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Abstract: The Thai Karen, the largest hill-tribe in Thailand, guard substantial ethnomedicinal plant
knowledge, as documented in several studies that targeted single villages. Here, we have compiled
information from all the reliable and published sources to present a comprehensive overview of
the Karen ethnomedicinal plant knowledge. Our dataset covers 31 Karen villages distributed over
eight provinces in Thailand. We used the Cultural Importance Index (CI) to determine which species
were the most valuable to the Karen and the Informant Consensus Factor (ICF) to evaluate how well
distributed the knowledge of ethnomedicinal plants was in various medicinal use categories. In the
31 Karen villages, we found 3188 reports of ethnomedicinal plant uses of 732 species in 150 plant
families. Chromolaena odorata, Biancaea sappan, and Tinospora crispa were the most important medicinal
plants, with the highest CI values. The Leguminosae, Asteraceae, Zingiberaceae, Euphorbiaceae,
Lamiaceae, Acanthaceae, Apocynaceae, and Menispermaceae were the families with the highest CI
values in the mentioned order. A high proportion of all the 3188 Karen use reports were used to treat
digestive, general and unspecified, musculoskeletal, and skin disorders.

Keywords: medicinal plants; traditional knowledge; ethnic group; ethnobotany; important plants

1. Introduction

Plants have been part of the human culture since pre-historical times. Humanity has accumulated
knowledge of medicinal plants to combat diseases and bad health over innumerable generations.
Although we currently develop scientific knowledge and cutting-edge technologies for treating disease
and other health conditions, people in many parts of the world still depend on local knowledge and
medicinal plants as the first or only option for treatments [1]. Moreover, traditional medicinal plant
knowledge is invaluable for modern drug discovery, and many modern medicines were developed
from such traditional knowledge [2–4]. Because of the importance of medicinal plants for both poor
villagers and for industrial drug discovery, the rapid erosion of traditional knowledge is of global
concern [5–7], and there is an urgent need for ethnobotanists to document and conserve this valuable
knowledge before it is completely lost.

Thailand lies within one of the world’s biodiversity hotspots, which are areas with high levels of
endemism and severe threats to their biota [8]. The country houses over 11,000 plant species [9], and is
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also home to a very large variety of ethnic minority populations [10,11]. Among these ethnic minorities,
the Karen are the largest group among the so-called hill-tribe people of northern Thailand [10].
The Karen migrated from Myanmar to Thailand starting in the 18th century because of wars [12]. Today,
approximately 549,400 Karen live in 1930 villages in nine northern provinces and seven central and
western provinces of Thailand [13].

The Karen have several characteristics that distinguish them from other hill-tribes in Thailand.
The Karen language is in the Sino-Tibetan language family [10]. They wear distinct traditional dresses.
Karen men wear red traditional shirts and the women wear two different types of dresses. Married
women have tops with black or dark background colors that are decorated with colorful threads or
dried millets. Girls and unmarried women wear white long dresses [14]. The Karen construct their
villages near streams in hilly forests areas where they can farm the land. Traditionally, the Karen
practice slash-and-burn agriculture, growing rice for their everyday consumption and for feeding their
livestock [15]. Many Karen households prefer to cultivate useful plants in their home gardens [16].
More than 90% of the Karen in Thailand practice animism and the remainder have converted to become
Buddhist or Christians. Their traditional culture and rituals are related to ancestral spirits, house spirits,
forest spirits, farm spirits, land spirits, and so forth. [17]. For the treatment of sickness, the Karen
depends on a large body of traditional knowledge about medicinal plants, especially herbs for the
treatment of stomachaches, diarrhea, coughs, fevers, infectious diseases, and also plants for tonic and
refreshment [14,18–20]. Therefore, the Karen hold a vast amount of medicinal plant knowledge.

The first study of Karen ethnobotany in Thailand appeared almost three decades ago [21].
After that, several graduate students reported on Karen ethnomedicinal uses in their theses based
on studies in single villages, with a few exceptions of studies that included several villages [22,23].
Two recent studies of medicinal plants used in 12 Karen villages focused on Species Distribution
Modelling (SDM) [24] and digestive system disorders [19]. Another ethnobotanical study of four Karen
villages focused on medicinal legumes [25]. Our previous analysis of ethnomedicinal plant diversity in
Thailand, based on references up until 2014, documented a huge number of species used by 19 different
ethnic groups inhabiting 121 villages in Thailand. The Karen was the most extensively studied ethnic
minority, representing 20 communities or one-sixth of the 121 studied villages [26,27]. The publications
that have appeared since the beginning of Thai ethnobotanical studies until 2019 show that Karen is
the most extensively studied group among ethnic minorities in Thailand [28]. Consequently, a very
important part of the documented Thai ethnomedicinal knowledge is based on studies of the Karen.
However, the number of Karen medicinal plants is still uncertain.

