledge about this fruit
in 19th century Japan, probably mixed with the exotism of unknown lands and plants.

In addition to the plants among purchased products and goods, they also described
the cultivation of cotton, which was “identical to that observed in Japan”, but with larger
leaves [27]. Frézier [53] described in detail the presence of cotton on the island, which he
referred to as Gossypium arboreum L. or Xylon sp. [53]. At that time, cotton was reported by
other voyagers as one of the main crops [38], and probably cultivated by Carijo indigenous
people prior to European colonists [46]. There is an observation added by the writers of
Kankai Ibun, Otsuki and Shimura, about the possibility of these cotton plants surviving for
more than one year due to the warm weather.

Finally, Kankai [bun also mentions several animals witnessed by the Japanese cast-
aways’ eyes. Among the domestic animals, they observed pigs, with tusks and fatty meat,
and cattle, also with fatty meat; dogs similar to those in Japan, and tabby three-colored
cats, similar to those in Japan but seemingly more ferocious [27]. They also mentioned the
lack of fish and the availability of shrimp in abundance [27]. The lack of fish could be due
to climatic conditions (usually with a lower productivity in summer, the period when they
were docked at Santa Catarina), because other reports from the 18th century mention the
abundance of fish [36,37,53], but this can also indicate the beginning of the decline of local
fish stocks. One fish caught their attention, “with a square shell similar to that of a turtle”,
and with a skin similar to pufferfish (Figure 1), probably referring to Sphoeroides testudineus.

Non-domesticated animals include descriptions of long-tailed monkeys and “little
birds with a very beautiful color, blue and with red beaks and nasal holes. They sing doing
kiu kiu. When someone sticks out their tongue, they suck it with their beak” [27], probably
referring to hummingbirds. They also described what is supposed to be the Procyonidae
Nasua nasua, with whitish-gray fur, a long snout and striped tail, and a bad smell. Some
of these animals were raised on the ship, but several died during the trip; one probably
survived until they reached the port of Kamchatka. Oshima [59] presents excerpts of the
diaries of other tripulants of the Russian expedition, such as Ratmanov and Levenstein
(L —~r ¥ 2 & A, probably Lowenstern) describing other aspects of the animals found
in this part of the expedition, including an episode on board with captured monkeys and
the Japanese travelers.
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Figure 1. Examples of different versions of the drawings in Kankai Ibun on the nature elements ob-
served in Brazil. From left to right: bananas (Musa sp.), pufferfish (probably Spheroides testudineus)
and caiman (Caiman latirostris). The sources are indicated with the [5,54-58] in the bottom right of
each series of pictures.
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At the end of the reports about the stay at Santa Catarina Island, the document presents
a drawing (Figure 1) and a description of a caiman brought on board. It is described as
a four-legged cub of an animal called garukaruzeru (7 )V 71 )L £ V). The animal had thick
and dark skin, scales on its feet, and thorns on its tail. Its mouth was full of mismatched
teeth, and above the eyes were things that looked like calluses. Each paw had three nails,
and the Japanese castaways reported that they were told that “these calluses above the eyes
turn into horns when they grow and that they live both in the sea and in the mountains
and that they even hunt and devour men. Looking at the drawing of the dragon, we think
it looks similar. We even commented that it was truly a baby dragon” [27]. Following the
presented drawing, they concluded that it was a caiman, or crocodile (kokojiru, = 3 ¥ )L).
They also reported that the animal was killed and preserved by the use of a white chemical
substance, the removal of viscera and eyes, and the replacement of the eyes with spheres.
Lisiansky [32] also reported this episode: “we caught a young one and sent it on board the
Nadezhda to the naturalists, who have preserved the skin. Although this little monster was
scarcely a yard long alligator”. Caiman latirostris, or broad-snouted caiman, is distributed
in the eastern part of South America and is easily found in wetlands and mangroves on
Santa Catarina Island [60] until present day.

3. Materials and Methods

There were more than 30 manuscript copies of Kankai [bun circulating in Japan’s Edo
period [25]. The full version of Kankai Ibun was also published in a printed version in Tokyo
in 1986 [61] and in a collection of anecdotal stories of shipwrecked people under the title
Hyoryii kidan zenshu [21]. In this essay, I used Tomoko Kimura Gaudioso’s [27] Brazilian
Portuguese translation of volume 12 of Kankai Ibun as a main textual source. Other versions
were accessed and consulted for both text and images [5,54-58,61].

To triangulate information and to understand the context of the voyage at the end
of the 18th and beginning of 19th centuries, I searched for historical documents with de-
scriptions of the Russian expedition of Nadezhda and Neva ships and other documents de-
scribing the socioeconomic and environmental context of Santa Catarina Island (several of
them compiled by Haro [62]). The main sources about the Russian circumnavigation used
here were the reports of the Estonian captain of the expedition and commander of the main
ship, Nadezhda, Adam Johann von Krusenstern [30], originally published in German in
1803; the diary of the Ukrainian commander of Neva, the second ship in the Russian ex-
pedition, Yuri Fyodorovich Lisiansky [32]; and the registers of one of the naturalists on
board, the German doctor Georg Heinrich Freiherr von Langsdorff [31]. Ten years later,
Langsdorff would return to Brazil as the consul general of Russia, in Rio de Janeiro, and
after that, he would lead important naturalist expeditions in Brazil. Before joining the Rus-
sian circumnavigation expedition, Langsdorff practiced medicine in Lisbon, and thus was
familiar with the idiom used in Brazil. His 1813 book includes one of the first written tran-
scriptions of music in Santa Catarina, a “Brazilian Aria”. Souza-Sobrinho [40] mentioned
that Langsdorff collected more than 80 species of wood on his first travel to Brazil; unfortu-
nately, Langsdorff described the loss of most of the botanical samples due to humidity [31]
and published only descriptions of pteridophytes collected on this trip [63], but none of
them could be related to the Japanese descriptions. Other written reports from the Russian
circumnavigation, such as those registered by Wilhelm Gottlieb Tilesius von Tilenau, the
main naturalist on board Nadezhda, were not used due to the lack of contextual data to
allow relations to Kankai Ibun registers.

Botanical names mentioned in historical documents or in the literature were updated
following Plants of the World Online [64] and World Flora Online [65].

4. Conclusions

Little is known about what happened to the four castaways after the interrogation in
Edo. They supposedly returned back to their original towns, with the express prohibition
to tell what they witnessed outside Japan. Tajuro and Gihei died a short time after return-
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ing to their city, at 36 and 45 years old, respectively [29]. Tsudayt passed away at 70 years
old, and Sahei passed away at 67 years old [29].

The reports of these four people’s experiences around the world reveal pieces of in-
formation of places, plants, and animals that existed only in the imagination of Japanese
people, or were otherwise places and plants never thought of before. The wide circulation
of several copies of Kankai [bun during the Tokugawa Shogunate period played a role in the
construction of Japanese views on Brazil through the eyes of these four people, which cer-
tainly contributed profoundly to the future implementation of the friendship treaty signed
between Japan and Brazil [1] that ultimately resulted in the migratory waves of the begin-
ning of 20th century. These impressions and views may have also had subtle consequences
in the building of the several identities of Japanese descendants in Brazil [66].

These registers are invaluable historical reports that may be read and interpreted with
caution, filtered by all rich and dramatic context surrounding these events. In addition to
the caution already mentioned in analyzing records made by third parties of facts stored
in the memories of travelers, these reports may have incorporated distortions over time
due to transcriptions and along successive translations. However, several treasures are
still hidden behind these narratives. This amazing history of four people who unwittingly
traveled around the world and almost from one pole to another certainly has much more to
be explored under ethnobiological and ethnobotanical lenses. Beyond the Santa Catarina
passage, rich reports about all other points of passage are included in Kankai [bun. This is
still a rich and underutilized ethnographic document, showing us “a glimpse of the world
as it appeared to common Japanese sailors” [20].

Finally, in addition to testimonies related to biodiversity, historical records show dif-
ferent perspectives on environments and the world. They also help to understand how
identities are built from the past to the present, with so many connections in a multicul-
tural world.
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Abstract: The northern water hemlock is an endangered species that has been severely
diminished in Hungary due to water regulation and river control in the 18th and 19th
centuries. We collected data on this highly toxic plant from Hungary using archival sources,
including digitized databases of daily and weekly newspapers and books. By exploring
historical digital archives, we identified 88 locatable occurrence records spanning 65 flora
mapping grids, 52 of which represent new additions to its known distribution. Between
1721 and 1943, a total of 103 records were found relating to its vernacular names. The most
widespread names were csomorika (predominantly used in the Beretty6-Sarrét and Hortobagy
regions), mételytorzsa (Rétkoz, Taktakoz, Ecsedi-lap), and Kényi gyokér (Fert6-Hansag region).
Human poisonings caused by this species were primarily due to confusion with parsley, celery,
and, less frequently, parsnips or carrots, occasionally resulting in the deaths of entire families.
Children, in particular, were at risk when they accidentally consumed it raw as a snack. There
have also been instances of intentional homicidal use and unintentional fatalities associated
with its ethnomedicinal application. The plant was primarily used to treat scrofula (a form of
tuberculosis-induced lymphoma) and for abortion.

Keywords: Apiaceae; Central Europe; children’s snack; ethnoveterinary; habitat loss; local
ecological knowledge; Pannonian ecoregion; poisonous plants; wetlands

1. Introduction

Human-induced modifications to the landscape are a significant driver of biodiversity
loss [1]. Such activities include the ploughing of grasslands, deforestation, and wetland
drainage. A particularly noteworthy example is the profound transformation of the soil,
hydrological, climatic, and ecological conditions of the Hungarian Great Plain resulting from
river regulation [2]. Prior to the implementation of river regulation and drainage in the 18th
century, a substantial portion of the Pannonian Basin was periodically or permanently covered
by water [3]. In the valley of the River Tisza, the largest river regulation project in Europe
led to the destruction of approximately 38,000 km? of wetlands. This significant landscape
alteration resulted in considerable changes to both vegetation and fauna, including a dramatic
83% reduction in reedbed areas and the complete disappearance of floating islands [4].

As a result, this extensive landscape transformation has left us with limited informa-
tion regarding the flora and vegetation of the former wetland habitats, further exacerbating
the knowledge gap created by the river regulation efforts. To address this deficiency, the ex-
ploration of historical digital archives, which have previously proven effective in studying
past wetland grazing [4], emerges as a promising solution.
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For this purpose, we selected the highly toxic Cicuta virosa L. as a model species,
hypothesizing that its toxicity may have played a significant role in folk life, a role that may
be reflected in historical, printed sources contained within digital archives.

Northern water hemlock (Cicuta virosa) is the only European representative of the
genus. It is a circumpolar species, distributed across Eurasia (from Western and Central
Europe to Siberia, and the Korean Peninsula) and northwestern North America [5-8].

Cicuta virosa is a hemicryptophyte (hydro-helophytic) species. Its rootstock is multi-
chambered, containing a yellowish oily liquid (Figure 1A) and emitting a characteristic
smell of raw parsnip. The stem is thick and hollow (Figure 1B), and the petioles are inflated
and hollow. The leaves are alternate, pinnately compound (two or three times) (Figure 1C),
and may reach 30-120 cm in length. The leaflets are elliptic-lanceolate with acutely ser-
rate margins. The generative shoots are hollow with clusters of foliage (Figure 1B). The
umbellate inflorescence contains clusters of 30-50 flowers with white petals (Figure 1E).
The schizocarp fruits are approximately 2 mm long and 3 mm wide, with a much longer
pedicel (Figure 1F) [9,10]: 352.

Figure 1. Morphological characteristics of Cicuta virosa. (A) Rhizome resembling celery and its
longitudinal section with leaking yellowish, oily liquid; (B) hollow, articulate, generative stem
with nodular adventitious roots and its longitudinal section; (C) leaf; (D) flowering individual;
(E) inflorescence; (F) unripe fruits. Photo credits (A,B,D) by A. Molnér V.; (C,EF) by Sz. Kis.

The entire plant is highly toxic, with its primary active compounds being C-17
polyacetylene-type substances that induce respiratory paralysis and death through GABAA
receptor antagonism [11] and also inhibit potassium channels [12]. The most notable of
these toxins is cicutoxin [13,14], which has historically been responsible for fatal poisonings
among both humans and livestock [15]. The cicutoxin content in fresh plant material is
approximately 1.5%, and in dried material, it can reach 3.5% [10]. It also contains 11 other
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C-17 polyacetylene derivatives, the most important of which are oenanthotoxin, cicutol,
falcarindiol, and isocicutol [14].

Currently, Cicuta virosa is listed as endangered (EN) in Hungary [16], the Czech
Republic [17], and South Korea [8], and as vulnerable (VU) in Slovakia [18]. In Baden-
Wiirttemberg (Germany), the species is highly endangered, with its decline largely at-
tributed to the conversion and overuse of water bodies [10].

Our work was based on the two following assumptions: (i) Cicuta virosa may have
been much more widespread in Hungary before the river regulation and drainage works of
the 19th century; (ii) reports of human and livestock poisoning cases may have appeared in
archival, non-scientific sources, such as newspapers, magazines, and periodicals of the time,
and these contemporary records may provide valuable insights into the former distribution
and local knowledge related to the species.

2. Results

The studied Hungarian historical sources contain a wealth of information on Cicuta
virosa (Figure 2).

Tizennyoleadik évfolyam. SZ. Budapest, 1878. febr. 2

(Y 0(1\ /\SZA'I

AZ ORVOSTUDOMANY

hazai és kiilfoldi fejlédésének, kiilonosen a gyégygyakorlatnak

I{O7L()NYE

(Csalddmérgezés cicuta virosdval.
DUBAY MIKLOS tr. Budapes

Figure 2. Cicuta virosa in archival sources. (A) Illustration of the species in the work of A. Kubinyi [19]
published in 1842; (B) “Family poisoning with Cicuta virosa”: news on the cover of the journal
Gydgydszat in 1878: “On the 20th of October last year, I had the opportunity to observe a case of
a rather uncommon yet intriguing course of illness, which, precisely because it could easily recur
and had an exceptionally fortunate outcome, rightfully deserves to be presented in its entirety” [20];
(C) death certificate of a 6-year-old boy who consumed csomorika in 1803, Szeghalom, Eastern
Hungary: “The son of Janos Szarka, Mihaly, ate the csomorika which caused his death. He found the
csomorika by the bank of the ditch near their house, and in addition to him, one Catholic children
perished, while two others ate less and were saved by means of vomiting.”. (C): photographed by J.
Elids.

2.1. Historical Distribution of the Species

Currently, Cicuta virosa is a rare and endangered species in Hungary. The Vascular
Plants of Hungary online database [21] documents its occurrence in 39 flora mapping grids.
Through exploration of the historical digital archives, we identified 88 locatable occurrence
records covering 65 flora mapping grids, 52 of which represent additional distribution
points (Figure 3). By overlaying the hydrographic depiction of the Pannonian Basin’s
pre-regulation conditions onto the distribution data map derived from digital archives, it

94



Plants 2025, 14, 315

becomes evident that the recently identified distribution points correspond to locations
that were once covered by extensive wetlands, characterized by periodic or permanent
flooding. From this, we can infer that nearly half of the previous Cicuta virosa populations
have been lost due to the river regulation and drainage projects in the Pannonian Basin.

O Distribution data from digital archives

® Vascular plants of Hungary - online database
Distribution data from herbaria

Il Permanently flooded Periodically flooded area

Regional vernacular names

O Koényigyskér . Csomorika *...+ Mételytorzsa

Figure 3. Three most common regionally used vernacular names and complete distribution of
Cicuta virosa in Hungary, overlaid with the pattern of inundation. Areas that were permanently or
temporarily covered with water in Hungary prior to river regulation are distinguished (according to
the Hungarian Hydrographic Institute [3]). Full circles represent distribution data obtained from the
Vascular Plants of Hungary online database [21].

2.2. Vernacular Names of Cicuta virosa

Between 1721 and 1943, a total of 103 records were found concerning the Hungarian
vernacular names of the studied species (). The most widespread names and their variants,
along with their localization, sources, and brief explanations, are listed in Table 1. The most
common name, csomorika, is still used in official Hungarian nomenclature to designate the
species and has been known since 1578 (czomorika) [22]. The four most common names
were found in the sources studied from at least the late 18th to the early 20th century

(Figure 4).
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Figure 4. Temporal pattern of usage of the most common vernacular names for Cicuta virosa. The
bars represent the number of mentions for each name (including variants) across decades in the

studied literature.
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Table 1. Frequency of use of various vernacular names, their geographical distribution, and brief

explanations of the Hungarian terms.

Vernacular Name (Number of

Mentions) Region

Notes

Csomorika (22); Csomorika fii (3);
Gyilkos csomorika (19),
Meérges csomorika (3)

Beretty6-Sarrét region,
Hortobédgy (E-Hungary)

Csomorika is the most widespread and currently
used name for the plant. The specific epithets
(gyilkos, mérges) refer to toxicity of the plant
(killer and poisonous, respectively).

The Hungarian word forzsa means a thick,
fleshy plant stem. The word métely refers to the
liver fluke (Fasciola hepatica, Platyhelminthes), a

parasite of ruminants. In a general sense,
however, the word métely means a pathogenic,

harmful organism. Megmételyezni = to spoil,
poison, influence in a negative direction.

Meételytorzsa (9), Métel (1), Rétkoz, Taktakoz, Ecsedi-lap
Meétely (3), Mételfii (1). (NE-Hungary)

Konyi gyokér (15), . « .

Konyer Wurzel (1) Hansag, Fert6 (NW-Hungary)

Kény is a village in north-western Hungary,
where the plant was common in the early 20th
century. The word gyokér means root.

Vizibiirok (6), Vizi mérgesbiirok (2)

Méregbiirik (4) In several regions.

The word biirdk is usually used to designate the
species Conium maculatum, which also belongs
to the Apiaceae family and is severely
poisonous too. Cicuta is usually distinguished
from Conium based on their habitats (viz means
water, vizi is equivalent to aquatic).

2.3. Incidents of Poisoning

Didszegi Sdmuel, a Reformed preacher and renowned botanist, wrote the follow-
ing about Cicuta virosa: “The csomorika, among all plants, is the most wicked poison,
particularly its root, which can kill both humans and livestock in a short period” [23]: 195.

2.3.1. Human Poisoning

Historical records indicate the consumption of approximately 60 wild plant species
among Hungarian ethnic groups [24]. At least five species from the Apiaceae family
were commonly consumed in Hungary as soup, a spice, refreshing drinks, or children’s
snacks (Anthriscus cerefolium (L.) Hoffm., Daucus carota L., Heracleum sphondylium L.,
Pastinaca sativa L., Chaerophyllum bulbosum L.; [24,25]). Available data show that Cicuta
virosa was most commonly mistaken for parsley (seven cases) or celery (three cases), and
less frequently for parsnip or carrot. In a detailed incident, an entire family was poisoned
in 1878 by the root of Cicuta virosa mistaken for celery purchased at the local market [20].
In 1880, csomorika was cooked in soup, and the family later succumbed to poisoning [26].
“It has caused countless household poisonings, with its beautiful white umbellate flow-
ers, leaves resembling celery, hollow roots mistaken for parsley, or its seeds, similar to
aniseed” [27]: 108.

Many cases of poisoning have occurred among children who mistook it for other
edible roots, often resulting in death [28]: 203. In 1787, a schoolboy in Losonc (now Lucenec,
Slovakia) died after consuming the root, mistaking it for a carrot [19]. In 1796, three children
on the outskirts of Pest died after consuming Cicuta virosa [29]. According to the Reformed
Church registry in Szeghalom (March 1803), four children consumed a csomorika found on
the banks of a ditch; two died, while two were saved after vomiting [30]. In 1816, a prayer
was offered for a child who had eaten csomorika [31]: 201. In 1842, two boys and six girls ate
csomorika root mistakenly identified as parsnip, and some died soon after [19]. Additionally,
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children used the hollow stems to make whistles, unwittingly endangering themselves by
putting them in their mouths [32].

In 1722, during a witch trial in Békés County, a man was killed by his wife, who
prepared bath water with Cicuta virosa [33,34]: 22. The famous physician and naturalist
Janos Foldi wrote, “Many people still prepare murderous poison from it”. He believed that
instead of marking cultivation sites with prohibition signs, people should be informed about
the plant’s medicinal properties [29]. In a case in Dévavénya, a woman cooked csomorika
leaves in a stew for her alcohol addict husband, leading to his death by evening [35]. The
plant is also mentioned in a darkly humorous folk song, ‘Ki az urdt nem szereti, Csomorikat
f6zz6n neki, Ha ma vele megeteti, Még estvére kiteriti’ (“If she does not love her husband,
cook him Csomorika. If she feeds him today, he will be dead by night”) [36].

Although Cicuta virosa is not mentioned in Féller’s (1943) comprehensive work [37],
historical sources suggest its use in folk medicine, primarily against tuberculosis (lymphatic
gland inflammation) [38] and rheumatism [39]: 6. In Kiskunmaja, Kigy6s, and Szank, it
was used as an abortifacient. The root was washed and carefully inserted into the uterine
cavity; it induced miscarriage after 3 h [40]: 296. In some cases, these practices resulted
in fatalities, and records of criminal proceedings initiated thereafter have been preserved.
In 1868, a market vendor in Hajddszoboszl6 confessed to having cured a six-year-old girl
suffering from tuberculosis by preparing a decoction of Cicuta virosa root in milk. The child
died that evening in considerable suffering [38].

2.3.2. Poisoning Among Livestock

The majority of historical sources document cases of livestock mortality due to poison-
ing. Three examples of reports of poisonings caused by csomorika from different Hungarian
regions during 18th century are listed in Table 2. Sometimes Cicuta caused significant
damage; for instance, Pal Kitaibel reported that in 1799, it resulted in the death of twelve
oxen near Papa [41]. According to complaints from peasants in Szatmér County, “about
one-third of the cattle are lost every four years, partly due to the mételytorzsa” [42]: 436.

Table 2. Examples of sources providing ethnobotanical data on livestock poisoning from the 18th

century.
Region Original Text English Translation Source
, p ) Y . The herb, called csomorika, which is
A lapos és posvdnyos hellyeken levs csomorika . .
o . found in marshy places, is so dangerous
nevezetil fii a marhdnak olly veszedelmes, hogy . .
. P P o/ o7 to cattle that if they eat it, they are forced
Nagy-Sarrét ha azt megeszi, fél 6ra miilvdn elkelletik néki . . [43]: 331
. e . Py to die after half an hour. Because of this
veszni. E miatt is marhdinkban esztenddnként
. L2 we also suffer a lot of damage to our
nagy kdrt szenvediink.
cattle every year.
‘Egy nydj juhot téli id6ben széndval éppen olyan ~ In winter, a flock of sheep was fed by
rét aljon étettek, ahol az ilyen Tsomorikdnak hay at the bottom of a meadow where
torzsds gyokerei bbven taldltattanak. Ezt a juhok the roots of such “Tsomorika” were
Hajdusag még inkdbb rdgtik, mint a széndt (minthogy ezt~ found in abundance. The sheep like it [29]
édességének okdért kiilonben is szeretik). De for its sweetness and chewed it even
csakhamar kezdetiének is tdle szdmosan more than hay. But it soon began to
ledobbanni és megdogleni.’ cause many of them to fall and die.
‘A’ Hanysdgbann is valamint a’ Kényi-to In Hanysag as well as near Lake Kéonyi
mellett a’ Virmegye szélén, bbven taldltatik az  on the edge of the county, there is plenty
Hanség 1igy nevezett Konyi-gyokér melly olly mérges, of the so-called Kényi root which is so [44]: 805

hogy ha a’ marha meg taldlja enni, azonnal poisonous that if the cattle find it to eat,
feldagad s megdoglik.’ it swells up and dies immediately.
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In particular, in the Beretty6-Sarrét region (comprising the former Békés and Bihar
counties), where pastures were scarce, residents grazed their animals in the marshes of
the Nagy-Sarrét, where they often succumbed to poisoning. During the 18th and 19th
centuries, the damage caused by csomorika was substantial [45]: 5. In the Hansdg region, as
in Beretty6-Sarrét, it caused poisoning in cattle grazing on pastures in many instances [46].
Cicuta could have entered the animals’ diet either through hay used as winter feed for sheep
or through grazing in marshes [29]. However, sources also indicate that cattle generally
consumed csomorika only in times of scarcity (autumn and winter) or in swampy areas
where other vegetation was unavailable [47,48]. Reports of livestock poisoning from Cicuta
in Hungary include cattle, sheep, and horses. “It has often been observed that csomorika
kills horses, cattle, and sheep when carelessly offered to them as food” [19]. The majority
of poisoned livestock were cattle (35 cases), followed by horses (six cases) and sheep (four
cases). However, Di6szegi [23] noted that “it is said that the leaves of csomorika can be
safely consumed by sheep”. According to Greschik [49], larks and quails can pick the seeds
of Cicuta without danger.

The course of poisoning is usually rapid; in cattle, it typically occurs within 5-6 h [48],
a few hours [50], or even within half an hour [43]. Symptoms of poisoning include “inability
to walk, muscle twitching, whitening and lividity of the tongue, cessation of mucus pro-
duction (dry throat), and difficulty breathing” [50]. Katai (1858) [51] described the effects as
follows: “When consumed, it causes intense heat, pain, insatiable thirst, gastric ulceration,
hiccups, spasms, dizziness, a sensation of drunkenness, convulsions, and ultimately death.
After death, the abdomen swells to an enormous size, with the intestines and stomach
distended due to inflammation, causing them to collapse, while the brain vessels swell
with blood.” According to Kiss [46], “It is such a poisonous plant that when cattle find its
leaves mixed with other grasses, they become so bloated that their skin nearly bursts open,
leading to death.” Upon dissecting two steers that died from poisoning, it was reported
that “the rumen was highly bloated with gases, the reticulum was dry and hard with locust
leaves and root parts of the plant. The lungs were congested with blood and air was sparse.
In both cases, the diaphragm was pressed tightly against the lungs. Other organs were
intact. When the rumen was punctured during dissection, gas escaped with a trumpet-like
rattle, similar to that of a drumstick”.

Salt was considered the most effective antidote in ethnoveterinary for poisoning by
Cicuta. In Fiizesgyarmat, “salt is considered the best antidote. Therefore, if they notice
early enough that the cattle have been poisoned, they vigorously rub their tongues with
salt and administer water saturated with salt” [52]. In Sarrét (Bihar county), salt was also
placed into the mouth of a sheep that had consumed csomorika, or, in the absence of salt, the
shepherd would urinate into the sheep’s mouth [53]. Tannic acid [54], milk, and fat were
also mentioned as antidotes [55]: 786.

The rhizome is most commonly reported as the poisonous part of the plant (20 times),
followed by the leaf (10 cases), and the stem and fruit (1-1 cases). It has also been noted
that the evaporation of the plant’s leaves can cause dizziness and fainting [28,46], and that
a person could faint who is lying on a pillow with a Cicuta underneath [56]. Kubinyi [19]
suggested that the poisonous sap of the plant could contaminate water, especially in areas
where the plant grows abundantly.

Considering the damage caused to livestock and human lives, it is possible that the
decline in Cicuta virosa (Apiaceae) may have been due to its toxicity, in addition to the
draining of its habitats. Didszegi [23] stated, “it is only beneficial to eradicate it wherever it
is found”. Anonymous [57] noted, “csomorika weeds must be eradicated so that the crop of
God may grow”. In some provinces, the eradication of the csomorika is strictly ordered [19].
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3. Discussion

The implementation of river regulation and drainage projects has profoundly impacted
wetland habitats, leading to a significant reduction in species abundance and biodiversity,
primarily due to alterations in hydrological conditions [58,59]. Our analysis of historical
sources indicates that Cicuta virosa was far more prevalent in the Pannonian Basin prior to
the initiation of river regulation and drainage. Subsequent drainage efforts have led to the
disappearance or substantial modification of the species” habitats. Historical sources have
provided considerable information on the vernacular names of the species, the symptomes,
danger, and remedies used, and the extent of damage in cases of poisoning.

In a broader context, it is evident that plant poisonings among livestock and humans
occur widely across both spatial and temporal dimensions. Numerous plant species,
such as Conium maculatum L., Equisetum palustre L., Colchicum autumnale L., and Datura
stramonium L., present a significant threat to grazing livestock due to their toxicity [60].
However, members of the genus Cicuta and related species are particularly implicated
in a high number of severe poisoning cases. This has been observed in case of Oenanthe
crocata L. in France [61] and the United Kingdom [62]. Comparable toxic effects have been
associated with Oenanthe aquatica (L.) Poir., which has caused poisonings in grazing cattle
in Sweden [63] and Poland [64].

Poisoning incidents linked to Cicuta virosa have been extensively documented, par-
ticularly in the northern regions of Europe [65]. Carl Linnaeus devoted considerable
attention to Cicuta virosa in his travelogues, letters, and books [66,67]. The plant was one of
643 species studied for the food preferences of cows, goats, sheep, horses, and pigs [68].
Cases of poisoning in grazing animals, including dairy cattle, beef cattle, and ewes, con-
tinue to be reported in areas where Cicuta virosa is prevalent, especially in northeastern
Germany [69]. Additionally, two closely related species, Cicuta maculata L. and Cicuta
douglasii (DC.) Coult. & Rose, have been responsible for poisoning incidents in North
America, affecting both swine and cattle. One such incident in northwestern Utah resulted
in the deaths of nine Hereford cows after they ingested Cicuta maculata in a streamside habi-
tat. Necropsy revealed stomach contents containing cicutoxin and two other cicutol-like
compounds [70]. These observations underscore the continued relevance of plant toxicity
in livestock management.

Reports of human poisonings attributed to Cicuta virosa have emerged in several
countries, including Norway [71], The Netherlands [72], Poland [73], and Sweden [74].
Similarly, Cicuta maculata has been implicated in multiple human poisoning cases in North
America. One tragic incident involved the fatal poisoning of a 14-year-old boy, who mistak-
enly identified Cicuta maculata as a ‘wild carrot’ [75]. Children appear to be particularly
vulnerable, as evidenced by reports from various parts of the world, including Poland [73],
France [76], and the United States [77]. The latter report described an incident in which
17 boys, aged 9 to 13, exhibited symptoms of poisoning. It was later revealed that five of
the boys had consumed the root of Cicuta maculata, resulting in severe convulsions, while
the remaining twelve had ingested only its leaves and flowers.

