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Abstract

Background: Local knowledge of herbal medicine in rural communities is rich. This part of cultures plays
an important role in societies where knowledge of indigenous medicine and folk healing has been passed
down from generation to generation. Most of the knowledge was never written down and much such
knowledge has disappeared over time when it was presented orally and through memorization. The
objective of this study was to compile knowledge related to medicinal plants used by Tai Lao traditional
healers in Roi et province and identify their explicit use in order to preserve the useful wisdom for the
people.

Methodology: In this study we identify and document medicinal plants and associated ethnobotanical
knowledge held by 14 traditional Tai Lao healers. They were selected by snowball and purposive
sampling and questioned using semi-structured interviews. Interviews about their knowledge, covered
their training, the ailments they treated, the techniques they used, their methods of preparation and, in
addition, several healing sessions were observed. During walks in the fields, we searched for the
medicinal plant with help from the healers to review and document their availability at each locality and
in different habitats around the villages. Use Values (UV) were calculated to estimate the importance of
each medicinal plant and Informant Agreement Ratios (IAR) were calculated to understand how widely
known the uses were among the healers.

Results: We found 146 species of medicinal plants in 127 genera and 60 plant families that were used for
medicinal purposes by the 14 traditional healers interviewed. The family with most medicinal plants was
Fabaceae (12 spp., 8%) followed by Poaceae (9 spp., 6%) and Zigiberaceae (8 spp., 5%). The most
important and widely used medicinal plants were the sedge Cyperus rotundus (UV=0.71) followed by the
dicot tree Salacia dongnaiensis (UV=0.64) and the palm Borassus flabellifer (UV=0.42). The most
common preparation method was decoction, which was done for 99 species (68%) followed by grinding
with water to produce a drink for 29 species (20%). The 14 healers together used medicinal plants to treat
53 specific conditions. Itching had the highest informant agreement ratio (IAR) value among the specific
conditions with 0.33 (4 use-reports, 3 spp.). The general category of digestive system disorders had an
informant agreement ratio (IAR) value of 0.35 (57 use-reports, 37 spp.) and this category of treatments
also had the highest degree of consensus. The most common life form among the medicinal plants was
trees (56 spp., 38%), followed by herbs (41 spp., 28%). The medicinal plants were mostly collected in
homegardens (60 spp., 41%). The most commonly used plant parts for medicine was the stem which was
used for almost half of the species (69 spp., 48%), followed by the roots (54 spp., 37%). The age of the
Tai Lao healers varied from 26-87 years. All of them were male. Their age and educations were not
correlated with the number of known medicinal plants. The highest number of known medicinal plants
was held by a 70 years old healer (55 spp.).

Conclusion: Considering the richness of the healers’ pharmacopeia, and the fact that their profession is
not being perpetuated, this study points to the urgent need to document the traditional knowledge from
the old herbalists before it disappears with the last practitioners in the rural communities.
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Introduction

