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Introduction 

Cardamom (Amomum spp.) is the most important non-timber forest product 
(NTFP) and agricultural export product in Laos (Foppes & Ketphanh, 2000), 
generating a substantial contribution to rural household cash income. 
Official statistics indicate that from 1995-1999, an average of 285 tonnes, at 
US$4.80/kg (dry fruits) was exported. Every year 400-500 tonnes of dried 
seeds are exported to China, where they are used as an ingredient in Chinese 
medicine, known as “sha ren”. Roughly 70% of the cardamom produced in 
Laos comes from the wild, 30% from cultivated gardens. The export price 
has been stable at around US$ 7 per kg of dry seed (Saint-Pierre, 1998; 
Foppes & Ketphanh, 2000). 

In Laos, cardamom is the second most important species of non-timber 
forest product, after coffee, and is a valuable agricultural export product. It 
has contributed significantly to rural household cash income for a long time 
but nobody knows exactly the scientific names of the species being traded 
because, until now, scientific research has been lacking and taxonomic 
studies insufficient. 

As well as being an important NTFP resource for food, medicine and 
trade, Amomum species are also an important component in many tropical 
forest ecosystems. Amomum as currently named is the second largest genus 
of Zingiberaceae after Alpinia, with at least 170 species. Several species are 
of high economic value in Asia. The genus has not been revised for a century 
however, and it is thus almost impossible to regulate legal and sustainable 
trade. Preliminary results of molecular studies indicate that Amomum is poly-
phyletic. Therefore the main part of my Ph.D. programme is a revision of 
Amomum (Zingiberaceae) in Cambodia, Laos and Vietnam. This is the first 
comprehensive taxonomic revision of Amomum in Cambodia, Laos and 
Vietnam since that of Gagnepain (1908), over 100 years ago and will form a 
significant contribution to a new revision of the Zingiberaceae in the “Flore 
du Cambodge, du Laos et du Vietnam”. 

My Ph.D. study is under the bilateral research cooperation agreement 
between SIDA and the National University of Laos (NUoL-Sida), funded by 
the Swedish International Development Cooperation Agency. Collaborative 
research between Ph.D. students of NUoL and Uppsala University has been 
conducted. My study concerned a taxonomic revision of Amomum for the 
Flore du Cambodge, du Laos et du Vietnam, using floral biodiversity 
collections from across Lao PDR with duplicates deposited in various 
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herbaria, and aimed at a better understanding of the uses of these plants by 
local people through ethnobotanical study and at an assessment of the 
conservation status of each taxon of Amomum. 

My PhD programme commenced in December 2005 with extensive 
collection of herbarium specimens across Cambodia, Laos and Vietnam for 
taxonomic and ethnobotanical study. Semi-structured interviews were 
conducted to elicit and record information on uses of species, local names, 
conservation status and local knowledge patterns for each ethnic group. 
Since 2005, Taxonomical studies focused on the morphological taxonomy of 
Amomum in Cambodia, Laos and Vietnam. All protected forests in Laos 
were surveyed for Amomum. More than 300 numbers and 1200 duplicates 
from Laos, and around 600 sheets from all major herbaria in Asia, Europe 
and America have been examined, including most specimens of Cambodia, 
Laos and Vietnam found at the herbarium of the Muséum National 
d’Histoire Naturelle Paris (P), both identified and unidentified. All Amomum 
species have been recorded and knowledge patterns of each ethnic group 
have been analyzed. All data were recorded in Excel, Rapid Data Entry 
(RDE) files of the Botanical Research and Herbarium Management System 
(BRAHMS) herbarium database program, and the Padme database of the 
Royal Botanic Garden Edinburgh (E) All biological samples, such as 
herbarium specimens, samples for DNA extraction, samples in alcohol and 
dried specimens have been brought to the Herbarium of the Biology 
Department, National University of Laos and will be distributed to Uppsala 
University (UPS), E and P. 

 The Nakai-Nam Theun National Protected Area (NPA), Khammouane 
province, is inhabited by three ethnic groups, the Kry, Brou, and Saek. Lao 
PDR, as a whole, is a country inhabited by a myriad of different ethnic 
groups, each having their own customs and traditions. The National Front for 
Construction (2005) recognizes 49 ethnic groups, classified into 4 language 
groups. The second part of my PhD studies concerns ethnobotany: the 
interface between the rich ethnic and cultural diversity, and the abounding 
biodiversity. This activity was a field study of the ethnobotany and diversity 
of useful plants, focusing on medicinal plants at Nakai-Nam Theun NPA. 
Research shows that many species of Amomum are used by local people in 
traditional medicine, among others in steam baths, tonics after childbirth, 
and against colds and fevers. These local uses of plants show that 
conservation of natural resources is an important issue to consider for 
development project planning over the next few years. Steam distillation of 
essential oils of Amomum seedpods and other relevant plants was carried out 
in the field. An evaluation of the chemical components of these essential oils 
showed that they are rich in antimicrobial compounds, which corroborates 
the traditional use of these species to promote postpartum hygiene. 

One aspect of this study consisted of compiling an ethnomedical 
handbook for people in Nakai-Nam Theun NPA. This project was shared 
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between PhD students from NUoL and Uppsala University. The project 
focused on making interviews in the Nam Noi and Nam Pheo valleys to 
make a complete census of medicinal plant uses, and collect all plants 
mentioned. This research will be extended to the Nam Theun Valley, and 
includes studies on ecological sites, plant biodiversity and conservation 
status in the whole Nakai-Nam Theun NPA. 

 
Figure 1. A-B: Walking is the only way to travel to remote areas; C: Students of the 
Department of Biology (NUoL) preparing plant samples; D: Participation of local 
people collecting plants materials. 

The main methods used were interviews and participatory collecting to 
gather all information on useful plants from the ethnic groups in each valley. 
Forest walks were made for ecological studies and data collection on 
medicinal plant habitat and distribution, specimen collections, as well as 
base-line data on ethnic groups and villages. Village interviews were 
conducted with knowledgeable people, and recorded taxa were collected 
during forest walks. More than 600 herbarium vouchers of useful plant 
species were collected. 

Our results show that scientific research can be combined with 
developing local knowledge and awareness creation of natural conservation. 
It can improve the development and availability of primary healthcare. Data 
from this project will contribute to knowledge transfer and studies on 
biodiversity, taxonomy and ethnobotany of plants of Laos. In addition, it will 



 10 

be used to expand the number, and improve the quality, of the plant 
herbarium vouchers of Laos. It is estimated that Laos may have as many as 
12 000 plant species, but no more than 4 000 herbarium vouchers of plants 
collected in Laos exist. 