The lesson of our article is the importance of information in non-academic sources
written in local languages (such as daily and weekly newspapers), whose accessibility
is increasing dramatically with digitization. In particular, these sources can contribute
important information about organisms that have played an important role in the life of
humankind (e.g., species used as animal feed or human food or for handicraft produc-
tion, and poisonous taxa). The challenges associated with processing articles written in
national (non-English) languages present difficulties in preparing comprehensive scien-
tific reviews [78]. The importance of non-English-language scientific articles in biological
research has been acknowledged by several authors [79,80]. Furthermore, printed media
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(e.g., newspapers) and online platforms occasionally contribute to raising awareness of
various issues in conservation biology [81,82].

4. Materials and Methods

To investigate the former distribution and local folk knowledge of Cicuta virosa, we
conducted content analysis using the digital archives of Arcanum [83], Hungaricana [84],
and Szaktars [85]. These archives contain digitized Hungarian-language journals, mag-
azines, dailies, weeklies, courtesy letters, and books. The following search terms were
employed: the scientific names of the species (Cicuta, Cicuta virosa, Cicuta angustifolia, Cicuta
linearis), the official Hungarian name of the species (gyilkos csomorika), and various folk
names of the species (csomorika, csomorika fii, tsomorika, mételytorzsa, méregbiirok, vizibiirok,
kony gyokér, konygyokér, kényi gyokér, kényigyokér). For the results obtained, the following
data were recorded in an Excel spreadsheet: locality, date, folk names, poisoning incidents,
symptoms, number of fatal incidents, antidotes, ethnomedicinal or ethnoveterinary uses,
and plant parts consumed or used. Distribution data refer to the records that could be
identified with sufficient precision to be placed in the flora mapping grids of the Central
European Flora Mapping System [86] and that were not included in the Vascular Plants of
Hungary online database [21] and had no data in the collections of the four most important
Hungarian herbaria (BP, DE, EGR, BPU) [87-90]. The taxon does not even seem to be
reported by archaeobotanical research in Hungary (e.g., see Gyulai [91]).

5. Conclusions

Our study has confirmed our hypothesis that historical digital archives in Hungarian
contain substantial information regarding the past distribution and knowledge of the highly
poisonous species Cicuta virosa. Thus, it can be asserted that digital archives in non-English
languages hold significant potential for enhancing ethnobiological and biogeographical
knowledge of organism with significant economic and/or cultural significance.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/plants14030315/s1, Table S1: Distribution, ethnomedicinal, and
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reference list, please see the main text. References [92-151] are cited in the Supplementary Materials.
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Abstract: Since the 16th century, Western countries have conducted extensive plant collections in
Asia, particularly in China, driven by the need to collect botanical resources and foster academic
development. These activities have not only significantly enriched the Western botanical specimen
collections but have also had a profound impact on the development of related disciplines such as
botany, ecology, and horticulture. During this process, a large number of renowned plant hunters
emerged, whose discoveries and contributions are still remembered today. George Forrest (1873-1932)
was one of these distinguished plant hunters. From 1904 to 1932, he visited China seven times to
collect plants and became famous for the regional distinctiveness of the species he collected. However,
due to the lack of systematic collection, organization, and analysis of specimens collected by Forrest,
only a few species, such as the species Rhododendron, are well-known among the many species he
introduced to the West. Furthermore, the personal collecting characteristics and the characteristic
species collected by Forrest are also not clear. This limits a comprehensive understanding of the
specimen collection history and impact of Forrest in China. Therefore, systematic organization and
analysis of Forrest’s plant specimens collected in China are crucial to understanding his impact on
botanical classification, Rhododendrons introduction, global horticulture, and plant propagation. This
study aims to systematically organize and analyze the plant specimens collected by George Forrest in
China to investigate the family, genus, and species composition of the collected specimens and the
seven collection expeditions of Forrest in China, as well as the time and altitude of these collections.
Furthermore, it seeks to discuss Forrest’s scientific contributions to the global spread of plants, the
widespread application of the Rhododendron, and his impact on the development of modern gardens,
providing a theoretical basis and data reference for related research and professional development. To
this end, we extensively consulted important historical literature related to Forrest and systematically
collected data from online specimen databases. The conclusions drawn from the available data
include 38,603 specimens, with 26,079 collection numbers, belonging to 233 families, 1395 genera,
and 5426 species, which account for 48.24%, 32.63%, and 14.17% of the plant families, genera, and
species in China, respectively. Rhododendron specimens made up 17.20% of the specimens collected in
this study. The collection locations cover three provinces or autonomous regions, 11 prefecture-level
cities, and 25 counties. Furthermore, we found that Forrest’s collections were concentrated in spring
and summer, mainly in high-altitude areas, with 135 species found below 1500 m and 3754 species at
1500 m and above. Rhododendron specimens were mostly found above 3000 m.

Keywords: specimen collection; Rhododendron; plant collection history; ethnobotany

1. Introduction

Western developed countries have extended their research on plant resources far
beyond their own borders [1,2], making plant specimens from various national herbaria
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important reference materials for botanical research. Plant specimen collection is closely
related to ethnobotany, which is concerned not only with the classification and usage
of plants but also with the interactions between plants and local cultures, traditional
knowledge, and social practices. The collection and study of plant specimens provide an
empirical basis for ethnobotany, enabling researchers to gain a deeper understanding of the
history of plant usage and cultural significance in specific ethnic cultures and providing
important research materials for understanding the corresponding local ethnic cultures.
Airy Grasa et al. demonstrated the robustness of pharmaceutical ethnobotanical knowledge
in the Catalan region by studying about 6000 plant specimens from the herbarium of Catalan
pharmacist and naturalist Francesc Bolos (1773-1844) and concluded that the historical
herbarium is a relevant source of ethnopharmacological information [3]. Ingvar Svanberg
et al. explored the folkloric botanical knowledge of Loptuq by studying the plant specimens
collected by the Swedish explorer Sven Hedin (1865-1952) in the early 20th century, as well
as demonstrating that historical herbarium is of great value in understanding the culture
and history of Loptuq [4].

China is recognized as one of the countries with the richest biodiversity [5], and it has
seen its plant resources highly valued and widely utilized in Western countries [6]. This
phenomenon dates back to the 16th century when Western botanists and collectors began
to explore China’s abundant plant resources [7]. Over time, this botanical collection craze
attracted many Western botanists and collectors to China, where they conducted extensive
collection activities, significantly enriching Western botanical studies and making notable
contributions to global garden landscapes and biodiversity [8-10]. This process has given
rise to a number of renowned plant hunters whose discoveries and contributions are still
remembered today [11-13].

George Forrest (1873-1932) was an outstanding botanist and plant hunter born in
Falkirk, Scotland. He studied at Kilmarnock Academy and learned some medicinal knowl-
edge of plants and the art of making herbarium specimens from a local pharmacist, which
laid a solid foundation for his later work at the herbarium of the Royal Botanic Garden
Edinburgh. Forrest played a significant role in the early 20th-century plant collection
boom [14]. From 1904 to 1932, he made seven collecting expeditions in China, visiting
areas in Yunnan Province, Sichuan Province, and the Tibet Autonomous Region, and over
100 species have been named after him [15], making him one of the most famous plant
hunters in the 20th century. Forrest was renowned for collecting species with distinctive
regional characteristics, such as those from Rhododendron, Primula, and Gentiana. These
species, which have been continuously propagated and bred into new varieties in Western
gardens, owe much to his extensive collections in China [16-18].

Forrest was not only a plant collector but also a practitioner of ethnobotany. During
Forrest’s plant collecting expeditions, he not only traveled deep into the mountains and
rivers of Southwest China but also established good relationships with local residents.
Through his interactions with them, Forrest not only learned about the local language and
customs but also gained first-hand knowledge of the unique plant culture of Southwest
China. He provided his local assistants with in-depth training in plant collection and
classification, imparting botanical knowledge while assimilating local understanding and
use of plants. Years of exploring China gave Forrest a deep insight into the natural
geography, biodiversity, and ethnic cultures intertwined with them in Southwest China.
The plant specimens he collected not only recorded the botanical diversity of Yunnan and
its surrounding regions but also served as a valuable source of ethnobotanical research.
These specimens not only reveal the biological characteristics of the plants but also contain
a wealth of knowledge about the local people’s perception, utilization, and conservation of
these plants. Therefore, the study of Forrest’s botanical specimens is of inestimable value to
the in-depth understanding of botanical culture, history, and the role of plants in the local
society in Southwest China.

Although Forrest’s collecting activities hold a very important position in the history of
botany, existing research on his plant specimen collections in China is scarce and mainly
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based on historical literature, lacking substantial data sources for support. There is also
a deficiency in research and analysis on factors such as the collection time and altitudes
of the plant specimens, which affects the accuracy and comprehensiveness of the studies,
limiting our understanding of Forrest’s history and impact of plant specimen collection
in China [19]. Therefore, there is a need to systematically collect, organize, and study the
plant specimens of Forrest in China to fill the gaps in current research. We extensively
reviewed important historical literature related to Forrest and utilized online databases of
herbarium collections. We employed Python to process data information, visualized the
results of his collections, and analyzed his seven expeditions in China, including the species
collected, date of collection, regional distribution of the collected plants, and factors related
to the habitats, seasons, as well as preferences of the collected species. The study aimed
to thoroughly review Forrest’s botanical collections in China, explore his contributions to
global plant dissemination, assess his impact on modern garden development, as well as
provide a theoretical basis and data reference for related research.

2. Data and Methods
2.1. Data Sources

The sources of specimen data for this study are primarily divided into two parts:
(1) online databases of collections held by various countries, as detailed in Table 1;
(2) literature sources, as detailed in Table 2. The data collection cut-off date was 30 August
2022. A total of 38,603 plant specimen records were collected in this study, with each
specimen record containing the collection number, species name, date of collection, place
of collection, and some other information from the original collection record.

Table 1. The online sources of collected specimen records.

Herbarium

No. Country Herbarium Name Website Code Number
. https:
1 UK G;jggﬁ;i?:ﬁ:ﬁi h / /data.rbge.org.uk/search/herbarium/ E 9566
& (accessed on 30 August 2022)
. Biological Collections of the http://ch.loz.ac.cn/Vlew/Home/
2 China Chinese Academy of Science Specimen.aspx (accessed on PE 7751
© yo ° 30 August 2022)

Smithsonian National https:/ /collections.nmnh.si.edu/search/
3 USA Museum of Natural History botany/ (accessed on 30 August 2022) us 4208
4 China Herbarium of Sun / SYS 2240

Yat-sen University

. South China Botanical Garden  http://herbarium.scbg.cas.cn/ (accessed

> China Herbarium on 30 August 2022) IBSC 1967
. https:/ /data.nhm.ac.uk/ (accessed on
6 UK The Natural History Museum 30 August 2022) BM 1857
https:
7 UK Royal Botanic Gardens, Kew / /apps.kew.org/herbcat/navigator.do K 1564
(accessed on 30 August 2022)

Herbarium, Kunming http:/ /groups.kib.cas.cn/kun/ (accessed

8 China Institute of Botany, Chinese pr//groups. db.cas. KUN 1268
: on 30 August 2022)
Academy of Sciences

Muséum National https:/ /www.mnhn.fr/fr/collection-des-

9 France plantes-vasculaires (accessed on P 1069

d’Histoire Naturelle

30 August 2022)
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Table 1. Cont.

No. Country Herbarium Name Website Heeroa;Lum Number
Herbarium of the Arnold https:/ /kiki.huh.harvard.edu/databases/
10 USA Arboretum, Harvard specimen_index.html (accessed on A 1014
University Herbaria 30 August 2022)
1 China Herbarlurp, School 9f Llf.e / AU 284
Sciences, Xiamen University
Swedish Museum of https:/ /herbarium.nrm.se/ (accessed on
12 Sweden Natural History 30 August 2022) 5 233
Naturalis Biodiversity Centre,  https://bioportal.naturalis.nl/nl/result
13 Nederland formerly Leiden University (accessed on 30 August 2022) L 165
Missouri Botanical Garden https:/ /tropicos.org/specimen/Search
14 usA Herbarium (accessed on 30 August 2022) MO 65
15 China The Herbarhlum pf Nanjing / N 5
University
William and Lynda Steere . .
16 USA Herbarium of the New York https://sweetgum.nybg.org/science/vh/ NY 45
. (accessed on 30 August 2022)
Botanical Garden
Botanischer Garten und httPs:/ /w'w.w.k?gbm.org/blodlvmf/
17 Germany Botanisches Museum Berlin projects/digitalisierung/default.htm B 40
(accessed on 30 August 2022)
Herbarium of the Jiangsu
. Province and Chinese
18 China Academy of Sciences, Institute / NAS 31
of Botany
https://databas.evolutionsmuseet.uu.se/
19 Sweden Museum of Evolution botanik /home.php (accessed on uPs 31
30 August 2022)
The Botanical Collection at the ~ https://www.calacademy.org/scientists/
20 USA California Academy botany-collections (accessed on CAS 19
of Sciences 30 August 2022)
. https:/ /www.rbg.vic.gov.au/science/
21 Australia GI::g:rllsB\O/’i[?’::)lfia herbarium/accessing-the-collection/ MEL 13
(accessed on 30 August 2022)
Lushan Herbarium, Jiangxi ) )
22 China Province, Chinese Academy http://lbg.Isbg.cn:88/ (accessed on LBG 8
. 30 August 2022)
of Sciences
23 China H.erbarlulp, College .Of Llfe / s7 6
Sciences, Sichuan University
https:/ /www.uib.no/en/naturalhistory/
24 Norway Bergen Botanical Garden 148995 /herbarium-bg (accessed on BG 5
30 August 2022)
25 China Herbarium, / YUKU 4
Yunnan University
Herbarium of Northwest
26 China Institute of Plateau Biology, / HNWP 2
Chinese Academy of Sciences
. Herbarium of the Department
z China of Biology, Fudan University / FUS 2
28 China Fujian Normal University / FNU 2
29 China Herbarium, Department of / PEY 1

Biology, Peking University
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Table 1. Cont.

No. Country Herbarium Name Website Heeroa;Lum Number
Herbal Medicine Specimen
30 China Museum, School of Pharmacy, / PEM 1
Peking University
Herbarium of Guangxi
31 China Institute of Botany, Chinese / IBK 1

Academy of Sciences

Note: Some herbariums did not have official websites, and the related specimen records from these herbariums
were accessed through GBIF (https:/ /www.gbif.org/species/search, accessed on 30 August 2022) and iDigBio
(https:/ /www.idigbio.org/, accessed on 30 August 2022).

Table 2. The literature sources of collected specimen records.

No. Literature
1 Plantae Chinenses Forrestianae: Catalogue of all the plants collected by George Forrest during his fourth
exploration of Yunnan and eastern Tibet in the years 1917-1919.
2 Plantae Chinenses Forrestianae: Numerical catalogue of all the plants collected by George Forrest during his
first exploration of Yunnan and eastern Tibet in the years 1904, 1905, 1906 (Nos. 1-1120).

3 Plantae Chinenses Forrestianae: Numerical catalogue of all the plants collected by George Forrest during his
first exploration of Yunnan and eastern Tibet in the years 1904, 1905, 1906 (Nos. 1121-2757).

4 Plantae Chinenses Forrestianae: Numerical catalogue of all the plants collected by George Forrest during his
first exploration of Yunnan and eastern Tibet in the years 1904, 1905, 1906 (Nos. 2758—4481).

5 Plantae Chinenses Forrestianae: Numerical catalogue of all the plants collected by George Forrest during his
first exploration of Yunnan and eastern Tibet in the years 1904, 1905, 1906 (Nos. 4482-5099).

6 Plantae Chinenses Forrestianae: Catalogue of all the plants collected by George Forrest during his fourth

exploration of Yunnan and eastern Tibet in the years 1917-1919: 001-148.
7 Plantae Chinenses Forrestianae: Catalogue of all the plants collected by George Forrest during his fourth
exploration of Yunnan and eastern Tibet in the years 1917-1919: 147-406.
8 Plantae Chinenses Forrestianae: Catalogue of the plants (excluding Rhododendron) collected by George
Forrest during his fifth exploration of Yunnan and eastern Tibet in the years 1921-1922.

9 Plantae Chinenses Forrestianae: Catalogue of the species arranged in alphabetical order.

10 Plantae Chinenses Forrestianae: Catalogue of the species arranged in natural orders.

11 Plantae Chinenses Forrestianae: Catalogue of the species arranged in natural orders (continued).

2.2. Data Processing
2.2.1. Preprocessing

To address inconsistencies in data sources, formats, and completeness, we used a

combination of Python programming and manual processing for data preprocessing. The
original specimen collection records contained non-standardized date entries such as
“19050800”, “15-Nov-05", “1906/2/9”, and so on. To standardize date formats, we first
reviewed the collection dates in the specimen data, converting various record formats into
corresponding regular expressions for extracting the year, month, and day, and standard-
ized the dates to the ‘year/month/day’ format. For date formats that the program could
not automatically process, we manually standardized these dates. Similarly, the original
altitude records were not standardized, with entries like “6000 to 7000 ft”, “6000-7000 ft”,
“9-10,500 ft”, and so on. For the automated processing of altitude data, we adopted a
similar approach: first reviewing the specimen data for collection altitudes, converting
various record formats into corresponding regular expressions for extracting altitude data,
and converting the altitudes to meters in a standardized format. For altitude data that the
program could not automatically extract and process, we manually handled the extraction
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and processing of these altitudes. These unextractable altitude data often stemmed from
spelling errors in the original records, such as ‘0" being written as the letter ‘o’, which
significantly increased the difficulty of data preprocessing.

2.2.2. Scientific Name Verification

In order to verify the scientific names of the specimen data, we used the plant name ver-
ification function provided by iPlant (https://www.iplant.cn/pnc, accessed on 3 December
2023) along with the World Checklist of Selected Plant Families
(https:/ /wcesp.science.kew.org/, accessed on 3 December 2023) to determine the most
up-to-date taxonomic scientific names of the specimens. The plant name verification func-
tion provided by iPlant includes three modes: iPlant Name Standardization, Catalogue
of Life China (CoL-China) 2022 Annual Checklist, and Global Botanical Nomenclature
Verification. To ensure the accuracy and completeness of the scientific name verification as
much as possible, we used these three modes in order during the verification process and
supplemented them with the World Checklist of Selected Plant Families.

2.2.3. Recoding Collection Numbers

Since different collections might have dissimilar identification results for the specimens
with the same collection number, this study adhered to the following principles to finalize
the identification results of specimens of the collection number:

a. If the collection number existed in both the online data and the original literature, the
latest identification results (family, genus, species) of the online herbarium and other
specimen information (time and location) in the original literature were retained;

b.  If there were multiple specimens with the same collection number but different
identification results, we followed the principle of majority rule, combining with the
specimen information and expert judgment to prioritize the identification result that
had the highest number of consistent identifications across different specimens, and
assigned the same new collection number to these specimens. If it was not possible
to determine the final result based on the majority rule, then we assigned different
new collection numbers to these specimens in sequence.

2.2.4. Collection Date

Since the specimen data from herbaria was obtained through the recognition of For-
rest’s original handwritten information, errors inevitably occurred in this process. For some
clearly erroneous or unrecognizable collection dates, we attempted to correct or complete
them based on some reasonable rules. Specifically, if the collection date of a specimen was
obviously outside the range of Forrest’s collecting years, we identified it as an incorrect
collection date. We then corrected it based on the collection dates of other specimens with
the same collection number, following the principle of majority rule. If the majority of
collection dates for specimens with the same collection number were the same, we used
this collection date to correct the erroneous collection date, thus ensuring the accuracy of
the data. For specimens whose collection dates could not be effectively recognized, we
completed them following the same principles, thereby further enhancing the completeness
of the data.

2.2.5. Collection Location

To analyze the routes and areas covered by the specimen collected by Forrest, we
needed to extract the location descriptions from the original records of the specimens,
which were written in the Wade—Giles system. Since the spelling of location names often
incorporated dialects and were non-standard, this presents considerable challenges in
verifying location names, necessitating the use of information from multiple sources.
The primary sources for this study include The Place Name of Chinese Plant Collection [20]
and internet searches. For specimens whose location names could not be extracted, we
determined the specific locations of the specimens based on the latitude and longitude
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information from the original records. Subsequently, we further investigated changes in
the administrative divisions of China, comparing ancient maps from the literature [21]
with current administrative maps to definitively determine the municipal affiliation of
the collection locations. Once the location names were established, they were combined
with the number of specimens collected from each location and a region heatmap of the
collected specimen number (Figure 1) was created.
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Figure 1. Distribution map of the collected specimen number. (AP: Autonomous Prefecture, the color
on the distribution map represents the number of specimens collected by Forrest and his team, with
darker color indicating a higher number of collected specimens.).

3. Results of Analysis of Forrest’s Specimen Collection Activities
3.1. Taxonomic Composition
3.1.1. Family, Genus, and Species

According to the collected data, there are 38,492 identified plant specimens belonging
to 233 families. In terms of the number of collected specimens (Table 3), the top 10 families
are Ericaceae (7426 specimens), Rosaceae (2672 specimens), Asteraceae (2294 specimens),
Primulaceae (2031 specimens), Orchidaceae (1640 specimens), Fabaceae (1288 specimens),
Ranunculaceae (1200 specimens), Lamiaceae (799 specimens), Gentianaceae (682 speci-
mens), and Papaveraceae (595 specimens). Looking at the number of species collected
(Table 4), the top 10 families are Asteraceae (478 species), Rosaceae (335 species), Ericaceae
(323 species), Fabaceae (230 species), Orchidaceae (229 species), Lamiaceae (205 species),
Primulaceae (178 species), Ranunculaceae (173 species), Gentianaceae (116 species), and
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Orobanchaceae (108 species). It is evident that, whether from the perspective of the number
of specimens or the number of species collected, Forrest’s collection obviously favored
species with ornamental value, such as those from Ericaceae, Rosaceae, and Asteraceae.

Table 3. Top 10 families with the most collected specimens.

No. Family Num.b er of Percentage
Specimens
1 Ericaceae 7426 19.29
2 Rosaceae 2672 6.94
3 Asteraceae 2294 5.96
4 Primulaceae 2031 5.28
5 Orchidaceae 1640 4.26
6 Fabaceae 1288 3.35
7 Ranunculaceae 1200 3.12
8 Lamiaceae 799 2.08
9 Gentianaceae 682 1.77
10 Papaveraceae 595 1.55
Table 4. Top 10 families with the most collected species.

No. Family Number of Species Percentage
1 Asteraceae 478 8.81
2 Rosaceae 335 6.17
3 Ericaceae 323 5.95
4 Fabaceae 230 424
5 Orchidaceae 229 4.22
6 Lamiaceae 205 3.78
7 Primulaceae 178 3.28
8 Ranunculaceae 173 3.19
9 Gentianaceae 116 2.14
10 Orobanchaceae 108 1.99

According to the collected data, there are 38,440 identified plant specimens belonging
to 1395 genera. In terms of the number of collected specimens (Table 5), the top 10 genera by
collection number are Rhododendron (6640 specimens), Primula (1488 specimens), Cotoneaster
(425 specimens), Gentiana (419 specimens), Saxifraga (373 specimens), Euonymus (363 speci-
mens), Meconopsis (346 specimens), Pedicularis (345 specimens), Sorbus (339 specimens),
and Rubus (338 specimens). In terms of the number of collected species (Table 6), the top
10 genera are Rhododendron (242 species), Primula (103 species), Pedicularis (85 species),
Gentiana (70 species), Saussurea (67 species), Saxifraga (63 species), Rubus (51 species), Co-
toneaster (51 species), Corydalis (41 species), and Ligularia (39 species). It is evident that
Forrest had a particular interest in flowering plants such as those from the Rhododendron,
Primula, and Gentiana, which can be extensively used in horticulture.

According to the collected data, there are 36,336 identified plant specimens belong-
ing to 5426 species. In terms of the number of collected specimens (Table 7), the top
10 species by collection number are Rhododendron rupicola (204 specimens), Rhododendron
beesianum (145 specimens), Rhododendron fulvum (135 specimens), Rhododendron primuliflo-
rum (128 specimens), Rhododendron roxieanum (121 specimens), Rhododendron anthosphaerum
(119 specimens), Rhododendron wardii (113 specimens), Rhododendron haematodes subsp.
chaetomallum (99 specimens), Rhododendron adenogynum (98 specimens), and Rhododen-
dron racemosum (97 specimens). It is evident that Forrest frequently collected the species he
favored, particularly various species of Rhododendron.
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Table 5. Top 10 genera with the most collected specimens.

Number of

No. Genus . Percentage
Specimens
1 Rhododendron 425 17.10
2 Primula 419 3.83
3 Cotoneaster 373 1.09
4 Gentiana 363 1.08
5 Saxifraga 346 0.96
6 Euonymus 345 0.93
7 Meconopsis 339 0.89
8 Pedicularis 338 0.89
9 Sorbus 425 0.87
10 Rubus 419 0.87
Table 6. Top 10 genera with the most collected species.
No. Genus Num.b er of Percentage
Specimens

1 Rhododendron 242 4.46
2 Primula 103 1.90
3 Pedicularis 85 1.57
4 Gentiana 70 1.29
5 Saussurea 67 1.23
6 Saxifraga 63 1.16
7 Rubus 51 0.94
8 Cotoneaster 51 0.94
9 Corydalis 41 0.76
10 Ligularia 39 0.72

Table 7. Top 10 species with the most collected specimens.

Number of

No. Species Specimens Percentage
1 Rhododendron rupicola 204 3.76
2 Rhododendron beesianum 145 2.67
3 Rhododendron fulvum 135 2.49
4 Rhododendron primuliflorum 128 2.36
5 Rhododendron roxieanum 121 2.23
6 Rhododendron anthosphaerum 119 2.19
7 Rhododendron wardii 113 2.08
8 Rhododendron haematodes subsp. chaetomallum 99 1.82
9 Rhododendron adenogynum 98 1.81
10 Rhododendron racemosum 97 1.79

3.1.2. Species Composition of Main Genera

Among the specimens collected by Forrest, the main genera with higher numbers and
greater influence on later generations are Rhododendron, Primula, Gentiana, and Cotoneaster.
Forrest collected 242 species of Rhododendron, among which there is only 1 species with
over 200 specimens, accounting for 0.42% of the Rhododendron species, and 6 species with
100-199 specimens, making up 2.47% (Table 8). He collected 103 species of Primula, with
4 species having 40 or more specimens, representing 3.88% of the Primula species, and
9 species with 30-39 specimens, accounting for 8.74% (Table 9). Seventy species of Gentiana
were collected by him, with two species having over 20 specimens, comprising 2.85% of the
Gentiana species, and nine species with 10-19 specimens, representing 12.86% (Table 10). In
addition, Forrest collected 45 species of Cotoneaster, with 8 species having over 20 specimens,
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making up 17.78% of the Cotoneaster species, 6 species with 10-19 specimens, representing
13.33%, and 31 species with 1-9 specimens, accounting for 68.89% (Table 11).

Table 8. Species composition of collected specimens of Rhododendron.

Number of Specimens Number of Species Percentage
>200 1 0.42
100-199 6 247
50-99 30 12.40
1-49 205 84.71
Total 242 100.00

Table 9. Species composition of collected specimens of Primula.

Number of Specimens Number of Species Percentage
>40 4 3.88
30-39 9 8.74
20-29 12 11.65
10-19 27 26.21
1-9 51 49.52
Total 103 100.00

Table 10. Species composition of collected specimens of Gentiana.

Number of Specimens Number of Species Percentage
>20 2 2.85
10-19 9 12.86
1-9 59 84.29
Total 70 100.00

Table 11. Species composition of collected specimens of Cotoneaster.

Number of Specimens Number of Species Percentage
>20 8 17.78
10-19 6 13.33
1-9 31 68.89
Total 45 100.00

3.2. Collection Expeditions

In this section, we will analyze the regions, time, and altitudes involved in the
seven collecting expeditions of Forrest and his team by combining previous literature
studies and corroborating with specimen information. It is important to note that Forrest
rarely distinguished between plants he collected himself and those collected by his team.
For example, the same plant species collected on the same day might be recorded as be-
ing collected in Tengchong (Teng Yueh) and another in Lijiang (Lichiang), likely because
these specimens were collected by different people. Therefore, it is almost impossible to
determine Forrest’s exact collection routes; we can only attempt to reconstruct the areas
he visited as accurately as possible. Dr. ]. Macqueen Cowan of the Royal Botanic Garden
Edinburgh reviewed nearly all specimens and marked on a map the areas Forrest collected
from during each expedition. The results indicate that Forrest preferred to repeatedly col-
lect in important areas to avoid missing crucial information. Our data collection shows the
same conclusions. Furthermore, a significant portion of Forrest’s sponsors had an interest
in or requested the collection of Rhododendrons, making the collecting of Rhododendrons
one of Forrest’s primary tasks.

115



Plants 2024, 13, 1367

3.2.1. Collection Location

As can be seen from the distribution map (Figure 1), the areas where Forrest and
his team collected plant specimens were mainly concentrated in the northwestern part of
Yunnan Province, the southeastern part of the Tibet Autonomous Region, and the southern
part of Sichuan Province. Among the specimen data collected for this study, specimens
that could be pinpointed to a specific city based on original location records totaled 18,210,
with the Dali Bai Autonomous Prefecture in Yunnan having 5012 specimens, which is
the highest collected specimen data and Lijiang City having 4943 specimens. Other ar-
eas included Baoshan City with 3230 specimens, Diqing Tibetan Autonomous Prefecture
with 2147 specimens, Nujiang Lisu Autonomous Prefecture with 253 specimens, Kunming
City with 77 specimens, and Chuxiong Yi Autonomous Prefecture with 62 specimens. In
Sichuan Province, Liangshan Yi Autonomous Prefecture had 1015 specimens. In the
Tibet Autonomous Region, Nyingchi City had 635 specimens, and Qamdo City had
2626 specimens. In addition, the distribution map reveals that the number of specimens
collected in the northwestern region is significantly higher than in other areas. The terrain
of Yunnan slopes from high in the northwest to low in the southeast, descending gradually
in a stair-step fashion from north to south. In the descriptions of specimen locations, Forrest
often mentioned mountains, indicating that he frequently revisited higher-altitude areas
in the northern region for specimen collection. This may also be related to the natural
distribution of Rhododendrons, as Forrest noted that the variety of Rhododendrons increased
towards the northwest. Thus, while fulfilling his sponsors” tasks of collecting Rhododendron
species, this process also allowed him to gather a large number of alpine flowers, including
species from the Primula and Gentiana.