Thai people began using medicinal plants for the treatment of various health symptoms and diseases
and for maintaining good health before the Sukhothai period which started 1238 A.D. The Kingdom of
Thailand, as a consequence, has its own system of traditional medicine which is called “Thai traditional
medicine” (TTM) [1]. The Thai traditional medicinal (TTM) system is deeply rooted and has played a key
role in Thai culture. It has been the means of health care for the Thai people up until the early 20th
century [1]. The diverse way of life and culture in each region of Thailand has led to a parallel diversity of
local health care system with a variety of local folk remedies and traditional medicines that are used to
meet peoples’ needs and to treat different diseases [2]. Local herbal medicine is therefore the standard
primary health care and health promotion among Thai people in rural areas and it is consistent with their
culture [3]. Presently however, modern westernized medicine is becoming dominant in the mainstream
healthcare system, and Thai traditional medicine (TTM) has attained a status of nonconventional or
alternative medicine [4]. It has, nevertheless, been recognized that modern medicine is probably not the
answer to all aspects of good health of Thai people. This attitude has been helped by the realization that
a large proportion of the country’s healthcare budget was being spent on the treatment of diseases with
high-priced sophisticated equipment and imported new drugs rather than on the prevention of diseases
and health promotion [5]. In addition, despite all the advancement of medical technologies and the
pharmaceutical industry, modern medicine cannot successfully cure many of the chronic lifestyle-related
diseases, which are major health problems of today’s world, including diabetes, hypertension,
cardiovascular diseases, and various types of cancer [4]. It is now accepted that the current medical plan
alone does not solve all health problems. The high-cost medical system, as a side effect, rely on medical
supplies and medical equipment from abroad which is a major limitation that prevents modern medicine
from serving the public thoroughly and equally [5-6]. However, traditional medicinal knowledge and
practice have not been adequately studied, exploited, or documented [7]. Turning to the wisdom of
indigenous medicine in all dimensions we can recover additional knowledge that is still valid in the time
we live in and make the most of it. Thai traditional medicine in different parts of the country has its own
heritage that differs according to its origin, ecosystem, and culture. The long abandonment of the
wisdom of folk medicine by the lack of research and continuous development has hampered the
development of this knowledge. In many developing countries, traditional knowledge of indigenous
people is being widely threatened by current trends of economic globalization. Many researchers have
reported that traditional knowledge systems, that were either lost or transmitted orally from one
generation to the next among traditional health practitioners, are in danger due to poor relations between
the older and younger generations [8—12]. Therefore, it is urgently needed to study, research, and develop
our knowledge of traditional medicinal systems.

Traditional healers still play an important role in the health care of villagers in many parts of Thailand [2-
3, 12-15]. Their knowledge is more vulnerable than the documented traditional knowledge. In the past,
ethnobotanical studies among traditional societies indicated that the level of idiosyncratic knowledge is
very high [16]. To uncover the cultural truth or generalized knowledge, quantitative ethnobotany may

provide the answers [17]. Quantitative approaches have been used in ethnobotanical studies to measure
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the degree of consensus concerning the use of a particular medicinal plant. The consensus analyses
have been used to test falsifiable hypotheses on the use of plants and also as a tool for selecting
medicinal plants for further research [18-19]thus, such quantitative approaches are helpful for the
extraction of higher-level conclusions from the data available in ethnobotanical surveys [20].

When studying traditional knowledge of ethnomedicinal uses to improve the health in the concerned
communities, it is useful to look at both the specific conditions and diseases and also at broader
categories. The specific conditions could be diseases such cancer and diabetes and it could also be
problems with lactation and similar situations which may be an inconvenience or abnormality. To be able
to make meaningful comparisons with other studies, the specific conditions must be classified in a
system of broader categories such as for example digestive system disorders, blood system disorders,
and endocrine system disorders.

The northeastern part of Thailand, corresponding to the Isan region, is by far the poorest part of the
country. Approximately 30% of the Thai population live in the region [21]. The Isan people are an ethno-
regional group native to northeastern Thailand with an estimated population of about 22 million [22] and
they are ethnically of Tai Lao origin, constituting one of the largest minorities in the country. The main
languages spoken are Thai, Lao, and some ethnic languages [23]. Most northeastern Thais speak a
dialect of Lao mixed with some influences from Thai [24]. In the last decades ethnobotanical study has
received more attention. However, many uses and practices linked to plants from all over the world
remain unknown, not documented or evaluated. According to the uniqueness of Thai traditional medicine
with its own heritage in each ethnic group [3—-6, 12] and the traditional knowledge of many ethnic
communities it depends on natural resources which are being widely threatened by current trends of
economic globalization [25]. Such relevant and specific knowledge is facing different threats and may
disappear from many countries all over the world. It is urgently needed to document the traditional
knowledge possessed by the old herbalists before it disappears from the rural communities in Thailand
[12]. This study focusses on the plants used by a group of Tai Lao traditional healers as part of an
ongoing study on herbal therapies for primary health care in their communities. In this context we aim at
answering the following general question: What is the traditional knowledge used by healers for curing
their patients? Specifically, we asked: (1) How many medicinal plants do they know and use for treating
patients in their community and what are the vernacular names of the species? (2) Which species are
most used? (3) How many and which ailments are treated with traditional medicinal plants? (4) Which
plant parts are commonly used for medicine? (5) Which life-forms of plants are represented among the
medicinal plants, (6) Which preparation methods are available? (7) What are the habitats from which the
healers derive their medicinal plants?