This study aims to present comprehensive information on Karen ethnomedicinal plant knowledge
based on all the available reports originating from the beginning of the Thai ethnobotanical studies
until the present. Based on these available reports, we included all data about medicinal plants used
by Karen living in 31 villages distributed over eight provinces, namely Chiang Mai, Chiang Rai,
Phetchaburi, Ratchaburi, Kanchanaburi, Mae Hong Son, Phrae, and Tak. Specifically, we aimed to
answer the following questions: (1) How many plant species and families are used for medicine by the
Karen in Thailand? (2) Which plant species and families were the most used by the Karen in Thailand?
(3) Which medicinal health categories did the Karen most commonly treat with medicinal plants?
(4) How well is ethnomedicinal knowledge distributed among the Karen?

2. Results and Discussion

2.1. Ethnomedicinal Use Reports

The data from the 20 available references covering 31 Karen villages (Figure 1) included 3188 use
reports for medicinal plants. These reports were based on the uses of 732 species in 150 plant families.
The 31 villages with available data represent only 1.6% of the 1930 Karen villages in Thailand but
still reveal the tremendous diversity of ethnomedicinal plants used. The 31 villages are located in
eight provinces. Most of the studied villages are located in northern Thailand and some in western
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Thailand. Still, this is the most complete dataset on Karen ethnomedicinal plants. Even if the Karen
population makes up less than 1% percent of the entire 70 million Thai population, the 732 medicinal
plant species that they know account for more than one-third of all the ethnomedicinal species recorded
in the country [27], and they represent 2.6% of the world’s recorded medicinal plants [29]. This shows
that the Karen people guard vast amounts of ethnomedicinal knowledge. Because many modern
medicines were developed from traditional knowledge [2–4], the ethnomedicinal knowledge of the
Karen in Thailand might be useful for humanity as the source of essential knowledge for industrial
drug development.
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2.2. Cultural Importance Index (CI)

Eleven medicinal species had CI values of over one (1.00) (Supplementary Materials, Table S1).
The top 10 species with the highest CI values together accounted for 389 use reports. These species were
traditionally used for various treatments (Supplementary Materials, Table S2). Chromolaena odorata (L.)
R.M.King and H.Rob had the highest CI value, and many of its use reports related to wound healing
(Supplementary Materials, Table S2). This species was also the most used species among all the Thai
ethnomedicinal plant species [27]. It has traditionally been used to stop bleeding, and the extracts of
its leaves are known to promote fibroblast and epithelial cell growth [30], which makes sense relative
to its use for wound healing. Biancaea sappan (L.) Tod. ranked second and was used to treat a number
of ailments in the categories of digestive and musculoskeletal health conditions of the male and female
reproductive organs, pregnancy, and related nutritional disorders (Supplementary Materials Table S2).
The third most used Karen medicinal plant was Tinospora crispa (L.) Hook. f. and Thomson. This plant
was also commonly mentioned in the study of all Thai ethnomedicinal plants [27]. The plant produces
alkaloids, flavonoids, flavone glycosides, triterpenes, diterpenes, diterpene glycosides lactones, sterols,
lignans, and nucleosides and it has various pharmacological effects, such as being anti-inflammatory,
antioxidant, immunomodulatory, cytotoxic, antimalarial, cardioprotective, and anti-diabetic [31].
Elephantopus scaber L., Sambucus javanica Blume, Scoparia dulcis L., Ricinus communis L., Zingiber ottensii
Valeton, Thunbergia laurifolia Lindl., Blumea balsamifera (L.) DC., and Curcuma longa L. also had high
CI values and the records showed that these species were used in many categories (Supplementary
Materials, Tables S1 and S2). The pattern was found when taking all the Karen villages together
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and also in some individual villages [32] and among other ethnic minorities in Thailand, such as the
Hmong, the Khamu, the Lua, and the Mien [33]. When the same plant is used for the same purposes
by different ethnicities, it suggests that it could have biologically based therapeutic effects and that it
would be a good candidate for further pharmacological studies.