Forrest’s first collecting expedition spanned from May 1904 to April 1907, funded by
Bees Ltd. (Cheshire, UK), the company of Arthur Kilpin Bulley. The specimens collected
during this period were numbered 1-5498, and according to the data statistics, this study
has collected 3957 specimen data within this timeframe. In May 1904, Forrest embarked
on a cruise through the Suez Canal and Bombay, India, heading to Yangon, Myanmar.
He arrived in Bhamo, Myanmar, in early July, traversed the high mountains and gorges
between the Salween-N"Mai-hka (known as Nu River in China) and the Mekong River, and
reached Tali-fu (including Dali, Eryuan, and Xianyun) by the end of August. In September,
he traveled from Songgui (Sung Kwei) to Shangri-La (Chungtien), then crossed the Yangtze
River, traversed the watershed between the Mekong and the Yangtze, and arrived at the
alpine pasture of Fugong (Fu-kung). He then headed north to Cikai (Tsekou). In April
1905, he arrived in Cikai and collected for a week on the mountain 19 km northwest. In
July, due to an uprising, he fled south along the west bank of the Mekong River to Weixi
(Wei His), where he lost a lot of his findings along the way. In October, Forrest set out
from Tengchong to collect in the upper reaches of the Nu River, crossed the watershed
of the Nmai Kha-Shweli River, reached the Nujiang Lisu Autonomous Prefecture, then
arrived at the watershed between the Nu River and the Mekong River, and continued
westward through the Nu River valley for further collection, all the way to the source of
the Longchuan River. It was difficult to find local guides to provide accurate routes and
distances due to the war during this period. In March 1906, Forrest unfortunately fell
ill, but his assistant continued to collect near Jade Dragon Snow Mountain, and after his
recovery, he continued to collect in the Cangshan (Tsang-shan) and Jade Dragon Snow
Mountain area. In 1907, Forrest returned to England, and during this journey, he met his
lifelong assistant Zhao Chengzhang (Figure 2), who would help Forrest in leading the team
for plant specimen collection. According to the specimen information, in addition to the
locations mentioned above, Forrest or his assistants also visited Kunming City, Chuxiong
Yi Autonomous Prefecture in Yunnan Province, Liangshan Yi Autonomous Prefecture, and
Ganzi Tibetan Autonomous Prefecture in Sichuan Province, as well as Qamdo City in the
Tibet Autonomous Region.
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Figure 2. Forrest and his chief collector Zhao Chengzhang. Source: https:/ /stories.rbge.org.uk/
archives /14188 (accessed on 20 April 2024).

The second collecting expedition spanned from November 1910 to March 1911, also
funded by Bees Ltd. (Cheshire, UK), the company of Arthur Kilpin Bulley. The plant
specimens collected during this period were numbered from 5499 to 7401, and our study
gathered data on 2677 specimens from this period. In 1910, Forrest departed from Liverpool,
headed for Yangon, and reached Tengchong. He collected in the area around the watershed
between the Ruili River (Shweli River) and the Nu River. In May of the same year, he
encountered a memorable Rhododendrons bloom in Songgui and collected a large number
of Rhododendron specimens. Additionally, the specimen information indicates that he or his
assistants also reached Nyingchi City and Qamdo City in the Tibet Autonomous Region.

The third collection period was from February 1912 to March 1915. This expedition
was funded by John Charles Williams, who provided Forrest with an annual salary of
500 pounds to collect plants in Yunnan for three years. The specimens collected during this
period were numbered from 7402 to 13,598. Our study gathered data on 8248 specimens
from this period. In February 1912, Forrest traveled from Bhamo towards Tengchong. At
this time, China was undergoing a democratic revolution. In early May, Forrest and his
assistants freely collected near the watershed between the Nu River and the Longchuan
River, and by August 31, when an armed revolution broke out in China, they had al-
ready collected more than 1700 different plant species. In early September, he retreated to
Myanmar from Tengchong to avoid the turmoil, but his assistants continued the collection.
In early 1913, Forrest returned to Yunnan and conducted collections in the mountains
near Dali and Lijiang. This time, he increased the number of assistants, who were dis-
persed throughout Yunnan to collect, significantly enhancing the efficiency of the collection.
Four were at the Nu River-Longchuan River watershed, two near the Cangshan, two to
four in the Zhongdian mountains 190 km northwest, and Forrest, with the remaining eight,
went to the northwest of the Jade Dragon Snow Mountain. In early January 1914, Forrest
returned to Tengchong to collect and sent assistants to collect upstream of the Mekong River
and Baima Shan (Beima Shan), subsequently shipping back over 6000 plant specimens
to England. In early January 1915, Forrest returned to England from Yangon. According
to the specimen data, during this collection period, Forrest’s team also reached places
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including the Nujiang Lisu Autonomous Prefecture in Yunnan Province, the Liangshan
Yi Autonomous Prefecture, and the Ganzi Tibetan Autonomous Prefecture in Sichuan
Province, and Qamdo City and Nyingchi City in the Tibet Autonomous Region.

The fourth collection period was from January 1917 to March 1920, funded by
12 institutions or individuals. The specimens collected during this period were num-
bered from 13,599 to 19,333, and our study gathered data on 7569 specimens from this
period. Forrest departed from Liverpool to Yunnan, establishing a collection base centered
north of Cikai. He dispatched assistants to the surrounding areas, thoroughly collecting
from two important regions: one was north of Chu-la at the Mekong—Salween watershed,
and the other one was on the Baima Shan located at the Mekong—Yangtze watershed. This
expedition collected a large number of Rhododendrons, and the collected materials were
shipped back to England in August 1918. Unfortunately, an accident occurred during
the journey, resulting in the loss of a substantial amount of materials. According to the
specimen information, during this collection period, Forrest’s team also reached the Dali
Bai Autonomous Prefecture, Baoshan City, and Lijiang City in Yunnan Province; Liangshan
Yi Autonomous Prefecture, and Ganzi Tibetan Autonomous Prefecture in Sichuan Province;
and Qamdo City and Nyingchi City in the Tibet Autonomous Region.

The fifth collection period spanned from January 1921 to March 1923, funded by
Williams and Reginald Cory in England. The specimens collected during this period were
numbered from 19,334 to 23,258, and our study gathered data on 4841 specimens from
this period. During his collecting process heading west, Forrest crossed the watershed
between the Nu River and the Dulong River. During his collecting process heading north,
Forrest followed the watershed between the Mekong and Nu Rivers, passing through
Eryuan, Heqing (Hoching), Weixi, Shangri-La, Muli, Lijiang, and Yongbei (Yung-Pei).
Forrest returned to England in March 1923, and during his time in England, his collection
team continued their work, with many specimens collected in Jianchuan (Chien Chuan).
According to the specimen information, Forrest’s team during this collection period also
reached Baoshan City in Yunnan Province, Ganzi Tibetan Autonomous Prefecture in
Sichuan Province, and Nyingchi City and Qamdo City in the Tibet Autonomous Region.

The sixth collection period spanned from January 1924 to March 1926, with the initial
funding for the expedition to China provided by Bulley and Williams. The specimens
collected during this period were numbered from 24,000 to 27,833, and our study gathered
data on 3780 specimens from this timeframe. Forrest traveled through the watersheds
between the Nu River and the N’'Mai Kha River, as well as between the Lancang River and
the Nu River. In 1929, in Forrest’s absence, his team collected several hundred specimens
near the Lijiang Range, with collection numbers from 27,834 to 28,361. By late September
1929, Forrest’s team had collected over 400 varieties of dried plant specimens. According to
the specimen information, during this collection period, Forrest’s team also reached the
Dali Bai Autonomous Prefecture, Baoshan City, Lijiang City, Diqing Tibetan Autonomous
Prefecture, and Nujiang Lisu Autonomous Prefecture in Yunnan Province, as well as
Nyingchi City and Qamdo City in the Tibet Autonomous Region.

The last collection period was from November 1930 to January 1932, which also
marked the most heavily funded of Forrest’s seven expeditions in China, with support from
39 individuals or institutions. The specimens collected during this period were numbered
from 28,362 to 31,015, and our study gathered data on 1634 specimens from this timeframe.
The main objective of this collection was to find plants that had been missed in previous
expeditions; thus, Forrest revisited the aforementioned areas. According to the specimen
information, during this collection period, Forrest’s team reached the Dali Bai Autonomous
Prefecture, Baoshan City, Lijiang City, Diqing Tibetan Autonomous Prefecture in Yunnan
Province; Liangshan Yi Autonomous Prefecture, Ganzi Tibetan Autonomous Prefecture in
Sichuan Province; and Changdu City in the Tibet Autonomous Region. In 1931, Forrest
discovered a giant Rhododendron in the forests of the Gaoligong Mountains in Tengchong,
Yunnan (Datang Village, Jietou Township, north of Tengchong), which was 25 m tall, 87 cm
in diameter, and approximately 280 years old. He instructed his assistants to cut it down and
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secretly removed a disk from near the base as a trunk specimen (Figure 3). This specimen
caused a sensation in the botanical community at the time. Rhododendron protistum var.
giganteum is considered one of the species in Rhododendron with the largest tree form and
flowers in the world, which also earned Forrest the title of “King of the Rhododendrons”.
On 5 January 1932, he passed away unexpectedly during a plant collection trip, and his
body was buried in Tengchong.

Figure 3. Forrest’s collectors were cutting up the massive Rhododendron. Source: https:/ /stories.rbge.
org.uk/archives/14186 (accessed on 20 April 2024).

3.2.2. Collection Time

As can be seen from Figure 4 and Table 12, the fourth collection had the highest
number of plant specimens, and the third and fourth collections had the largest number of
species. The collection of Rhododendrons was also the most abundant in the fourth collection.
In fact, it was on the basis of this collection that Professor Balfour revised the taxonomy of
Rhododendron. Additionally, the bar chart reveals that the number of specimens collected
in summer and autumn is significantly higher than in other seasons. This may be due to
the climate in the Yunnan region being more suitable for plant growth during the summer
and autumn seasons, facilitating the efficient collection activities of the collectors, and
the natural flowering period of Rhododendron being from April to June. Winter saw the
fewest collections due to harsh climates in high-altitude areas. The line chart indicates a
significant gap between the number of specimens and the Collection ID during the third
collection. This may be due to the outbreak of war in China during that time, which led
to a shift in the collection method to a decentralized approach by the team, coupled with
a substantial increase in the number of assistants. This resulted in the chaos of collecting
multiple duplicate specimens of the same species.
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Figure 4. Number of specimens collected in seven collecting expeditions and their seasonal dis-
tribution. (Collection ID refers to the new collection number assigned to the plant specimens
after recoding).

Table 12. Proportion of collected species during the seven expeditions.

Time Number of Species Percentage
First 1622 29.89%
Second 700 12.90%
Third 1991 36.69%
Fourth 1959 36.10%
Fifth 1127 20.77%
Sixth 918 16.19%
Seventh 399 7.35%
Others (Missing/Incorrect date) 3993 73.59%
Total 5426 100.00%

3.2.3. Collection Altitude

As shown in Figure 5, Forrest collected the highest number of specimens in high-
altitude areas in summer. The line chart in Figure 6 indicates that the number of plant
specimens collected begins to significantly increase between altitudes of 2000 and 3500 m,
reaching a maximum of 3975 specimens in the altitude range of 3000-3500 m. According
to the specimen data collected in this study, there are 15,114 specimens with verifiable
altitude data. Among these, 135 species were collected from altitudes below 1500 m, with
the top 10 species by number of specimens being Ponerorchis monantha (10 specimens), Bul-
bophyllum amplifolium (4 specimens), Flemingia strobilifera (4 specimens), Synotis saluenensis
(3 specimens), Lycium chinense (3 specimens), Ainsliaea fulvipes (3 specimens), Chamaegastro-
dia inverta (3 specimens), Camphora tenuipilis (3 specimens), Hiptage acuminata (3 specimens),
and Cleisostoma racemiferum (3 specimens). Species collected from altitudes of 1500 m and
above total 3754, with the top 10 species by number of specimens being Rhododendron
rupicola (76 specimens), Rhododendron beesianum (71 specimens), Rhododendron primuliflorum
(63 specimens), Rhododendron fulvum (54 specimens), Rhododendron anthosphaerum (53 speci-
mens), Rhododendron phaeochrysum var. levistratum (52 specimens), Rhododendron heliolepis
(48 specimens), Euonymus frigidus (48 specimens), Rhododendron roxieanum (42 specimens),
and Rhododendron aganniphum (42 specimens).
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Figure 5. Altitude-Month Heatmap of specimen number.
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Figure 6. Plant altitude and habitat analysis.

The number of Rhododendron specimens collected from altitudes below 3000 m is 268,
while those collected from altitudes of 3000 m and above total 2136. Forrest recorded that
Above 1500 m, Rhododendrons occurred as isolated specimens or small groups growing
in thickets and forests of mixed dicotyledonous shrubs and trees, gradually increasing
in numbers up to 3500-4500 m, at which point they formed the dominant feature in the
vegetation either as undergrowth in the forests of conifers or by themselves as dense
thickets and forests. In a lecture that Forrest delivered to the members of the Rhododendron
Society in 1920, he mentioned that except for Rhododendron griersonianum and Rhododendron
spinuliferum, nearly all Rhododendrons in natural conditions were social plants, with isolated
Rhododendrons being rare. In an environment where one species does not entirely dominate
a situation, several or many have apparently adapted themselves to the environment for
the necessary mutual protection. It was especially evident in some of the deeper side
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valleys of such a range as the Cangshan, where Rhododendron brachyanthum, Rhododendron
neriiflorum, Rhododendron haematodes, and others luxuriated in the shade. Additionally,
the further north or northeast, and the higher altitude, the greater the number of species.
As Forrest moved northwest, he found more and increasingly magnificent Rhododendrons,
leading him to develop a theory since 1912 that was, the real home of the Rhododendrons
was the high alpine region on the Tibetan frontier, which formed the basins and watersheds
of the Salween, Mekong, and Yangtze. There, somewhere about 98-101° E and 25-31° N,
the Rhododendrons reached their optimum. The data in this study show that the collected
Rhododendron specimens were also concentrated between 3000 and 5000 m, indicating that
Rhododendron specimens collected by Forrest in the high-altitude range were particularly
rich. With a few exceptions like Rhododendron racemosum, Rhododendron lepidotum, and
Rhododendron decorum, most Rhododendrons exhibited distinct locality in terms of latitude,
longitude, and altitude. Among the species found in the Yangtze River basin, only a few
were common in the Mekong or Salween River basins, and vice versa. Additionally, in
Forrest’s records, there are some descriptions of the collection environment (Figure 6) that
provide valuable references for studying the living environment and habits of the species
collected before.

Additionally, Forrest’s fewer collections at lower altitudes may be related to Yun-
nan’s unique terrain. The upstream valleys above 3500 m in Yunnan had relatively large
undulations and were easily accessible once a sufficient altitude is reached, whereas the
downstream valleys were rugged gorges. Forrest mentioned in his notes that collect-
ing plants in upstream valleys might be quite straightforward, but traveling from one
watershed to another could take several days.

4. Discussion
4.1. The Excellence of Forrest

As a plant collector, Forrest’s achievements stand out in several aspects, and his work
not only advanced botany but also had a profound impact on the fields of horticulture,
ecology, and plant conservation. Statistical analysis from the collected specimens shows
that there are 115 species named after George Forrest (Supplementary Materials). Even
more remarkable is the fact that species collected by Forrest received the Award of Merit
(AM) from the Royal Horticultural Society (RHS) 49 times, involving 726 specimens in
this study. In addition, those species collected by Forrest have received the First Class
Certificate (FCC) from RHS 12 times, involving 303 specimens. These impressive numbers
not only demonstrate the widespread recognition of his collecting work but also serve as
strong evidence of his outstanding contributions to the field of botany.

Compared to other collectors, Forrest’s collection work was primarily concentrated
in Yunnan and its surrounding areas. This geographically focused strategy reflects his
in-depth study of plant diversity and efficient collection in specific regions [22-24]. The
Yunnan region, with its unique geographical and climatic conditions, is rich in plant
resources, especially species of Rhododendron. Forrest’s focused collection here showcases
his professional skills in identifying and collecting rare plants [25-27]. His collection
activities not only enriched the botanical knowledge base but also raised awareness and
conservation efforts for endemic plants in the region, providing a crucial basis for plant
conservation work. By conducting in-depth collections in specific areas, Forrest was able to
frequently revisit and monitor the growth conditions of plants, obtaining more accurate
data and high-quality specimens, thereby also advancing local botanical research and
laying the foundation for later ecological conservation and sustainable use.

Furthermore, Forrest not only excelled in the practice of plant collecting but also
showed innovation and foresight in the methods of introduction. He pioneered the inte-
gration of commercial approaches into the field of plant collecting, a transformation that
not only brought new funding sources for plant research but also set a new standard for
the business model of plant collecting [28]. At that time, plant collectors typically relied on
sponsorship from scientific associations or government departments, but Forrest was able
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to attract support from individuals and private institutions, reflecting his influence in the
botanical community and the appeal of his collecting work. His collecting activities were
funded by more than 50 institutions or individuals, which was an unprecedented achieve-
ment at that time. It not only indicates that his collecting work was widely recognized
but also suggests that his collecting strategies and outcomes held significant value for the
botanical and horticultural communities [29,30]. Forrest’s innovative spirit and fundraising
capabilities are an important mark of his status as an excellent plant collector and provide
a new mode of collecting work and funding sources for subsequent plant collectors.

4.2. Collecting Preferences and the Value of Journey Recording

From the data analyzed in this study, it can be seen that Forrest preferred to collect
plant specimens during the mild spring and summer seasons and primarily focused on high-
altitude areas ranging from 2500 to 5000 m. In his early collections, he chose a wide variety
of plants but gradually began to pay more attention to trees and shrubs, especially the
species of Rhododendron, Primula, and Gentian. He had a particular preference for flowering
species with bright colors, and he used to collect multiple specimens of the same species,
which were repeatedly collected at the same locations to carefully prevent the omission
of important information. In addition, the assistants he dispatched were professionally
trained, which also contributed to the completeness and professionalism of his collection
work. Therefore, excluding herbaceous and mossy families with inconspicuous flowers
or native plants from warmer regions below 1500 m, Forrest collected flowering plants
from almost all the regions he visited. In addition, we find that Forrest’s collecting seems
to favor plant species with high ornamental properties. Such collecting preference was
not only driven by Forrest’s personal preferences but rather based on an awareness of
the potentially great economic value of the newly discovered ornamental plant species in
the horticultural industry. The discovery of new ornamental plant species can stimulate
widespread interest and demand in the market, thus having a profound impact on the
horticultural business sector. Forrest’s collecting preference was also closely linked to his
funding sources. Since his collection activities were primarily sponsored by garden owners
and horticultural businesses, his efforts naturally tended to focus on ornamental plants
that could bring direct economic returns to his sponsors. This strategy not only ensured
ongoing support for his collecting work but also meant that his discoveries could meet the
horticultural market’s constant demand for novel and attractive plants.

Although he did not publish a botanical monograph, the valuable photographs and
collection notes he left behind have provided significant assistance for various studies in
the southwestern region of China [31,32]. Forrest’s collecting activities not only recorded
the species of plants but also their geographical distribution. These records are of great
importance for understanding the distribution patterns and geographical changes of plants
in the southwestern part of China. Additionally, in his plant specimen collection records,
not only was there information about the altitudes where the specimens were collected,
but there were also descriptions of the habitats where the plant specimens were collected.
For example, in the original record of Euonymus frigidus, Forrest described it as “Open,
rocky situations in side valleys on the eastern flank of the Lichiang Range” and “Side
valleys on the mountains east of Yungning, thickets by streams”. As for Rhododendron
hippophaeoides, Forrest’s original record states, “Open, boggy pasture on the western flank of
the Lichiang Range” and “Open, moist, peaty pasture on the Haba Range”. These detailed
habitat records provide important reference material for later studies on the growth habits
of plants.

Furthermore, at that time in Yunnan, due to limited conditions, missionaries did not
have cameras to record what they found. As a result, Forrest became one of the early
collectors who used cameras to record the natural scenery and biodiversity of Yunnan. His
camera work not only captured the rich and diverse plant communities of the Yunnan
region but also recorded the local wildlife, magnificent natural landscapes, and the daily
life of the local residents (Figure 7). Forrest’s camera work provided us with a precious
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historical record, allowing us a glimpse into the Yunnan of that era, with its unique culture
and natural environment, and also offering valuable reference for subsequent collectors,
scientists, and historians.

@ )

Figure 7. Photos taken by George Forrest: (a) Primula pinnatifida photo taken by George Forrest in 1910.

Source: https:/ /stories.rbge.org.uk/archives /14301, accessed on 24 April 2024. (b) A mule crossing
the Cikai ropes. Source: https:/ /stories.rbge.org.uk/archives /14301, accessed on 24 April 2024.

4.3. Impact on World Horticulture and Plant Propagation

Forrest’s collecting work had a significant impact on the development of world hor-
ticulture. Through his observations and studies of the natural habitats of Rhododendrons,
Forrest proposed new insights into their growth substrates [21]. He discovered that in
Yunnan, many Rhododendron species roots were embedded in the crevices of limestone
cliffs and boulders or in the limestone gravel at the base of these formations. For the taller
tree species, although humus provided support, their roots were similarly situated, or
at least covered, or in contact with limestone. This discovery was groundbreaking for
the prevailing horticultural practices at that time as it challenged the traditional botanical
understanding of Rhododendrons” growing environments. Forrest’s findings were not only
significant for the theoretical development of horticulture but also had a direct impact on
practical Rhododendron cultivation methods. By bringing limestone samples back to Eng-
land, he demonstrated the natural growth substrate of Rhododendrons to the horticultural
community, thus promoting the use of calcareous soil in Rhododendron cultivation practices.
This change was fundamental in improving the cultivation success and healthy growth of
Rhododendrons in England and other regions.

Forrest’s collection work not only enriched the botanical knowledge base but also
fostered innovation and development in horticultural techniques. His practices and discov-
eries provided valuable experience and guidance for subsequent gardening enthusiasts
and professionals, making the cultivation methods for Rhododendrons more scientific and ef-
fective. Thus, Forrest’s work left an indelible mark not only in the field of botany but also in
horticultural practice. Moreover, Forrest’s collection efforts significantly influenced world
horticulture and had profound impacts on plant dissemination. Western plant hunters like
Forrest, who introduced Chinese plants, greatly enriched the botanical diversity of England.
Previously, the total number of plant species in England was only about 1500. These
hunters brought back countless rare Chinese plants, and these large-scale new discoveries
influenced the direction of development for English botanical gardens and horticulture,
bringing substantial economic benefits and causing a revolutionary impact on gardens
in England and across the West [33]. The discovery and introduction of these rare plants
changed the distribution of plants worldwide, advancing global biology and making a
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tremendous contribution to plant dissemination in China and globally. His efforts not only
enriched the plant resources of Western countries but also advanced botanical research
and horticultural practice, allowing many rare and beautiful plants to be appreciated and
studied worldwide [34]. His work not only deepened Western scholars’ understanding of
the plant diversity in Southwest China but also greatly enriched the botanical resources of
Western countries through the numerous seeds, roots, and live plants he brought back to
England [35].

4.4. Contribution to Rhododendron Introduction and Research

Forrest’s collection work greatly enriched the Rhododendron resources not only in
England but also globally. For example, he discovered famous species such as Rhododendron
griersonianum, Rhododendron racemosum, Rhododendron haematodes, Rhododendron floccigerum,
Rhododendron hippophaeoides, and so on.

The discovery and introduction of these new Rhododendron species profoundly im-
pacted the horticultural world in England and worldwide. The moist and mild environment
of England provided the ideal conditions for the cultivation and growth of Rhododendrons,
making them rapidly popular among gardening enthusiasts and landscape designers. For
instance, the species Rhododendron griersonianum he introduced in 1917, as a direct par-
ent of 159 garden hybrids, had 34 descendants that received RHS horticultural awards.
Moreover, due to the large volume of seeds collected by Forrest and the numerous hybrid
offspring with excellent ornamental effects, thousands of seedlings were cultivated, forcing
cultivators to expand their original garden areas and even move into woodland areas,
thereby influencing policies and giving rise to modern woodland gardens. Thus, it is
no exaggeration to say that Forrest played at least an indirect but significant role in the
evolution of modern gardens. Statistical analysis of plant specimen data reveals that Forrest
collected 6640 Rhododendron specimens, including 242 species, not only in large numbers
but also covering a comprehensive range of species. Among the Rhododendron specimens he
collected in China, over 400 were described as new species by researchers, and more than
150 of these are still accepted by many researchers today [18]. The Rhododendron specimens
collected by Forrest are mainly preserved in the Royal Botanic Garden Edinburgh, making
it the research center with the largest collection of Rhododendron specimens and helping En-
glish researchers take a leading position in the taxonomic study of Rhododendron [36]. Many
types of specimens provide important materials and evidence for research in Rhododendron
taxonomy and phytogeography in England.

4.5. The Negative Impact of Forrest’s Collection Activities

Forrest’s collecting activities can be seen as the forced export of Chinese species, and
the negative impacts on the development of Chinese biology and the destruction of natural
resources are evident.

In the late 19th and early 20th centuries, China had not yet established a modern
biodiversity conservation system. At that time, society and the scientific community lacked
awareness of the importance of species protection, and there were no corresponding laws
and protection measures. This led to the unrestricted collection of a large number of plant
specimens, and many seeds and specimens of rare and unique species were taken overseas.
A large number of type specimens and original literature were scattered in major Western
research institutions, making it very difficult for Chinese researchers to study and identify
species [37]. Additionally, due to Forrest’s limited knowledge of Chinese location names,
lack of detailed records of plant collecting activities, and the employment of a large number
of non-professional local staff, it becomes more difficult to study Forrest’s plant specimen
collection in China.

During Forrest’s expeditions, sometimes, in order to reach deeper locations to collect
rare or valuable plants or to hasten their expeditions, some natural resources were damaged.
As Forrest and his assistants made their way through the thorn-filled valleys, they split
miles of Rhododendrons because the bushes were so dense that it was difficult for them to
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go on the expeditions, which caused some damage to the primitive plant resources and
the natural environment [21]. Another example is that after he found the world’s tallest
and largest known Rhododendron protistum var. giganteum in the Gaoligong Mountains of
Tengchong, Yunnan, he cut it down and brought it back to England, which was destructive
and plunderous. Cutting down the giant Rhododendron without due consideration of
the local community and cultural values was morally and ethically controversial. Such a
behavior is disrespectful of natural resources and disregardful of the protection of ancient
trees and rare plant resources.

Although Forrest’s collection activities might have contributed to science, they set
a bad precedent in terms of ecological protection and sustainable development. Such
actions could damage China’s image in the international community, which is seen as
lacking awareness of local biodiversity protection. This also reminds us that when con-
ducting scientific research and resource utilization, we must adopt a responsible atti-
tude and ensure that activities conform to the principles of ecological protection and
sustainable development.

4.6. Specimens Digitization and Information Sharing

Digitization and information sharing of plant specimens is a key direction in contem-
porary botanical research. It not only ensures the long-term preservation of valuable plant
specimen data but also significantly enhances the usability and accessibility of the speci-
men data [38—40]. However, when processing the collected specimen data from Forrest,
we faced a series of challenges, particularly in data standardization. Although original
records contain information about the date, altitude, and location of collected specimens,
they are not always standardized, which greatly increases the difficulty of data processing.
For instance, the data format of recording specimens at different times and places may
vary, and even specimens collected at the same period may differ due to the personal
habits of the recorders. The altitudes may be recorded in various units, and the location
information might lack precise geographic coordinates or use different place names. These
issues not only pose obstacles to data integration and analysis but also affect the accuracy
and reliability of the data. Therefore, the digitization process requires cleaning and stan-
dardizing these non-standard data, which could include unifying altitude units and date
formats, updating place names, supplementing missing geographic coordinates, and so
on. Moreover, establishing a standardized recording and data entry process is crucial for
future plant specimen collecting work, which not only helps improve data quality but
also provides more accurate and consistent specimen data for future researchers, offering
valuable experience and lessons for future botanical research and data management.

Supplementary Materials: The following supporting information can be downloaded at
https:/ /www.mdpi.com/article/10.3390/plants13101367/s1; Supplementary File S1: The list of
species named after Forrest.
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Abstract: Susa Valley, located in the Italian Western Alps, has served as a meeting point for cultural,
spiritual, and commercial exchange for a long period of history. The valley’s role as one of the
main connecting routes between south and southwestern Europe resulted in its acquisition of a rich
traditional ecological knowledge. However, like other Italian mountainous valleys, this valley has
suffered from abandonment and depopulation in the past 50 years. Our study aims to investigate the
current ethnobotanical medicinal knowledge in the valley and to compare our findings with a study
conducted over 50 years ago in the same area. In 2018, we conducted 30 in-depth semi-structured in-
terviews on medicinal plants and food-medicines used in the Susa Valley. We documented 36 species,
of which 21 species were used for medical purposes and 15 species were used as food-medicine. The
comparison with the previous study on medicinal herbs conducted in 1970 in the valley demonstrated
a significant decrease in both the knowledge and use of medicinal plants, which could be attributed
to socioeconomic, cultural, and possibly environmental changes that occurred in the past half-century.
Our study highlights several promising species for future use as nutraceuticals, food, and medicinal
products, such as Taraxacum officinale, Urtica dioica, and Artemisia genipi.

Keywords: Alps; ethnobotany; food-medicine; infusion; liqueur; rural development; secondary
products; tea

1. Introduction

Traditional ecological knowledge (TEK) is vital for local communities and their well-
being. TEK has been a focal point of research within the ethnobiological field, and recent
developments have witnessed a shift towards a diachronic approach that emphasizes the
historical evolution of these corpora of knowledge [1-7]. The TEK of mountain communi-
ties has received more attention in the past decades because of the crucial role of mountains
in providing multiple services (i.e., water, pastures/dairy products, timber and non-timber
forest products, and leisure) to both highland and lower-land dwellers and urban visi-
tors [8]. Despite their essential contributions, mountain areas are particularly vulnerable
to social and environmental phenomena such as depopulation and climate change [9,10].
Therefore, mountain areas have become a focus of important socio-ecological research and
public debate [11-13]. In recent years, only a few ethnobotanical studies in the Western Alps
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have focused on the interactions between plant resources and human societies [2-5,14,15].
These studies have partially discussed how traditional knowledge of plants evolves across
cultures over time and space. Understanding the interactions between nature and culture
and their transmission mechanisms across generations is essential for the development
of strategies to maintain biocultural diversity in the Western Alps [1]. Over the last few
decades, the current state of traditional plant knowledge has been undergoing a transition;
this refers to the fact that there is continuous erosion and loss. Aswani et al. [16] suggest
that the depletion of TEK can be attributable to geopolitical changes such as globaliza-
tion, modernization, and market integration. Moreover, the modern cultural industries,
including advertising and widespread media content and mass communication, have had
a massive impact on traditional and folk cultures.