Material And Methods

Study area
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Roi Et is one of the 17 provinces in northeastern Thailand with a geographical extension of 8299 km?,
located at 16°03 N latitude and 103°39 E longitude (Fig. 1). We selected 14 traditional Tai Lao healers
who still practice traditional healing. The data were collected in seven districts in Roi Et province (Fig. 1).

The traditional healers

The 14 Tai Lao healers together knew 146 species of medicinal plants belonging to 127 genera in 60
families. Each Tai Lao healer knew from 12-55 medicinal plant species. The average number of
medicinal plants known by the healers was 24 species. The age of the healers varied from 26-87 years.
The age and their educations were not correlated with the number of medicinal plants that they knew. The
highest number of known medicinal plants was by a 70 years old healer from Kaset Wisai followed by an
87 years old healer from the same district. The lowest number of medicinal plants known was by a 76
years old healer also in Kaset Wisai (Table 1).

Table 1 Profiles of 14 Tai Lao healers interviewed in Roi Et province, Thailand, and the number of
medicinal plants they knew.

Healer Occupation Education Age Known Medicinal species  District

(years)
1 Farmer None 64 15 Suwannaphum
2 Farmer Primary 65 12 Suwannaphum
3 Farmer Primary 60 16 Kaset Wisai
4 Farmer Primary 76 10 Kaset Wisai
5 Farmer Primary 76 17 Kaset Wisai
6 Farmer None 77 25 Kaset Wisai
7 Farmer None 87 53 Kaset Wisai
8 Farmer By temple 70 55 Kaset Wisai
9 Farmer Primary 66 36 Changhan
10 Farmer Primary 68 12 Changhan
11 Farmer Primary 26 29 Phon Thong
12 Farmer None 74 13 Phon Thong
13 Farmer High school 76 17 Phanom Phrai
14 Farmer Primary 76 27 Phanom Phrai
Average 68.6 24
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Field survey and data collection

Data and plant specimens were collected from April 2015-April 2016. Purposive sampling was used to
choose the respondents who met the study criteria and could provide rich data relevant to the study [26].
A snowball sampling technique was used to expand the number of respondents [27]. Finally, we had only
fourteen traditional Tai Lao healers. Each healer was visited and interviewed in his house and informal
meetings were held in Isan or Lao languages. With permission from the participants, semi-structured
interviews were performed to collect quantitative and qualitative data on the traditional knowledge of
medicinal plants used by them. All respondents were interviewed about their training knowledge,
ailments, treatment techniques, and method of preparation. Field-walk-surveys searching for the
medicinal plants were made to review and document the availability of medicinal plants in different
habitats. We recorded information about vernacular names of the plants, purposes of utilization, plant
parts used for treatments, health conditions treated, method of preparation, administration, and the
habitats of medicinal plants.

Plant Identification

Voucher specimens were collected to document the botanical identifications. Preliminary

identifications of medicinal species using vernacular names were made by the healers in the field. Tem
Smitinand’s Thai Plant Names [28] was used for species initially identified on the basis of their common
names. For taxonomic confirmation, comparison with existing collections was performed by one of the
authors (W.T.) Voucher specimens were collected in the study sites including the community forests, rice
fields, surroundings of the villages and/or in their home gardens. Vouchers are kept in the Department of
Science and Technology, Roi Et Rajabhat University, Roi Et province, Thailand.