 
Figure 2. A: Shifting cultivation outside Ban Dteun (Saek); B: Typical Kry house at 
Ban Maka Tai; C: Typical Saek house at Ban Dteun D: Typical Brou house at Ban 
Mak Feuang. 
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Aims 

The study presented here focuses on the taxonomy and ethnobotany of the 
genus Amomum Roxb. (Zingiberaceae) and had four aims: 1) a taxonomic 
revision of Amomum for the Flore du Cambodge, du Laos et du Vietnam, 2) 
gathering floral biodiversity collections throughout Lao PDR and depositing 
them in various herbaria, 3) an assessment of the conservation status of each 
taxon of Amomum and 4) a better understanding of the uses of these plants 
by local people through ethnobotanical studies, focusing specifically on use 
in women’s health. 

The main goals of paper I are: 1) morphological taxonomy of Amomum in 
Cambodia, Laos and Viet Nam, 2) expanding the number and improving the 
quality of the plant herbarium vouchers of Laos, and 3) forming a significant 
contribution to a new revision of the Zingiberaceae in the “Flore du 
Cambodge, du Laos et du Vietnam”. 

Paper II proposes to conserve Loureiro’s name Amomum villosum Lour. 
with a conserved type from Indochina in order to maintain nomenclatural 
stability. 

Paper III focuses on the use of plants during pregnancy, parturition, 
postpartum recovery and infant healthcare among three ethnic groups, the 
Brou, Saek and Kry. 

Paper IV focuses on the traditions and use of plants during pregnancy, 
parturition, postpartum recovery and infant healthcare by the Kry ethnic 
group, a recently settled nomadic people. 

Paper V is an evaluation of the medicinal properties of essential oils of 
traditionally used plant species in postpartum steam sauna and mother 
roasting.  

Papers III-V aim is to identify culturally important traditions that may 
facilitate implementation of culturally appropriate healthcare. 
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Materials and methods 

Materials and methods are summarized in brief below. Full descriptions are 
given in each paper. 

For papers I and II, the materials were collected during extensive field 
work in Laos, Vietnam and Cambodia. Herbarium material from Indo-China 
was studied from the following herbaria: A, AAU, BK, BKF, E, G, GH, 
HITBC, KUN, K, L, MO, NY, P, SING, UPS, US, VNM. Comprehensive 
morphological studies were conducted for all papers. 

For papers III, IV and V, semi-structured interviews were conducted from 
2005 to 2010 in Nakai District, Khammouane Province, Lao People's 
Democratic Republic. Interviews were conducted in 15 villages, belonging 
to 4 ethnic groups: the Lao, Saek, Brou, and Kry. Group interviews were 
carried out by female interviewers with female informants, and included the 
village midwife and women with one or more children. Group interviews 
were culturally readily acceptable. The interviews free-listed processes 
during and after the hotbed period and medicinal plants per usage group. 
Following the interviews walks were made in the surrounding forest to 
collect plants for herbarium vouchers. During the interviews ethnobotanical 
information was gathered about the plants’ local names, uses, preparations, 
properties, dosages and availability. 

For paper V, fresh plant material was collected in the field together with 
herbarium vouchers, and essential oils were extracted in situ using steam 
distillation. Chemical analysis was performed with GC-MS at the Sarawak 
Biodiversity Centre, Kuching, Sarawak, Malaysia. 
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Summary of papers 

My research contains two main parts, namely a taxonomic study of Amomum 
Roxb. (Zingiberaceae) in Cambodia, Laos and Vietnam, which is 
represented by Papers I and II, and an ethnobotanical study, represented by 
Papers III, IV and V.  

In Papers I, IV and V, VL had the major responsibility for writing the text 
with collaboration, comments and suggestions given by the co-authors. Also 
in Papers II and III, VL conceived the research and was responsible for most 
of the field work, interviews, data collection, herbarium voucher collection 
and identification. Paper III is reproduced with the permission of the 
publishers, Paper II is in press and all others have been submitted elsewhere. 
Paper I was accepted with minor revisions  

Important note: In Paper I, new nomenclatural combinations are 
suggested and new taxa are described and validated. 

Summaries of all these papers are presented below. 
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Paper I 

This paper is the main part of my Ph.D. research. It is a morphological 
taxonomic study of the species of Amomum Roxb. (Zingiberaceae) that occur 
in Cambodia, Laos and Vietnam. The genus has c.170 species, the majority 
of which are found in tropical Asia. Nineteen species were recognized in the 
most recent account of the genus in Cambodia, Laos and Vietnam 
(Gagnepain, 1908), 11 species in Laos (Newman et al., 2007), and 15 
species in Vietnam (Pham Huang Ho, 2000). During this research, 
cooperation has been sought with taxonomists studying Amomum in 
Thailand and in Sumatra because there is considerable overlap in species and 
many common problems relating to type specimens. 

This paper is the first comprehensive taxonomic revision of Amomum in 
Cambodia, Laos and Vietnam since that of Gagnepain (1908), over 100 
years ago and will form a significant contribution to a new revision of the 
Zingiberaceae in the “Flore du Cambodge, du Laos et du Vietnam”. More 
than 300 numbers and 1200 duplicates from Laos and around 600 sheets 
from all major herbaria in Asia, Europe and America have been examined, 
including most specimens of Cambodia, Laos and Vietnam found at the 
herbarium of the Muséum National d’Histoire Naturelle, Paris, both 
identified and unidentified. Herbarium material was studied from the 
following herbaria: A, AAU, BK, BKF, E, G, GH, HITBC, KUN, K, L, MO, 
NY, P, SING, UPS, US, VNM. All information relating to each herbarium 
sheet was recorded in an Excel file and then transferred to the Padme 
Zingiberaceae database at E. Most collections of Amomum made in 
Cambodia, Laos and Vietnam were accompanied by field notes, field 
dissections and photographs. 