At the family level, Leguminosae had the highest CI values, indicating that a large proportion
of the medicinal species used by the Karen would belong to this family (Supplementary Materials,
Table S3). With 19,000 species, it is the third largest of all plant families [34] and also one of the largest
plant families in the Thai flora, where it is represented by about 600 species [9]. On the global scale,
Leguminosae have more medicinal species than any other families [29], and in Thailand, it has the
highest Family Use Value of all ethnomedicinal plant families [27]. Many of the plant families with
high CI values in this study of the Karen were also important providers of ethnomedicinal species
among other ethnic minorities in Thailand in general [35].

2.3. Ethnomedicinal Use Categories

When studying medicinal plants, it important to be able to refer the information given about
the diseases and health conditions treated to a common framework to have a meaningful discussion
of the results. One well respected standard is the International Classification of Diseases (ICD),
which now is updated to ICD-11 (www.who.int/classifications/icd/en/), and another is the International
Classification of Primary Care (ICPC), updated to ICPC-2 (www.who.int/classifications/icd/adaptations/
icpc2/en/). A third standard is the Economic Botany Data Collection Standard—EBDCS [36], which is
widely used among ethnobotanists and which makes comparisons with other ethnobotanical studies
easier. Each standard has its weaknesses and advantages [37]. Although EBDCS is popular among
ethnobotanists, it has some limitations. Its categories have not been updated since the original
publication was published 25 years ago, even if some additional use categories have been suggested,
such as cultural diseases and disorders and ritual and magical uses [38]. The ICPC-2 has more
detail than the EBDCS and also it is more suitable to classified diseases to compare with modern
medical treatments.

The 3188 use reports of Thai Karen ethnomedicinal knowledge could be assigned to 15 categories
in the ICPC-2. Digestive health conditions accounted for 18% of the overall number of use reports
followed by the category of general and unspecified health conditions, which accounted for 16% of the
use reports. The health categories in the third and fourth places were related to musculoskeletal and
skin conditions, and together these four categories covered half of all the ethnomedicinal use reports.
The number of use reports in each category of blood/blood forming organ and immune mechanism,
female genital, eye, ear, and male genital health conditions accounted for less than 5% (Figure 2).
The high number of uses relating to musculoskeletal conditions most likely relates to the Karen lifestyle,
which involves much farming and rural livelihoods that may generate symptoms and illnesses related
to this category, such as having muscle pain from hard physical labor. The many digestive system
disorders involve diarrhea and intestinal worms, which are health conditions related to consuming
uncooked or unclean food, having stomachache from unscheduled meals, and so forth.

2.4. Informant Consensus Relating to Karen Ethnomedicinal Uses

The four categories mentioned above as those with most use records also had high ICF (Informant
Consensus Factor) values (Table 1), indicating that the medicinal plants used were much the same among
the villages. Moreover, ICF values showed that Karen medicinal plants used for treatments related
to digestive health, musculoskeletal system disorders, general and unspecified, endocrine/metabolic
and nutritional, respiratory, and skin health conditions were not random (Table 1). However, the ICF
values shown in this study were much lower than the possible maximum value (1.0) which can be
calculated from the equation. This might be affected by many factors, such as the small number of
studied villages or the independently developing traditional knowledge of villages in Thailand [26].
To include a higher number of studied villages would improve our understanding of this issue.

www.who.int/classifications/icd/en/
www.who.int/classifications/icd/adaptations/icpc2/en/
www.who.int/classifications/icd/adaptations/icpc2/en/


Plants 2020, 9, 813 5 of 9

Plants 2020, 9, x 5 of 9 

 

 

Figure 2. Numbers of use reports of Karen medicinal plants in 15 the International Classification of 

Primary Care (ICPC)-2 medicinal use categories. 

2.4. Informant Consensus Relating to Karen Ethnomedicinal Uses 

The four categories mentioned above as those with most use records also had high ICF 

(Informant Consensus Factor) values (Table 1), indicating that the medicinal plants used were much 

the same among the villages. Moreover, ICF values showed that Karen medicinal plants used for 

treatments related to digestive health, musculoskeletal system disorders, general and unspecified, 

endocrine/metabolic and nutritional, respiratory, and skin health conditions were not random (Table 

1). However, the ICF values shown in this study were much lower than the possible maximum value 

(1.0) which can be calculated from the equation. This might be affected by many factors, such as the 

small number of studied villages or the independently developing traditional knowledge of villages 

in Thailand [26]. To include a higher number of studied villages would improve our understanding 

of this issue. 