Data analysis
Medicinal disorder terminology

The use of medicinal plant species within each category, follow standardized descriptors and terms from
the Economic Botany Data Collection Standard [29].

Quantitative analysis of ethnomedicinal data

The ethnobotanical data was tested for homogeneity using the Informant Agreement Ratio (IAR), which
was performed for each category of disease, and calculated as [30].

IAR = Nur — Nt / Nur — 1

where, Nur is the number of use citations from informants for a particular plant-use category, and Nt
refers to the number of taxa or species used by all informants for that specific plant use category. IAR
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values range between 0 and 1, where 1 indicates the highest level of informant consensus and 0 the
lowest.

Use value, which is a quantitative measure that demonstrates the relative importance of plant species
known locally, was calculated as [31].

U;
UV: EE

where, UV is the use value of a species, Ui is the number of citations for each plant species, and Nis the
number of informants. A high use value indicates the potential importance of the plant species reported.

Results

Medicinal plants used

Atotal of 146 species in 127 genera and 60 families of medicinal plants were used for medicinal
purposes by 14 traditional healers in this study. The best represented plant families were Fabaceae,
which had 12 spp. of medicinal plants (8%), Poaceae (10 spp., 6%), Zigiberaceae and Lamiaceae (8 spp.,
5% each), Solanaceae (6 spp., 4% each), Acanthaceae, Amaranthaceae, Annonaceae, Rubiaceae and
Euphorbiaceae (5 spp., 3% each, Apocynaceae, Asteraceae, Rutaceae and Menispermaceae (4 spp.,

3% each). The remaining families had three (2%) or fewer species. The vernacular names are given for
each species in Additional data 1.

Most used plants

The most important and widely used medicinal plants were Cyperus rotundus L. (Cyperaceae) with a use
value (UV) of 0.71. The healers used the roots and stems of Cyperus rotundus for curing digestive system
disorders such as gallstones and flatulence. Furthermore, they used these plants for genitourinary system
disorders such as diuretic and venereal disease. The second most important species was Salacia
dongnaiensis Pierre (Celastraceae) (UV 0.64). They prepared medicine from this plant by decoction of the
stem to treat digestive system disorders such as gastritis, diarrhea and as a laxative and to

treat flatulence and muscular skeletal system disorders for example as a muscular relaxant. The third
most important medicinal species was the palm tree Borassus flabellifer L. (Arecaceae) (UV 0.42). They
decocted its petiole and inflorescence to treat genitourinary system disorders such as female infertility or
they ground the fruit with water to prepare a drink to treat pregnancy/birth/puerperium disorders and as a
lactation stimulant (Additional data 1).

Ailments treatedand Informant Agreement Ratio (IAR)

The 14 healers together used medicinal plants to treat 53 specific conditions and ailments. Of these, the
category of plants used to treat itching had the highest informant agreement ratio (IAR) value of 0.33
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(4 use-reports, 3 spp.), followed by pain with an IAR value of 0.30 (21 use-reports, 15 spp.), and the third
was female infertility with an IAR value of 0.25 (13 use-reports, 10 spp.) (Additional data 2). This study
found 23 categories of ailments that were treated. The category of plants used to treat digestive system
disorders had an informant agreement ratio (IAR) value of 0.35 (57 use-reports, 37 spp.) and this category
of treatments also had the highest degree of consensus. The second most important category was pain
with an IAR value of 0.31 (21 use-reports, 15 spp.), and the third was genitourinary system disorders with
an IAR value of 0.28 (36 use-reports, 26 spp.) (Additional data 3).

Parts used

The most commonly used plant part was the stem, which was used for almost half of the species (69
spp., 48%), followed by the roots (54 spp.,37%), leaves (23 spp.,16%), fruits and whole plants in equal
numbers (14 spp., 10%), bark (9 spp., 6%), rhizome (4 spp., 3%), and flowers (3 spp., 2%). Petioles,
branches and seeds were used from only 1 species each (<1%) (Additional data 1).