Our investigation of morphological characters shows that the genus 
Amomum Roxb. is diverse in morphology with differences of habit, 
inflorescence and capsule. We have found the inflorescence and capsule 
structures to be extremely important in identifying species and it will be 
interesting to see whether these characters prove to be phylogenetically 
informative once a molecular phylogeny of Amomum becomes available. 
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Figure 3. A: Rhizome with inflorescence; B-C: Diversities of ligules; D-E: 
Diversities of inflorescences; F: Flower dissection was showed all part of Amomum 
flower (Amomum celsum Lamxay & M.F.Newman); G-K: Diversities of fruits: G-
H: Winged fruits; I-J: Smooth fruits and K: Spinous fruits 

Amomum L. was first described by Linnaeus in his Flora Zeylanica 
(1747) where he classified three species in the Monandria monogynia. Six 
years after the first description, Linnaeus (1753) added a fourth species. 
These species have all been transferred to other genera, namely Aframomum, 
Elettaria and Zingiber (Burtt and Smith 1972), and Amomum Roxb. has been 
conserved with Amomum subulatum Roxb. as its conserved type (McNeill et 
al., 2006, appendix III). The limits of Amomum have varied, according to 
different researchers. In the most recent world-wide monograph of 
Zingiberaceae, Schumann (1904) delimited the genus in the same way that it 
is used now. Gagnepain (1908), however, took a broad view of Amomum 
including species, which would now be placed in Etlingera and 
Elettariopsis. 

There have been two infrageneric classifications of Amomum. The first 
classified Amomum into three sections (Petersen 1889). Some years later, 
Schumann (1904) divided Amomum into two sections and four series.  

Kress et al., (2002) published a molecular phylogenetic study of the 
Zingiberaceae which strongly supported a realignment of the genera into 
four subfamilies: Siphonochiloideae, Tamijioideae, Alpinioideae and 
Zingiberoideae. Sequencing of the nuclear ribosomal Internal Transcribed 
Spacer (ITS) and the chloroplast matK coding and non-coding region (Xia et 
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al., 2004) indicated that Amomum as currently defined is polyphyletic with 
three major groups of species that do not correspond to any of the earlier 
classifications based on anther appendage type alone (Smith, 1985, 1989; 
Schumann, 1904). Xia et al. tentatively divided Amomum into three groups, 
namely: The Amomum tsao-ko clade; the Amomum villosum clade and the 
Amomum maximum clade. Anther crest morphology and fruit type supported 
this classification. 

In our morphological study, we tentatively accept the classification of 
Amomum based on distinct types of fruit though we recognize the need to 
carry out further research into the phylogeny of Amomum in Cambodia, Laos 
and Vietnam, and more widely. The species revised in Paper I are arranged 
into the three groups of Xia et al., as follows: the Amomum maximum group; 
the Amomum villosum group and the Amomum tsao-ko group comprising 11; 
16 and 8 members respectively. 

In this research, the species of Amomum Roxb. (Zingiberaceae) in 
Cambodia, Laos and Vietnam are revised. A key to the thirty-five species 
and two varieties recognised in Cambodia, Laos and Vietnam is provided, all 
names are typified, and detailed descriptions are given. Distribution, habitat 
and ecology, special remarks and conservation assessments are given for all 
species. Nine new species are described and Amomum chevalieri Gagnep. ex 
Lamxay is validated. All the specimens examined are listed, and the 
distribution of each species is described and mapped. Drawings, Latin 
diagnoses and illustrations of new species are made. 

Provisional IUCN conservation assessments have been made for all 
species using the IUCN (2001) criteria. The following Red List Category 
abbreviations are used in the accounts below: CR = Critically Endangered, 
EN = Endangered, VU = Vulnerable, LC = Least Concern and DD = Data 
Deficient. There are four quantitative criteria (A-D), which are used to 
determine the category. These are based around the biological indicators of 
populations that are threatened with extinction, such as rapid population 
decline or very small population size. The criteria that we use for this 
assessment are: A. Population reduction; B. Geographic range in the form of 
either B1 (extent of occurrence) or B2 (area of occupancy); C. Small 
population size and decline and D. Very small or restricted population. The 
IUCN (2001) system is largely unworkable due to the lack of quantitative 
information about the identification, distribution and status of individual 
species in Lao. It will take more criteria to give more reliable categories, e.g. 
number of distinct zones in which a species occurs, degree of habitat 
‘protection’ that means the occurrence in a protected area and the extent of 
the human impact on the individual species or on its habitat. These 
assessments are global but, as we do not have detailed information from 
outside Cambodia, Laos and Vietnam, we have sometimes had to assess 
species as DD when a local assessment might have indicated greater cause 
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for concern. These assessments will inevitably change as more extensive 
exploration of the region and/or of each country takes place. 

In this research, the herbaria at BK, BKF, E, HITBC, KUN, P, S and UPS 
were visited. Also, we took part in Sud Expert Plantes Project No. 350 which 
helpfully supported fieldwork for collecting specimens in three countries: 
Cambodia, Laos and Vietnam, and study of materials at RUPP-Cambodia 
and HCMH-Vietnam. Group work and group discussion on Amomum 
research was conducted with Dr. Wittaya Kaewsri who has studied the genus 
Amomum in Thailand, Jane Droop who has been studying the genus 
Amomum in Sumatra. 

My taxonomic research shows that developing botanical research in Laos 
will improve biodiversity data by improving knowledge of taxonomy, the 
status of biodiversity and data information management and it will 
contribute to knowledge transfer and studies of biodiversity, taxonomy and 
ethnobotany of plants of Laos. In addition, it will expand the number, and 
improve the quality of plant herbarium vouchers, which can be used to revise 
and reprint the current Checklist of the Vascular Plants of Lao PDR. 
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Paper II 

Whilst revising Amomum Roxb. (Zingiberaceae) in Laos, Cambodia and 
Vietnam for the Flore du Cambodge, du Laos et du Viêtnam, we have 
attempted to identify type material for each name and have discovered a 
difficulty with respect to Amomum villosum Lour. 

We have studied the names published in Loureiro’s Flora cochinchinensis 
(1790), which is the earliest flora of any part of continental SE Asia. In this 
publication, Loureiro cited two elements in the protologue of A. villosum, 
namely: 1) Habitat agreste in montibus Cochinchinae and 2) Globba crispa. 
Rumph. Amb. 1. 11. c. 30. tab. 61. No specimens corresponding to number 1 
have been located. The herbaria at BM, K and P have been searched, these 
being the places known to possess Loureiro’s collections. Number 2 is left as 
the sole surviving original material which must be considered for 
typification. Globba crispa is a pre-Linnaean name which was not validated 
in the period between 1753 and 1790, when A. villosum was published, and 
cannot affect the availability of Loureiro’s name, although the illustration in 
Rumphius’s Herbarium amboinense is available to serve as its type. The 
difficulty in accepting this is that Rumphius’s species is native in Ambon 
and, according to Merrill, in An Interpretation of Rumphius’s Herbarium 
amboinense (1917), is clearly different from Loureiro’s species. 