We suggest that Karen ethnomedicinal knowledge could be valuable for modern drug 

discoveries. In this context, it is worrying that much Karen traditional knowledge will disappear soon 

because of deforestation, urbanization, commercialization, and globalization. The issue of traditional 

knowledge erosion is of global concern [5–7]. Although this study collected the most substantial 

dataset on Thai Karen ethnomedicinal plants, it is imperative to visit more Karen villages to conserve 

Karen ethnomedicinal knowledge before it is forgotten. Our study shows that there have been 

comprehensive studies in northern Thailand, especially in the Chiang Mai province (Figure 1). 

However, many provinces with substantial Karen populations have not had their ethnomedicinal 

knowledge recorded yet [28]. It is, therefore, urgent to perform ethnomedicinal research in many 

additional Karen villages in Thailand. An ethnobotanical study in northwestern South America 

found that, although there were 255 publications in the regions published over the past 60 years, the 

studies could not cover all the ethnobotanical knowledge [39]. Our previous study [26] showed that 

different villages had different ethnomedicinal plant knowledge even when they were of the same 

ethnic group. Hence, we recommend that additional Karen villages should have their knowledge 

documented, as well as training for skills that are not able to be documented, to keep it for the next 

generations and also for the indirect benefits of other people as a source of drug discoveries. The 

highest concern is that there are many Karen villages in western Thailand [10] but that only a few 

Karen villages (Figure 1) and other ethnic minorities [28] have been ethnobotanically studied. This 

area is close to the Bangkok metropolis, and urbanization will accelerate the erosion of traditional 

knowledge in this area. Therefore, we suggest that Karen villages in this area should be prioritized 

for research to document their traditional knowledge as soon as possible. 

0

100

200

300

400

500

600

700

D
ig

e
s
ti
v
e

G
e
n
e
ra

l 
a
n
d
 u

n
s
p
e
c
if
ie

d

M
u
s
c
u
lo

s
k
e
le

ta
l

S
k
in

E
n
d
o

c
ri
n
e
/m

e
ta

b
o

lic
 a

n
d

n
u
tr

it
io

n
a

l

P
s
y
c
h
o
lo

g
ic

a
l

N
e
u

ro
lo

g
ic

a
l

U
ro

lo
g
ic

a
l

C
a
rd

io
v
a

s
c
u
la

r

P
re

g
n
a
n
c
y
, 
c
h

ild
b
e
a
ri

n
g
,

fa
m

ily
 p

la
n
n

in
g

B
lo

o
d
, 
b
lo

o
d
 f

o
rm

in
g
 o

rg
a
n

a
n
d

 i
m

m
u

n
e
 m

e
c
h
a
n
is

m

F
e

m
a
le

 G
e

n
it
a

l

E
y
e

E
a
r

M
a
le

 g
e
n

it
a
l

N
u

m
b

e
r 

o
f 
u

s
e

 r
e

p
o

rt
s

Figure 2. Numbers of use reports of Karen medicinal plants in 15 the International Classification of
Primary Care (ICPC)-2 medicinal use categories.

Table 1. Informant Consensus Factors (ICF) for medicinal plant use ICPC-2 disorder categories among
the Karen in Thailand.

Disorder Category ICF

Ear 0.50
Musculoskeletal 0.47
Skin 0.46
Psychological 0.45
Blood, blood forming organ and immune mechanism 0.44
General and unspecified 0.44
Digestive 0.42
Urological 0.40
Pregnancy, childbearing, family planning 0.38
Endocrine/metabolic and nutritional 0.35
Eye 0.29
Neurological 0.29
Female Genital 0.28
Cardiovascular 0.16
Male genital 0.00