Lifeforms

Medicinal plants used by the 14 healers represented five different life-forms, the most common one

being trees (including a palm tree and a climbing tree) that were represented by 64 spp. (44%) followed by
herbs including exotic herbs (42 spp., 28%), shrubs including some exotic shrubs (20 spp., 14%), vines (18
spp., 9%), grass including a few exotics (7 spp., 5%) (Additional data 1).

Preparation

The healers described 19 different methods that they used to prepare plant medicines. The
most common preparation method was decoction of fresh or dried plants (99 spp., 68%), followed by
grinding with water (29 spp., 10%), and inhalation (6 spp., 4%) (Table 2).

Table 2 Preparation of medicinal plants used by 14 healers in Roi Et, Thailand
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Preparation methods Number of species %
Decoction (fresh/dry parts) 99 68
Grinding with water 29 20
Inhalation 7 5
Eaten fresh incl. dry seed 6 4
Pounded and applied to skin/wound 5 3
Soaked to produce a bath or a drink 5 3
Grinding with water and applied to skin 5 3
Compressed 4 3
Boiled (bath/steaming) 4 3
Grinding with lemon juice as a drink 4 3
Fermented as a drink 3 2
Crushed to cover skin or wound 3 2
Crushed with water as a drink 3 2
Boiled with sugar, fermented and drunk 2 1
Ground to powder 1 <1
Ground with water and mixed with cuttlebone and decocted 1 <1
Pounded with coconut juice and drunk 1 <1
Gel to cover a wound 1 <1
Hair wash 1 <1

Habitats and status of medicinal plants

The healers collected most of their medicinal plants from their home gardens (60 spp., 41%) followed by
the community forest (53 spp., 36%), around their villages (24 spp., 16%), and in rice fields (10 spp., 6%).
Buying the plants from other villages was the least used “habitat” for collecting medicinal plants and
done for only 3 spp. (2%). The majority of medicinal plants were native to Thailand, while 3 spp. were
exotic grasses (3%) and shrubs 2 spp. (1%) (Additional data 1).

Discussions

The traditional healers
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Traditional healers are an important aspect of life in rural communities around the world [32-37]. Spiritual
healing also includes activities taking place within a formal religious context in rural settings in many
countries [38]. The type of healer available for consultation, may be traditional or religious, and they

are also part of the individual's culture [39] as found in Thailand. The traditional healers who were
interviewed for this study were all males. In Thailand, traditional healers are predominantly males as
reported in many studies from different parts of the country [2-3,12,40]. Thai culture assumes the
traditional role of the man in a family as a leader and primary breadwinner, so men are expected to
provide for their families [12]. The number of medicinal plant species known was not related to the
healer's age and some herbalists treated only certain ailments such as cancer or postpartum conditions
in women as already reported [12]. Herbalists who treat only certain conditions such as

cancer, hemorrhoids, or muscular-skeletal disorders may have their knowledge from their

parents. Knowledge of traditional healers in Sakornakorn province in northern Thailand was transmitted
from their ancestors or parents and was not recorded in written documents [38]. The traditional healers
always depended on their memory and familiarity with the plants to use or choose as medicinal plants
from the surrounding areas for curing ailments. Some of them had joined training courses provided

by the government. It appears that the use of plants in indigenous communities is associated to
biological, ecological, and socio-cultural factors, including production techniques and practices, religion,
gender, and age [40-41]. Furthermore, Tai Lao healers also used animals and mineral substances for
curing ailments, they practiced incantations and held ceremonies as part of the treatments as has also
been reported among other cultures [12,38,42]. Medicinal knowledge of healers aims to heal not only
physical illness, but also the mind and soul [40]. From the local healers’ point of view lack of successors,
erosion of knowledge, conflicts with mainstream knowledge, lack of recognition, restrictive regulations for
collecting medicinal materials, lack of adequate intellectual property protection, incompatibility of local
ownership values with contemporary laws are some of their concerns [43].