Thus, we propose to conserve the name A. villosum Lour. with a recent 
collection from Laos, which was not included in the protologue, as its type 
(McNeill et al., 2006: Article 14.9). This will fix the application of this name 
on the medicinal species of continental Asia, following Loureiro’s intention, 
and preserve nomenclatural stability in naming because of the rules of the 
ICBN and the fact that Loureiro’s specimen of A. villosum has been lost, 
otherwise, there is a danger that the name could apply to a poorly known 
species in Indonesia. The normal rules of the International Code of 
Botanical Nomenclature (McNeill & al., 2006) would lead to the name being 
used for the Indonesian species so we propose to conserve Loureiro’s name 
with a conserved type from Laos. 
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Figure 4. Amomum villosum Lour.: A: Rhizome with inflorescence and base of leaf 
sheaths; B: Leaves; C: Ligule; D: Dissected flower; E-F: Inflorescences; G: 
Flowers; H: Fruits. 
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Paper III 

In the period December 2005 to July 2010 we studied the traditional use of 
plants in Lao PDR. This is the second main part of my research and focuses 
on documenting the use of plants by ethnic minorities during pregnancy, 
childbirth and postpartum recovery. Documenting traditional use is not only 
important for understanding and analyzing elements of traditional birth 
practices, but a way to perpetuate knowledge at risk of being lost. It is 
covered in Papers III, IV and V. In these papers, we identify culturally 
important traditions that may facilitate the implementation of culturally 
appropriate healthcare.  

Paper III focuses on the use of plants during pregnancy, parturition, 
postpartum recovery and infant healthcare among three poorly studied ethnic 
groups, the Brou, Saek and Kry in Khammouane province, Lao People's 
Democratic Republic. Data were collected in December 2005, June 2006 and 
February 2007 in 10 villages situated in the Annamite range above the Nakai 
Plateau; Nakai-Nam Theun NPA, through group interviews. Three types of 
group interviews were conducted: first, an interview with mixed gender 
informants, and subsequently two group interviews: one with male 
informants and another by female interviewers with female informants. 
Following the interviews, walks in the forest were conducted to collect the 
plant material for herbarium voucher collections. Common cultivated species 
were identified in the field, using the local name, and/or a checklist of Lao 
and scientific names (Callaghan, 2004). 

Traditions of importance to childbirth and confinement were observed. In 
the case of the Brou and Saek, childbirth takes place at home, whereas the 
Kry give birth outside the village in a simple shelter (cf. Paper IV). All three 
ethnic groups observe a period of confinement following childbirth, 
combined with a special diet, steam sauna and steam bath with herbal 
decoctions, and consumption of herbal decoctions. The postpartum diet 
consists of food dietary prescriptions and proscriptions, as well as the 
consumption of herbal decoctions, infusions and cold extracts. The practice 
of steam sauna and mother roasting (where the mother lies on a bed over a 
hot charcoal brazier) are reported in most villages visited, and are carried out 
in similar fashion. The purpose of the steam sauna and roasting is to cleanse 
and heat the body, and benefit from the medicinal properties of the herbs 
used (cf. Paper V). 
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This research provides a first insight into medicinal plant species used in 
women's healthcare by the Brou, Saek and Kry ethnic groups in Laos, and 
assesses whether postpartum plant use is shared among the ethnic groups as 
one culture, using a quantitative approach. Also, we identify culturally 
important traditions surrounding pregnancy, childbirth and postpartum 
recovery that may help to understand culturally important practices such as 
confinement, dietary restrictions, steam sauna, mother roasting and herbal 
steam baths (see also Papers IV and V). Their incorporation into modern 
healthcare may aid in the development and implementation of culturally 
appropriate healthcare by the Lao government or non-governmental 
organizations working in this field. 

 
Figure 5. A: Group interview with male informants; B: Group interview with female 
informants; C: Individual interview at Ban Maka Kang (Kry); D: Individual 
interview at Ban Dteun (Saek)  

Ethnobotanical research often focuses on the realm of knowledge of male 
traditional healers, and scholars have missed the wealth of knowledge that is 
held by women (Pfeiffer & Butz, 2005). It has been suggested that this 
expertise is exchanged and applied in secret as traditional knowledge 
relating to women's health empowers women and undermines male 
dominance (Newman, 1985). Pregnancy, parturition and the puerperium 
each mark a significant step in matrescence (Mathews & Manderson, 1981), 
and are not without risk to the mother and infant. Knowledge of the plant 
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species used is an important realm of knowledge possessed by women in 
these communities, but shared with men. These traditions are common and 
form the core of primary maternity healthcare in many rural areas in Laos. 
Modernization of healthcare in Laos could benefit from incorporating these 
treatments and their plant use into healthcare modernization programmes 
through active involvement of traditional rural midwives. It would facilitate 
the implementation of culturally appropriate healthcare that respects 
traditional knowledge and contributes to bio-culturally sustainable 
development. Increasing the existing documentation of ethnobotany of the 
ethnic groups inhabiting mainland Southeast Asia is essential as rapid 
assimilation with mainstream culture proceeds. 
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Paper IV 

In this paper, the use of plants during pregnancy, parturition, postpartum 
recovery and infant healthcare by the Kry, a small ethnic group, are reported 
and important traditional rituals associated with childbirth and confinement 
are described. 

Respondent data gathered among the Kry established that the Kry Thae 
(Genuine Kry) observed practices in a certain way, whereas the Kry Phong 
(Fallen Kry), who number roughly 20% of the Kry households in three Maka 
villages, observed these differently. Data collected during three expeditions 
in June 2008, July 2009 and July 2010 in three Kry villages in the Nam Noi 
valley focused specifically on the Kry Thae. This study provides a detailed 
overview of medicinal plant species used in women’s healthcare and 
describes the unique traditions surrounding pregnancy, childbirth and 
postpartum recovery observed by this ethnic group. 