A few studies have addressed TEK related to food and medicinal plants in the Western
Italian Alps [1,2,4,5]. In this context, Fontefrancesco and Pieroni [4] investigated the
transformation of local botanical knowledge in the upper Sangone Valley of Piedmont.
They compared historical and contemporary datasets, revealing qualitative shifts in plant
use. Some medicinal plants from natural environments disappeared from use in local
practices. At the same time, those from anthropogenic settings were introduced, likely
influenced by urban residents who arrived in the late 1970s as original inhabitants left for
urban areas. This study highlights the importance of considering the adaptive capacity of
TEK systems and how societal and environmental changes impact traditional knowledge
in mountain communities. Similarly, Fontefrancesco et al. [5] addressed rural depopulation
in the upper Borbera Valley of the Piedmontese Apennines. By comparing historical and
contemporary ethnobotanical data, they determined that the use of wild medicinal plants
from natural environments had diminished. At the same time, species from anthropogenic
areas, or those promoted by the nearby city of Genoa, were introduced or revitalized.
These changes were closely tied to shifts in landscape ecology and the local agro-silvo-
pastoral system. This research highlights the challenge of preserving TEK when local actors’
expertise is limited to their villages and underscores the need for measures supporting
mountain communities in a changing socio-economic landscape.

Focusing on the historical and ethnobotanical literature related to the Western Italian
Alps, an interesting study was identified, which was conducted in 1970 and published
in the journal Allionia: Bollettino dell’Istituto ed Orto Botanico dell’Universita di Torino [17].
The study, which is based on the data collected during fieldwork carried out in 30 villages
in the Susa Valley (high, middle, and low), was aimed at gathering information directly
from the local people about the uses of medicinal herbs and their perceived properties. The
work indicated the exact locations where the information was collected for each individual
description of a plant and, when available, the scientific and folk names of the plants were
recorded. We, therefore, used this study to carry out a diachronic analysis to investigate the
current ethnobotanical medicinal knowledge in the Susa Valley and assess the evolution of
this knowledge over half of a century, using as a proxy a comparison between the medicinal
plants gathered and used by the local community in the 1970s and those gathered and used
in 2018.

Our study aims to document the current ethnobotanical knowledge (specifically
focusing on both medicinal and food-medicine plant uses) of the Susa Valley, in the NW
Italian Alps. We also aim to compare the recorded data with that recorded in 1970. The
study attempts to highlight and interpret possible differences in ecological, socioeconomic,
and cultural changes/transformations of TEK.

2. Materials and Methods
2.1. Study Area

The study was conducted in the upper Susa Valley (Val di Susa) in the Piedmont
region of NW Italy (Figure 1). This Alpine valley serves as a major corridor between Italy
and France which has allowed an exchange of goods and cultures since antiquity, and
consequently, trade with southwestern Europe. The Susa Valley has been a meeting point
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for many cultures over the centuries, resulting in an area rich in culture, trade, and tourism.
Several languages (Piedmontese, Occitan, French, and Italian) have been co-existing in the
valley for a long period of history. The valley has also been a historical transit route for
Christians, Muslims, and Jews on their way to the “Holy Land”. Until 2009, the Susa Valley
was divided into “Alta Valle” and “Bassa Valle”. The higher valley, “Alta Valle”, was part
of France until 1713. The lower valley, “Bassa Valle”, was under the influence of the Savoy
family [18]. In 2009 the communities of the lower and higher valleys were united. There
are more than 90,000 inhabitants in the valley.

Waie

v

4 £ P 7

7

Figure 1. Map of the study area within the map of Italy. Red underlining of villages refers to the
locations of the study participants.

Economically, local people have traditionally lived self-sufficiently. Until the 19th century,
the economy of the valley was based on agriculture, especially pasturing and related activities
like cheese making, milling, and blacksmithing. Aside from those activities, chestnut culti-
vation was one of the main agricultural activities in the area, producing sweet chestnuts for
consumption and environmental value for the landscape. Wood handcrafting was another
important economic activity, one which is still practiced in the higher valley. Typical products
included, and still are, wine (in the lower valley), cheese, cured meats, chestnuts, potatoes, and
fruits [19]. Following the growth of industries in the 19th and 20th centuries, the economic
basis of the mountain community of the Susa Valley and many other Alpine valleys has
changed existentially with major migrations to the lowlands. This turnover, from a society
sustaining itself with its own agricultural products to a modern society based on industry,
had great effects on lifestyle, local customs, traditions, culture and the environment. In the
19th century, the textile industry began growing in the valley, and in the 20th century, heavy
industry became an important sector. In addition, skiing became increasingly popular in Italy,
and winter sports tourism in the Upper Susa Valley became an important economic sector;
the Upper Valley even hosted some competitions of the Olympic Winter Games in 2006. This
significant socioeconomic, cultural, and landscape change was unwelcome for many local
people, as many of them resisted, and still resist, the construction of a high-speed railway that
would connect the Italian city of Turin with the French Lyon through the valley [20].

2.2. Fieldwork, Data Collection, and Data Analysis

The fieldwork was conducted in 2018, mainly in five villages in the Susa Valley
(Figure 1). The villages are geographically distributed at elevations between 700 and
1100 m above sea level (Figure 2). The participants were chosen using a combination of
random and snowball technique methods in order to attain the advantages of both a general
representation of the local communities as well as a targeted search for the knowledgeable
respondents [21]. We approached local people in the villages’ streets and local markets
(mercato della terra) and asked them about the use of medicinal plants in the area. Afterwards,
we asked those randomly chosen informants to recommend other potential respondents
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who may be knowledgeable about medicinal plants. Semi-structured in-depth interviews
were conducted with 30 participants (18 men, and 12 women). The ages of our study
participants ranged between 24 and 90; however, the majority of them were elderly people,
older than 60 years old. Interviewees were first asked to report socioeconomic data related
to their residency village, age, and occupation. Afterwards, respondents were asked to
list all medicinal plants they used, the vernacular names of the plants, the parts used, the
modes of preparation and consumption, the purposes of use, and the additional uses of the
plant. We also recorded our observations about the social, cultural, and economic aspects
of the area, which were later employed in our qualitative analysis. Verbal consent was
always obtained from the study participants, following the Code of Ethics of the Society of
Ethnobiology [22]. The interviews were mainly conducted in the Italian language. Plant
specimens had been collected, identified, and deposited in a recognized herbarium during
previous ethnobotanical fieldwork conducted by some of the authors in the same portion
of the Western Alps [4,5]. The botanical nomenclature followed World Flora Online [23].
As the main focus of the study is to assess the change in knowledge and use of herbal
resources over half of a century, we did not examine the possible differences within our
study sample. Instead, we compared our results with the results of a study conducted
in 1970 in the same area [17]. However, in order to minimize the limitations related to
differences in the applied methodologies between our study and the study from 1970 (e.g.,
differences in the reported species and the availability of specific species), we conducted
a comparison based on the genera level rather than the species level. Additionally, the
recorded plant reports were also qualitatively compared with the most comprehensive
worldwide wild food-plant compendia [5,7,24].

Figure 2. Autumn landscape in the Upper Susa Valley (photo: N. Sulaiman).

3. Results and Discussion
3.1. Diversity of Medicinal Plants Used in Susa Valley

The present study documented 36 plant species, among which 21 species were used
for medical purposes, while 15 species were used for food-medicine (Table 1). The reported
species belong to 33 genera and 19 botanical families. The most represented families
are Asteraceae (ten species), Lamiaceae, and Rosaceae (three species each). These highly
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represented families include mainly herbs (Asteraceae and Lamiaceae), while the family
Rosaceae includes mainly shrubs and trees. Aromatic herbs mainly distinguish the family
Lamiaceae, while Asteraceae is characterized by a bitter taste and is well-known for
including plants with medical and nutritional properties [25] (and references therein). The
most-reported species were Artemisia genipi, Hypericum perforatum, Taraxacum officinale,
Arnica montana, and Urtica dioica, which were reported by more than one-third of our
study’s respondents. The study of Lomagno and Lomagno Caramiello [17] reported
99 species (including three mushrooms which are not considered by our analysis). The
96 plant species belong to 76 genera (Table 1).

Table 1. Plant species used for medicinal purposes in the Susa Valley.

If Species is Reported in the

Reported Reported Present Study
Scientific Name; in the in the . . _
Family Name Study in Present Local Name(s) * Part Used * Mode of Preparation; Medical Use * Frequency Medicine .(1\./[);
1970 [17] Study of Citation Food-Medicine
(FM)
Achillea erba-rotta All.; Yes No ) The whole Tea; B B
Asteraceae plant Diuretic
Achillea millefolium L.; No Yes Achillea Flowers Tga; . 1 M
Asteraceae Helps digestion
Achillea nana L.; Yes No ) The whole Tea; ) )
Asteraceae plant Diuretic
Aconitum anthora L.; N Cut roots;
Ranunculaceae Yes No Anthor Roots To calm the pain of intestinal colic ) B
Aconitum napellus L.; Yes No Erba d’el luy Leaves and 'Tea; ) R R
Ranunculaceae flowers Against pain
Aconitum anthora L.; Yes No Erba d’el luy Leaves and _Tea; ) ~ ~
Ranunculaceae flowers Against pain
Agrimonia eupatoria L.; B The whole Tea; B B
Rosaceae Yes No plant Anti-diarrheal
Alcea rosea L.; Tea;
Malvaceae Yes No Malva rosa Roots Against kidney stones ) )
Alkekengi officinarum . Tea;
Moench; Solanaceae Yes No B Fruits Diuretic B -
. . . Aglio selvatico; . X
A[ilmm ursinin L No Yes Aglio orsino; Leaves’ juice Raw m salad, S-o-up, 5 M
maryllidaceae Daiursi Against arthritis
ajursino
. . X Crushed bulb with honey is used as
Allium satioum L.; . R
: Yes No Aj Bulbs a vermifuge; - -
Amaryllidaceae T . .
ea against hypotension
Althaea officinalis L.; Tea;
Malvaceae Yes No Malva rosa Roots Against kidney stones ) )
Angelia _sylvestrzs L. Yes No Angelica Roots Infuspn in quueur; B ~
piaceae Digestion
Arctium lappa L.; Tea;
Asteraceae Yes Yes Bardana Roots Clean the blood and liver 2 M
Arctostaphylos uva-ursi . . Raw;
(L.) Spreng.; Ericaceae Yes Yes Uvaursina Fruits Good for urinary tracts 4 M
Infusion in oil;
Arnica montana L.; Arnica; Fior di Against shocks and trauma, oil is
Yes Yes Flowers . ) 11 M
Asteraceae tabacco also used for massage against pain
and rheuma.
Grinded into liqueur (infused
Artemisia absinthium with white wine);
Yes Yes Assenzio; Ford Roots Anti-parasite, helps digestion, 4 M
L.; Asteraceae . .
(anti-medical purpose evokes
hallucinations)
. .. Infusion
Artemisia genipi Yes Yes Genepi Stem, Roots, in alcohol; 13 M
Stechm.; Asteraceae and Flowers X .
Good for digestive system
Artemisia glacialis L.; Yes No Genipi fumela The whole ) Tea;' ) )
Asteraceae plant Digestion
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Table 1. Cont.

If Species is Reported in the

Reported Reported Present Study
Scientific Name; in the in the . . —
Family Name Study in Present Local Name(s) * Part Used * Mode of Preparation; Medical Use * Frequency FMe:;lK/l[nZ .(1\./[);
1970 [17] Study of Citation 00 (Fl\j[) icine
Artemisia umhelllzﬂ)rl.ms o The whole Tea;
subsp. umbelliformis; Yes No Genipi fumela 1 I -
‘A plant Digestion
steraceae
Brassica rapa L.: Sugar is left in the root for two days
47apa L Yes No Rava Root and then given for children -
Brassicaceae . .
suffering from whooping cough
Calendula officinalis L.; No Yes Calendula Flowers .Ir}fuswn in alcohol.; M
Asteraceae Disinfectant properties

Capsella bursa-pastoris The whole Tea;

- ; Yes No - Anti-hemorrhagic (especially for -

Medik.; Brassicaceae plant

nasal hemorrhages).
Carlina acaulis L.; Yes No Cardon d’ The whole Tea; )
Asteraceae montagna plant Used in pulmonary affections
Carum carvi L.; No Yes Kumin Seeds quuor;_ M
Apiaceae For digestion
Chelidonium majus L.; Yes Yes Celidonia Leaves juice Leaves’ juice helps against warts. M
Papaveraceae
Cicoria
selvatica;
Cichorium intybus L.; Yes Yes Glrasole; Leaves . Boiled, raw in salad; ™M
Asteraceae Cuitserce; Disinfectant of urinary system
Cicoria delle
montagne
Crataegus monogyna . . Tea;
Jacq.; Rosaceae No Yes Biancospino Flowers Against heart diseases M
Cy cl{zmen puTplrascens Yes No Ciclamin Roots - -
Mill,; Primulaceae
Cynodon dactylon (L.) Yes No Cramon The whole Tea; B
Pers.; Poaceae plant Diuretic
Daphne cneorum L.; The whole Crushed plant with oil is used as
Yes No - . . -
Thymelaeaceae plant rubefacient and excitatory
Daphne mezereum L.; The whole Crushed plant with oil is used as
Yes No - . . -
Thymelaeaceae plant rubefacient and excitatory
Datura stramonium L.; Smoke of leaves against asthma
Yes No - Leaves -
Solanaceae attacks
Digitalis grandiflora Tea;

Mill.; Plantaginaceae Yes No i Flowers Diuretic i
ngztnlzs'lutea L.; Yes No } Flowers .Tea;' B
Plantaginaceae Diuretic

Dryopteris filix-mas (L.) L

Schott; Yes No - Rhizome C'hewmgf -
. Anti-bacterial
Dryopteridaceae
Equzsetgm arvense L.; Yes Yes Equlseto.; Erba Aerial part .Tea; ) M
Equisetaceae cavallina Diuretic
Equisetum telmateia , The whole Tea;
Ehrh.; Equisetaceae Yes No Coa d’ caval plant Diuretic )
Foeniculum vulgare No Yes Finocchio Stem, flowers, Stomachache (especially M
Mill.; Apiaceae selvatico leaves for children)
Fragaria vesca L.; Yes No Frola Stems Te_a; -
Rosaceae Febrifuge
Gentlun{z acaulis L.; Yes Yes Gengzianella Roots, Bltter‘hqugur; M
Gentianaceae flowers For digestion
Gentiana lutea L. Infused in alcohol or in oil;
. M Yes Yes Genziana Roots For digestion and treatment M
Gentianaceae
of ulcers
Hedera thllx f. helix; Yes No Edera Leaves To clez.in wou‘nds; B
Araliaceae Tea against hair loss
Hepatica nobilis Schreb.; Yes No - Leaves Cleaning wounds -

Ranunculaceae
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Table 1. Cont.

If Species is Reported in the

Reported Reported Present Study
Scientific Name; in the in the . . -
Family Name Study in Present Local Name(s) * Part Used * Mode of Preparation; Medical Use * Frequency Medicine .(1\./[);
1970 [17] Study of Citation Food-Medicine
(EM)
Tea, infused in alcohol or oil;
Against skin burns,
Hypericum perforatum Iperico; Leaves, anti-inflammatory, for sunburnt
. Yes Yes . . . . 12 M
L.; Hypericaceae trucaran flowers skin, for skin stress, oil used for
massages; As a cosmetic oil;
Calming the nervous system
Hyssopus ‘.)jﬁ cinalis L.; Yes No Issop Flowers . Tea; - -
Lamiaceae Against cough
Ilex aquifolium L.; Yes No B Flowers and Tea; B ~
Aquifoliaceae fruits Febrifuge
Larix decidua Mill.; . . Resin mixed with oil is used as
. Yes No Pin Resin . . - -
Pinaceae antirheumatic
Lavandula officinalis Tea for digestion;
Chaix.; Lamiaceae Yes Yes Lavanda Whole plant Essential oil against mosquitos” bites ! M
Malva pusilla Sm.; Yes No Malva Flowers and Calming, anti-neuralgic, and cough B B
Malvaceae leaves suppressant
Tea;
Malva sylvestris L.; Yes Yes Malva Flowers Antl—.mﬂammatory; Vaginal cleanse 5 M
Malvaceae during pregnancy; Blood purifier;
Refreshing drink
Matricaria chamomilla Camomilla di Tea;
L.; Asteraceae Yes Yes montagna Flowers Against headache ! M
Mentha spicata L. and Tea:
possibly other Mentha Yes Yes Menta selvatica Leaves L 3 M
. ; For digestion
spp.; Lamiaceae
Nasturtium officinale . . Salads;
R.Br.; Brassicaceae No Yes Crescione Aerial part Good for blood 4 FM
Nepeta n?petelln L.; Yes No ) The whole ) Tea% ) B
Lamiaceae plant Digestion
Olea europaea L.; Yes No Uliva Leaves Tea; . - -
Oleaceae Hypotensive
Papaver rhoeas L.; Yes No Papaver Leaves and Tea; ) )
Papaveraceae P petals Calming and diaphoretic
Parietaria officinalis L.; Yes No . The whole Tea; B B
Urticaceae plant To promote peripheral circulation
Petroselinum crispum .
(MilL) Fuss; Apiaceae Yes No Pransemo Roots For veterinary uses - -
Peucedanum Tea;
oreoselinum Moench; Yes No - Roots ¢ - -
Api Expectorant
piaceae
Plantago major L.; . Crushed leaves;
Plantaginaceae Yes Yes Plantago major Leaves Wounds healing 1 M
Picea abies (L.) Yes No Sapin Resin Resin mixed with oil is used as ) )
H.Karst.; Pinaceae p antirheumatic
Pinguicula alpina L.; Crushed leaves with lard are used to
. . Yes No - Leaves . N - -
Lentibulariaceae treat bruises and sprains
Pinguicula vulgaris L.; Crushed leaves with lard are used to
- . Yes No - Leaves . N - -
Lentibulariaceae treat bruises and sprains
Pinus uncinata R s
Ramond ex DC.; Yes No Pin Resin Resin n'uxec'l with 011.15 used as - -
- antirheumatic
Pinaceae
Pinus sylvestris L.; Pino selvatico; Young Extract syrup by preservmgA it under
N Yes Yes s sugar for 2 months; 2 M
Pinaceae Pinje; Le coce sprouts C
ough treatment
Prunus avium (L) L; Yes No Ceresé Petioles ‘Tea; . - -
Rosaceae Diuretic
Prunus domestica L.; Yes No Bergna Seeds Crushed seeds with honey are used ) .
Rosaceae as a vermifuge
Prunus padus L.; Yes No B Bark Tea; ~ ~

Rosaceae

Diaphoretic and febrifuge
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Table 1. Cont.

If Species is Reported in the

Reported Reported Present Study
Scientific Name; in the in the . . -
Family Name Study in Present Local Name(s) * Part Used * Mode of Preparation; Medical Use * Frequency Medicine .(1\./[);
1970 [17] Study of Citation Food-Medicine
(FM)
Prunus persica (L.) . Tea; R R
Batsch; Rosaceae Yes No Perssi Petals Laxative
Pulmonaria 'ofﬁcmalzs Yes No ) Leaves Teaf B B
L.; Boraginaceae Calming
QWEC”S robur L.; Yes No Rol Acorn, bark Tea (decoction) - -
agaceae
Rheum rhabarbarum L.; No Yes Rabarbaro Roots Infused in whl'te wine; 5 M
Polygonaceae NW For digestion
Rhododendron Tea:
ferrugineum L.; Yes No - Flowers . ¢ - -
Fri Kidney stones
ricaceae
Marmalade, raw, tea, or infusion in
Rosa canina L.; Rosa canina; liquor;
v Yes Yes . Fruits Rich in vitamin C, to calm the stress; 3 M
Rosaceae Gratta cti A X .
Infused in liquor, is good during
sickness
Rubus idaeus L.; Yes No Ampola Fruits Infusion with frul'ts of v. myrtillus in ) )
Rosaceae wine
Rubus ulmifolius More; Rove; Tea;
Schott; Rosaceae No Yes Pun di rovi Young leaves For throat pain 6 FM
Rumex alpinus L.; Rebarbar d’ Leaves and Tea;
Yes No . . - -
Polygonaceae montagna flowers Digestion
th[::cus aculeatus L.; Yes No Agrovert Fruits Te'a; - -
sparagaceae Febrifuge
Infusion in wine and used as
- . cleansing drink;
Sam?ucus nigra L.; Yes No Sanbur Flower.s and Flowers fried in oil and mixed with - -
Viburnaceae fruits "
wax and fat to treat arthritis and
rheumatism
Infusion in wine and used as
. cleansing drink;
Sambu-cus racerosa L.; Yes No Sanbur Flower.s and Flowers fried in oil and mixed with - -
Viburnaceae fruits -
wax and fat to treat arthritis and
rheumatism
. Leaves, bark,
Salix caprea L.;
. Yes No Sales young - - -
Salicaceae
branches
. . . Tea;
Salvia sp.; Lamiaceae Yes No Salvia Leaves . . - -
Digestion
Sempervivum sp.; Yes No B Leaves B B B
Crassulaceae
Siler montanum . The whole The whole plant crushed with lard is
. Yes No Apia . - -
Crantz; Apiaceae plant used to treat sprains
Solanum nigrum L.; Yes No Erba morela Leaves Tea; . . - -
Solanaceae For rheumatic pain
Syzygium aromaticum
(L.) Merr. and Tea, placing it between the teeth;
L.M.Perry NW; No Yes Garofano Flower buds Against pain in teeth and throat ! M
Mpyrtaceae
Tanacetum vulgare L.; Yes No T'nea Leaves Tea; ) B ~
Asteraceae Hypotensive
Taraxacum officinale Ta.rassact?; Stem, leaves, Salad, cooked;
. Yes Yes Girasole; i 12 FM
FH.Wigg.; Asteraceae . X flowers Blood purifier
Ciguriaz
Teucrium chamaedrys Tea;
L.; Lamiaceae Yes No B Leaves Blood purifier B -
Timo selvatico; a1 .
Thymus serpyllum L.; Timo serpillo; Leaves Food flavoring;
Yy . v Yes Yes . 4 4 Good for cough, fever, and 7 M
Lamiaceae Timo delle flowers . .
respiratory diseases
montagne
Tilia cordata Mill.; Yes No Tilia Flowers Tea; B B

Malvaceae

Diaphoretic and cough-relieving
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Table 1. Cont.

If Species is Reported in the

Reported Reported Present Study
ientifi ; in the in the
Scientific Name; . Local Name(s) * Part Used * Mode of Preparation; Medical Use * Medicine (M);
Study in Present Frequency W
1970 [17] Study of Citation Food-Medicine
(EM)
Tussilago farfara L.; Yes Yes Tussilagine Leaves . Tea; 1 M
Asteraceae Against cough
Tragopogon pratensis L.; Yes No Barbaboch Leaves Tea; - -
Asteraceae Purifier
Urtica dioica L.; As food;
. v Yes Yes Ortica Leaves Iron deficiency, rich in vitamins E 11 FM
Urticaceae
and C
Vaaccinium myrtillus L.; Yes Yes Mirtilli Fruits Fresh; 1 M
Ericaceae Good for eyes
Valeriana locusta L.; Decoction to be used warm for eye
e 1 Yes No Sarset Leaves . . P - -
Caprifoliaceae baths in conjunctivitis
Valermnﬁf oﬁcmalzs L No Yes Valeriana Rhizome . Tea; . 1 M
Caprifoliaceae Against anxiety
Veratrum album L.; .
Melanthiaceae Yes No — Roots For veterinary uses - -
. Tea for cough;
ch'bascum thapsus L.; Yes No - Leaves Fresh leaves are used to soothe pain - -
crophulariaceae - .
of arthritis topically
Veronica chu_maedrys L. Yes No B Flowering Tea for cough B ~
Plantaginaceae pods
Veronica ofﬁcmulzs L.,; Yes No R Flowering Tea for cough R R
Plantaginaceae pods
Veronica ul_lzamz Vill; Yes No Te d” montagna Leaves 'Tea; . - -
Plantaginaceae Invigorating
Vinca minor L.; Yes No _ Leaves Tea;‘ .. - -
Apocynaceae For gingivitis
Viola 'calcamta L Yes No Viola Flowers Tea; . - -
Violaceae Anti-toxic
. S Viola di .
th.l cenisia L.; No Yes montagna; Viola Flowers . Tea; 4 M
Violaceae L Against cough
del moncenisio
Vzolu' tricolor L.; Yes Yes Vlola' del Young aerial Tea; 3 M
Violaceae pensiero part Against cold
Viscum album L.; Yes No Chi Leaves Tea; ) ~ ~
Santalaceae Hypotensive
. . Tea;
Zea mays L.; Poaceae Yes No Melia - Prostatitis - -

NW: Not wild; *: Data of the present study is prioritized when the taxon is reported in both studies.

We documented in our fieldwork 14 types of plant parts to be used for medical
purposes (Figure 3). Flowers were the most reported plant part, with 13 citations by the
study’s respondents, followed by leaves (nine reports) and roots (six reports). On the
other hand, the study of Lomagno and Lomagno Caramiello [17] documented that “the
whole plant” was mostly used among the reported species. We also observed a higher
diversity of parts used in 1970 compared to the current uses, as some plant parts reported
by Lomagno and Lomagno Caramiello [17] (e.g., resin, petals, bark) are not reported in our
present study.

The majority of our reported species are used solely for medical purposes (58%).
However, we found that a significant number of the reported species (42%) are used as
food-medicine. Some of the most-reported species were consumed as food while their
medicinal benefits were targeted. Urtica dioica (11 reports), for instance, is frequently
used to defeat the deficiency of iron, and for its richness in vitamins E and C. Similarly,
Taraxacum officinale (12 reports) is consumed as salads or cooked for its benefits to blood
and the circulatory system.
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Figure 3. Plant parts used in the reported medicinal plants in the present study in Susa Valley.

Using food plants as medicine and medicinal plants as food has often been reported
in the Mediterranean; for instance, Pieroni [24] highlighted that 60% of the medical plants
in the upper Garfagnana in Italy also play a role as a food medicine.

Infusion was the main preparation method reported by our respondents; 50% of the
reported medicinal plants were prepared as such. The infusion was mostly performed in
water (tea), while infusion in liquor, wine, or oil was used with some plants. Similarly;,
Lomagno and Lomagno Caramiello [17] highlight that tea is the main preparation mode for
the vast majority of the species reported in their study. Another main mode of preparation
in our present study was consumption as food (cooked, in salads, or eaten raw).

3.2. Main Ailment Categories Treated by Medicinal Plants in the Susa Valley

Our present study recorded 41 medical-use reports, corresponding to 41 diseases/health
complaints or disturbances treated with medicinal plants in the study area. These diseases
were categorized into ten ailment categories based on the classifications of Cook [26]. Specifi-
cally, we characterized digestive, respiratory, circulatory, genitourinary, nutritional, muscu-
loskeletal, and skin disorders, as well as disorders of the nervous system, inflammation, and
pain (Table 2). The most-reported ailment categories (digestive, respiratory, circulatory, and
blood systems) represented more than half of the total number of reports. On the other hand,
we see a higher diversity of reports highlighted by Lomagno and Lomagno Caramiello [17],
in which five ailment categories had been treated by at least ten plant species for each. Respi-
ratory and digestive system disorders were the most cited category treated by local people
half a century ago, which is roughly similar to our current findings in the present study. How-
ever, we observe two categories, genitourinary system disorders and musculoskeletal system
disorders, that are highly reported in Lomagno and Lomagno Caramiello [17], while they
are marginally highlighted by our current study. This could be attributed to the complicated
nature of the infections associated with these two categories, which could be better treated by
the current health system that has significantly developed over the past half-century.
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Table 2. Aliment categories based on the respondents’ reports.

Study Published in
The Present Study 1970 [17]
Ailment Category
Number of Most-Reported Species Number of
Reported Species for the Relevant Category Reported Species
Digestive system disorders 10 Artemisia genipi 15
Respiratory system disorders 7 Thymus serpyllum 18
Circulatory ~and blood 5 Taraxacum officinale 11
system disorders
Gemtou.rmary system 4 Cichorium intybus 15
disorders
Nervous system disorders 4 Hypericum perforatum 7
Inflammation 3 Hypericum perforatum 6
Pain 3 Arnica montana 7
Nutritional disorders 2 Urtica dioica 2
Musculgskeletal 2 Arnica montana 10
system disorders
Skin/subcutaneous cellular 1 Hypericum perforatum 5

tissue disorders

Several herbal species are employed to treat digestive system disorders; the most cited
among them is Artemisia genipi. In the Susa Valley and other Alpine valleys, A. genipi is
used in liqueur preparations [27] made by macerating the plant’s aerial parts (flowers,
leaves, and stems) in alcohol for approximately 20-30 days. Next, sugary syrup is added
to the alcoholic macerate. The resulting drink, referred to as “génépi” or “génépy”, is
used as a tonic and eupeptic beverage, having a bitter taste and unique flavor. Its peculiar
sensory properties have been associated with the volatile constituents of the plant and
attributed to the sesquiterpene lactone fraction, which conveys stimulating and mood-
elevating properties [28]. Over 100 essential oils have been identified in A. genipi and other
related species (such as A. umbelliformis Lam.), mainly produced in leaves and flowers.
These are credited with spasmolytic, antiseptic, and sedative properties, and the most
abundant of them are used to identify different chemotypes within a species or a group of
species [28]. In A. genipi, four different chemotypes with distinct olfactory properties have
been identified: (a) thujone, the most abundant monoterpene associated with the neurotoxic
effect of absinthium; (b) borneol, which gives to the liqueur a woody, camphoraceous note
with insect-repellent properties; (c) cineol, which promote a spicy note of cinnamon; and
(d) «-,3-Pinenes, which confer a pine resin note [29,30].

The oil infused with the flower-heads of Arnica montana is used externally to treat
various symptoms related to pain, inflammation, and musculoskeletal system disorders.
The plant belongs to a relatively large group of the Asteraceae family, and is rich in
sesquiterpene lactones such as helenalin, which have pharmacological and toxicological
effects [31]. Other natural products typically found in the flower-head are flavonoids such
as quercetin and kaempferol, coumarins, and an essential oil [31,32]. A preparation with
A. montana showed anti-inflammatory effects in vivo for arthritis [33]. In particular, hele-
nalin seems to interact with many cysteine residues in a number of target proteins, modify-
ing their activity, such as with NFkB and NFAT, two transcription factors orchestrating the
inflammation pathways. In addition, its cytotoxic effects have been well documented in
several studies, and work analyzing helenalin anticancer potential is still ongoing [34].