Numbers of medicinal plants

The best represented plant family among the medicinal plants was Fabaceae as also foud in some other
studies [2,12,44]. Fabaceae is a large tropical family and they are common and species rich and

much used for medicinal purposes in Thailand [12]. Surprisingly, in this study Poaceae occupied the
second most important place among the medicinal plant families of Tai Lao. Normally Poaceae is used
for food such as in the case of Bambusa bambos (L.) Voss, Cymbopogon citratus (DC.) Stapf, and Zea
mays L. but The Tai Lao healers used this family to treat various ailments such as diabetes, gallstones or
jaundice. Some species of Poaceae such as Bambusa vulgaris Schrad. exJ.C.Wendl. was used as a
decoration tool, Chrysopogon zizanioides (L.) Roberty was weedy and used as animal feed but the Tai
Lao healers used these species as medicine to treat jaundice and diabetes respectively. This traditional
knowledge of healers is unique and it is part of their own traditional health care system, which is different
and depends on their origin and cultural pattern. A good example of traditional knowledge was

the vernacular names for each species given in Additional data 1. They document one aspect of the Tai
Lao traditional knowledge. The vernacular names use a language or dialect which is native to a region or

country rather than a literary, cultured, or foreign language. As such vernacular names are related to a
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plant or an animal in the common native speech as distinguished from the Latin nomenclature of
scientific classification. Most vernacular names were related to or characteristic of a disease, a place, or a
group of plants.

Most used medicinal plants

The medicinal plants most used by the Tai Lao healers were entirely different from the most important
medicinal plants used by the related and geographically close Phu Tai [12] where Rothmannia wittii
(Craib)Bremek. had the highest UV and was used to treat jaundice. Similarly, a study among the hill tribes
in northern Thailand found differences of traditional knowledge of the Karen and Lawa, who live in
adjacent villages within the same habitat and with the same forest resources but they used different
species of medicinal plants for the same purposes [45]. This finding resonates with the fact that
differences in traditional knowledge is driven by many factors, including cultural, historical and ecological
ones [45-46]. The comparison of use of medicinal plants among ethnic groups throughout Thailand
found the similarity in the use of plants was not larger for villages inhabited by the same ethnic groups or
from the same region than it was for villages inhabited by different ethnic groups or from the different
regions. Instead, it appeared that each village had, at least in part, developed its own ethnomedicinal
knowledge [47].

Ailments or disorder treated and Informant Agreement Ratio (IAR)

Globally, digestive system disorders have a substantial effect on morbidity and mortality rates, and
especially so in developing countries including in Thailand, where the majority of rural areas lack proper
sanitation and awareness of disease prevention. This has led to prevalence of different types of digestive
diseases [45,48]. This is true in both southern [2,14] and northern Thailand [45,48] and beyond Thailand,
such as reported by Naxi healers for farmers in northwestern Yunnan in China [35]. The medicinal plant
species used to treat digestive system disorders are mostly different in each ethnic group such as in
different hill tribe in northern Thailand, where Karen and Lua use Leea indica (Burm. f.) Merr.

(Leeaceae) for diarrhea [45] and the Karen use Zingiber montanum (J. Konig) Link ex A. Dietr.
(Zingiberaceae) [48] to treat the same condition. In Phatthalung in southern Thailand Zigiberaceae is the
most used family including species such as Boesenbergia rotunda (L.) Mansf., Kaempferia galanga L.,
Zingiber officinale Roscoe, and Curcuma longa L. [2]. Furthermore, a total of 37 spp. were used to treat
digestive system disorders including Alpinia galanga (L.) Willd. which is used as a carminative, Curcuma
longa L. for flatulence, and Clausena wallichii Oliv. and Croton crassifolius Geisel. for stomach