This research shows that plant use is common during postpartum recovery 
among the Kry, and the preparation and use of 49 plant species around 
childbirth were reported. The uses are broadly classified into menstruation 
cycle, pregnancy, parturition (delivery), postpartum recovery, breastfeeding, 
and neonatal healthcare. These treatments aim to relieve abdominal pain, to 
reduce postpartum haemorrhage, to aid in physical recovery, to augment 
lactation, and to treat illness in infants. The use of medicinal plants, either in 
steam baths or consumed in decoctions, is generally avoided during 
pregnancy. Most of the medicinal plants in this study can be found in 
scientific literature reported for the same or similar affections.  

Plant use is culturally different from the neighbouring Brou and Saek 
ethnic groups. It was found that the Kry traditions surrounding childbirth are 
diverse, and that these are strictly observed. Spatial taboos especially are 
common among the Kry, and during menses Kry women are obliged to stay 
in a specially constructed menstruation hut, where they eat and sleep, and are 
prohibited from entering any houses in the village, including their own. 
Pregnancy is not strongly associated with spatial taboos, and the mother 
continues her normal life. Kry childbirth takes place in a special delivery 
hut, away from the main house, and generally from the village too. 
Postpartum recovery takes place partly in the delivery hut, and partly in the 
menstruation hut. Unlike the Brou and Saek, the Kry do not practice the use 
of hotbeds or mother roasting during postpartum recovery. 
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Towards the end of the pregnancy the husband constructs a delivery hut 
by the river, downstream from the village, where the mother gives birth. She 
stays in the hut during the first five days following delivery. The delivery is 
assisted solely by her husband; other people may give advice but are not 
allowed to enter the hut or touch the parturient mother. Starting the day 
following parturition the mother eats a special diet consisting of small 
amounts of rice cooked with salt for strength, cooked banana inflorescences 
and rattan shoots to stimulate milk production, and drinks a variety of hot 
decoctions to aid in postpartum recovery.  

After five days, the mother and infant move to the menstruation hut close 
to the main house for a second phase of postpartum recovery that lasts 
anything from 8 – 15 (or 30) days. At the menstruation hut the mother helps 
herself to cook and boil water, and takes care of her infant. The husband 
assists by collecting medicinal plants and supplying food and water, but may 
not enter the hut. 

As during the first postpartum phase, the mother consumes a special diet 
and drinks hot decoctions to reduce abdominal pain, expel lochia, reduce 
postpartum secondary haemorrhage, aid perineum healing, aid retraction of 
the uterus, alleviate postpartum anaemia, alleviate headaches, treat puerperal 
fever, prevent and/or treat postpartum varicella and stimulate lactation. 

When all postpartum bleeding has ceased, and the mother and infant have 
been resolved of their blood contamination in a spiritual ceremony, the 
mother and infant move to the main house, and the third and last stage of 
postpartum recovery commences. At this time, the father also formally gives 
the infant a name. The mother can then resume her normal chores, including 
the care of the older offspring. The same diet is eaten as consumed during 
the second phase. 

Previous studies have expressed concern over possible negative effects of 
traditional postpartum practices, such as discarding the colostrum, food 
taboos leading to undernourishment of the mother, and early weaning due to 
a perceived lack of breast-milk (Barennes et al., 2007; Holmes et al., 2007). 
Modernization of healthcare in Laos could benefit from integrating aspects 
of traditional practices and plant use into healthcare modernization 
programmes through active involvement of local people, as this would make 
it easier for local people to adopt positive new practices, and abandon 
possibly negative practices. 
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Figure 6. A: Overview of Ban Maka Neua a Kry village; B: Buffalo feeding at Ban 
Maka Neua (Kry); C: Female forest walking group of Ban Maka Kang (Kry); D: 
Male forest walking group of Ban Maka Kang (Kry). 
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Paper V 

The use of hotbeds, steam sauna, steam baths, mother roasting, and food 
restrictions are fundamental in traditional postpartum recovery in Lao PDR. 
Medicinal plants play a crucial role in these treatments, but the medicinal 
properties of the plant species, and the medicinal efficacy of their chemical 
constituents, are poorly known. Therefore, in this research, we have 
surveyed and identified the most salient plant species used in postpartum 
mother roasting and steam sauna. We have identified the main constituents 
of the essential oils of these species using GC-MS, and re-evaluated the 
traditional use of these species in postpartum recovery based on their 
chemical constituents. 

In this research, 67 semi-structured interviews were conducted from 2005 
to 2010, in 17 rural villages, with women of 4 different ethnic groups: Lao, 
Saek, Brou and Kry Phong, to survey confinement rituals and postpartum 
plant use. Most important was the use of Amomum spp. for steam sauna and 
bath, and Blumea balsamifera (L.) DC. for mother roasting, hotbed, steam 
sauna and bath, and their use was reported in every single interview. Blumea 
balsamifera was available at all locations, but either Amomum microcarpum 
C.F.Liang & D.Fang or A. villosum Lour was used depending on local 
availability. Essential oils from the main species used, namely A. villosum 
and A. microcarpum were extracted in situ using steam distillation. Our 
research shows that all informants reported postpartum recovery customs 
and rituals. The default place for postpartum recovery is the hotbed. Hotbed 
is considered an essential part of postpartum recovery, and all informants 
strictly observed a hotbed period of at least 14 days. The medicinal qualities 
attributed to the hotbed practice were physical recovery, protection against 
puerperal fever, alleviating symptoms of postpartum anaemia (dizziness and 
headaches specifically), stimulating expulsion of the lochia, ceasing 
postpartum bleeding, perineal healing and as lactagogue. 

Blumea balsamifera is used traditionally as febrifuge, carminative, 
anthelminthic (Stuart, 1911), against dropsy (Tanaka & Odashima, 1939), 
itch (Groff, 1930), as a vasodilator, sedative and hypotensor (Roi, 1955), 
also as a stomachic, expectorant, antispasmodic, hemostatic and sudorific 
and against leucorrhea, scabies and migraine (Petelot, 1952), against beri-
beri, lumbago, conditions after childbirth (Burkill & Haniff, 1930) and it is 
the main species used in hotbed. Blumea balsamifera is rich in essential oils, 
and its main constituents are borneol and camphor, both of which show 
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strong antibacterial activity in vitro and inhibitory effects against several 
microorganisms. 