Thymus serpillum is another plant highly reported in our survey for the treatment
of respiratory disease. The oil found in several thyme-related species is carminative,
antiseptic, antitussive, expectorant, and spasmolytic. In herbal medicine, it is employed
in respiratory disorders such as coughs, bronchitis, and sinusitis, among others [35]. The
active principals thymol (a volatile oil) and carvacrol are responsible for the expectorant
activity, whereas the flavonoids such as apigenin and luteolin are expected to contribute to
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the anti-inflammatory and antimicrobial effects of the plant extract [36,37]. The plant extract
has also shown in vivo antispasmodic effects [38], further validating its use in respiratory
disorders. Interestingly, the essential oil is currently being investigated as a potential food
preservative [39].

The boiled leaves, or the decoction, of Urtica dioca are used in cases of nutritional
deficiency (iron deficiency), and as a source of micronutrients (Vitamin C). The constituents
of U. dioca are well documented, although it is still unclear which are the components
responsible for the pharmacological activities. The root has several lignans, including
pinoresinol, secoisolariciresinol, and neo-olivil, which may play a dominant role in inhibit-
ing the interaction between sex hormone binding globulin and 5x-testosterone, a pathway
that plays an important role in the development of benign prostate hyperplasia (BPH).
The research around U. dioica has been focused on BPH symptom relief, and the use for
this purpose has been supported by small-scale clinical trials. U. dioica extracts are also
evaluated as anti-inflammatory agents in arthritis and rheumatism [40,41].

Taraxacum officinale leaves are used as a food with medicinal properties. The leaves
are eaten raw in salad or cooked like spinach (sauteed in olive oil with garlic), and the
flower buds are foraged and preserved in brine and used like capers. The plant is thought
to be useful in blood disorders and is a systemically refreshing herb. Analysis of the
nutrient content has shown a balanced combination of trace elements, making the plant
an interesting source of oligo-elements (calcium, potassium), micronutrients (one of the
highest sources in nature of 3-carotene), and an array of phytochemicals with potentially
beneficial effects [42]. It contains several sesquiterpene lactones with anti-inflammatory
and anticancer properties, phenylpropanoids with anti-inflammatory effects, and terpenoid
polysaccharides with immune regulation, platelet anti-aggregation activity, and hepato-
protection [43—46]. It is also an important source of inulin, which has immunostimulatory
functions [42]. A growing body of evidence points out that T. officinale components such as
chlorogenic acid, chicory acid, and taraxasterol have strong hypoglycemic effects, either
alone or in combination with other herbs [47-49].

Therefore, the phytochemical and pharmacological analyses of plants used medicinally
in the Susa Valley has largely provided evidence for their traditional uses and could be a
promising economic resource for rural communities.

3.3. Changes in the Knowledge and Use of Medicinal Plants over a Half-Century in the Susa Valley

Compared to the previous study conducted in the region in 1970, the current survey
study highlights significant changes in folk-medicine knowledge and associated uses. While
our study reports 36 plant species, corresponding to 33 genera, Lomagno and Lomagno
Caramiello [17] reported 96 plant species, corresponding to 76 genera. We found that
both studies overlap in 26 plant genera which refer to plant genera that are still used in
the region (Figure 4). These overlapping genera include the five most cited plant species
in our present study (Artemisia genipi, Hypericum perforatum, Taraxacum officinale, Arnica
montana, and Urtica dioica), which were also highlighted for its importance by Lomagno
and Lomagno Caramiello [17]. This reflects the cultural importance of these genera in the
local ethnobotanical heritage, as a half-century of critical changes could not impact the use
and knowledge of these plants.

On the other hand, the use of a few plant genera (seven genera) newly arises in the
new survey; this could be attributed to the newcomers to the region who brought with
them the use of a few species (e.g., C. Carvi, S. aromaticum), or due to the recent availability
of these species in supermarkets that have spread into the region in the past few decades.
This phenomenon was reported in a previous study in Val Borbera (in the same region,
Piedmont) on the possible sociodemographic drivers behind the differences in plants, parts
used, and modes of preparation in the region. Fontefrancesco et al. [5] observed that the
aerial parts of ramson (A. ursinum) were never gathered or used in the past in the study
area, but city visitors from Genoa introduced a few years ago the custom of collecting and
using this plant as a substitute for garlic (and basil leaves) in one of the most iconic Ligurian
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culinary preparations: pesto. The introduction “from the city” of the use of A. ursinum,
which grows widely in beech woodlands in spring in the upper Borbera Valley, testifies to
a phenomenon that is well known in southern Europe, where this plant was introduced a
few decades ago as a panacea, and also possibly thanks to the popularity it achieved when
the books by Austrian herbalist Maria Treben (1907-1991), especially Health Through God’s
Pharmacy, which strongly advocated its use, were translated and became best-sellers in
many countries. Similarly, we observed a similar dynamic for some species (e.g., A. ursinum
and Lepidium sativum) that were not documented in the study conducted by Lomagno and
Lomagno Caramiello [17]. We can assume that their collection and consumption have
probably started in recent decades, following the socioeconomic and demographic changes
that have occurred in the Susa Valley.
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Figure 4. Genera overlapping within our present study and a previous study conducted in the region
in 1970.

Figure 4 also illustrates the crucial decrease in the number of medicinal plants used in
the region, where the use and knowledge of 50 genera, which correspond to 73 plant species,
have been abandoned. This large number of plant species reported solely in 1970 could be
attributed to, in addition to the erosion of traditional knowledge, the differences between
the sampled participants in the two studies. While we interviewed normal local people,
Lomagno and Lomagno Caramiello [17] mainly interviewed herbalists; this can be observed
by the inclusion of some described species that are typically used in scholarly medicine,
such as Aconitum spp., Veratrum spp., and Dryopteris spp., given that some of them have
a level of toxicity and need to be used carefully. The decrease in traditional knowledge
during a half-century’s frame may be a reflection of the vast socioeconomic, cultural, urban,
and environmental changes that have occurred in the region. Knowledge about herbs and
plants of the valley once was necessary, as people in the valley were self-sufficient. People
foraged plants and used them for cooking and as medicine to cure themselves. With the
industrial growth in the Piedmont Plain and Turin area, which has attracted new human
resources for labor from the mountain valleys, the decrease in agricultural activity, and,
most notably, the decrease or even loss of dependence on this knowledge of local plants to
sustain local populations, the number of practices linked to local plants and the number
of people making use of them have shrunk. Food and medicinal products have been
institutionalized, and non-prescribed drugs have been advertised on a massive scale. This
is in addition to the spread of supermarkets and pharmacies that provide all necessities,
independent of ethnobotanical knowledge. As already observed in other studies conducted
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in northern Italy [5,7], the deeper integration of mountain communities within the national
economy and the expansion of the health service from the end of the 1970s, along with
a better access to modern drugs, could explain the erosion of TEK linked to the use of
medicinal plants in the study area.

We observed during our field visits to the valley that local people are mainly depen-
dent at present on the touristic seasons (usually during summer, and during ski period
in winter), while during other periods of the year, few people permanently inhabit the
villages. The development of mass tourism (leisure and sports tourism) in the Susa Valley,
which also occurred in other Alpine valleys in Italy [50,51], engendered a profound trans-
formation in the socioeconomic milieu, precipitating a transition from agrarian pursuits to
engagement in the burgeoning tourist industry. This transition has been marked by a pro-
gressive detachment of the population from the local environment and, in particular, by the
following human ecological changes: (1) major human migration from the upper valley to
the lowlands over the past decades; (2) abandoning pastoralism (and all its derived animal
products) and forest-based activities (e.g., chestnut and hazelnut collection) which were
economic bases in the region; (3) the onward march of urban development, as exemplified
by the expansion of touristic settlements like Bardonecchia and Sestriere, which started
four decades ago. These transformations during the past few decades have significantly
impacted the nexuses between local communities and their traditional activities and ul-
timately between the locals and their immediate landscape, and led to an erosion in the
traditional ecological knowledge. Moreover, these dynamics have possibly impacted the
ecological habitat of many medicinal plants, as humans’ interest in maintaining the former
ecosystem, including the useful plants, has significantly decreased. For instance, the study
of Lomagno and Lomagno Caramiello [17] reported four species of the genus Prunus which
have not been reported in our study, which may be a result of the current neglect of the
forest. On the other hand, the absence of some pastoralism-related species (e.g., M. pusilla)
could also be a result of the abandonment of pastoralism-related ecosystems.

3.4. Economically Promising Plant Species and Their Applications in the Food and Beverage
Industry, Rural Development, Gastronomic Tourism, and More

Our study results highlight several plant species that may have high economic value
for their primary or secondary products. Thirteen respondents (43%) in our study reported
using Artemisia genepi for its digestive properties. All informants agreed on the method of
preparation (infusion in alcohol). Such preparation has a historical link to other Artemisia
spp.-based preparations of the scholarly Mediterranean such as the Roman “vinum ab-
sinthiatum”, which can be considered the early precursor of what is known nowadays as
vermouth [27]; however, as a previous study that we conducted in the upper Varaita Valley
suggested [1], genepi was in the past mainly infused in hot milk by locals in the upper
Piedmontese valleys and used as a kind of “aspirin”, and, only later, possibly with the
intensification of the trade with the lowlands, became an “alcoholic” beverage (first in
wine, later in spirits) [1]. Furthermore, the growing popularity of wild Artemisia spp.-based
alcoholic preparations and especially of those that are absinth-based, which are now legal
in Europe if they comply with the regulatory limits for thujones (35 mg/L) [52], further
testifies to the interest of consumers in this type of beverages. The ecological availability,
however, of A. genepi and of its related species named with the same local phytonym (A. um-
belliformis Lam., Artemisia lagopus subsp. triniana (Besser) Korobkov) in the Alps is minimal,
and they are strongly regulated by regional laws in Italy [53]. The recent domestication of A.
umbelliformis Lam. throughout the Alps has paved the way for the ever-growing popularity
of genepi-based products such as teas, chocolates, candies, jams, alcoholic beverages (e.g.,
beer infused with A. umbelliformis flowers), and condiments. This trend has increased the
number of studies aiming to isolate compounds useful as markers to fight adulteration [27].
Altogether, Alpine wild Artemisia spp. are highly recommended for consideration as to
their further agronomic, economic, and gastronomic potentialities. Considering that the
lower Susa Valley, and especially the Piedmontese hills, are well-known for their wine pro-
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duction, combining locally cultivated A. umbelliformis and locally produced wine may have
a promising economic value in the immensely growing light-alcoholic appetizing-beverage
industry, i.e., the iconic Piedmontese vermouth industry. For the same purposes, and also
for new possible “tonic waters”, A. absinthium and Achillea spp. could possibly also be
tested and evaluated in different combinations, as well as with spices, Citrus spp. peels, and,
especially, local wild aromatic plants that have a long history of use at the study’s site, such
as Carum carvi fruits, Thymus serpyllum leaves, and aerial parts of Tanacetum parthenium. This
latter taxon, in particular, is locally known as arquebuse; it is often even semi-domesticated
in the local home gardens, and represents the main ingredient of a forgotten, fascinating
alcoholic digestive beverage with the same name, which could be revitalized.

Other promising species in this context are the ubiquitous T. officinale (12 reports) and
Urtica dioica; both plants are used as pillars of local wild gastronomy and as nutraceuticals,
as well as for their medicinal interest. The leaves of Taraxacum, consumed raw or cooked,
are perceived to be a blood purifier. U. dioica is widely appreciated in teas and local cuisine,
cooked as spinach for its mild flavor and health benefits. The traditional use of these
edible greens could be further exploited in local specialty food products and in the local
restaurant/hospitality industry. Considering their agronomical and nutritional values, they
could be considered for future domestication programs in the region. Hypericum perforatum
is another species that our study participants cited frequently; the plant is prepared as tea
or infused into alcohol or olive oil for external uses. Having a wide range of medicinal uses,
it holds economic potential for its potential uses in herbal teas and traditional remedies.
In dermatological preparation, as in many Mediterranean communities, it is used against
skin burns, sunburnt skin, and skin stress, as well as for its anti-inflammatory properties.
Therefore, diverse Hypericum-centered preparations (food supplements, herbal teas, and
cosmetic products) may be promising and have an attractive economic value. Eleven
respondents highlighted the species of A. montana for its benefits against shocks and
trauma, while the oil is also used for massage against pain and rheumatism. As both H.
perforatum and A. montana are prepared by infusing it into oil, this may suggest the further
artisanal, small-scale use of new herbal oil plant extracts. Additionally, the small-scale
production of new possible herbal teas for the gastronomic market and based on local
wild plants could be the object of further feasibility explorations; this could be worthwhile
for herbal teas based upon Viola, Arctosphylus, Malva, Crataegus, and Carum spp. aerial
parts/fruits.

The two emerging trends that drive the use of herbs in the European food industry [54]
are linked to certain considerations:

e  Their functionality has been highlighted, as there is an increasing demand for func-
tional food and beverages promoting gut, brain and holistic health. In our study this
could open up innovative and novel uses of aromatic wild spp. (i.e., Carum, Achillea,
and Thymus spp.). Moreover, in line with the increasing demand for prebiotic- and
probiotic-rich foods and beverages [55], the identified species could be used in the
development of lacto-fermented products based on wild plant resources (i.e., wild
vegetables and seasoning spp.—based kimchis and kombuchas). Some of the above-
mentioned species could also be used for the production of healthy condiments to
substitute for salt and sugar. Our study possibly suggests the development of season-
ing salts for the local market and the touristic one, in which the aromatic dried local
wild-plant component, mixed with salt, could be used to decrease overall domestic
salt intake.

e  Their roles in shaping ethnic foods and beverages and in creating new sustainable
opportunities for the local economy have been highlighted [56]. In the context of
increasing food-tourism and the growing demand for local specialty foods and cui-
sine [57-60], wild plants and herbs may have potential in terms of distinguishing the
local foodscape and its associated cuisine. This offers local actors the opportunity to
support the continuation of food traditions and heritage through ad hoc projects in
the restaurant industry and gastronomic-tourism sector, including ecotourism, with
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local-food-based and avant-garde restaurants focusing on the revitalization of Alpine
gastronomy. Additionally, artisanal entrepreneurial ventures based on traditional
wild food-plants and herbs (e.g., vegetable and fruit preserves, and condiments) and
educational and community-based projects aimed at promoting the sustainable use
and consumption of these resources could be also envisioned. In our study area, this
opportunity could be further fostered by designing and conducting specific food-
scouting projects aimed at the documentation and revitalization of local plant-based
heritage foods and cuisines in neighboring areas, both within the Provencal and
Franco-Provencal speaking communities.

Some sustainability issues should be considered in the future development of projects
aimed at the revitalization and promotion of wild plants and herbs in our study area. It is
critical to mention that some of these promising economic species have been listed on the
“Red List” as being of “Least Concern”, such as T. serpyllum [61]. In addition, some other
highly used species (e.g., A. genepi) have been highlighted by local people as threatened,
even though they have not been listed on the Red List. Therefore, serious environmental
consideration should be taken when planning to use these species on a wide economic
scale, including the possibility of ad hoc local regulations to avoid over-exploitation of
these natural resources.

4. Conclusions

Our study documented 36 species used as medicine and food-medicine in the Susa
Valley of NW Italy. The study has conducted a comparison between our documented
species and 96 plant species reported by a previous study conducted in the area in 1970.
The comparison showed a critical decrease in the knowledge and use of medicinal plants in
the region. This change was attributed to socioeconomic, urban, touristic, cultural, health
system, and, possibly, environmental changes that have occurred in the region in the past
half-century. However, further reasons for the documented change include differences
between the methodologies applied in our study and those of the study conducted in
1970 [17]. The present study suggests several species for future applied-botany studies and
projects using local plant resources in the study’s region. These economically promising
species could play a crucial role in the well-being and development of the communities in
NW ltaly, as they could be a basis for future innovative and sustainable foods, nutraceu-
ticals, and medicinal products. Thus, this study has expanded the scientific knowledge
beneficial for increases in the competitiveness of the food system of NW Italy in terms of
quality and the added value of food products.
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Abstract

The transformation of Local Ecological Knowledge (LEK) among minority populations
undergoing cultural and linguistic assimilation over time is poorly understood. Arbéreshé
communities in Greece, who have preserved Albanian-derived traditions for centuries,
offer a unique opportunity to examine how folk plant knowledge adapts over time. This
study examines the linguistic labels and culinary uses of wild greens among Arbéreshé
(or Arvanites), an ethno-linguistic minority traditionally speaking Arbérisht or Arvanitika,
the Tosk dialect of Albanian, who have resided in the Argolis and Corinthia regions of
the Peloponnese for several centuries. In 2025, fieldwork was conducted in four rural Ar-
béreshé villages in the Argolis and Corinthia regions of Greece, combining semi-structured
interviews with 24 elderly participants, participant observation, and the collection and
identification of botanical specimens. The contemporary dataset was compared with histor-
ical ethnobotanical records from the 1970s to assess temporal changes in the use of wild
vegetables and folk plant nomenclature. Our results reveal that current Arbéreshé ethnob-
otanical heritage has undergone profound Hellenisation, with 62% of folk plant names
of Greek origin, 14% Albanian, and 24% hybrid, reflecting strong linguistic and cultural
assimilation over the past half-century. The traditional boiled green mix (lakra in Arbéreshé,
chorta in Greek) remains central to the local cuisine, which is rooted in foraged plants,
although its culinary applications have diversified. In total, 37 taxa of wild vegetables
across 37 genera and 14 families were documented in 2025, compared with 21 taxa across
21 genera in the filtered 1970 dataset. Core families, such as Asteraceae and Brassicaceae,
remained dominant, while new families, like Malvaceae and Portulacaceae, appeared, pos-
sibly indicating both ecological and culinary changes. These findings raise questions about
whether the Arbéreshé wild vegetable heritage was strongly influenced by the surrounding
Greek majority or primarily acquired after migration, potentially facilitated by intermar-
riages and shared Orthodox Christian affiliation. Overall, our study highlights a largely
Hellenised Arbéreshé biocultural heritage and underscores the urgent need for national
and regional stakeholders to recognise and celebrate the remaining minority’s linguistic
and ethnobotanical diversity. The transformation of local ethnobotanical knowledge over
the past fifty years appears influenced by ecological availability, socio-cultural dynamics,
and changing taste preferences.
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1. Introduction

The Albanian Arbéreshé, also known in Greece and occasionally in the literature as
Arvanites, are an ethno-linguistic minority of Albanian origin who settled in mainland and
insular Greece between the 14th and 16th centuries [1,2]. The relocation of Arbéreshé to
Greece is linked to the depopulation of these regions due to continuous conflicts and internal
wars, as well as to the imperial decree that required military forces to be stationed on Greek
territory in the 14th century [1]. Their historical presence is reflected in local toponymy,
customs, and oral traditions [2-4]. Over time, however, most Arbéreshé communities in
mainland Greece have undergone a process of progressive Hellenization, particularly since
the formation of the modern Greek state in the 19th century [5]. This process, shaped by
national integration policies and sociolinguistic dynamics, has led to a significant decline in
the use of the Arvanitika dialect and the assimilation of cultural practices into the dominant
Greek framework [2,6,7]. This process intensified during the 19th and 20th centuries, marked
by cultural assimilation, the marginalisation of minority identities, and the near disappearance
of Arvanitika, the Tosk dialect of the Albanian language [8,9].

In contrast to their counterparts in Southern Italy, where the Arbéreshé (the Alba-
nian diaspora in Southern Italy, which includes many who migrated from Albania via
Greece in the 15th century) have had their identity more actively preserved and institu-
tionally supported [8,10], the Arbéreshé in mainland Greece followed a different path. The
combined forces of national integration policies, marginalisation and stigmatisation of
linguistic differences, and rural-to-urban migration have dramatically reduced both the
use of Arvanitika and the intergenerational transmission of cultural knowledge [6,11-13].
Immigration, particularly during the post-war decades, further accelerated this transforma-
tion: as younger generations left rural areas in search of work or education in cities, local
dialects, subsistence practices, and place-based knowledge systems weakened [14,15].

Simultaneously, land use changes, including the abandonment of traditional agricul-
tural terraces, the decline of small-scale herding and subsistence farming, and the expansion
of monocultures and tourism-related development, transformed the ecological and social
landscape of many villages [16-18]. As a result, the daily interaction with plants and natural
environments that sustained ethnobotanical knowledge was disrupted. These environ-
mental changes, combined with shifting economic and social structures, contributed to the
erosion of orally transmitted ecological knowledge, especially among younger generations
who were no longer tied to ancestral livelihoods or seasonal rhythms [15].

Nevertheless, in a few isolated mountain communities in the Argolis region of Cen-
tral Greece, notably Limnes, Arachneo, Aggelokastro, and Sofiko, elderly speakers con-
tinue to retain fragments of the Arbéreshé language and aspects of traditional ecological
knowledge [7]. These villages, geographically removed from urban centres and located
in rugged terrain, have maintained a certain degree of cultural autonomy, making them
valuable sites for investigating residual ethnobotanical heritage.

Ethnobotanical knowledge, also known as local ecological knowledge (LEK), is typically
transmitted orally and is strongly tied to both the landscape and cultural identity [18,19].
Several studies have highlighted the nexus between diaspora communities and their adapted
(and travelled) local ecological knowledge [20,21]. A growing body of research highlights
the link between linguistic and ecological diversity [19] and the fact that language loss
is often accompanied by the erosion of environmental memory [22]. Yet some scholars
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have shown that foraging knowledge and plant uses can persist even when the original
linguistic categories collapse, surviving in embodied practices and everyday use. In contrast,
folk plant names may be retained, translated, or lost [21,23,24]. As such, the study of folk
plant nomenclature provides a powerful lens through which to examine the relationship
between language attrition, cultural resilience, and biocultural memory. In this context,
ethnobotanical terminology among Arbéreshé speakers in Argolis offers a compelling case
study. By examining the preservation, replacement, or loss of plant names of Albanian origin,
it becomes possible to trace broader processes of cultural change and continuity, particularly
in relation to migration, land abandonment, and social transformation.

This study aimed to: (1) document wild greens currently known by the Albanian-
speaking communities in Argolis and Corinthia, Peloponnese, Greece; (2) assess changes
in the diversity of wild greens used, by comparing the documented contemporary eth-
nobotanical data with a historical dataset from the 1970s; (3) evaluate the resilience and
transformation of folk plant nomenclature, focusing on the retention, replacement, or
hybridization of Albanian-origin names; and (4) examine how socio-cultural and ecological
changes, including language shift and altered land use practices, may have influenced the
continuity and adaptation of local ecological knowledge in these communities.

2. Materials and Methods
2.1. Study Area and Data Collection

The study was conducted in the Argolis region of the northeastern Peloponnese, Central
Greece. Fieldwork focused on four villages: Limnes, Arachneo, Aggelokastro, and Sofiko,
known for their historical Albanian populations (Figure 1). These villages are located in hilly
and semi-mountainous terrain, ranging from 250 to 800 m above sea level. A Mediterranean
climate with mixed land uses, including small-scale farming (i.e., olive groves), and areas
of secondary vegetation, characterises them. Due to their relative geographic isolation from
urban and coastal centres, these communities have preserved residual elements of Albanian
cultural and linguistic heritage, particularly among the elderly.
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Figure 1. Study area map within the map of Greece. Locations of the villages where the study was
conducted (blue circles and crosses refer to the studied villages of Limnes, Arachneo, Aggelokastro,
and Sofiko) in the Argolis and Corinthia regions of Greece. Copyright Information: GreeceMap360:
© 2025 Newebcreations. All rights reserved. Greece Map 360. Available online: https:/ /greecemap3
60.com/ (accessed on 8 October 2025). Hellenica World: © Foundation of the Hellenic World. All
rights reserved. Available online: https://www.hellenicaworld.com/ (accessed on 8 October 2025).
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Over the past decades, however, the region has experienced significant demographic
and land use changes, including population decline due to rural outmigration, abandon-
ment of traditional agriculture, and ecological succession in previously cultivated or grazed
areas. These transformations have influenced both the availability of wild plant resources
and the transmission of local environmental knowledge. Between March and May 2025,
ethnobotanical data were collected through semi-structured interviews with 24 elderly
participants (16 men and eight women, aged 64-83) who identified themselves as native
or heritage Albanian speakers. Such knowledgeable individuals, especially those familiar
with local botanical plants, were increasingly rare to find in these villages. Interviews
were conducted in Greek and, where possible, in Arvanitika dialect fragments, depend-
ing on speaker fluency. Participants were asked to list and describe the wild vegetables
traditionally used for food and foraged in the surrounding landscape. For each plant
mentioned, the following data were recorded local folk name(s) (with special attention to
names of Albanian origin), used parts (e.g., leaves, shoots, bulbs), culinary preparation (e.g.,
boiling, salad, seasoning), and quotation frequency (classified as R = rarely, C = commonly,
VC = very commonly). The Code of Ethics of the International Society of Ethnobiology was
adhered to during this research, and every interviewee was informed about the aims of this
study in advance [24]. Voucher specimens were collected and identified using the standard
reference of the Greek Flora [25], verified using the online annotated checklist of the Greek
flora (https:/ /portal.cybertaxonomy.org/flora-greece/intro, accessed on 8 September 2025)
and deposited at the Herbarium of the Bio-Cultural Diversity Lab of the Department of
Environmental Sciences, Informatics, and Statistics, Ca” Foscari University of Venice, Italy.
Botanical nomenclature was aligned with the World Flora Online database [26]. Recorded
folk names were transcribed in the Latin alphabet, following standard rules of Albanian
and (Latinised) Greek orthographies.

Folk plant names of likely Albanian etymology were highlighted and later cross-
checked with a comparative Albanian-language botanical lexicon [27], and regional studies
to determine their origins. Special attention was given to whether these names coexisted
with Greek alternatives, had been entirely replaced, or were still actively used.

2.2. Historical Reference Dataset (1970)

For comparative purposes, a dataset from the US anthropologist Mary Clark Forbes,
who conducted extensive field studies in 1970 in Eastern Argolis, was used as a historical
reference for the foraged flora of Argolis. Although the original research was rooted in
deep ethnography and ethnobotanical in its essence, it did not record folk plant names,
and, nevertheless, still provides a valuable list of wild or semi-wild plant taxa used for
food in the same region at that time.

The 1970 list includes 38 plant taxa, primarily recorded at the genus level, along with
brief notes on edible parts. While it is not certain that Forbes’ participants were of Albanian
origin, the data were collected from eastern Argolis localities, thus offering a relevant
baseline for temporal comparison of plant uses at the genus level.

To ensure the validity of diachronic comparison, we critically assessed the compara-
bility of our 2025 dataset with the 1970 dataset by Clark Forbes. While both studies were
conducted in the Argolis region in the spring season and documented wild edible plants,
there are some limitations. First, although Forbes conducted her study in the eastern Argo-
lis area, and thus geographically, there is no perfect overlap with our field sites. Second,
sample sizes are not comparable as Forbes did not report participant numbers, whereas
our 2025 study involved 24 informants.
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Given these caveats, comparability was reasonable at the taxonomic level of plant genera,
as the 1970 study did not collect botanical vouchers, and neither Forbes recorded vernacular
plant names. We therefore limited the comparative analysis to the presence, absence, and inno-
vation of wild green plant genera, while linguistic analysis was restricted to the 2025 dataset.
By explicitly acknowledging these limitations, we sought to strike a robust balance between
the attempt at a diachronic comparison and methodological reproducibility.

2.3. Data Analysis

Data were processed and analysed using R version 4.4.2 and SAS 9.4. The analysis
focused on three primary objectives: describing the structure of the 2025 dataset, comparing
it temporally with historical data from 1970, and assessing the degree of linguistic resilience
in the preservation of folk plant nomenclature.

First, descriptive statistics were used to quantify the total number of plant taxa
recorded in 2025 and to calculate the number and percentage of taxa bearing folk names of
Albanian origin. The distribution of folk names was examined across botanical families
and culinary preparation methods (e.g., boiled greens, salads, and seasonings). Citation
frequencies were classified as rare, R, if wild green was quoted by less than 10% of the in-
formants; common, C, if mentioned by more than 10% and less than 40% of the informants;
very common, VG, if quoted by more than 40% of the informants.

Second, a diachronic comparison of the taxonomic lists from 1970 and 2025 was con-
ducted to evaluate changes in species composition and ethnobotanical practices over time.
Since the 1970 dataset did not report vernacular plant names, our analysis of continuity focuses
on the persistence of taxa rather than the names themselves. Thus, categories of continuity,
loss, and innovation are applied strictly to the taxonomic level. Linguistic variation could only
be assessed within the 2025 dataset, where multiple folk names were recorded for specific
genera. Genera common to both datasets were identified, and changes were categorised into
three types: (1) continuity, where a plant continued to be used; (2) loss, where the genus was
not mentioned in the 2025 data; and (3) innovation, where new taxa appeared in the 2025 data
but were absent from the 1970 record. This allowed us to assess not only linguistic shifts but
also broader cultural and ecological transformations in plant use practices.

Third, a linguistic resilience assessment was carried out to evaluate the extent of retention
of Albanian folk names. The proportion of Albanian-origin names was calculated as a
percentage of the total number of folk plant names recorded in 2025. Patterns of linguistic
replacement were explored by identifying cases where Greek names had supplanted Albanian
terms. Additionally, we examined whether specific wild greens were more likely to retain
Albanian names or undergo lexical replacement, highlighting the uneven impact of language
shift across plant-use categories. Finally, a series of multivariate analyses was considered to
explore the deeper structure in the dataset. Correspondence Analysis (CA) was proposed to
group plants based on naming origin and usage frequency. In addition, contingency tables
and Chi-square tests were suggested to assess associations between the frequency of wild
plant quotations and the retention of Albanian terminology. These analytical tools provide
insight into the interaction between cultural resilience and linguistic attrition, particularly
within an ageing minority population undergoing rapid sociolinguistic change.

3. Results
3.1. Botanical Diversity Change and Culinary Traditions Among the Greek Albanians

The wild greens dataset from 1970 included 21 species belonging to 21 genera across
10 families, whereas the 2025 dataset comprised 37 species from 37 genera distributed
among 14 families.
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Seventeen genera were consistently present in both 1970 and 2025, including Allium,
Amaranthus, Centaurea, Chondrilla, Cichorium, Origanum, Taraxacum, and others, demon-
strating continuity in core edible wild plant resources over time. Meanwhile, four genera
recorded in 1970, such as Solanum (Solanaceae), Capparis (Caparaceae), Discorea (Dioscore-
aceae), and Hypochaeris (Asteraceae), were absent in 2025. In contrast, twenty genera
appeared exclusively in 2025, including Asparagus (Asparagaceae), Beta (Amaranthaceae),
Pelargonium (Geraniaceae), Raphanus (Brassicaceae), and others (Figure 2), reflecting an ex-
pansion in both taxonomic diversity and ecological breadth of edible wild plants (Figure 2).