disorders. However, different patterns can be found in different areas or among different ethnic groups as
demonstrated for the Phu Tai healers [12], among whom most medicinal plants are used for treatments
of tonic. Pholhiamhan et al. [44] who studied the same ethnic minority group but in a different part of

the Nakornpanum province found that most medicinal plants were used for injuries. A study among hill
tribes in northern Thailand [15] found that skin and subcutaneous cellular tissue disorders were the
conditions treated by most plants. Srithi et al. [49] found the use categories with most use-reports were
for birth-related conditions. In Jashpur district of Chhattisgarh, India, skin diseases, diabetes, and
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weakness were the most common disorders reported [36]. In the indigenous knowledge on medicinal
plant use by traditional healers in Oshikoto region, Namibia, disorders with the highest number of species
being used were mental diseases followed by skin infection and external injuries [50].

Plant parts used

Among the different parts of the medicinal plants, the stem was most frequently used for making
medicines, followed by roots and leaves. This agrees with other studies in northern and northeastern
Thailand [12]. Traditionally different parts of plants such as stem, roots, fruit, leaves, and seeds are being
used for the treatment of different ailments [51]. The therapeutic potential of different plant parts is
attributed to differences in concentrations in different plant parts of phytochemical compounds such as
tannins, terpenoids, alkaloids, etc. [52]. Dried wood or roots can maintain their bioactive compounds for a
longer time after harvesting than leaves can [53]. However, local healers are often concerned about how
the use of different plant parts may affect the survival of the medicinal plants’ populations

[54]. Traditionally, leaves have been the most favored part used for medicinal purposes in many parts of
the world for example in Singapore [51], India [55], Turkey [56], and Ethiopia [57]. This may be because
leaves are soft, easy to use, their drug contents can be readily extracted, and they can be harvested in
every season [54]. On the other hand, a study conducted in India [36] showed that roots were the most
commonly used part followed by leaves. This discrepancy is probably due to the diversity of plants,
weather conditions, and chemical compounds present in the plant parts in different geographic areas. In
southern Thailand underground parts were also the most used part of medicinal plants. These
differences can be explained by environmental conditions and cultural patterns in the traditional uses of
plants by each ethnic minority [12]. However, further and detailed phytochemical screenings of medicinal
herbs are required. For traditional knowledge, it is essential to have proper documentation of the plants
involved and to know their potential for the improvement of health. Accepting traditional knowledge in a
modern context will depend on the scientific backup of the reported effects. Importance should be given
to the potential of ethnomedicinal studies as these can be an important base for the discovery of useful
medicinally active compounds in plants [36].

Life forms of medicinal plants

Five life forms of medicinal plants were used by the 14 healers, the most common one being

trees (including a tree palm and a climbing tree) followed by herbs, shrubs, vines, and grasses. The same
life forms were most commonly represented among medicinal plants used by the the closely related
ethnic minority group, the Phu Tai [12] and in Namibia [48] but healers in Phatthalung in Peninsular
Thailand [2] most commonly used shrubs as medicinal plants. In China the majority of medicinal plants
in Naxi homegardens were herbaceous followed by trees shrubs, and lianas [35] and in India herbs are
commonly used as medicinal plants [36].

Preparation of medicinal plants
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The Tai Lao healers interviewed here described 19 different methods that they used to prepare plant
medicines. These results differ from the Phu Tai ethnic group [12] in total numbers of methods. However,
the most common preparation method, which was decoction was also the most common method
reported in previous ethnomedicinal studies in Thailand [2,12,45,53] and also in Singapore [51],

Nigeria [58], and India [59]. The frequent use of oral ingestion of a decoction is most likely because it is
an easy way to administer the medicine [60] and it makes it possible to adjust the taste of the medicine
for individual patients. Other methods recorded here and in other studies was inhalation and
fermentation. The Tai Lao healers used leaves of Allium ascalonicum L. to treat fevers or Allium cepa

L. and Nicotiana tabacum L. to treat nasal polyps by inhalation. This method was commonly used to
treat respiratory or circulatory system disorders. The Tai Lao healers also fermented fruit of Phyllanthus
emblica L. to treat goiter and mumps. Tinospora crispa (L.) Hook. f. & Thomson was prepared in the
same way to treat liver disorders.