We suggest that Karen ethnomedicinal knowledge could be valuable for modern drug discoveries.
In this context, it is worrying that much Karen traditional knowledge will disappear soon because of
deforestation, urbanization, commercialization, and globalization. The issue of traditional knowledge
erosion is of global concern [5–7]. Although this study collected the most substantial dataset on
Thai Karen ethnomedicinal plants, it is imperative to visit more Karen villages to conserve Karen
ethnomedicinal knowledge before it is forgotten. Our study shows that there have been comprehensive
studies in northern Thailand, especially in the Chiang Mai province (Figure 1). However, many
provinces with substantial Karen populations have not had their ethnomedicinal knowledge recorded
yet [28]. It is, therefore, urgent to perform ethnomedicinal research in many additional Karen villages
in Thailand. An ethnobotanical study in northwestern South America found that, although there
were 255 publications in the regions published over the past 60 years, the studies could not cover
all the ethnobotanical knowledge [39]. Our previous study [26] showed that different villages had
different ethnomedicinal plant knowledge even when they were of the same ethnic group. Hence,
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we recommend that additional Karen villages should have their knowledge documented, as well as
training for skills that are not able to be documented, to keep it for the next generations and also for the
indirect benefits of other people as a source of drug discoveries. The highest concern is that there are
many Karen villages in western Thailand [10] but that only a few Karen villages (Figure 1) and other
ethnic minorities [28] have been ethnobotanically studied. This area is close to the Bangkok metropolis,
and urbanization will accelerate the erosion of traditional knowledge in this area. Therefore, we
suggest that Karen villages in this area should be prioritized for research to document their traditional
knowledge as soon as possible.

3. Materials and Methods

3.1. Data Collection

This study used previously assembled data on medicinal plants used by the Karen. The data were
collected from university libraries, online databases (Scopus, PubMed, and Google Scholar), and Thai
journals. We also searched the website of the Thai Library Integrated System (www.tdc.thailis.or.th),
which houses most postgraduate student theses and scientific reports from all higher educational
institutes in Thailand. We merge the duplicated data, for example, when published journal articles were
based on data from a thesis, the duplicated records from other sources were excluded. Ethnomedicinal
data that did not specify the scientific names of plants used were also excluded, together with data
from studies that had not used proper scientific procedures for gathering the data. All in all, our data
were derived from one book, one scientific report, three journal articles, and 15 theses (Supplementary
Materials Table S1). In total, we found data from 31 Karen villages in Thailand (Figure 1). All the
scientific species and family names were updated according to The World Checklist of Vascular Plants
(WCVP) (wcvp.science.kew.org). This study prefers to use the name Leguminosae instead of Fabaceae.

Finally, each use report was classified into a medicinal category of the International Classification
of Primary Care (ICPC) updated to ICPC-2 (www.who.int/classifications/icd/adaptations/icpc2/en/).

3.2. Important Plant Taxa

The relative importance of the Karen medicinal plant species and families were calculated using
the Cultural Importance index (CI) [40] as:

CI = UR/N, (1)

where UR is the total number of use reports for a species and N is the total number of informants
in the interview. Because the data in this study are meta-data derived from previous reports
that did not connect each use report to a single informant, we counted each studied village as
a “pseudoinformant” [27] to replace an individual person “informant” who was a person giving
ethnomedicinal data. The higher the CI value, the higher the proportion of informants that knew the
species, or in our case, the higher the CI value, the more villages used the species. On the other hand,
a CI close to zero (0) implies that a plant and its ethnomedicinal uses were known in only one or a few
of the sampled villages.

To see how uniform the ethnomedicinal plant knowledge was between the studied villages,
we calculated the Informant Consensus Factor, which was modified from [41] as:

ICF = (Nur − Nt)/(Nur − 1), (2)

where Nur is the number of use reports in a category and Nt is the number of species or taxa used for
treatment in that category. The value of ICF is close to or equals one when the same species is used for
the same purposes in most or all of the studied villages. On the other hand, ICF values close to zero
mean that the plants were used randomly and not in a systematic and shared way between the villages.

www.tdc.thailis.or.th
www.who.int/classifications/icd/adaptations/icpc2/en/
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4. Conclusions

The Thai Karen guard a vast knowledge of a high diversity of ethnomedicinal plants that they use
for treatments of a very broad spectrum of health conditions such as digestive, musculoskeletal, general
and unspecified, skin, endocrine/metabolic and nutritional, and genital disorders. Although the Karen
account for less than one percent of Thailand’s population, they use more than one third of the medicinal
plant species known in the country. Many species, such as Biancaea sappan, Chromolaena odorata, and
Tinospora crispa, as well as several plant families—e.g., Leguminosae, Asteraceae, Zingiberaceae,
Euphorbiaceae, Lamiaceae, and others—were important medicinal taxa for the Karen in Thailand.
Even though this study gathered the most complete set of information on the ethnomedicinal plants
used by Karen in Thailand, we suggest that more ethnomedicinal plant data should be collected from
other Karen villages. That would give us a more robust base for future research and the protection of
traditional knowledge.