The samples of A. villosum analyzed show great variation in terpene 
spectrum with -pinene, camphor, bornyl acetate, terpinen-4-ol, fenchone, 
D-limonene, -terpinene as major compounds. -pinene has antimicrobial 
activity. Camphor is used in Chinese and Japanese traditional medicine as an 
analgesic and it exhibits strong in vitro antibacterial activity (Dorman & 
Deans, 2000). Bornyl acetate from A. villosum has analgesic effects (Wu et 
al., 2011) and sedative effects when inhaled (Buchbauer, 1992). Terpinen-4-
ol is diuretic (ESCOP, 2003) and also has anti-inflammatory effects. 
Fenchone has acute local analgesic effects (Zelachoras et al., 2010). D-
limonene exhibits antimicrobial activity like many other terpenes and is a 
key ingredient in many antimicrobial essential oils (Sokovi  et al., 2010). 
The main components in the essential oil of A. microcarpum are linalool, 
nerolidol and -pinene, with the leaves containing significant amounts of 
borneol and D-limonene.  

During hotbed and mother roasting the mother lies in constant direct skin 
contact with leaves of B. balsamifera. Evaporation and subsequent inhalation 
of volatile oils is especially intensive during mother roasting: not only are 
the leaves strongly heated from below, but the mother is also completely 
covered by a blanket. The main functional role of covering the bed in B. 
balsamifera is likely to be sanitary, since maintaining a high standard of 
hygiene in the homestead and hotbed is difficult. However, evaporation of 4-
20 ml of essential oils of B. balsamifera and Amomum spp. during the steam 
sauna procedure would result in high gaseous concentrations of volatile plant 
chemical components. 

Medicinal plant use during hotbed and mother roasting is likely to serve 
mainly a hygienic purpose by segregating the mother from infection sources 
such as beds, mats, stools, cloth and towels. Medicinal plant use in a steam 
sauna, resulting in inhalation of essential oil vapours, may have medicinal 
efficacy, but is unlikely to alleviate the ailments commonly encountered 
during postpartum convalescence. Steam sauna medicinal plant use through 
dermal condensation of essential oils, and steam bath cleansing of the 
perineal area may be a pragmatic use of the reported medicinal plants, as 
terpene constituents have documented antimicrobial, analgesic and anti-
inflammatory properties. 
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Figure 7. A: Traditional postpartum steamsauna; B: Traditional mother roasting on 
bed; C: Amomum microcarpum C.F.Liang & D.Fang; D: Blumea balsamifera (L.) 
DC 
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Sammanfattning (Summary in Swedish) 

Avhandlingen omfattar släktet Amomum (Zingiberaceae) i Kambodja, Laos 
och Vietnam, dess taxonomi och etnobotanik med särskild inriktning på 
växternas användning i samband med barnafödande. En studie av 
förekomsten av arterna inom släktet Amomum Roxb. (Zingiberaceae) 
genomfördes i Kambodja, Laos och Vietnam. Trettiofem arter och två 
underarter identifierades och beskrivs ingående i avhandlingen. Dessutom 
beskrivs nio nya arter. En tidigare namngiven art från museet i Paris beskrivs 
också i enlighet med den nyskapade bestämningsnyckeln. Under revisionen 
av släktet Amomum till 'Flore du Cambodge, du Laos et du Vietnam' har vi 
också försökt typifiera alla namn. Ett speciellt fall blev dock namnet 
Amomum villosum Lour. som enligt den internationella koden för botanisk 
nomenklatur (McNeill et al., 2006) skulle tillhöra en föga känd art från 
Indonesien. För att kunna behålla namnet som det nu används, föreslår vi att 
namnet konserveras med en ny typ från en insamling från Laos. 

Studien av Amomum-arternas användning fokuseras på deras nyttjande 
vid havandeskap, vid barnafödandet, vid återhämtningen efter födseln och 
vid behandling av det nyfödda barnet. Användningen hos tre etniska grupper 
- Brou, Saek och Kry - studerades. Syftet var att identifiera viktiga 
traditionella användningssätt för att på sikt kunna införa en förbättrad 
sjukvård utan att bryta mot etablerade traditioner. Data insamlades i 
Khammouane-provinsen i Laos genom intervjuer genomförda av kvinnliga 
biologistuderande under ledning av respondenten. Mer än 55 arter som 
används vid kvinnlig hälsovård identifierades. De flesta av dem, dvs. mer än 
90% används vid återhämtningen efter barnafödandet. Traditionellt används 
en speciell diet, hetbäddsbehandling och bastuliknande ångbehandling med 
örtbad. De växter som används vid hetbäddsbehandling och ångbastu är rika 
på aromatiska oljor som avges under behandlingen. Särskilt ofta används A. 
villosum, A. microcarpum och Blumea balsamifera. De aromatiska oljorna 
avges med vattenånga vid behandlingen. Olja från växten insamlades därför 
genom vattenburen destillation för att få ett liknande kemiskt innehåll. Vid 
den kemiska analysen av oljorna påvisade vi ämnen med antimikrobiell, 
smärtlindrande och lugnande effekt. Dessa egenskaper är i hög grad 
efterfrågade vid barnafödande under primitiva förhållanden med bristfällig 
hygien. Tillräckligt höga halter, för att kunna uppnå önskvärda effekter, 
påvisades för en rad terpener såsom pinen, kamfer, bornylacetat, borneol, 
linalool, d-limonene, fenchone, terpinen-4-ol och terpinen. Dessa ämnen 
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är kända för att kunna samverka med varandra. Denna synergism bidrar 
förmodligen till att uppnå än högre, önskvärda effekter. 
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 (Summary in Lao)  

 (Amomum Roxb.) 
 :  (Taxonomy 

study)   I  II  
 (Ethnobotany study)   

III, IV  V.  2006  2011, 
 (The 

Bilateral research cooperation agreement)  
  (The Swedish International Development 

Cooperation Agency (Sida))   (The National 
University of Laos (NUoL)).  

   (The Bilateral Collaboration NUoL-Sida 
Project),  , 

 (Uppsala University, Sweden)  
   (The Royal Botanic Garden 

Edinburgh, UK. (E))   
  (Muséum National 

d'Histoire Naturelle, Paris, France (P)) 
. 

 : ,   , 
 (Amomum Roxb.)  

Zingiberaceae    Gagnepain  
1908  100 . , 

 35  (Species)  2  (Varieties)   
, ,   

. , 
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Botanical Nomenclature) , 
 . 
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 (Zingiberaceae), 
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(Flore du Cambodge, du Laos et du Vietnam) . 
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   (A checklist of the vascular plants of Lao 
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 (National Herbarium of Laos), 



 33

 .   
, 

,   
 (UPS), E  P. 