Habitats and availability of medicinal plants

Most medicinal plants used by Tai Lao traditional healers were gathered from their home gardens
including such species as Allium ascalonicum L. (Amaryllidaceae), Allium sativum L., Alpinia galanga
(L.) Willd. (Zingiberaceae), Ananas comosus (L.) Merr. (Bromeliaceae), Carica papaya L. (Caricaceae),
Citrus hystrix DC. (Rutaceae), Allium cepa L., Boesenbergia rotunda (L.) Mansf. (Zingiberaceae),

and Cymbopogon citratus Stapf (Poaceae). The same species were also used for food by the

villagers. For convenience, these medicinal plants were moved and planted in home gardens and

used whenever required [2]. This was also the case among the Naxi healers in southern China [35]

where home gardens are ecologically and culturally important systems in which healers cultivate
medicinal plants for the wellbeing of farmers. In Naxi only the healers cultivated medicinal plants in their
home gardens and they rarely sold them. Plant resources are important to communities where the
majority of households rely on integration of traditional knowledge and western medicine for

their wellbeing. Medicinal plants maintained in ethnic home gardens are valuable not only for food but
also for their economic and ornamental properties [35]. In our study, the majority of medicinal plants were
native to Thailand, while, a few exotic plants were used medicinally such as Cymbopogon citratus

Stapf (Poaceae), the shrub Pandanus amaryllifolius Roxb. (Pandanaceae), and Plumbago indica L.
(Plumbaginaceae) (Additional data 1). In contrast to the dominance of homegarden plants in this study,
most medicinal plants used by the Phu Tai ethnic group [12] and in Phatthalung province, Thailand [2],
were gathered from community forests.

Conclusion

Northeastern Thailand is rich in traditional knowledge of herbal medicine with diverse ethnobotanical
values. Traditional knowledge of Tai Lao healers revealed here includes large amounts of novel
information for northeastern Thailand including 146 spp., 127 genera, and 60 families relating to the
treatment of various diseases disorder and relief of 26 aliments. Even though conventional medicine is
available, many people in rural communities continue to depend on traditional knowledge. Primary
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healthcare with highly experienced of traditional healers is still important in their communities, at least for
the treatment of simple ailments such as, pain, inflammation, digestive system disorders, wound or skin
diseases and pregnancy/birth/puerperium disorders in postpartum women. Conservation efforts and
evidence-based policies are needed to preserve the ecological and cultural base on the maintenance of
medicinal plant that are use for rural community wellbeing. In the future the traditional knowledge on
medicinal plants of Tai Lao healers could boost new innovations in the pharmaceutical industry such as
plant used for treatments of cancer; Cyperus rotundus L., Cyathula prostrata (L.) Blume, Entada rheedii
Spreng., Lawsonia inermis L. should be subjected to pharmacological study to validate their use and to
isolate their bioactive compounds. Plant used for injuries or wound such as Pogonatherum paniceum
(Lam.) Hack., Clausena wallichii Oliv. Clinacanthus nutans (Burm. F.) Lindau should be examined for
antibacterial activities. Plants used for tonic or nutritional disorders such as Cissampelos pareira L.,
Imperata cylindrica (L.) PBeauv. or Sida acuta Burm. f. etc. should be determined the antioxidant activity
for health promotion for Thailand healthcare sector.
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Figure 1

Location of Roi Et province in Thailand where ethnobotanical data concerning medicinal plants were
collected in seven districts.
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