Genera Overlap Between 1970 and 2025 Arbéreshé Studies

2025 Study
Asparagus, Beta 1970 Study
Chenopodium, Cynara
Eruca, Foeniculum
Malva, Notobasis Solanum
Pelargonium, Picris — Capparis
Portulaca, Raphanus Discorea
Scandix, Scolymus Hypocaeris

Silybum, Sinapis
Sonchus, Tragopogon
Urospermum, Urtica

Allium, Amaranthus, Centaurea, Chondrilla, Cichorium, Crepis,
Hirschfeldia, Hypochaeris, Leontodon, Muscari, Origanum,
Papaver, Reichardia, Rumex, Silene, Taraxacum, Tordylium

Figure 2. Overlap of the gathered and consumed wild greens genera between the current study and
the field study conducted in Eastern Argolis in the 1970s.

At the family level, the diversity of Asteraceae increased from nine to 14 genera,
Brassicaceae from two to four, and Apiaceae from one to three, while Lamiaceae declined
markedly from four genera to just one genus. Additionally, Fabaceae and Solanaceae,
which were present in 1970, were absent from the 2025 dataset. These shifts highlight
notable changes in family-level diversity over the 55-year interval (see Table 1).

The comparison of plant parts used in the two periods reveals both continuity and
change in foraging practices and dietary preferences. In both studies, young aerial parts
dominated the records, with genera such as Amaranthus, Cichorium, Hirschfeldia, Reichardia,
Rumex, Silene, Sonchus, Taraxacum, and Tordylium consistently valued for their palatability,
seasonal availability, and ease of preparation. The use of flowering structures increased
slightly in 2025, with taxa such as Origanum (flowering tops) and Cynara (flower receptacles)
appearing, replacing the 1970 record of Matricaria (flower heads). This change may indicate
a refined appreciation for floral textures or an improved understanding of ethnobotanical
documentation. Specific categories persisted, albeit with shifts in genera; for example,
shoots of Chondrilla, Rumex, and Tamus were recorded in 1970, whereas Asparagus, Silene,
and Tragopogon featured prominently in 2025.
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Table 1. Wild vegetables documented in the Albanian villages of the study area in Greece. The plant
names in bold indicate taxa for which the recorded local names are of Greek origin; names in italics and
bold indicate hybrid (Albanian and Greek) names; names rendered in plain fonts are of Albanian origin.

Voucher
Specimen . .
Botanical Taxon or Taxa  Botanical Family = Number, Local Plant Used Parts Culinary . Quotation
. Name(s) Prepraration(s) Frequency
Starts with
UVVETBOT
. . Hudhra e egér, .
Allium ampeloprasum L. Amaryllidaceae GRARB31 Skordo Whole plants Seasoning R
Amaranthus blitum L. Tender aerial
and possibly other Amaranthaceae GRARB27 Nena, Vlita arts Boiled vC
Amaranthus spp. P
Sfaraghia,
Sparaghia,
Asparagus aphyllus L. Asparagaceae GRARB15 Srokalia, Shoots Cooked vC
Sporaghie,
Spuraghie
Beta vulgaris L. Amaranthaceae GRARB34 Spanaké e egér Aerial parts Lakra C
Centaurea raphanina Aginarkai,
. P Asteraceae GRARB21 Agriaginara, Young whorls Lakra vC
Sibth. & Sm. : .
lannides e egér
Chenopodium album L. Amaranthaceae GRARB20 Llaboté Young aerial parts  Boiled R
Cichorium intybus L. Asteraceae II{{;;II(I’ Radiki e Young aerial parts  Lakra C
Chondrilla juncea L. Asteraceae GRARB34 Radiki Young aerial parts ~ Lakra R
Crepis bursifolia L. Asteraceae GRARB09 Prikrada, Radiki Young aerial parts  Lakra vC
‘(/:Vraeﬁzrs capillaris (L. Asteraceae Radiki e kuge Young whorls Lakra vC
Cynara cardunculus L. Asteraceae BUké. ¢ ljepuri, Flower Snack C
Iannides receptacles
Eruca vesicaria (L.) Cav. Brassicaceae GRARB14 Rugqé, Ruko Young aerial parts ~ Salads C
. . . Anitho, Marathee, . .
Foeniculum vulgare Mill.  Apiaceae GRARBI11 Maratho, Sidra Aerial parts Seasoning, Lakra ~ VC
Hirschfeldia incana (L.) Brassicaceae GRARB04 Ghinarides, Young aerial parts ~ Lakra vC
Lagr.-Foss. Vruva
Leontodon spp. Asteraceae Glykoradiki Young aerial parts ~ Lakra C
Malva sylvestris L. Malvaceae GRARB28 Mallagé, Moaga, Leaves Lakra R
Molaga, Molocha
Leopoldia comosa (L.) Vorvi, Vrovi, .
Parl. Asparagaceae Vulvia, Vulvulli Bulbs Cooked, pickled C
Notobasis syriaca (L. Asteraceae Glim e egér Stems Snack R
Cass.
Origanum vulgare L. Lamiaceae Iasmo, Riganee Flowering tops Seasoning C
Papaver rhoeas L. Papaveraceae Eig:runa, Lulee Young whorls Lakra R
Pelargonium graveolens Seasoning for
L/Héf 8 Geraniaceae Arbarodisa Leaves jams and sweet C
. preserves
Helminthotheca echioides s .
(L) Holub Asteraceae Radiki Young aerial parts  Lakra C
Pleurotus spp. (Fungi) Pleurotaceae Kepurdhé Fruiting body Cooked C
Portulaca oleracea L. Portulacaceae Adralda, Aerial parts Salads C
Andrakla
Raphanus spp. Brassicaceae Rapanidee Aerial parts Lakra R
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Table 1. Cont.

Voucher
Specimen . .
Botanical Taxon or Taxa  Botanical Family =~ Number, Local Plant Used Parts Culinary . Quotation
. Name(s) Prepraration(s) Frequency
Starts with
UVVETBOT
Buké ljepuri,
Reichardia picroides (L.) Ghieres, .
Roth Asteraceae GRARBO05 Kochinida, Aerial parts Salads, Lakra vC
Lagomomachi
Rumex spp. Polygonaceae Lahana Leaves Lakra, dolmades  C
Scandix pecten-veneris L. Apiaceae GRARB29 Marillida, Miridis ~ Aerial parts Lakra C
Scolymus hispanicus L. Asteraceae Glim Stems Cooked R
Silene vulgaris (Moench) .
Garcke Caryophyllaceae Bathéz Young shoots Lakra C
Silybum marianum (L) 5 oo cene GRARBO08 Glim e gomari Stems Snack R
Gaertn.
Chichibetra,
Sinapis alba L. Brassicaceae GRARB12 ICD;.hmgrldes, Young aerial parts  Lakra vC
iperica, Vruva,
Vruvi
Rreshellg,
Sonchus oleraceus L. Asteraceae GRARBO07 Rreshillé, Young aerial parts ~ Lakra vC
Rushellé
Taraxacum campylodes Asteraceae GRARB33 Radiki, Taraxako ~ Young whorls Lakra vC
G.E.Haglund
Kalkafidha,
Tordylium apulum L. Apiaceae GRARBI3 ﬁfﬁﬁg‘ga Aerial parts Lakra \(@
Skarkalithra
Tragopogon porrifolius L Asteraceae GRARB25 Buke cjapi, Buke Young shoots Salads, Lakra C
’ qapi, Brokolé e egér ’
Urospermum spp. Asteraceae Radiki Young whorls Lakra R
Urtica urens L. Urticaceae GRARB19 Hith, Hithra Leaves Lakra R

Lakra—Boiled green mixes.

The culinary uses documented in the 2025 study (Table 1) highlight the enduring
centrality of boiled green mixes, locally known as lakra, which account for the majority of
preparations (20 out of all recorded uses). This traditional method commonly involves taxa
such as Beta, Centaurea, Chenopodium, Cichorium, Chondrilla, Crepis, Hirschfeldia, Leontodon,
Malva, Papaver, Picris, Raphanus, Reichardia, Scandix, Silene, Sinapis, Sonchus, Taraxacum,
Tordylium, Tragopogon, Urospermum, and Urtica, often combined to create nutritious and
flavourful boiled green mixes. Other commonly reported uses, including simple snacks
made from Cynara, Notobasis, and Silybum, as well as cooked dishes with Asparagus, Mus-
cari, and Scolymus, and fresh salads featuring Eruca, Portulaca, Reichardia, and Tragopogon,
emphasise the versatility of wild plants in everyday diets. The inclusion of seasonings
derived from Allium, Foeniculum, Origanum, and Pelargonium, the latter also used in jams
and sweet preserves, as well as more elaborate preparations such as dolmades (stuffed
leaves) made with Rumex, reflects the role of wild taxa not only as sources of nourishment
but also as essential flavour enhancers. Occasional mentions of pickling, particularly of
Muscari bulbs, point to preservation practices that further extend their utility, while also
mellowing the otherwise strong or bitter flavour of the bulbs. Collectively, these data reveal
a rich, adaptable, and enduring culinary tradition rooted in the flexible use of a diverse
array of wild plant species.
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3.2. Ethnolinguistic Origins and Citation Frequency

In our field data (2025 study), out of the 37 wild plant taxa recorded, five (13.5%) were
associated with folk names of pure Albanian origin, including Beta vulgaris, Chenopodium
album, Silene vulgaris, Sonchus oleraceus, and Urtica urens (Table 2). The majority, 23 taxa
(62.16%), were linked to Greek-origin names, underlining the strong historical and linguistic
influence of Greek on the local folk botanical vocabulary. Locals also reported seven folk
names, which were hybrid Albanian-Greek, representing 24.32% of all phytonyms recorded
across the study area. The plants used by this group belong to the genera Amaranthus,
Allium, Cynara, Eruca, Malva, Papaver, Reichardia, and Tragopogon.

Table 2. Distribution of Wild Plant Folk Names by Linguistic Origin (2025 Study).

Linguistic Origin Number of Taxa Percentage (%) Genera

Albanian only 5 13.5% Beta, Chenopodium, Silene, Sonchus, Urtica

Arbutus, Capparis, Chondrilla, Foeniculum,
Hirschfeldia, Leontodon, Muscari, Notobasis,
Greek only 23 62.16% Origanum, Pelargonium, Picris, Portulaca, Pyrus,
Quercus, Raphanus, Rumex, Scandix, Scolymus,
Silybum, Sinapis, Satureja, Taraxacum, Tordylium

Hybrid (Albanian 9 24309 Amaranthus, Allium, Centaurea, Crepis, Cynara,
and Greek) mer Eruca, Malva, Papaver, Reichardia, Tragopogon

In the 2025 dataset, wild plant taxa were grouped by frequency of quotation into three
categories (Table 3). Commonly quoted taxa (C) represented 37.8% of all genera (14 out
of 37), including culturally significant species such as Origanum, Rumex, and Pleurotus,
which are well embedded in local foodways and valued for their versatility. Widespread
reported taxa (VC) accounted for 32.4% (12 genera), such as Crepis (with two quotations),
Taraxacum, and Sonchus, reflecting frequent though less dominant usage. Rarely quoted
taxa (R) comprised 29.7% (11 genera), including Papaver, Urtica, and Silybum. These plants
may still hold ethnobotanical value, but their lower citation frequency suggests specialised,
declining, or more locally restricted use.

Table 3. Quotation Frequency and Distribution of Wild Plant Genera in the 2025 Study.

Quotation Number of Percentage (%) Genera (List)
Frequency Genera
Beta, Cichorium, Cynara, Eruca, Leontodon, Muscari, Origanum,
Common (C) 14 37.8% Pelargonium, Picris, Pleurotus, Portulaca, Rumex, Scandix,
Silene, Tragopogon
Very Common 12 30,49 Amaranthus, Asparagus, Centaurea, Crepis (2), Foeniculum,
(VO) e Hirschfeldia, Reichardia, Sinapis, Sonchus, Taraxacum, Tordylium
Rare (R) 1 29.7% Allium, Chenopodium, Chondrilla, Malva, Notobasis, Papaver,

Raphanus, Scolymus, Silybum, Urospermum, Urtica

A cross-analysis of linguistic origin and citation frequency reveals distinct cultural
and ethnobotanical patterns, as shown in Table 4. The majority of taxa (23 out of 37) are
associated with Greek-origin folk names, underscoring the long-standing influence of the
Greek language and plant knowledge in the region. These names dominate both the Very
Common (VC) and Rare (R) categories, suggesting a heritage of transmission that persists
even when usage has waned. Exclusively Albanian-origin names are fewer (five out of 37),
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mainly appearing in the Common (C) and Rare (R) groups, indicating a localised retention
of plant knowledge, particularly for widely available taxa such as Beta, Pleurotus, and Urtica.
Hybrid Greek—-Albanian names occur in nine genera, clustered in the three frequently cited

categories with three genera for each one (Table 4). This clearly demonstrates a partial

transformation of the traditional plant nomenclature over the past five decades.

Table 4. Linguistic origin and citation frequency of the documented plant genera.

Linguistic Origin =~ Very Common (VC) Common (C) Rare (R) Total Genera
Albanian only Sonchus Beta, Silene Chenopodium, Urtica 5

Asparagus, Foeniculum ﬁ;ﬁi;gmo’fiezﬁion’ Chondrilla, Notobasis,
Greek only Hirschfeldia, Sinapis,  STIZANUTL Raphanus, Scolymus, 25

Taraxacum, Tordylium Pelargonium, Picris, Silybum, Urospermum

! Portulaca, Rumex, Scandix, !

Hybrid (Albanian Amaranthus, Centaurea, .
and Greek) Crepis, Reichardia, Cynara, Eruca, Tragopogon  Allium, Malva, Papaver, 10
Total 12 14 11 37

The Correspondence Analysis (CA) presented in Figure 3 reveals distinct associations
between the linguistic origin of plant names, their frequency of use, and the specific plant

parts utilised. Plant names of Albanian origin are predominantly associated with the “Rare”

and, to a lesser extent, the “Common” frequency categories, indicating that these taxa are
cited or utilised less frequently within the studied communities. In contrast, Greek-origin
names cluster with the “Very Common” category, suggesting broader familiarity and more

widespread use.
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Figure 3. Correspondence analysis of wild green phytonyms” linguistic origin and quotation fre-
quency, showing clusters corresponding to the Core Resilient Heritage (high use + Albanian names)

and Marginalised /Borrowed Knowledge (low use + Greek names).
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Notably, a subset of taxa, including Beta, Urtica, and Pleurotus, combines relatively
high citation frequency with the retention of Albanian-origin names, possibly representing
a “core resilient heritage” of the Arbéreshé ethnobotanical knowledge. Conversely, taxa
such as Chondrilla, Notobasis, and Raphanus, cited rarely and associated with Greek names,
form a possibly “marginalised or newly borrowed knowledge” group. These patterns high-
light that cultural resilience is unevenly distributed across the wild plant repertoire, with
some species preserving linguistic and cultural continuity while others reflect assimilation
and innovation.

4. Discussion

The comparative analysis of botanical families and plant use between the 1970 and 2025
datasets reveals significant shifts in species composition and ethnobotanical practices, reflect-
ing broader ecological, socio-cultural, and linguistic transformations. These findings support
the hypothesis that traditional ecological knowledge (TEK) and plant use are dynamic, shaped
by environmental change, cultural contact, and socio-economic factors [27-29].

4.1. Botanical Diversity Change

The herbaceous wild vegetable dataset from 1970 included 21 species belonging to
21 genera across 10 families, whereas the 2025 dataset comprised 37 species from 37 genera
distributed among 14 families. Seventeen genera were consistently present in both 1970
and 2025, including Allium, Amaranthus, Centaurea, Cichorium, Origanum, and Taraxacum,
demonstrating continuity in core edible wild plant resources over time [30]. Meanwhile,
four genera recorded in 1970 were absent in 2025. In contrast, twenty genera appeared
exclusively in 2025, including Asparagus (Asparagaceae), Beta (Amaranthaceae), Pelargonium
(Geraniaceae), and Raphanus (Brassicaceae), reflecting an expansion in both taxonomic
diversity and ecological breadth of edible wild plants [31].

At the family level, the diversity of Asteraceae increased from eight to twelve genera,
Brassicaceae from two to four, and Apiaceae from one to three, while Lamiaceae declined
markedly from four to just one genus. Additionally, Fabaceae and Solanaceae, which
were present in 1970, were absent from the 2025 dataset. Similar shifts in ethnobotanical
records elsewhere have been linked to a combination of ecological changes, shifts in
agricultural practices, and evolving cultural food preferences [32,33]. These transformations
may also reflect broader socio-economic dynamics, including the decline of subsistence
foraging, increased market integration, and generational changes in the transmission of
plant knowledge [15].

The documented changes suggest that Arbéreshé communities, while maintaining
specific emblematic bitter taxa, have also integrated new (again, predominantly bitter)
edible wild species into their contemporary foodscapes, possibly due to increased ecological
availability, the adaptation of traditional recipes, or the revitalisation of foraging knowledge
through gastronomic and heritage movements. However, the loss of some taxa recorded
in 1970, most notably the bitter Solanum and Disocorea spp. that are often markers of ancient
cuisines and poverty, raises questions about the persistence of associated cultural practices
and taste preferences, the resilience of local plant knowledge, and the potential erosion of
biocultural diversity, also in the face of environmental and cultural (social) change [32].

4.2. Continuity and Transformation of Wild Greens-Centred Culinary Practices

The persistent predominance of young aerial parts in both the 1970 and 2025 datasets
aligns with ethnobotanical theory, which emphasises the preference for palatable, tender,
and easily harvestable plant parts in traditional diets [34,35]. Such continuity supports the
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idea of a profound cultural attachment to specific plant parts and preparation methods that
have persisted despite environmental and socio-economic changes.

The increase in the use of flowering structures in 2025 may signal both ethnobotanical
diversification and refined culinary appreciation, consistent with studies showing that
changing tastes, innovation in recipes, and evolving plant knowledge can expand the range
of plant parts exploited [36].

The predominance of boiled (bitter) green mixes is also reflected in the culinary
preparation name, which is lakra, roughly meaning “wild greens” in Albanian and corre-
sponding to the Greek term chorta, the South Italian term foglia, and the Cypriot Maronite
Arabic shkhekh. In 2025, the relevance of these clusters of wild vegetables demonstrates
remarkable cultural resilience in foraging and dietary practices, reinforcing ethnographic
observations that certain culinary traditions serve as anchors of community identity across
generations [37,38]. The continued use of wild plants as flavour enhancers and seasonings,
as well as in preserved forms (e.g., jams, dolmades, pickling), further reflects a dynamic
and adaptive food system that blends continuity with innovation [39,40]. This culinary
adaptability supports the broader notion that traditional foodways are not static relics but
living practices that evolve in response to ecological availability, cultural interaction, and
changing socio-economic contexts [41,42].

4.3. Cultural Resilience and Linguistic Dynamics in Albanian Wild Greens Knowledge

Our findings raise a central question in cultural resilience studies: to what extent can
resilience be claimed when embodied practices such as gathering and cooking wild greens
remain active? Yet, the linguistic markers that once anchored these practices to a minority
identity are lost mainly. In the case of the Arbéreshé, resilience appears to lie more in the
persistence of embodied ecological knowledge than in the retention of linguistic heritage.
This tension underscores the need for more comprehensive, multidimensional frameworks
of resilience that encompass both external continuities and internal transformations of
cultural knowledge. Our data reveal a rich and diverse use of wild greens within the
Albanian community, with numerous species documented both in 1970 and 2025. This
enduring ethnobotanical knowledge highlights a remarkable heritage of wild plant use,
which may indicate a strong cultural resilience. However, it also raises the fundamental
question of whether this tradition represents a direct continuity of the original Albanian
customs brought by the community during its migration centuries ago, or whether it
has been significantly influenced or even replaced by the ethnobotanical knowledge of
neighbouring Greek populations. Given the strong presence of Greek-origin plant names
in our dataset and the complex history of cultural contact and bilingualism in the region,
it is plausible that the current repertoire results from both persistence and integration
processes. Such syncretism is common in minority communities where identity, language,
and traditional knowledge dynamically interact [11,43]. Understanding this balance is
crucial for interpreting the cultural significance of wild greens in Arbéreshé life and their
role in maintaining ethnic identity.

The significant reduction in Albanian-origin folk names, alongside the predominance
of Greek-derived terminology, suggests a substantial linguistic shift likely driven by lan-
guage attrition and sociopolitical pressures favouring dominant languages [11]. This shift
prompts the question of whether Greek equivalents simply substituted original Albanian
plant names or whether the community adopted new plant uses and names from Greek eth-
nobotanical traditions. Our data, showing numerous genera with mixed Greek-Albanian
names and an increase in taxa only recorded in the 2025 dataset, support both processes.
The replacement of names aligns with well-documented patterns of minority language
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erosion, where specialised vocabularies, such as plant names, are among the first to be lost
or replaced [12,19]. Simultaneously, the appearance of new taxa in the recent data hints
at cultural borrowing or adaptation, reflecting ongoing intercultural exchange [39]. This
dual process has important implications, as it highlights the dynamic nature of traditional
knowledge systems, which are not static relics but evolve in response to changing linguistic
and ecological contexts [41,44].

Another possible explanation for the predominance of Greek-origin names is that
the Arbéreshé may have historically drawn upon a relatively restricted repertoire of wild
greens when they first settled in the area, rather than possessing a broader Albanian
ethnobotanical vocabulary that was later replaced. If this were the case, the subsequent
adoption of additional taxa and their corresponding Greek names could reflect an expansion
of plant knowledge through long-term cultural interaction, rather than a simple linguistic
substitution. This perspective highlights the challenge of distinguishing between processes
of adaptation, borrowing, and continuity in minority ethnobotanical systems. It highlights
the need to consider both historical depth and intercultural dynamics when interpreting
the present corpus of knowledge about wild greens.

A crucial area of inquiry concerns the plants that have retained their Albanian names
and uses over the decades. Two aspects are essential: (a) whether these species continue to
be used similarly to their documented applications in 1970, and (b) how frequently they are
cited in contemporary ethnobotanical interviews. Our preliminary analysis indicates that
species such as Sonchus, Beta, and Silene not only preserve their Albanian names but are also
commonly used in traditional recipes, signalling a sustained cultural role. Additionally,
other genera with Albanian-origin names, such as Chenopodium and Urtica, although less
frequently cited, still appear in interviews and hold localised importance within specific
subcommunities or ecological niches. The frequency of citations serves as a proxy for
cultural relevance, as documented in ethnobotanical research [44]. The active use of plants
often indicates ongoing knowledge transmission and practical application. In contrast,
rarely cited taxa may reflect fragmented or fading knowledge limited to older generations
or particular contexts.

These taxa can be interpreted as ecological “cultural keystone species” plants that hold
critical significance in shaping and maintaining cultural identity, practices, and environ-
mental knowledge [45,46]. Such species often contribute disproportionately to community
resilience and the transmission of heritage knowledge, acting as symbolic and practical
anchors in times of sociolinguistic change. Their persistent use and recognition underscore
their embeddedness in everyday life, culinary traditions, and cultural narratives. Identify-
ing and prioritising these species for conservation and cultural revitalisation efforts could
strengthen both biodiversity and cultural heritage in the Albanian context. Furthermore,
a nuanced understanding of citation patterns across genera enables targeted strategies to
support those plants and associated knowledge that are at the most significant risk of loss.

In interpreting these shifts in botanical diversity and plant use, it is essential to con-
sider the broader historical and socioeconomic context of Arbéreshé communities. In
the 1970s, many villages experienced demographic changes due to rural outmigration,
shifts from subsistence agriculture to market-oriented production, and increased exposure
to neighbouring Greek populations, all of which influenced foraging practices and knowl-
edge transmission [47,48]. Historical records suggest that the Arbéreshé migration and
settlement in the area occurred centuries earlier, with initial communities likely maintaining
a repertoire of wild greens adapted to local ecological conditions [49,50]. Over time, interac-
tions with Greek populations, evolving culinary preferences, and socio-economic pressures
may have led to both the integration of new taxa and the replacement of Albanian-origin
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plant names [51,52]. These factors highlight that the current diversity of wild greens repre-
sents not only a continuation of traditional knowledge but also a product of adaptation
and intercultural exchange, reflecting the dynamic interplay between ecology, culture, and
livelihood practices over the last decades [53,54].

In this sense, what we refer to as “Albanian wild greens knowledge” in the studied
villages should not be understood as a purely preserved and unchanged system, but
rather as a layered repertoire shaped by both continuity and intercultural integration.
The persistence of specific taxa with Albanian-origin names (e.g., Sonchus, Beta, Silene)
demonstrates elements of resilience and cultural memory. In contrast, the predominance
of Greek-origin plant names and the appearance of newly incorporated genera indicate
processes of borrowing and replacement. Thus, the present ethnobotanical corpus is best
viewed as a hybrid knowledge system, reflecting the dynamic interplay between inherited
Arbéreshé practices and long-term interactions with neighbouring Greek traditions. In
this light, the concepts of resilience, replacement, and integration are not contradictory
but complementary in capturing the ongoing transformations of biocultural knowledge in
these communities.

4.4. Implications for Biocultural Conservation

The intertwined dynamics of language loss and erosion of ethnobotanical knowledge
underscore the urgent need for integrated biocultural conservation strategies. Language
revitalisation and the preservation of traditional ecological knowledge (TEK) are mutually
reinforcing processes, as linguistic diversity often embodies unique cultural perceptions of
biodiversity and ecological relationships [19]. Without active efforts to maintain the Arbéreshé
language, vital plant knowledge encoded in folk names, narratives, and usage practices risks
disappearing, diminishing both cultural identity and environmental stewardship.

Effective conservation initiatives require a hands-on approach that bridges linguistic
and ecological domains. Community-driven programmes such as bilingual education,
intergenerational knowledge transmission projects, and the systematic documentation of
oral histories have demonstrated success in maintaining both language and TEK [12]. For
instance, in the Pacific Northwest, Indigenous language revival programmes have been
paired with ethnobotanical projects that actively teach traditional uses of plants, thereby
strengthening the link between linguistic and ecological knowledge [55].

Collaborative ethnobotanical research can also empower minority communities to
further document, share, and revitalise their plant knowledge, and may increase the
awareness among majority stakeholders of the value and richness of minority communities’
complex heritage. Examples include participatory ethnobotanical field schools, heritage-
based workshops, and community-led training sessions that engage both local members
and visitors, fostering awareness, pride, and continuity of traditional practices [56]. In
the Mediterranean and Balkan contexts, minority groups need to further act as custodians
and revitalizers of traditional ecological knowledge, integrating it with education and
intercultural exchange programmes.

Such proactive, hands-on initiatives not only protect endangered linguistic and ecolog-
ical knowledge but also reinforce community identity, promote environmental stewardship,
and contribute to cultural resilience [57,58]. By recognising local language and ethnob-
otanical knowledge as complementary vessels of cultural heritage, integrated efforts can
simultaneously safeguard biodiversity and the socio-cultural fabric of Arbéreshé communi-
ties, aligning with broader global frameworks that advocate for biocultural diversity as
essential to sustainable development [19].
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5. Conclusions

This study highlights a rich yet increasingly fragile repertoire of wild edible plants
within the Albanian villages of the study area in central Greece, documenting 41 genera
used across multiple decades. The findings underscore both the resilience and transfor-
mation of traditional ecological knowledge in the face of profound socio-cultural changes.
While many species and uses documented in 1970 persist, there is evident erosion, particu-
larly among less commonly used taxa and specialised culinary applications. Simultaneously,
our data reveal an expansion of the wild plant repertoire, marked by the introduction of
new species and preparations, often reflecting cultural integration and influence from
neighbouring Greek communities.

The linguistic analysis reveals a marked shift in folk plant nomenclature: Based on
the 2025 data, many folk plant names of Greek or mixed origin are evident, while terms
of Albanian origin are less prominent. Although this distribution may reflect long-term
processes of linguistic borrowing and cultural assimilation, it cannot be directly compared
with the 1970 dataset, which did not record local names. It is also possible that not only
names but specific uses, such as the preparation of particular wild greens, were culturally
borrowed from Greek “traditions”. This lexical or cultural replacement may signal a deeper
erosion among Albanians in Greece of the intimate connections between language, plant
knowledge, and cultural identity.

These intertwined dynamics of language shift, changing land use patterns, and socio-
economic integration into Greek society have reshaped the biocultural landscape of the
Albanians. To safeguard this unique heritage, efforts must extend beyond botanical in-
ventory toward fostering active transmission of ethnobotanical knowledge in family and
community settings, coupled with initiatives to revitalise the very threatened linguistic and
cultural practices. Such integrative approaches will be crucial for sustaining the rich legacy
of ecological wisdom and cultural identity of Albanians in Greece for future generations.
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Abstract: Finnish North Karelia is a region with a rich cultural history of ethnomedicinal
plant use, shaped by centuries of interactions among various ethnic groups. This study iden-
tified both similarities and divergences between local Finns, Karelians war refugees, and
individuals of mixed origin compared to historical records. Based on 67 semi-structured
interviews, we documented the use of 43 medicinal plant taxa from 25 families, of which
31 remain in use. Notably, the number of medicinal plants continuously used in North
Karelia is considerably lower than in other parts of Europe, with less than 25% of histor-
ically utilised species still in practice, which reflects the fragile state of this knowledge.
Factors such as forced relocation, the loss of traditional lands, and the need to adapt to new
environments might have contributed to this decline. Another influencing factor is official
healthcare attitudes, which have prompted Finnish residents to shift from traditional herbal
remedies to modern medical practices. Understanding the circulation of ethnomedicinal
knowledge and its transformation over time is essential for identifying pathways to re-
vitalise these practices within the framework of modern healthcare systems and cultural
revitalisation efforts.

Keywords: North Karelia; ethnomedicine; borderland; plant-based remedies; herbals;
written sources; herbalists; cultural transmission; healthcare systems; historical ethnobotany

1. Introduction

The use of plants is guided by various historical, socio-political, cultural, linguistic,
and religious factors. When multiple cultures intersect, minority groups often adopt
components of dominant cultures in their use of plants (e.g., [1,2]), integrating these
components into their practices but often also keeping the specific cultural markers that
help them to stand out and sustain their identity. This integration or the maintenance of
one’s own tradition extends to various aspects of knowledge, including indigenous and
local plant knowledge. Indeed, various studies demonstrate that the exchange of local plant
knowledge frequently manifests different degrees of cultural adaptations in favouring the
practices of dominant groups [3-5].

Similarly, the homogenisation of local plant knowledge, particularly in the medicinal
domain, has been guided by herbalists through medical instruction for centuries [6,7].
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These processes intensified during the Enlightenment, especially in the 20th century with
globalisation and the development of such centralised national health systems that con-
tained medicinal plants in routine circulation [8,9].