, 
 , 

  , 
     

. 

 2005  2010 
, , 

      
- , , , , 

  , , 
,   . 

, 
    

, 
  

    
. 

  , 
  

. 
, 

, ,  
 ,   
 , , 

,    
. , 

  



 34 

 800 . ,   55 
  , 

  ,  90 % 
   

 . , , 
,   , 

, ,    
,    (  III), 

, ,   
 , 

  , ,   
 (  IV). 

,   
  , 

  . 
 

.   (Blumea 
basalmifera (L.) DC.),  (Amomum villosum Lour.)  

 (Amomum microcarpum C.F.Liang & D.Fang)  
      
 , 

   (  V). 
 

 . , 
   

 
  

. 



 35

Acknowledgements 

My research presented in this thesis has been supported by a bilateral 
collaboration project between the National University of Laos (NUoL) and 
the Swedish International Development Cooperation Agency (Sida), 2006 to 
2011. Research was carried out at the Systematic Biology programme, 
Department of Organismal Biology, Evolutionary Biology Centre (EBC), 
Uppsala University and at the Royal Botanic Garden Edinburgh, Edinburgh, 
U.K. The NUoL-Sida collaborative project is gratefully acknowledged for 
funding my PhD research, fieldwork, and visits to the Muséum National 
d'Histoire Naturelle, Paris, France hosted by Mme Souvanmoly Hul, the 
Herbarium of the Kunming Institute of Botany (KUN), China hosted by Liu 
Ende, and Xishuangbanna Tropical Botanical Garden Herbarium-China 
hosted by Dr. Xia Y.M. 

First of all, I should like to thank to my kind supervisor Dr. Lars Björk for 
his excellent academic advice on my PhD research work both in Sweden and 
during field work in Laos. 

Special thanks are also given to my kind co-supervisor Dr. Mark Newman 
of the Royal Botanic Garden Edinburgh for his guidance on the taxonomic 
revision of Amomum, our collaborative manuscripts, his help with many 
things during my research visits to Scotland, advice on conference 
attendances, and company during numerous field trips in Cambodia, Laos 
and Vietnam. 

I should also like to thank Hugo de Boer for his role as coordinator of our 
projects, our collaborative research, our shared field work in Laos, his 
excellent help with manuscripts and with many things that came up during 
my time studying and living in Sweden.  

I am also grateful to my co-supervisor Professor Thomas Jaenson for his 
kind help, our many progress meetings and many useful suggestions. 

I am grateful also to R. Brummitt (K), J. McNeill (E) and Professor Mats 
Thulin (UU) for their excellent comments and suggestions; and J.F. 
Veldkamp (L) for discussions and Dutch translations. 

I should like to thank to Martin Pullan (E) for help with the Padme 
database and Claire Banks (E) for the line drawings. I also thank Dr. Wittaya 
Kaewsri for his discussion on nomenclature and taxonomy of Amomum in 
Thailand. I also thank Jane Droop, PhD student at Aberdeen University and 
E, who is revising Amomum of Sumatra, and Axel D. Poulsen (E) for being 
the opponent for my PhD dissertation.  



 36 

I am grateful to all people at Systematic Biology, Uppsala University for 
their kindness and friendship, help and encouragement, during my time 
studying and living in Sweden. I should like to thank Anneleen Kool 
especially for her help and friendship during collaborative research and plant 
identification. 

I am very grateful to the French government’s FSP-SEP project 350 for 
funding field work in Vietnam, Laos and Cambodia in 2008 - 2010. Special 
thanks to Jana Leong-Škorni ková, Tr n H u ng, Lý Ng c Sâm as well as 
other researchers at Ho Chi Minh University, Vietnam, and the Royal 
University of Phnom Penh, Cambodia, for their friendship and kind 
cooperation during research on Zingiberaceae. 

I would like to thank the curators of A, AAU, BK, BKF, E, G, GH, 
HITBC, KUN, K, L, MO, NY, P, S, SING, UPS, US and VNM for allowing 
us to consult or borrow their collections. 

Special thanks are also given to the Lao Embassy in Stockholm for their 
official and excellent organization of my studies in Sweden, and for 
facilitating visa requirements for my supervisor and co-researchers. 

I should like to give many thanks to the Department of Biology, the 
Faculty of Natural Sciences, the NUoL-Sida coordinators, and the National 
University of Laos (NUoL) for their excellent organization and providing 
facilities for our research in Laos. In addition, special thanks to the local 
Government Officers, Provincial Agriculture and Forestry Officers (PAFO), 
District Agriculture and Forestry Officers (DAFO), and all villagers who 
assisted as guides and porters, for their kind support and organization of our 
fieldwork in Laos.  

I, and all co-authors wish to thank the Executive Secretariat of the Nam 
Theun 2 Watershed Management and Protection Authority (NT2-WMPA) 
for facilitating field work in these remote areas; the many informants who 
collaborated in all aspects of this study; and all of my Biology students for 
their help in collecting plants materials and recording data. 

Last, but not least, I should like to thank my family for their endless love 
and support. I hope this thesis will be a great gift to my family. 
 



 37

References 

Barennes, H., Simmala, C., Odermatt, P., Thaybouavone, T., Vallee, J., 
Martinez-Ussel, B., Newton, P.N. and Strobel, M. 2007. Postpartum 
traditions and nutrition practices among urban Lao women and their 
infants in Vientiane, Lao PDR. Eur. J. Clin. Nutr. 63, 323–331. 

 
Buchbauer, G., Jäger, W., Jirovetz, L., Meyer, F.and Dietrich, H. 1992. 

Effects of valerian root oil, borneol, isoborneol, bornyl acetate and 
isobornyl acetate on the motility of laboratory animals (mice) after 
inhalation. Die Pharmazie 47, 620-622. 

 
Burkill, I.H. and Haniff, M. 1930. Malay village medicine. Gard. Bull. 

Straits Settlem. 6, 165-321. 
 
Burtt, B.L. and Smith, R.M. 1972. Key species in the taxonomic history of 

Zingiberaceae. Notes Roy. Bot. Gard. Edinburgh 31, 177-227. 
 
Callaghan, M. 2004. Checklist of Lao plant names. Vientiane, Laos. 
 
Dorman, H.J.D and Deans, S.G. 2000. Antimicrobial agents from plants: 

antibacterial activity of plant volatile oils. J. Appl. Microbiol. 88, 
308–316. 