Supplementary Materials: The following are available online at http://www.mdpi.com/2223-7747/9/7/813/s1,
Table S1: CI values of medicinal plants used by Karen in Thailand, Table S2: Number of use reports for each
symptom/treatment/uses of the top ten most used plant species by Karen in Thailand, Table S3: CI values of
medicinal plants families used by Karen in Thailand

Author Contributions: M.P. conceived the research, collected data, analyzed data, and wrote the manuscript. R.K.
and S.K. collected data. H.B. and A.I. wrote the manuscript and supervised the study. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by Carlsberg Foundation, grant number CF14-0245 and the Research Center
in Bioresources for Agriculture, Industry and Medicine, Chiang Mai University for partly financial supported.

Acknowledgments: We are thankful to all researchers who worked on collecting primary data we could use for
this study. This study was supported by Mahidol University.

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

References

1. WHO. WHO Traditional Medicine Strategy 2002–2005; World Health Organization: Geneva, Switzerland, 2002.
2. Cox, P.A. Will Tribal Knowledge Survive the Millennium? Science 2000, 287, 44–45. [CrossRef]
3. Fabricant, D.S.; Farnsworth, N.R. The value of plants used in traditional medicine for drug discovery. Environ.

Health Perspect. 2001, 109, 69–75. [PubMed]
4. Tu, Y. The discovery of artemisinin (qinghaosu) and gifts from Chinese medicine. Nat. Med. 2011, 17, 1217.

[CrossRef]
5. Srithi, K.; Balslev, H.; Wangpakapattanawong, P.; Srisanga, P.; Trisonthi, C. Medicinal plant knowledge and

its erosion among the Mien (Yao) in northern Thailand. J. Ethnopharmacol. 2009, 123, 335–342. [CrossRef]
6. Voeks, R.A.; Leony, A. Forgetting the forest: Assessing medicinal plant erosion in Eastern Brazil. Econ. Bot.

2004, 58, S294–S306. [CrossRef]
7. Ragupathy, S.; Steven, N.G.; Maruthakkutti, M.; Velusamy, B.; Ul-Huda, M.M. Consensus of the ‘Malasars’

traditional aboriginal knowledge of medicinal plants in the Velliangiri holy hills, India. J. Ethnobiol. Ethnomed.
2008, 4, 8. [CrossRef]

8. Myers, N.; Mittermeier, R.A.; Mittermeier, C.G.; da Fonseca, G.A.B.; Kent, J. Biodiversity hotspots for
conservation priorities. Nature 2000, 403, 853–858. [CrossRef]

9. Pooma, R.; Suddee, S. Tem Smitinand’s Thai Plant Names, Revised; The Office of the Forest Herbarium,
Department of National Parks, Wildlife and Plant Conservation: Bangkok, Thailand, 2014.

10. Premsrirat, S. Ethnolinguistic Maps of Thailand; Ministry of Culture and Mahidol University: Bangkok, Thailand,
2004.

11. Consortium, T.H.P.-A.S. Mapping Human Genetic Diversity in Asia. Science 2009, 326, 1541. [CrossRef]
[PubMed]

12. Srisawat, B. Hill Tribes in Thailand; Pickanes Printing Center: Bangkok, Thailand, 2002; Volume 2.
13. Sorasak Sanoprai, K.M. Karen. Available online: https://www.sac.or.th/databases/ethnic-groups/

ethnicGroups/79 (accessed on 19 March 2020).

http://www.mdpi.com/2223-7747/9/7/813/s1
http://dx.doi.org/10.1126/science.287.5450.44
http://www.ncbi.nlm.nih.gov/pubmed/11250806
http://dx.doi.org/10.1038/nm.2471
http://dx.doi.org/10.1016/j.jep.2009.02.035
http://dx.doi.org/10.1663/0013-0001(2004)58[S294:FTFAMP]2.0.CO;2
http://dx.doi.org/10.1186/1746-4269-4-8
http://dx.doi.org/10.1038/35002501
http://dx.doi.org/10.1126/science.1177074
http://www.ncbi.nlm.nih.gov/pubmed/20007900
https://www.sac.or.th/databases/ethnic-groups/ethnicGroups/79
https://www.sac.or.th/databases/ethnic-groups/ethnicGroups/79


Plants 2020, 9, 813 8 of 9

14. Kamwong, K. Ethnobotany of Karens at Ban Mai Sawan and Ban Huay Pu Ling, Ban Luang Sub-District,
Chom Thong District, Chiang Mai Province. Master’s Thesis, Chiang Mai University, Chiang Mai, Thailand,
2010.