Consequently, being embedded into new environments and cultures, the richness of
indigenous and local plant knowledge undergoes profound transformations. This change
affects not only the abundance of local plant knowledge of minority groups but also the
mechanisms through which this knowledge is passed on to successive generations [10].

Diversity, by definition, inherently resists homogenisation. Regions rich in linguistic
diversity often coincide with areas of high biodiversity, as evidenced by the cooccurrence
of linguistic and biological diversity in many parts of the world [11]. However, the effect of
culturally diverse and/or multilingual backgrounds on indigenous and local ecological
knowledge corpora has yet to be studied. It could be supposed that those with diverse
inputs can choose between different sources of knowledge and therefore possess a broader
spectrum compared to those who have grown up in one dominant culture (although all
cultures and languages are, to a certain extent, the result of the mixtures of different cultures
and languages).

Prehistoric cultivation and gathering practices in Finland have been widely examined
to understand the historical relationship between plants and humans [12]. During the me-
dieval period, monastic communities became centres of horticultural expertise, cultivating
medicinal herbs for both therapeutic and spiritual purposes. The first nuns and monks of
the Naantali Cloister (Southwest Finland), sent from Vadstena Abbey in Sweden, likely
introduced medicinal garden plants and gardening skills to the region [13].

The ethnobotanical practices of Finland have been documented in numerous ethno-
graphic and historical accounts [14-16]. Limited but valuable details on the use of plants
in the Northern Karelian part of Finland were documented by Manninen [17]. A sig-
nificant focus has been on Sdmi communities in northern Fennoscandia, where studies
have documented the integration of indigenous plant knowledge with modern scientific
understanding [18,19]. Despite their rich ecological knowledge and deep connection to the
Arctic environment, the Sami face significant vulnerabilities that threaten their traditional
way of life in modern settings [20,21].

While the ethnobotanical knowledge of specific groups like the Sami and historical
practices in Finland have been studied, there is limited research on the interplay between
multiethnic and multilingual influences and the transmission of medicinal plant knowledge.
Furthermore, little is known about how individuals exposed to multiple cultural contexts
navigate and retain ethnomedicinal practices, especially in regions like Finnish Karelia,
where diverse cultural contexts intersect. This gap leaves questions about the influence of
cultural diversity on the preservation, adaptation, and application of plant knowledge in
contemporary and historical contexts.

In this article, we chose Finnish North Karelia, a multicultural region in Northern
Europe, to develop the idea that exposure to and engagement with two or more cultures
since childhood may affect the knowledge of medicinal plants. This is what should happen
in the absence of solid control over local medicinal knowledge. Unlike regions with strong
national homogenisation policies, the Finnish state did not actively promote the medicinal
use of plants between the 1950s and 1980s, thereby limiting centralisation’s effects [9]. Some
historical resources [22] allow for a comparison of recent practices with historical plant
uses. Additionally, Finnish historical ethnomedicine has been significantly influenced by
written sources, owing to the high literacy rate of the population as early as the beginning
of the 20th century [23-25]. Therefore, we:
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e documented the ethnomedicinal use of plants among Karelians (and their descendants,

including those of Karelians war refugees and mixed origin) and local Finns residing

in or originating from Finnish North Karelia.

e identified similarities and divergences between the studied groups in their medicinal

plants and uses.

e recognised similarities and divergences between the current ethnomedicinal practices

and those reported in historical literature.

In the discussion, we contextualise our findings by comparing them with studies from

neighbouring regions influenced by state-regulated, centralised medicinal plant systems.

We hypothesise that North Karelia will exhibit a smaller repertoire of plants used but

a broader diversity of applications, as well as more diverse ethnomedicinal knowledge

among individuals raised by parents from distinct cultural backgrounds.

2. Results

We documented the current and past medicinal uses of 43 plant taxa (five of them

identified at the genus level) belonging to 25 plant families (Table 1).

Table 1. Plants used in North Karelia, Finland, currently and in the past.

Scientific Name (Family), Herbarium N, Local Name (s) Plant Part Etic Disease Past Current
W(ild) or (C)ultivated Category DUR DUR
Ear 1
Allium cepa L. (Amaryllidaceae), C, * sipuli (Fin) Bulb Gen 1 1
Resp 2
Ear 2
Allium sativum L. (Amaryllidaceae), C valkosipuli (Fin) Bulb Gen 1
Resp 1
Aloe arborescens Mill. (Asphodelaceae), C aloe (vera) (Fin) Leaves Skin 2
Achillea millefolium L. (Asteraceae), siankéirsamé (Fin) Flowers Dige
KARDR15, KARDRZZ, KAR06, W, * Leaves Skin * 1
o ) Aerial parts Skin 1
Matricaria chamomilla L. (Asteraceae), C, * kamomilla (Fin)
Leaves Psych 1
Pseudopodospermum hispanicum (L.) Zaika, -
Sukhor. & N.Kilian (Asteraceae), C mustajuuri (Fin) Roots Gen 1
Dige 1
Taraxacum officinale EH.Wigg. s.1. . . Roots
(Asteraceae), KAR16, KARDR25, W, * voikukka (Fin) Gen 1
Sap Skin * 2
Endocr 1
Leaves Skin * 1
Betula sp. (Betulaceae), KARDR28c, rauduskoivu (Fin), Uro 1
KARDR10, KAR12, W, * koivu (Fin) Sap Gen 1 3
Dige 2
Charcoal
Gen 1

168



Plants 2025, 14, 226

Table 1. Cont.

Scientific Name (Family), Herbarium N¢, Local Name (s) Plant Part Etic Disease Past  Current
W(ild) or (C)ultivated Category DUR DUR
) Blood 1
Betula sp. (Betulaceae), KARDR2Sc, Twigs M 3
KARDR10, KAR12, W, * use
Birchbark Skin
Armoracia rusticana G.Gaertn., iparjuuri (Fin) Roots Res 1
B.Mey. & Scherb. (Brassicaceae), C pipar p
Dige 1
. . . . E d 1 1
Brassica oleracea L. (Brassicaceae), C, * kaali (Fm)., kerakaali Leaves neoe
F
(Fin) Musc 1
Skin 2 1
Humulus lupulus L. (Cannabaceae), C humala (Fin) Cones Psych 1
Valeriana O%Xﬁ%;i‘ 6 (g?%lfohaceae), valeria (Fin) Flowers Psych 1
Rhodiola rosea L. (Crassulaceae), C ruusujuuri (Fin) Roots Gen 1
Gen 1
Fruits
Juniperus communis L. (Cupressaceae), W, * kataja (Fin) Uro 3
Twigs Gen 1
Dige 1
Hippophae rhamnoides L. (Elaeagnaceae), C tyrni (Fin) Fruits G 8 .
en
Calluna vulgaris (L.) Hull (Ericaceae), . Psych 2
KARDRO07, KAR36, W kanerva (Fin) Flowers Uro 1
Rhododendron tomentosum Harmaja suopursu (Fin) Aerial parts Endocr 1
(Ericaceae), KARDR26, W p p Gen 1
Musc 1
Dige * 17 2
E 1
mustikka (Fin), . ye
Vaccinium myrtillus L. (Ericaceae), muscoi (Kar), Fruits Gen 5 2
KARO03, W, * mustoi (Kar), Musc 1
t'oi (K
must’oi (Kar) Resp 5
Leaves Gen 1 1
Gen 1
karpalo (Fin), Men 1
Vaccinium oxycoccos L. (Ericaceae), W, * garbalo (Kar), Fruits
karbalo (Kar) Resp 4
Uro 7 4
Dige 1
Vaccinium vitis-idaea L. (Ericaceae), KARO04, blfoli;)l&(kakr? (Ilazlllr;))l,oi Fruits Gen 3 1
* 7
KAR37, KARDR16, W, (Kar) Resp * 3
Uro 2
Trifolium pratense L. (Fabaceae), KARDR11, puna-apila (Fin) Aerial parts Wom 1

KARDROS, KAR32, W
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Table 1. Cont.

Scientific Name (Family), Herbarium N¢, Local Name (s) Plant Part Etic Disease Past Current
W(ild) or (C)ultivated Category DUR DUR
Trifolium sp. (Fabaceae), W, * apila (Fin) Flowers Musc 1
Dige 1
Ribes nigrum L. (Grossulariaceae), mustaher‘l.l k'ka (F.m)’ Fruits Gen 9 5
KARIL C. * mustaviinimarja
r (Fin), karpalo (Fin) Resp 21 7
Leaves Gen 2
Ribes rubrum L. (Grossulariaceae), C punaherukka (Fin), Fruits Resp 1 1
Ribes spicatum E.Robson . .
(Grossulariaceae), W punaherukka (Fin) Fruits Resp 2
Mentha x piperita L. (Lamiaceae), C, * piparminttu (Fin)  Aerial parts Resp 1
Linum usitatissimum L. (Linaceae), C pellava (Fin) Seeds Dige 1
Resin * Skin 9 6
Pi bies (L.) H.Karst. (Pi ) Twigs Gen ’
icea abies (L.) H.Karst. (Pinaceae), - oun
KARO6a, W, * kuusi (Fin) (young) Musc 1
Shoots and
young twigs Resp ! 4
Blood 1
Dige 2
Resin Gen 1
Resp 1
Pinus sylvestris L. (Pinaceae), minty (Fin), Skin * 10
KARDR24, W, * petdja (Kar) Roots Resp 1 3
Endocr 1
Gen 3
Tar
Resp 1
Skin 9 4
Charcoal Skin 1
Plantago major L. (Plantaginaceae), piharatamo (Fin), L Musc 1
KARO1, W, * ratamo (Fin) caves Skin * 30 1
Avena sativa L. (Poaceae), C kaura (Fin) Seeds Dige 1
Dryopteris sp. (Polypodiaceae), W alvejuuri (Fin) Roots Dige 1
AZchemzlizAvﬁlfg)cgésgk/\(],RS saceae); poimu (Fin) Leaves Dige * 1
Filipendula ulmaria (L.) Maxim. (Rosaceae), ) ) Flowers/ Gen 2
KARDRO09, KARDR12, KARDR28d, mesiangervo (Fin) Leaves
KAR13, W, * Resp 1
Rosa sp. (Rosaceae), KAR17, W, * ruusu (Fin) Fruits Gen * 3 1
) . A Fruits,
Rubus arcticus L. (Rosaceae), KARDR14, mesimarja (Fin) sometimes Res 5
KARDR23, KAR23, W orhoi (Kar) p
leaves
Rubus chamaemorus L. (Rosaceae), W, * lakka (Fin) Fruits Resp * 3
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Table 1. Cont.

Scientific Name (Family), Herbarium N¢, Local Name (s) Plant Part Etic Disease Past  Current
W(ild) or (C)ultivated Category DUR DUR

Resp * 4

Fruits W 1
. om
Rubus idaeus 1. (Rosaceae), KARDR28Db, VadelmaF(.Fm), Di 1
KARDRO6, KAR1S, W, * vattu (Fin), 8¢

vagoi (Kar) Leaves Gen 1 2

Resp 2

Sorbus aucuparia L. (Rosaceae), e Fruits and

KAR19, W, * pihlaja (Fin) leaves Gen 2
Bergenia sp. (Saxifragaceae), C vuorenkilpi (Fin) Aerial parts Blood 1

Dige 2

Nicotiana rustica L. (Solanaceae), C, * tupakka (Fin) Leaves 8

Ear 11

Dige * 1
nasia (Fin), Gen * 2 1

Daphne mezereum L. (Thymelaeaceae), W, * lehtonisia, Fruits
rilanmarja (Fin) Musc 2 1
Skin 1
: Gen 3
Urtica dioica L. (Urticaceae), KARDRI13, vn .(ikk}? r.1er"1 (Fin), Aerial

KAR0D2. W, * ¢iiloiheina (Kar), erial parts Resp 1
T vihulainen (Kar) Skin * 1

*—Plant/use recorded in historical written sources. Fin—Finnish, Kar—Karelian. Blood—Blood, Blood-Forming
Organs, and Immune Mechanism; Dige—Digestive; Ear—Ear; Endocr—Endocrine/Metabolic and Nutritional;
Eye—Eye; Gen—General and Unspecified; Men—Male Genital; Musc—Musculoskeletal; Psych—Psychological;
Resp—Respiratory; Skin—Skin; Uro—Urological; Wom—Female Genital diseases; DUR—Detailed Use Report.

Only 18 medicinal plant taxa were mentioned by three or more people, while the total
number of use reports (DUR) was 322. The most frequently named families were Ericaceae
(70 DUR), Pinaceae (60 DUR), Grossulariaceae (49 DUR), Plantaginaceae (32 DUR), and
Rosaceae (25 DUR). The most popular taxa were Ribes nigrum (45 DUR), Pinus sylvestris
(3,R), Vaccinium myrtillus (36 DUR), Plantago major (32 UR), Picea abies (23 DUR), Vaccinium
oxycoccos (18 DUR), Betula (15 DUR), Nicotiana rustica (13 DUR), and Vaccinium vitis-idaea
(10 DUR). The most widespread uses were for treating skin conditions (81 DUR), the
respiratory system (74 DUR), general or unspecified diseases (69 DUR), and digestive tract
problems (36 DUR). The use of specific taxa for the general disease category overlapped
for at least three people in 21 taxon—use combinations. The general Informant Consensus
Factor (ICF) was 0.85, with the ICF for the disease categories being relatively low, highest
for ear diseases (0.83), skin (0.82), urological diseases (0.73), and respiratory diseases (0.72),
while general and unidentified diseases and digestive diseases had values of 0.67 and 0.52,
respectively.

Nine interviewees (three from each ethnic group) did not report using any medicinal
plants. Hence, the number of interviewees (n) in Table 2 is smaller than the overall total.
The birth year influenced only the mixed Karelian-Finnish (Mix) group, being highest
for those born around the 1960s (55-70 years old), although the mean age did have a
significant influence (p = 0.027) and the Mix group in general had a higher mean of used
plants (p = 0.026). Additionally, women were more knowledgeable of medicinal plants and
their uses (p < 0.001) than men.
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Table 2. Comparison of plants mentioned per person and the sum of the Detailed Use Reports (DURs)
per person across different groups of interviewees. With bold are highlighted more knowledgeable
groups. **—p < 0.05, **—p < 0.001.

Plants DUR

Ethnic group Fin 3.27 4.24 n=31
** Kar 3.36 4.71 n=14
Mix 5.28 9.31 n=13

Gender Male 3.05 4.38 n=21
e Female 4.22 6.19 n =37
Age Over 70 3.31 4.44 n=232
** 55-70 4.95 7.84 n=19
Up to 55 2.88 4.29 n=7

All 3.79 5.53 n =58

Only 12 taxa have been used continuously (Figure 1a,c), while most currently used
plants have been recently adopted. Based on the number of plant taxa, past uses are
more numerous than the recently adopted ones, and at the level of use records, past uses
dominate (70%) (Figure 1b).

Past
Recently
Continuous adopted
Past 19%
70% Continuous use
11%

(b)

Continuously used  Recently adopted

(12) (27)
Past 1 16
(32) 0.3333 0.3721
Recently Continuously used 8
adopted (12) 0.2581

(a) (c) 0 Jaccard index I 1

Figure 1. Knowledge circulation in time. (a) Number of taxa with different plant use periods.
(b) Proportion of DURs in different use periods. (c) The Jaccard Index signals little overlap between
the species used in different periods.

While the majority of disease categories show continuity in knowledge circulation,
three disease categories are present in only one of the periods. The “ear” disease category
has remained in the past, while the use for men’s and women’s diseases is currently
adopted. Notably, the emic category “healthy” (meaning a plant generally good for health)
was mentioned 19 times, sharing second and third place in frequency with “flu”, following
“wounds”, the most mentioned category.

A total of 98 DUR (30%) were reported for personal use and based on personal
knowledge, while 208 DUR (65%) were reported as being used within the family based on
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family tradition. The remaining 16 DUR (5%) belonged to the prescriptions by a village
traditional healer from Lieksa, Anni P6lonen (1889-1960), also known as Viekin mummo
[Viekki’s Grandma]. Either the plant itself or a medicine made of it by Pélonen was
prescribed. For example, Daphne mezereum was used against toothache and rickets. The
healer followed in the footsteps of her father and grandfather, both of whom were healers.

Four plants used by at least 50% of the interviewees were shared amongst all three
groups (Figure 2a). Although the mixed group was the smallest, it had a proportionally

UR
Kar :
Fin 38%
13 ’ 42%

Ribes nigrum 24%

Plantago major .

Vaccinium myrtillus people 50%

Pinus sylvestris 26%

= Fin

highest shared of knowledge (Figure 2b).

Fin Mix
(30) (30)
Kar 16 15 Kar
(20) = 0.4706 0.4286 20% - MIX

Fin 19
(30) 0.4634

(a) 0 Jaccard index -1 ( b)

Figure 2. Overlap in the ethnomedicinal knowledge of plants: (a) Cross-cultural comparison of all
used plants. The four listed species were reported by at least 50% of the interviewees. (b) Correspon-
dence between the percentage of people in the group and the percentage of the knowledge of the
use of the plants they shared. The Jaccard Index indicates a relatively high diversity between the
studied groups.

The plant names listed by the interviewees were primarily in Finnish. Among the
medicinal plants mentioned, only a few (forest) berries (Rubus, Vaccinium, and Ribes); one
tree (Pinus sylvestris); and one weed (Urtica dioica) were named in Karelian (Table 1).

While the plants used only in the past were reported homogeneously (Figure 3b), the
currently used plants are rather group-specific (except for Karelians, who used only one
plant (Matricaria chamomilla) exclusively) (Figure 3a). Additionally, one to three people
mainly reported specific uses.

Figure 4 demonstrates that the current ethnomedicinal knowledge of ethnic Finns
(FIN) is similar to that of ethnic Karelians (KAR). In contrast, the uses named by the
group with mixed ethnic backgrounds (MIX) draw from both and are more similar to
historical ethnomedicine (HIST). Of the 31 currently used taxa, 23 have also been used
historically (out of 104 taxa, according to Kolosova et al. [22]). While the Karelians did
not introduce any new taxa, the MIX group, despite being smaller, experimented with
five new taxa. Notably, all 12 taxa reported as being used continuously have also been
recorded in historical sources. The dendrogram of the species highlights species linked to
specific groups and/or historical use. For example, Hippophea rhamnoides, Ribes rubrum, and
Rhodiola rosea are absent from historical sources and only used by a few Finns. At the same
time, Juniperus communis, Achillea millefolium, Alchemilla vulgaris, and Rosa were used by
the MIX group only, although they were also present in historical sources. On a large scale,
we can differentiate the cluster of plants mentioned in historical sources from those absent
(divided only between the FIN and MIX groups).
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Figure 3. Comparison between the numbers of the used plants (a) currently and (b) in the past
between different groups of respondents (Kar, Fin, and Mix). The past use is more homogenous
compared to the current use of plants. The Jaccard Index indicates highly diverse current use, while
the past remembered use is more homogenous.
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Figure 4. Comparison of the currently used medicinal plants in all groups with the historical (HIST)
uses that overlapped with any of the current uses. A major part of the currently used taxa was also
used according to historical sources. See Section 4.5 on how the values were calculated.

3. Discussion

The number of documented medicinal plants in the current study (43 taxa mentioned
by the 67 interviewees, of which 31 currently used) is much smaller than that in other
European studies with similar samples sizes and is comparable only with the results
obtained on the small island of Kihnu (Estonia), where only 23 persons were interviewed.
In that study, the respective numbers were 33 (medicinal taxa mentioned) and 29 (currently
used) [9]. In neighbouring Estonia, the use of 86 taxa was recorded in a sample of the same
size, with 69 still in use in Seto and Voromaa [8]. Meanwhile, in the cross-border Seto
region in the Russian Federation, 62 people reported the current medicinal use of 112 plant
taxa [26], while in Latgale, Latvia, the use of 116 plant taxa (108 of these currently used)
was recorded in 73 interviews [2].
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The cross-ethnic Jaccard Index calculated in our study (around 0.45 for all uses and
around 0.3 for current uses) is much smaller compared to 0.6 between Seto and Russians
in Russia [26] and 0.55 between Seto and Voro in Estonia [8]. This suggests a higher
ethnomedical diversity in the current study.

We observed that a high proportion of the medicinal plants currently in use in Finnish
Karelia were also used in historical Karelian folk medicine [22]. This suggests that much of
the local knowledge about medicinal plants in Finnish Karelia has deep historical roots, and
it has been at least partially preserved despite modernisation. However, all the current uses
are highly fragmented (with little consensus), with only a minimal number of plants being
used by more than one person or in more than one way. A significant portion (63%) of all
presentday uses has been recently acquired. This may indicate that the overlap between
historical and current uses is due to the incorporation of newly acquired uses through
books, mass media, and other sources. In general, the low number of uses does not support
a viable ethnomedical system.

Ethnic Karelians have preserved their ethnomedicinal practices without incorporating
those of the Finns, as evidenced by the absence of new taxa in their current usage repertoire
compared to historical data. This contrasts with the high degree of integration observed
in other communities, such as Buryat in Siberia, who have adopted elements of Russian
herbal medicine alongside their traditional Tibeto-Mongolian healing practices [27]. Rather
than being static or isolated, Tibetan medicine in Buryatia was shaped by external forces,
including global medical trends and state healthcare systems. This integration reflects a
broad process of knowledge exchange and adaptation, where local traditions blend with
external therapeutic approaches to create a unique, hybrid medical ecology [28].

It could be suggested that the limited current use of medicinal plants among Karelians
may be influenced by factors like forced relocation, loss of traditional lands, and the need
to adapt to new, albeit similar, environments—phenomena evident in many displaced
communities, for instance, the Yaghnobi in Tajikistan [29] or Sdmi [30-32]. The data from
ethnic Karelians may also reflect the fact that a significant portion of the interviewees
from families with exclusively Karelian roots belong to the older generation. The oldest
interviewees moved to Finnish Karelia as adults and had already established their plant
use habits before the relocation. It was relatively easy to maintain their original traditions
due to the similarity of the natural environment and because they moved short distances
from their original homes.

Another possible reason for Karelian migrants and their descendants in Finland not
adopting other ethnobotanical medicinal traditions is the significant post-war rise in the
accessibility and quality of national healthcare in Finland. People of Karelian and Finnish
origin reported that, previously, especially in small settlements, official healthcare was
often unavailable, and people had to resort to traditional medicine. In the 1930s-1940s,
traditional healthcare was predominantly used in Finnish Karelia. By the 1940s-1950s,
traditional and official medicine were being used side by side. Starting in the 1960s, official
healthcare became widely accessible, and traditional medicine began to be oppressed
as non-scientific. The case of the local healer Anni P6lonen (1889-1960) illustrates this
development. According to her grandson, whom we interviewed, and the works of her
great-granddaughter [33,34], local doctors had initially been supportive of Anni’s work.
However, after World War II (WWII), the legislation changed, and in 1956, Anni was tried
for quackery and fined [33]. Her son was unable to continue her work, and after Finland
entered the EU in 1995, herbal medicinal products became heavily regulated, with the sale
of ingredients for self-made medicines prohibited [35].

For these reasons, the Karelian migrants who may have lost some of their original
medicinal practices due to relocation in the 1940s did not have any a particular practical
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need to adopt local medicinal ethnobotanical practices. The similar nature of their new
habitat, combined with the rise in official healthcare and a lack of support for traditional
medicine by the receiving society, meant that there was little stimulus to integrate new prac-
tices. The prioritisation of modern state-sponsored healthcare systems over indigenous and
local medicinal practices prevented their integration into broader healthcare frameworks.
A similar process has been observed among the Sdmi and Greenlandic Inuit [36-39].

Since the 1990s, however, the situation in Finland has partially changed. For example,
cultural revitalisation programs in the Sevettijarvi-Naatimo community, a Skolt Sdmi group
in Northern Finland, have focused primarily on preserving and revitalising local food prac-
tices, while efforts to revive traditional healing methods remain limited [39]. Among our
interviewees from North Karelia, people continue to rely on official healthcare rather than
on traditional practices. However, there has been a recent shift toward recognising the
value of “organic” and “homemade” products, which are promoted in Finland under the
label luomu (short for luonnonmukainen, “conforming with nature”, meaning “organic”).
This trend has influenced the attitudes towards traditional herbal medicine and its ac-
ceptance within official healthcare. Some interviewees mentioned that doctors nowadays
occasionally recommend herbs or even use them themselves, and medicinal herbs are sold
in the local natural product (luontaistuotteet) shops, such as in Nurmes. Overall, there
is a growing trend to promote a holistic attitude toward health which also includes the
use of medicinal herbs [40]. Those who want to learn the medicinal plant use themselves
may avail of numerous books including those by the pioneer Toivo Rautavaara and, later,
herbalists like Sinikka Piippo and Virpi Raipala-Cormier. Rautavaara (1905-1987), who
was born in Karelia, introduced many of the modern types of natural products in Finland
already in his first ground-breaking and highly popular herbal publication in 1942 [41],
with more than a dozen reprints over several decades.

However, the presence of such publications, the organic product shops and a large
number of plant-based medicines in the pharmaceutical system, has not yet resulted in
widespread public recommendations of plants by medical professionals in Finland. While
intense popularisation of herbal ethnomedicinal knowledge may have contributed to
the current uptake of new and old plants, Finnish folk medicine remains highly literacy-
based [23]. However, this trend has not entirely neutralised the negative attitudes that had
previously prevailed in official healthcare. Despite recent introductions of new uses within
the healthy lifestyle movement, the knowledge of medicinal plants remains highly eroded
and fragile [42], with less than 25% of historically used plants still in practice.

In Finland, medicinal plants remain largely categorised under alternative medicine,
and their use has significantly declined over the past decade, despite extensive promo-
tion [43]. Finland boasts a highly accessible and robust healthcare system. However,
according to the Finnish Institute of Health and Welfare [44], plants are only mentioned in
the context of healthy food habits or as narcotic substances. Alternative medicine is often
associated with the so-called “faith healing”, and plants are occasionally mentioned as part
of this domain [45].

Under these circumstances, the practice of collecting plants for minor health issues
and general well-being remains an important skill. It could help strengthen the connection
between people and nature (e.g., [1]). Furthermore, the continuity of the practice encour-
ages people to spend more time in nature, observe the rhythms, and acquire the “dark”
(unacknowledged by public and unknown to science) part of the local knowledge [46].
Therefore, we suggest that more effort should be directed towards recognising the value
of local plants in published herbals, aiming to reintroduce plant uses with historical local
roots, provided their safety is confirmed.
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4. Data and Methods
4.1. Study Region

Karelia has been a border area since the Middle Ages. The region of the ancient
Finno-Ugric Korela groups was officially divided into eastern and western parts after the
Peace Treaty of Noteborg between Sweden and the Novgorod Republic in 1323 [47]. Over
time, the divided region experienced cultural, linguistic, economic, social, and religious
influences from the West (Sweden, Catholicism, and, later, Lutheranism from the 1500s)
and the East (Novgorod, Principality of Moscow, and, later, Russia, with its Orthodox
Church) [48]. The Karelian borderlands on both sides of the contemporary Finnish-Russian
border have a history of shifting boundaries, largely due to wars [49]. These frequent
changes have imbued the region with significant political and cultural complexity, fostering
the mixing of languages and cultures. They have also created regional differences with
the Karelian Isthmus, Ladoga Karelia, Olonets Karelia, and White Sea Karelia, all now in
Russia, and North and South Karelia of Finland.

From 1809 until the end of WWII, much of Karelia was part of the Grand Duchy of
Finland, which was an autonomous part of the Russian Empire until 1917. Following
Finland’s independence, Eastern, or “Russian”, Karelia remained part of the Soviet Union,
and in 1923, it was formally designated as the Karelian Autonomous Soviet Socialist Repub-
lic [50]. By the mid-1920s, the region was expanded to include areas with a larger Russian
population, which led to a decrease in the proportion of Karelians. Industrialisation also
contributed to an influx of settlers. Additionally, during the late 1930s, the establishment of
concentration camps covered nearly one-third of the territory [51].

At the end of the nearly three-month Winter War (1939-1940), following the Soviet
invasion of Finland, the USSR was forced to sign the Moskva Peace Treaty in 1940. However,
as part of the agreement, a significant portion of Finnish Karelia was ceded to the Soviet
Union, and approximately 420,000 refugees fled to Finland [52]. During the Continuation
War (1941-1944), Finnish forces briefly regained the territory but were eventually forced to
withdraw, and the local population was evacuated to other regions of Finland, including
Finland’s North Karelia. The Soviet Union then relocated people from Russia, Belarus,
Ukraine, and other regions to settle the area [53,54]. Only North and South Karelia remained
within Finland’s borders.

The dissolution of the Soviet Union in 1991 resulted in a more open border, Finland’s
accession to the European Union (EU), and reforms in regional governance that had a
significant impact on local mobility. These changes led to increased economic and cultural
ties between Finnish and Russian Karelia in the 1990s [53,55]. However, during the 2000s,
especially in the past decade, contacts between the two regions have once again decreased
due to the political situation in Russia.

Karelian is an endangered Uralic language, belonging to the Northern Finno-Ugric
languages, together with Finnish [56]. In Finland, Karelians are bilingual, with approx-
imately 11,000 fluent Karelian speakers and 30,000 with some knowledge, while others
speaking only Finnish. In comparison, in Russian Karelia, where there are an estimated
9000 Karelian speakers (14,000 with some knowledge), all speakers also know Russian [57].
By the 1990s, anthropological fieldwork carried out by Estonians in Russian Karelia re-
vealed that Karelian had largely disappeared as the primary language of communication in
the region, being replaced by Russian. Today, the Karelian language has become strongly
Russified [58].

4.2. Field Study and Data Collection

The province of North Karelia located in Eastern Finland, with its capital in Joensuu,
covers approximately 23,000 km?, and is home to around 162,000 people (as of 2021) [59].
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As Finland'’s easternmost region, North Karelia shares a border of approximately 300 km
with Russia. The climate is characterised by four distinct seasons, with cool continental
summers and harsh, snowy, sub-Arctic winters. Precipitation occurs on about 30% of the
days throughout the year, and the average annual temperature is around 5 °C. The region’s
landscape is dominated by state-owned boreal forests, covering two-thirds of the area.
These forests mainly consist of Norway spruce, Scots pine, and broad-leaved trees such as
birch. Timber production is one of the region’s key industries, alongside forest and nature
recreation and tourism [60].