 
ESCOP. 2003. Monograph Juniperi Pseudo Fructus. In: ESCOP 

Monographs: The Scientific Foundation for Herbal Medicinal 
Products. 2nd edition. 1, 283. 

 
Foppes, J. and Ketphanh, S. 2000. Forest extraction or cultivation? Local 

solutions from Lao PDR. Paper presented at a workshop on the 
evolution and sustainability of “intermediate systems” of forest 
management, FOREASIA, 28 June–1 July, Lofoten, Norway. 

 
Gagnepain, F. 1908. Amomum. In: Lecomte, P.H. Fl. Indo-Chine 6, 102-117. 
 
Groff, G.W. 1930. Plants of Lung t'au shan and vicinities, north river area, 

Kwangtung province, China, Lingnan Sci. Bull. 2. 
 



 38 

Holmes, W., Hoy, D., Lockley, A., Thammavongxay, K., Bounnaphol, S., 
Xeuatvongsa, A. and Toole, M. 2007. Influences on maternal and 
child nutrition in the highlands of the northern Lao PDR. Asia Pac. J. 
Clin. Nutr. 16, 537-545. 

 
IUCN. 2001. IUCN red list categories and criteria. version 3.1. IUCN 

species survival commission. gland, Switzerland and Cambridge, 
U.K., IUCN. 

 
Kress, W.J., Prince, L.M. and Willams, K.J. 2002. The phylogeny and a new 

classification of the gingers (Zingiberaceae): evidence from molecular 
data. Amer. J. Bot. 89, 1682-1696. 

 
Linnaeus, C. 1747. Monandria Monogynia. Fl. Zey. 2, 1-2. 
 
Linnaeus, C. 1753. Monandria Monogynia. Sp. Pl. 1, 1. 
 
Mathews, M., Manderson, L. 1981. Vietnamese behavioral and dietary 

precautions during confinement. Ecol. Food Nutr. 11, 9-16. 
 
McNeill, J., Barrie, F.R., Burdet, H.M., Demoulin, V., Hawksworth, D.L., 

Marhold, K., et al. (eds) 2006. International Code of Botanical 
Nomenclature (Vienna Code) Adopted by the Seventeenth 
International Botanical Congress, Vienna, Austria, 12-16 July 2005. 
Vienna, Austria, A. R. G. Gantner Verlag KG. 

 
Merrill, E.D. 1917. An Interpr. Rumph. Herb. Amboin. 157. Manila. 

Philippine islands, Dept. of Agriculture and Natural Resources. 
 
Newman, L.F. 1985. An introduction to population anthropology. In: 

Newman L.F. (ed.), Women's medicine. A cross-cultural study of 
indigenous fertility regulation. New Brunswick, N.J., Rutgers 
University Press.  

 
Newman, M, Ketphanh, S., Svengsuksa, B., Thomas, P., Sengdala, K., 

Lamxay, V. and Armstrong, K. 2007. A checklist of the vascular 
plants of Lao PDR. Edinburgh, U.K., Royal Botanic Garden 
Edinburgh. 

 
Petelot, A. 1952. Les plantes médicinales du Cambodge, du Laos et du 

Vietnam. Saigon, Vietnam, Centre de Recherches Scientifiques et 
Techniques, Impr. d'Extrême-Orient. 

 



 39

Petersen, O.G. 1889. Musaceae, Zingiberaceae, Cannaceae, Marantaceae. In: 
Engler, A. and Prantl, K. (eds.) Die natürlichen Pflanzenfamilien. 2, 
1–43. 

 
Pfeiffer, J.M. and Butz, R.J. 2005. Assessing cultural and ecological 

variation in ethnobiological research: The importance of gender. J. 
Ethnobiol. 25, 240-278. 

 
Pham-Hoàng Hô 2000. Amomum. In: Cây c  Vi t Nam: An Illustrated Flora 

of Vietnam 3: 434–437. Ho Chi Minh City, Vietnam, Nhà xu t B n 
tr . 

 
Roi, J. 1955. Traité des plantes médicinales chinoises. Paris, France, P. 

Lechevalier. 
 
Saint-Pierre, C. 1998. Les produits végétaux paysans de Phongsaly et le 

marché chinois. Montpellier, France, CCL-PDDP. 
 
Schumann, K.M. 1904. Zingiberaceae. In: Engler, A. (ed.) Das Pflanzenreich 

IV. 46, 1-458. 
 
Smith, R.M. 1985. A review of Bornean Zingiberaceae: 1 (Alpinieae p.p). 

Notes Roy. Bot. Gard. Edinburgh 42, 261-314. 
 
Smith, R.M. 1989. A review of Bornean Zingiberaceae: V (Zingiber). Notes 

Roy. Bot. Gard. Edinburgh 45, 409-423 
 
Sokovi , M., Glamo lija, J., Marin, P.D., Brki , D. and Griensven, L.J. 

2010. Antibacterial effects of the essential oils of commonly 
consumed medicinal herbs using an in vitro model. Molecules 15, 
7532–7546. Basel, Switzerland, MDPI AG, Postfach. 

 
Stuart, G.A. 1911. Chinese materia medica: Vegetable kingdom. Shanghai, 

China, American Presbyterian Mission Press. 
 
Tanaka, T. and Odashima, K. 1939. Material for the study of vegetable 

resources of the Hainan Island. Hort. Trop. 9, 1-31. 
 
Wu, X., Xiao, F., Zhang, Z., Li, X. and Xu, Z. 2005. Research on the 

analgesic effect and mechanism of bornyl acetate in volatile oil from 
Amomum villosum. Zhong Yao Cai = J. Chin. Med. Mat. 28, 505-507. 

 



 40 

Xia, Y.M., Kress, W.J. and Prince, L.M. 2004. Phylogenetic analyses of 
Amomum (Alpinoideae: Zingiberaceae) using ITS and matK DNA 
sequence data. Syst. Bot. 29, 334-344. 

 
Zalachoras, I., Kagiava, A., Vokou, D. and Theophilidis, G. 2010. Assessing 

the local anesthetic effect of five essential oil constituents. Planta 
Med. 76, 1647-1653. 






	Abstract
	List of Papers
	Abbreviations
	Introduction
	Aims
	Materials and methods
	Summary of papers
	Paper I
	Paper II
	Paper III
	Paper IV
	Paper V
	Summary in Swedish
	Summary in Lao
	Acknowledgements
	References