15. Tipraqsa, P.; Schreinemachers, P. Agricultural commercialization of Karen Hill tribes in northern Thailand.
Agric. Econ. 2009, 40, 43–53. [CrossRef]

16. Panyadee, P.; Balslev, H.; Wangpakapattanawong, P.; Inta, A. Karen Homegardens: Characteristics, Functions,
and Species Diversity. Econ. Bot. 2018, 72, 1–19. [CrossRef]

17. Kaewsangsai, K. Ethnobotany of Karen in Khun Tuen Noi Village, Mea Tuen Subdistrict, Omkoi Distric,
Chiang Mai Province. Ph.D. Thesis, Chiang Mai University, Chiang Mai, Thailand, 2017.

18. Phumthum, M.; Sadgrove, J.N. High-Value Plant Species Used for the Treatment of “Fever” by the Karen
Hill Tribe People. Antibiotics 2020, 9, 220. [CrossRef] [PubMed]

19. Tangjitman, K.; Wongsawad, C.; Kamwong, K.; Sukkho, T.; Trisonthi, C. Ethnomedicinal plants used for
digestive system disorders by the Karen of northern Thailand. J. Ethnobiol. Ethnomed. 2015, 11, 27. [CrossRef]
[PubMed]

20. Phumthum, M.; Balslev, H. Anti-Infectious Plants of the Thai Karen: A Meta-Analysis. Antibiotics 2020, 9,
298. [CrossRef]

21. Anderson, E.F. Plants and People of the Golden Triangle: Ethnobotany of the Hill Tribes of Northern Thailand; Timber
Press: Portland, OR, USA, 1993.

22. Sukkho, T. A Survey of medicinal plants used by Karen people at Ban Chan and Chaem Luang Subdidtricts,
Mae Chaem District, Chiang Mai Province. Master’s Thesis, Chiang Mai University, Chiang Mai, Thailand,
2008.

23. Winijchaiyanan, P. Ethnobotany of Karen in Chiang Mai. Master’s Thesis, Chiang Mai University, Chiang Mai,
Thailand, 1995.

24. Tangjitman, K.; Trisonthi, C.; Wongsawad, C.; Jitaree, S.; Svenning, J.-C. Potential impact of climatic change
on medicinal plants used in the Karen women’s health care in northern Thailand. Songklanakarin J. Sci.
Technol. 2015, 37, 369–379.

25. Sutjaritjai, N.; Wangpakapattanawong, P.; Balslev, H.; Inta, A. Traditional Uses of Leguminosae among the
Karen in Thailand. Plants 2019, 8, 600. [CrossRef]

26. Phumthum, M.; Balslev, H. Use of Medicinal Plants among Thai Ethnic Groups: A Comparison. Econ. Bot.
2019, 73, 64–75. [CrossRef]

27. Phumthum, M.; Srithi, K.; Inta, A.; Junsongduang, A.; Tangjitman, K.; Pongamornkul, W.; Trisonthi, C.;
Balslev, H. Ethnomedicinal plant diversity in Thailand. J. Ethnopharmacol. 2018, 214, 90–98. [CrossRef]

28. Phumthum, M. How far are we? Information from the three decades of ethnomedicinal studies in Thailand.
Ethnobiol. Conserv. 2020, 9, 1–12. [CrossRef]

29. Kew, R.B.G. State of the World’s Plants. 2017. Available online: https://stateoftheworldsplants.com (accessed
on 14 July 2019).