Fieldwork for the study was conducted from May to September 2018. The research pri-
marily focused on the province of North Karelia, covering municipalities such as Joensuu,
Lieksa, Nurmes, Valtimo, Yla-Valtimo, Puukari, Rasimé&ki, Varpasenkyld, Viensuu, Viini-
jarvi, and Sotkuma, with additional interviews conducted in Helsinki, the capital of Finland
(Figure 5). A total of 67 individuals were interviewed, including 34 of Karelian Finnish
origin (FIN), 17 relocated Karelians and their descendants (KAR), and 16 individuals from
mixed families (one parent Finnish, the other Karelian) (MIX).
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Figure 5. A map of the study area (black square). Designed in QGIS 3.22.

The oldest interviewee was born in 1925, while the youngest was born in 1994, with
an average age of 70. Of the 67 interviewees, 41 were women, and 26 were men. Nineteen
study participants had higher education, twenty-nine had secondary education, seventeen
had primary education, and two had no formal education. Most of the interviewees lived
in rural areas, with only ten participants residing in larger urban centres such as Helsinki or
Joensuu, and most were retired. Participants were identified and recruited through social
networks, using snowball sampling, as random sampling was challenging due to the local
cultural context. The sample size was deemed sufficient, with saturation reached after
approximately ten interviews per group; after which, few new data points were introduced
by additional interviewees.
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The research protocol was approved by the Ethics Committee of Ca’ Foscari University
of Venice. Prior to each interview, we provided a detailed description of the study and
obtained informed consent from the participants, in accordance with the Code of Ethics of
the International Society of Ethnobiology [61]. Upon obtaining consent, the interview began
with questions about the use of wild food plants (see [1]), followed by inquiries related to
ethnomedicine, including the use of medicinal plants. The initial “free listing” was typically
brief. Participants were then asked about plant remedies for various diseases, beginning
with ailments related to the head (e.g., headaches, colds, ear, and eye conditions, and sore
throat), followed by internal organ diseases (e.g., stomach, heart, lung, and kidney issues),
systemic disorders (e.g., joint diseases, diabetes, allergies, cancer, and immune system
disorders), skin-related conditions (e.g., cuts, wounds, furuncles, and rashes), culture-
bound diseases (e.g., the evil eye and nightmares), and other illnesses not yet mentioned. If
any remedies from the free listing were not initially identified, participants were prompted
to recall them. Interviewees were also asked to specify the first and last times they used
each plant as accurately as possible. The ethnomedicine section concluded with questions
on ethnoveterinary medicine, as detailed by Mattalia et al. [62]. The medicinal use of
fungi in the region was addressed by Prakofjewa et al. [63]. For the purposes of this study,
we considered plants and plant-based substances used for self-medication. The plants
discussed were wild, cultivated, or purchased, and all parts and ingredients were identified
to at least the genus level. We also inquired about specific methods of plant preparation.

The average duration of the interviews was two hours, and in some cases, the in-
terviewees participated in small groups of two to three people. Following the interview,
whenever possible, participants took a walk through their garden, around their homes,
and the surrounding forest, during which additional plants or their uses were sometimes
mentioned. Interviewees were encouraged to show all the plants they discussed whenever
feasible. We also collected samples of dried plants available at the interviewees” homes.
These voucher specimens are stored in the herbarium of the Ca’ Foscari University of
Venice (UVV), bearing numbers KAR02-KARO12 for herbarium specimens and KARDR01-
KARDR?24 for dried plant samples.

Some plants that were no longer used or were unavailable were identified by local
names and descriptions provided by interviewees. Specific taxa, such as Rosa, Betula,
Trifolium, and Bergenia, were identified solely at the genus level, as interviewees did not
distinguish between species or the use of the plant was too distant in memory to confirm
the species (e.g., Dryopteris). Botanical taxa nomenclature followed the Plants of the World
Online [64].

Most of the interviews were recorded with the interviewee’s written consent and
transcribed in Finnish (and Karelian for plant names). In one case, the recording was
refused, and in another, the recording did not succeed, and we only took notes. Later, the
information was tabulated in Microsoft Excel in English. The file was structured as Detailed
Use Reports (DURs) of plant-based remedies, where each row contained the interviewee
code, the scientific name of the plant, its local name, the part used, when it was used, the
mode of preparation, its medicinal use, an original citation from the interview, and any
specific comments, respectively.

4.3. Data Analysis

Descriptive statistics were performed in Microsoft Excel and Past 4.16¢c, where a t-test
was performed to compare the influence of gender, age group, and belonging to a specific
ethnic group on the number of plants used [65]. Venn diagrams were created using the
tools by the Bioinformatics and Evolutionary Genomics laboratory at the University of
Ghent [66] and Multiple List Comparator [67]. Proportional diagrams were created using
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the PAST Toolkit Venn diagram plotter software program [68]. Simple diagrams were
plotted in Microsoft Excel, while RawGraph [69] was used for more complex diagrams.

The Jaccard Similarity Index (JI) was calculated as follows: (C/(A + B — C)), where C
is the number of uses common to A and B, A is the number of uses in sample A, and B is
the number of uses of sample B, following the methodology of Gonzalez-Tejero et al. [70].

The Informant Consensus Factor (ICF) was calculated following Trotter and Logan [71]
for etic disease categories, as follows: number of DUR minus the number of species used
divided by the number of DUR minus one.

Following the temporal knowledge circulation framework [72], plant usage was cate-
gorised into three main groups to capture changes over time. These categories were based
on the periods during which the plants were used:

e  Past uses (no longer in active use)
e  Current uses:

O Continuously used—practices that have remained consistent over time (used
more or less continuously from childhood to the present).

O Recently acquired uses—practices adopted within recent years (approximately
since 2000, with a focus on the last five years).

4.4. Disease Categorisation

Emic (local) disease names were translated into the etic (scientific) disease categories
(Table 3) according to the International Classification of Primary Care, 2nd edition (ICPC-2,
Updated March 2003) [73].

Table 3. Correspondence between emic disease names with etic disease categories and their frequency
of mentioning.

Application DUR
(Blood) diseases 3
decreasing blood pressure

good for blood circulation 1
varicose veins 1
(Dige)stive tract diseases 36
Cancer 2
Diarrhoea 10
Heartburn

intestinal problems 2

intestinal worms

liver problems 1

stomach problems 13

Stomach ache

Toothache 5
(Ear) diseases 14
ear infections 1
Earache 13
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Table 3. Cont.

Application DUR

(Endocr)inological diseases

Gout

Metabolism

Struma

Swelling

(Eye) diseases

good for sight

R RIN|INIR|IR|~R|O

helps for night vision

(Gen)eral diseases 69

Antioxidant

body cleansing

Cancer

children’s diseases

1
2
body detoxication 1
1
1
1

Cold

Fever 14

Hangover 2

Headache 1

Healthy 19

Inflammations

Medicine

Panacea

preventing cancer

Prophylactics

Rickets

Tuberculosis

vitamin C

whooping cough

(Men) diseases

=R =R O RN R RO

prostate problems

—_
N

(Musc)ulo skeletal diseases

back problems

for pains and tired feet

joint rheumatism

joints and ache

muscle strains

Muscles

N | = =] = = | =N

Rheumatism
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Table 3. Cont.

Application DUR

rheumatoid arthritis

sore back

sore limbs

(Psych)ological diseases

calming down

calming down/sleep

for sleeping

— | W R =R ==

Stress

N
=~

(Resp)iratory diseases

—_

Angina

Bronchitis 1

Cold 33

Cough 10

Flu 19

nasal catarrh 1

nose constipation

N

sore throat

[N

when losing voice

0]
—

(Skin) diseases

Abscesses

Allergy

bite of wasp

Bites

Bruises

Burns

Eczemas

Itching

nettle sting

Pimples

Rash

Scratch

Skin

skin (all body)

skin problems

to brighten the skin

QR | B R[NP, INNN R R P QNP R WN

Warts

Wounds

S
o
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Table 3. Cont.

Application DUR

(Uro)logical diseases

—_
0]

Cancer

cancer (for women)

diuretic/fluid balance

kidney problems

urinary infection

urinary problems

urinary problems in men

urinary tract infection

(Wom)en diseases

women diseases

R IN| W[ RN =R ==

women problems

4.5. Comparison with Historical Sources

To compare current uses with historical records [22], hierarchical clustering was
performed by applying a two-way Ward’s algorithm in Past 4.16¢ [65].

The colour gradient scale was calculated by dividing the number of DUR for each
plant by the number of interviewees in each group, then multiplying the result by ten. The
threshold for all historical uses was set at five, slightly above the highest gradient of uses
to be differentiated in the illustration. Kolosova et al. [22] refers to historical use, the most
recent one being from the 1950-1960s. It also covers only the Russian part of Karelia.

5. Conclusions

In Finnish North Karelia, we documented a limited repertoire of medicinal plants, most
of which have remained in the past. While some differences in plant usage were observed
between local Finns and Karelian migrants for the past, the remaining scattered knowledge
does not provide sufficient grounds to draw definitive conclusions about broader trends or
trajectories in local medicinal knowledge.

The most significant finding relates to the role of the state and its regulations in either
supporting or oppressing the use of plants. The lack of state support for traditional plant
use in post-war Finland, coupled with improvements in the quality and accessibility of
official medicine, contributed to the marginalisation of plant-based ethnomedicine. Over
time, the formal classification of plant uses as “alternative medicine” further diminished
the practice. This has led to the erosion of the historical plant-based ethnomedicinal system
and local knowledge.

Moving forward, greater efforts should be made to acknowledge and support the safe
traditional uses of local plants while also promoting healthy wild food foraging. Such initia-
tives could help foster sustainable human-nature interactions in a bioculturally responsible
manner. The current trend in Finland towards a more holistic approach to healthcare
offers some hope in this regard, although resistance from official medical practitioners
remains considerable.

183



Plants 2025, 14, 226

Author Contributions: Conceptualization, R.S.; methodology, R.S.; formal analysis, R.S. and R.K.;
investigation, N.K. and R.S; data curation, N.K,, R.S., G M., B.P. and R.K,; writing—original draft
preparation, R.S.; writing—review and editing, R.S., N.K,, ].P, S.S,, LS., B.P, G.M. and R K.; visualiza-
tion, R.S. and ].P; supervision, R.S.; funding acquisition, R.S. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was supported by the European Research Council (ERC) under the European
Union’s Horizon 2020 research and innovation programme (Starting Grant project “Ethnobotany of
divided generations in the context of centralization”, Grant agreement No. 714874).

Institutional Review Board Statement: The study was conducted in accordance with the Code of

7

Ethics of the International Society of Ethnobiology and approved by the Ethics Committee of Ca
Foscari University of Venice (Italy).

Informed Consent Statement: Written consent was obtained from all participants prior to the interviews.
Data Availability Statement: Data are available upon request to the corresponding authors.

Acknowledgments: We extend our sincere gratitude to the local communities in Finnish Karelia for
generously sharing their invaluable knowledge and practices concerning the medicinal use of plants.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

W—wild; C—cultivated; ICF—Informant Consensus Factor; UR—Use Report; JI—Jaccard In-
dex; KAR—Karelians; FIN—Fins; MIX—mixed; DUR—Detailed Use Report; ICPC-2—International
Classification of Primary Care; EU—European Union; WWII—World War II; USSR—The Union of
Soviet Socialist Republics.

References

1. Mattalia, G.; Svanberg, I.; Stdhlberg, S.; Kuznetsova, N.; Prase, B.; Kolosova, V.; Aziz, M.A ; Kalle, R.; Sdukand, R. Outdoor
activities foster local plant knowledge in Karelia, NE Europe. Sci. Rep. 2023, 13, 8627. [CrossRef]

2. Simanova, A.; Prise, B.; Kalle, R.; Kochalski, S.; Prakofjewa, J.; MeZzaka, I.; Pieroni, A.; Krtizkopa, S.; Holsta, I.; Sdukand, R.
Medicinal plant use at the beginning of the 21st century among the religious minority in Latgale Region, Latvia. Ethnobot. Res.
Appl. 2020, 20, 1-31. [CrossRef]

3.  Ceuterick, M.; Vandebroek, I.; Torry, B.; Pieroni, A. Cross-cultural adaptation in urban ethnobotany: The Colombian folk
pharmacopoeia in London. J. Ethnopharmacol. 2008, 120, 342-359. [CrossRef]

4. Pieroni, A.; Giusti, M.E.; Quave, C.L. Cross-cultural ethnobiology in the Western Balkans: Medical ethnobotany and ethnozoology
among Albanians and Serbs in the Pester Plateau, SandZak, South-Western Serbia. Hum. Ecol. 2011, 39, 333-349. [CrossRef]

5. Hagq, S.M.; Hassan, M.; Bussmann, R.W,; Calixto, E.S.; Rahman, I.U.; Sakhi, S.; [jaz, F.; Hashem, A.; Al-Arjani, A.B.E; Almutairi,
K.F; etal. A cross-cultural analysis of plant resources among five ethnic groups in the Western Himalayan region of Jammu and
Kashmir. Biology 2022, 11, 491. [CrossRef]

6. Dal Cero, M.; Saller, R.; Leonti, M.; Weckerle, C.S. Trends of Medicinal Plant Use over the Last 2000 Years in Central Europe.
Plants 2023, 12, 135. [CrossRef] [PubMed]

7.  Prakofjewa, ].; Anegg, M.; Kalle, R.; Simanova, A.; Priise, B.; Pieroni, A.; Sdukand, R. Diverse in Local, Overlapping in Official
Medical Botany: Critical Analysis of Medicinal Plant Records from the Historic Regions of Livonia and Courland in Northeast
Europe, 1829-1895. Plants 2022, 11, 1065. [CrossRef] [PubMed]

8.  Soukand, R.; Kalle, R.; Pieroni, A. Homogenisation of Biocultural Diversity: Plant Ethnomedicine and Its Diachronic Change in
Setomaa and Voromaa, Estonia, in the Last Century. Biology 2022, 11, 192. [CrossRef] [PubMed]

9. Soukand, R; Kalle, R.; Prakofjewa, J.; Sartori, M.; Pieroni, A. The importance of the continuity of practice: Ethnobotany of Kihnu
island (Estonia) from 1937 to 2021. Plants People Planet 2024, 6, 186-196. [CrossRef]

10. Mattalia, G.; Stryamets, N.; Pieroni, A.; Sdukand, R. Knowledge transmission patterns at the border: Ethnobotany of Hutsuls

living in the Carpathian Mountains of Bukovina (SW Ukraine and NE Romania). ]. Ethnobiol. Ethnomed. 2020, 16, 41. [CrossRef]

184



Plants 2025, 14, 226

11.

12.

13.

14.

15.
16.

17.
18.
19.
20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

Gorenflo, L.J.; Romaine, S.; Mittermeier, R.A.; Walker-Painemilla, K. Co-occurrence of linguistic and biological diversity in
biodiversity hotspots and high biodiversity wilderness areas. Proc. Natl. Acad. Sci. USA 2012, 109, 8032-8037. [CrossRef]
[PubMed]

Vanhanen, S. Prehistoric Cultivation and Plant Gathering in Finland: An Archaeobotanical Study. Ph.D. Dissertation, Department
of Cultures University of Helsinki, Helsinki, Finland, 2019.

Alanko, T.; Uotila, K. Gardening and consumption of plants in Naantali cloister (SW Finland) before and after the Reformation.
J. Nord. Archaeol. Sci. 2020, 19, 31-47.

Sirelius, U.T. Suomen Kansanomaista Kulttuuria: Esineellisen Kansatieteen Tuloksia; Otava: Helsinki, Finland, 1919; Volume 1,
pp- 1-436.

Vuorela, T. Suomalainen Kansankulttuuri; Werner Soderstrom Osakeyhtic: Porvoo, Finland, 1975; pp. 1-775.

Lonnrot, E. Suomen Kasvisto. Flora Fennica. Helsinki. In Elias Lonnrot. Valitut Teokset 4—Ohjeita ja Runoelmia; Majamaa, R., Ed.;
SKS Kirjat: Helsinki, Finland, 1992; pp. 59-112.

Manninen, I. Karjalaisten ruokatalous. In Karjalan Kirja; Werner Soderstrom Osakeyhtio: Uusimaa, Finland, 1932; pp. 434—446.
Itkonen, T.I. Lappalaisten Ruokatalous; Société Finno-Ougrienne: Helsinki, Finland, 1921; pp. 1-139.

Forbes, B.C.; Turunen, M.T.; Soppela, P.; Rasmus, S.; Vuojala-Magga, T.; Kitti, H. Changes in mountain birch forests and reindeer
management: Comparing different knowledge systems in Sdpmi, northern Fennoscandia. Polar Rec. 2019, 55, 507-521. [CrossRef]
Jaakkola, J.J.; Juntunen, S.; Nakkalajarvi, K. The holistic effects of climate change on the culture, well-being, and health of the
Saami, the only indigenous people in the European Union. Cur. Environ. Health Rep. 2018, 5, 401-417. [CrossRef] [PubMed]
Riseth, ].A.; Temmervik, H.; Helander-Renvall, E.; Labba, N.; Johansson, C.; Malnes, E.; Bjerke, ].W.; Jonsson, C.; Pohjola, V.; Sarri,
L.E.; et al. Sami traditional ecological knowledge as a guide to science: Snow, ice and reindeer pasture facing climate change.
Polar Rec. 2011, 47,202-217. [CrossRef]

Kolosova, V.; Pashkova, T.; Muslimov, M.; Soukand, R. Historical Review of Ethnopharmacology in Karelia (1850s—2020s): Herbs
and healers. |. Ethnopharmacol. 2022, 282, 114565. [CrossRef] [PubMed]

Kananoja, K. Literacy and healers’ tactics in Finnish folk medicine, 1850-1950. Soc. Hist. 2021, 46, 22-46. [CrossRef]

Kylli, R. Traditional arctic healing and medicines of modernisation in Finnish and Swedish Lapland. In Healers and Empires in
Global History: Healing as Hybrid and Contested Knowledge; Springer: Berlin/Heidelberg, Germany, 2019; pp. 27-53.

Kohonen, S. Healing, Magic, and Mind: The Early Modern Finnish-Karelian Healing Tradition in Light of the Cognitive Science
of Religion and Ritual Studies. Ph.D. Dissertation, University of Helsinki, Helsinki, Finland, 2022.

Belichenko, O.; Kolosova, V.; Kalle, R.; Soukand, R. Green pharmacy at the tips of your toes: Medicinal plants used by Setos and
Russians of Pechorsky District, Pskov Oblast (NW Russia). J. Ethnobiol. Ethnomed. 2022, 18, 46. [CrossRef] [PubMed]
Chudakova, T. Plant matters: Buddhist medicine and economies of attention in postsocialist Siberia. Am. Ethnol. 2017, 44, 341-354.
[CrossRef]

Chudakova, T. Mixing Medicines: Ecologies of Care in Buddhist Siberia; Fordham University Press: New York, NY, USA, 2021;
pp- 1-344.

Soukand, R.; Prakofjewa, ]J.; Pieroni, A. The trauma of no-choice: Wild food ethnobotany in Yaghnobi and Tajik villages, Varzob
Valley, Tajikistan. Genet. Resour. Crop Evol. 2021, 68, 3399-3411. [CrossRef]

Lehtola, V.P. Second world war as a trigger for transcultural changes among Sami people in Finland. Acta Boreal. 2015, 32, 125-147.
[CrossRef]

Afanasyeva, A. Forced Relocations of the Kola Sami People: Background and Consequences. Master’s Thesis, Universitetet i
Tromse, Tromse, Norway, 27 May 2013.

Venhof, V.5.M.; Stephens, C.; Martens, P. Voices from the North: Exploring Sami People’s Perspectives on Environmental Change
and Mental Well-Being: A Systematic Literature Review. Challenges 2024, 15, 30. [CrossRef]

Polonen, S. Kansanparantaja Anni Polonen. Pohj.-Karjal. Hist. Yhd. Vuosik. 2010, 14, 83-96.

Polonen, S. “Tulevaisuus Tuntuu Synkélle Perheenhuoltajan Sairasteessa”: Perheeseen Liittyvat Kuvaukset Kansanparantajalle
Vuosina 1938-1960 Kirjoitetuissa Kirjeissda. Master’s Thesis, University of Eastern Finland, Joensuu, Finland, 1 August 2010.
Questions and Answers on Quality of Herbal Medicinal Products/Traditional Herbal Medicinal Products: Scientific Guideline—
Revision 7; European Medicinal Agency, Science Medicines Health: Amsterdam, The Netherlands, 2024. Available on-
line: https://www.ema.europa.eu/en/questions-answers-quality-herbal-medicinal-products-traditional-herbal-medicinal-
products-scientific-guideline (accessed on 1 December 2024).

Lavoie, J.G.; Stoor, ].P; Rink, E.; Cueva, K.; Gladun, E.; Larsen, C.V.L.; Akearok, G.H.; Kanayurak, N. Cultural competence and
safety in Circumpolar countries: An analysis of discourses in healthcare. Int. |. Circumpolar Health 2022, 81, 2055728. [CrossRef]
[PubMed]

Liu-Helmersson, J.; Ouma, A. Sdmi traditional medicine: Practices, usage, benefit, accessibility and relation to conventional
medicine, a scoping review study. Int. J. Circumpolar Health 2021, 80, 1924993. [CrossRef]

185



Plants 2025, 14, 226

38.

39.

40.

41.

42.

43.

44.
45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.
57.

58.

59.

60.

61.

62.

63.

64.

DuBois, T.A.; Lang, ].F. Johan Turi’s animal, mineral, vegetable cures and healing practices: An in-depth analysis of Sami (Saami)
folk healing one hundred years ago. J. Ethnobiol. Ethnomed. 2013, 9, 57. [CrossRef] [PubMed]

Magnani, N. Reconstructing Food Ways: Role of Skolt Sami Cultural Revitalization Programs in Local Plant Use. J. Ethnobiol.
2016, 36, 85-104. [CrossRef]

Haélva, S. Consumption and production of herbs in Finland. Agric. Food Sci. 1985, 57, 231-237. [CrossRef]

Rautavara, T. Mihin Kasvimme Kelpaavat: Ruokaa, Ryytii ja Rohtoa Luonnosta; WSOY: Porvoo, Finland, 1942; Volume 1, pp. 1-140.
Markkula, I.; Turunen, M.; Rasmus, S. A review of climate change impacts on the ecosystem services in the Saami Homeland in
Finland. Sci. Total Environ. 2019, 692, 1070-1085. [CrossRef]

Vuolanto, P.; Kemppainen, L.; Kemppainen, T.; Nurmi, J. Téydentdvien ja vaihtoehtoisten (CAM) hoitojen kdytté6 Suomessa. Sos.
Aikakauslehti 2020, 57, 44-56. [CrossRef]

Finnish Institute for Health and Welfare. Available online: https://thl.fi/en/main-page (accessed on 1 January 2024).

Suositus Ladkarin Suhtautumisesta Uskomushoitoihin. Available online: https://www.laakariliitto.fi/laakarin-tietopankki/
kuinka-toimin-laakarina/suositus-laakarin-suhtautumisesta-uskomushoitoihin/ (accessed on 1 December 2024).

Soukand, R. Dark local knowledge: The yet-to-be scientifically discovered and locally acknowledged aspects of local knowledge
systems. J. Ethnobiol. Ethnomed. 2024, 20, 50. [CrossRef] [PubMed]

Kotschkurkina, S.I. Karel’skiye zemli v XII-XV vv. In Pribaltiysko-Finskiye Narody Rossii; Klement'yev, Y.I., Shlygina, N.V,, Eds.;
Nauka: Moscow, Russia, 2003; pp. 168-171.

Laitila, T. Popular Orthodoxy, Official Church and State in Finnish Border Karelia before World War II. Folk. Electron. . Folk. 2000,
14, 49-74. [CrossRef]

Jukarainen, P. Multiple meanings of Karelia: Borderland between nations. In Territorial Issues in Europe and East Asia: Colonialism,
War Occupation and Conflict Resolution; Bae, C., Ed.; Northeast Asian History Foundation: Seoul, Republic of Korea, 2009;
pp- 202-233.

Baron, N. Nature, nationalism and revolutionary regionalism: Constructing Soviet Karelia, 1920-1923. ]. Hist. Geogr. 2007, 33,
565-595. [CrossRef]

Autio-Sarasmo, S. The economic modernization of Soviet Karelia during the process of Soviet industrialization. J. Finn. Stud.
2011, 15, 86-102. [CrossRef]

Browning, C.S.; Joenniemi, P. Karelia as a Finnish-Russian Issue: Re-Negotiating the Relationship Between National Identity, Territory
and Sovereignty, CEURUS EU-Russian Paper no 18; University of Tartu Press: Tartu, Estonia, 2014; pp. 1-31.

Paasi, A. Place, boundaries, and the construction of Finnish territory. In Place, Boundaries, and the Construction of Finnish Territory
Boundaries and Place: European Borderlands in Geographical Context; Kaplan, D.H., Hakli, J., Eds.; Rowman & Littlefield: New York,
NY, USA, 2002; pp. 178-199.

Jalagin, S. Nimble nationalism: Transgenerational experiences of east Karelian refugees in Finland and Sweden. In Lived Nation
as the History of Experiences and Emotions in Finland, 1800-2000; Springer International Publishing: Cham, Switzerland, 2021;
pp- 267-293.

Koski, S.M.; Laitinen-Parkkonen, P.; Airaksinen, M. Evolution of European Union legislation of herbal medicinal products and its
transposition to national legislation in 1965-2007: Case Finland. Int. ]. Health Plan. Manag. 2015, 30, 260-275. [CrossRef] [PubMed]
Koivisto, V. Border Karelian Dialects—A Diffuse Variety of Karelian. Stud. Finn. Linguist. 2018, 21, 56-84.

Kuusi, P,; Riionheimo, H.; Kolehmainen, L. Translating into an endangered language: Filling in lexical gaps as Language Making.
Int. J. Sociol. Lang 2022, 274, 133-160. [CrossRef]

Aimar Ventsel: Rahvaste Soprusest Venemaal. Available online: https://www.err.ee/1609522504 /aimar-ventsel-rahvaste-
soprusest-venemaal (accessed on 1 December 2024).

Statistics Finland. Population and Society. Available online: https:/ /stat.fi/tup/suoluk/suoluk_vaesto_en.html (accessed on 13
January 2024).

Huber, P; Kurttila, M.; Hujala, T.; Wolfslehner, B.; Sanchez-Gonzalez, M.; Pasalodos-Tato, M.; de-Miguel, S.; Bonet, J.A.; Marques,
M.; Borges, ].G.; et al. Expert-based assessment of the potential of non-wood forest products to diversify forest bioeconomy in six
European regions. Forests 2023, 14, 420. [CrossRef]

International Society of Ethnobiology Code of Ethics (with 2008 Additions). Available online: https://www.ethnobiology.net/
code-of-ethics/ (accessed on 1 March 2018).

Mattalia, G.; Belichenko, O.; Kalle, R.; Kolosova, V.; Kuznetsova, N.; Prakofjewa, J.; Stryamets, N.; Pieroni, A.; Volpato, G.;
Soukand, R. Multifarious Trajectories in Plant-Based Ethnoveterinary Knowledge in Northern and Southern Eastern Europe.
Front. Vet. Sci. 2021, 8, 710019. [CrossRef]

Prakofjewa, J.; Sartori, M.; Kalle, R.; Luczaj, L.; Karbarz, M.; Mattalia, G.; Sarka, P; Priise, B.; Stryamets, N.; Anegg, M.; et al. “But
how true that is, I do not know”: The influence of written sources on the medicinal use of fungi across the western borderlands of
the former Soviet Union. IMA Fungus 2024, 15, 22. [CrossRef] [PubMed]

Plants of the World Online. Available online: https://powo.science.kew.org/ (accessed on 1 January 2023).

186



Plants 2025, 14, 226

65.

66.

67.
68.

69.

70.

71.

72.

73.

Hammer, ©.; Harper, D.A.T.; Ryan, P.D. PAST: Paleontological statistics software package for education and data analysis.
Palaeontol. Electron. 2001, 4, 9.

Venn Diagram Tool. Bioinformatics and Evolutionary Genomics Laboratory at the University of Ghent. Available online:
http:/ /bioinformatics.psb.ugent.be /webtools/Venn/ (accessed on 12 December 2023).

Multiple List Comparator. Available online: https://molbiotools.com/listcompare.php (accessed on 12 December 2023).

PAST Toolkit Venn Diagram Plotter Software Program. Available online: https://omics.pnl.gov/software/venn-diagram-plotter
(accessed on 16 December 2023).

Mauri, M.; Elli, T.; Caviglia, G.; Uboldi, G.; Azzi, M. RAWGraphs: A Visualisation Platform to Create Open Outputs. In
Proceedings of the 12th Biannual Conference of the Italian SIGCHI Chapter; CHItaly 17, Cagliari, Italy, 18-20 September 2017;
pp- 1-5.

Gonzélez-Tejero, M.R.; Casares-Porcel, M.; Sanchez-Rojas, C.P.; Ramiro-Gutiérrez, ].M.; Molero-Mesa, J.; Pieroni, A.; Giusti, M.E.;
Censorii, E.; de Pasquale, C.; Della, A.; et al. Medicinal plants in the Mediterranean area: Synthesis of the results of the project
Rubia. . Ethnopharmacol. 2008, 116, 341-357. [CrossRef] [PubMed]

Trotter, R.T.; Logan, M.H. Informant consensus: A new approach for identifying potentially effective medicinal plants. In Plants
and Indigenous Medicine and Diet; Etkin, N.L., Ed.; Redgrave Publishing Company: New York, NY, USA, 1986; pp. 91-112.
Prakofjewa, J.; Sartori, M.; Sarka, P; Kalle, R.; Pieroni, A.; Sdukand, R. Knowledge in motion: Temporal dynamics of wild food
plant use in the Polish-Lithuanian-Belarusian border region. J. Ethnobiol. Ethnomed. 2024, 20, 65. [CrossRef] [PubMed]

ICPC-2. International Classification of Primary Care, 2nd ed. (ICPC-2, Updated March 2003). Available online: https://www.who.
int/standards/classifications/ other-classifications /international-classification-of-primary-care (accessed on 1 January 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

187






MDPI AG
Grosspeteranlage 5
4052 Basel
Switzerland
Tel.: +41 61 683 77 34

Plants Editorial Office
E-mail: plants@mdpi.com
www.mdpi.com/journal/plants

Z

MDPI

F

Disclaimer /Publisher’s Note: The title and front matter of this reprint are at the discretion of the
Guest Editors. The publisher is not responsible for their content or any associated concerns. The
statements, opinions and data contained in all individual articles are solely those of the individual
Editors and contributors and not of MDPI. MDPI disclaims responsibility for any injury to people or
property resulting from any ideas, methods, instructions or products referred to in the content.






E| Academic Open
‘¢ Access Publishing

t mdpi.com ISBN 978-3-7258-7059-2