30. Phan, T.T.; Hughes, M.A.; Cherry, G.W. Enhanced proliferation of fibroblasts and endothelial cells treated
with an extract of the leaves of Chromolaena odorata (Eupolin), an herbal remedy for treating wounds. Plast.
Reconstr. Surg. 1998, 101, 756–765. [CrossRef]

31. Ahmad, W.; Jantan, I.; Bukhari, S.N.A. Tinospora crispa (L.) Hook. f. & Thomson: A Review of Its
Ethnobotanical, Phytochemical, and Pharmacological Aspects. Front. Pharmacol. 2016, 7, 1–19. [CrossRef]

32. Kantasrila, R.; Pongamornkul, W.; Panyadee, P.; Inta, A. Ethnobotany of medicinal plants used by Karen, Tak
province in Thailand. Thai J. Bot. 2017, 9, 24.

33. Srithi, K. Comparative Ethnobotany in Nan Province, Thailand. Ph.D. Thesis, Chiang Mai University,
Chiang Mai, Thailand, 2012.

34. Lewis, G.P. Legumes of the World; Royal Botanic Gardens Kew: London, UK, 2005.
35. Phumthum, M.; Balslev, H.; Barfod, A.S. Important Medicinal Plant Families in Thailand. Front. Pharmacol.

2019, 10, 1–14. [CrossRef] [PubMed]
36. Cook, F. Economic Botany Data Collection Standard Prepared for the International Working Group on Taxonomic

Databases for Plant Sciences (TDWG); Royal Botanic Gardens: London, UK, 1995.
37. Staub, P.O.; Geck, M.S.; Weckerle, C.S.; Casu, L.; Leonti, M. Classifying diseases and remedies in ethnomedicine

and ethnopharmacology. J. Ethnopharmacol. 2015, 174, 514–519. [CrossRef]

http://dx.doi.org/10.1111/j.1574-0862.2008.00343.x
http://dx.doi.org/10.1007/s12231-018-9404-8
http://dx.doi.org/10.3390/antibiotics9050220
http://www.ncbi.nlm.nih.gov/pubmed/32365481
http://dx.doi.org/10.1186/s13002-015-0011-9
http://www.ncbi.nlm.nih.gov/pubmed/25885534
http://dx.doi.org/10.3390/antibiotics9060298
http://dx.doi.org/10.3390/plants8120600
http://dx.doi.org/10.1007/s12231-018-9428-0
http://dx.doi.org/10.1016/j.jep.2017.12.003
http://dx.doi.org/10.15451/ec2020-05-9.21-1-12
https://stateoftheworldsplants.com
http://dx.doi.org/10.1097/00006534-199803000-00027
http://dx.doi.org/10.3389/fphar.2016.00059
http://dx.doi.org/10.3389/fphar.2019.01125
http://www.ncbi.nlm.nih.gov/pubmed/31607932
http://dx.doi.org/10.1016/j.jep.2015.08.051


Plants 2020, 9, 813 9 of 9

38. Gruca, M.; Cámara-Leret, R.; Macía, M.J.; Balslev, H. New categories for traditional medicine in the Economic
Botany Data Collection Standard. J. Ethnopharmacol. 2014, 155, 1388–1392. [CrossRef]

39. Cámara-Leret, R.; Paniagua-Zambrana, N.; Balslev, H.; Macía, M.J. Ethnobotanical knowledge is vastly
under-documented in northwestern South America. PLoS ONE 2014, 9, e85794. [CrossRef] [PubMed]

40. Tardío, J.; Pardo-de-Santayana, M. Cultural Importance Indices: A Comparative Analysis Based on the
Useful Wild Plants of Southern Cantabria (Northern Spain)1. Econ. Bot. 2008, 62, 24–39. [CrossRef]

41. Trotter, R.; Logan, M. Informant consensus: A new approach for identifying potentially effective medicinal
plants. In Plants in Indigenous Medicine and Diet: Biobehavioural Approaches; Etkin, N., Ed.; Redgrave Publishers:
Bedford Hills, NY, USA, 1986.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.jep.2014.06.047
http://dx.doi.org/10.1371/journal.pone.0085794
http://www.ncbi.nlm.nih.gov/pubmed/24416449
http://dx.doi.org/10.1007/s12231-007-9004-5
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results and Discussion 
	Ethnomedicinal Use Reports 
	Cultural Importance Index (CI) 
	Ethnomedicinal Use Categories 
	Informant Consensus Relating to Karen Ethnomedicinal Uses 

	Materials and Methods 
	Data Collection 
	Important Plant Taxa 

	Conclusions 
	References

