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ABSTRACT

This study aims to document the incense plantdr tees in other purposes and
diversity along different elevation gradients ingép Manang. The study area is very
rich in terms of incense plants. The local peopéelaghly knowledgeable and totally
dependent on incense plants. Forty different hanldetvere surveyed from which a
total of 31 plants were found to be used as incefbBese incense plants were also
found to be used in other purpose like medicineldés, fuel wood etc. Therefore,
ethnobotanical study of incense plants was done.€bdological sampling was done an
altitudinal gradient of 3200 to 4300 m asl andItofa66 plots (10mx10m) was taken.
Latitude, longitude, altitude, aspects and grazmgnsity were recorded in each plot.
Total 24 incense plant species out of 31 speciegs wexorded from different 66 plots
among them 13 were herbaceous and 11 woody spef€3\ was used to assess
gradient in species composition. Incense speciegosition was heterogeneous which
was reflected by longer gradient length. A Geneeali linear model was used to
elucidate the pattern of species richness. A gbasen error distribution with F-test
was used where the data showed the over disperEm@nincense plants with their life

forms were also regressed against the altitude, &Rl grazing.

Incense species showed a unimodel pattern withu@déti whereas woody incense
species showed a linear pattern but other life falich not show any significant
relationship with altitude. Incense species did stmtw any relation with RRI but its
life form showed linear relationship. A linear att of grazing was also observed with
incense plants and its different life. Environméniariables play a dominant role to

explain the pattern of richness at the local scale.

KEY WORDS: Incense plants, Ethnobotany, Spedgdmess, DCA, GLM



TABLE OF CONTENTS

RECOMMENDATION

LETTER OF APPROVAL
ACKOWLEDGEMENT

ABSTRACT

TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

PHOTO PLATES

ACRONYMES AND ABBEREVIATIONS

1. INTRODUCTION
1.1 Background
1.2 Ethnbotany
1.3 Incense plants
1.4 Species richness
1.5 Justification of study
1.6 Research questions
1.7 Hypothesis
1.8 Objectives

2. MATERIALS AND METHODS
2.1 Study area
2.1.1 Location and physiography
2.1.2 Vegetation
2.1.3 Climate
2.1.4 People and land use pattern
2.1.5 Culture and cultural heritage
2.2 Ethnobotanical study
2.3 Sampling
2.3.1 Sampling techniques and data collection
2.3.2 Plant collection and identification
2.3.3 Data preparation and numerical analysis
2.3.3.1 Species richness

PAGE NO.

I
Il
1]
Vv
VI
VI
Vi
VI

T
\‘

N N o oo O N

8-17

10

10

11

12

13

14
14

15

15

16



2.3.3.2 Relative Radiation index (RRI)
2.3.3.3 Generalized linear model (GLM)
2.3.3.4 Detrended Correspondence Analysis (DCA)

3. RESULTS

3.1 Ethnobotanical study of Incense plant

3.2 Species richness

3.3 Species composition

3.4 Species Richness Pattern
3.4.1 Species Richness and Environmental Correlatio
3.4.2 Species richness along altitudinal gradient
3.3.2 Incense species richness and relative radiastdex (RRI)
3.4.3 Species richness and Grazing

4. DISCUSSIONS
4.1 Ethnobotanical study of Incense plant
4.2 Species composition and distribution
4.3 Species richness pattern and environmentairiact

5. CONCLUSIONS AND RECOMMENDATION

5.1 Conclusions
5.2 Recommendation

6. REFERENCES

APPENDIX
PHOTOPLATES

16
16
17

18-34
18
28
29
31
31
2 3
33
33

35-42
35
39
40

43-46
43
44

46-55



Tablel:
Table 2:
Table 3:
Table 4:
Table 5:
Table 6:

Fig.1:
Fig.2:
Fig.3:

Fig.4:
Fig.5:
Fig. 6:
Fig.7:
Fig.8:
Fig. 9:

Fig.10:
Fig.11:

Fig. 12:

Fig.13:

PLATE 1:
PLATE 2:

LIST OF TABLES

Information on Incense Plants collectgdbloal people 19
Number of use of incense plants in diffié purpose 23
Different parts of incense plants usediiferent purposes. 25
Total use frequency index of incenseigse 27
Summary of Detrended CorrespondenceyAisal 30

Permutation test of different environtaémariables with ¥ and 2°

DCA axes 30
LIST OF FIGURES

Map of study area 9
Average Meteorological Records of Jomsaaticat (2744 m). 11
Sampling design in a hypothetical mount&ape; (a) Sampling strategy
for each 100m belt and (b) Sampling strategy fehgaot (10m). 14
Incense species composition by families. 8 1
Parts of plants used in incense 23
incense plants used in for other purposes 26
Parts of incense plants used in other Bepo 27
Number of locally used incense species wigir used category 29
Diagram showing the total number of inaeapecies with their different

Life forms. 30
DCA diagram for incense species distrdu. 32
The relationships between incense speitiesess and its different life

forms with altitude. 33
The relationships between Incense speikress and their different life
forms with RRI (relative radiation index). 34
The relationships between Incense speiiksess and their different life
forms with Grazing. 35

PHOTO PLATES

Useful incense Plants of Manang Distr@éntral Nepal

Crop field & Vegetation in Manang amddrviews taking photographs
with local people



ACRONYMES AND ABBEREVIATIONS

°c Degree Celcius

Alt Altitude

DCA Detrended Correspondence Analysis
GLM Generalized Linear Model

ITK Indigenous Traditional Knowledge
ReSoN Research Solution Nepal, Kirtipur
MBG Missouri Botanical Garden, USA
CDB Central Department of Botany

m Meter

m asl Meter above sea level

RRI Relative Radiation Index

Spp. Species

SD Standard Deviation

TUCH Tribhuvan University of Central Herbarium

vDC Village development Committee



1. INTRODUCTION

1.1 Background

The Himalayan mountain region represents the lsingiétudinal gradients, containing
varied vegetation types and a wide range of ecoatlc zones which differs in altitude,
topography, status of soil and climatic conditidhat favours high species and thus
supports different forest types (Dobremez, 197@&pa reflects its rich floral diversity
due to its unigue geographic, altitudinal and ctimaariations, which varies from
tropical lowland rain forest to temperate foredt®ak and conifers in the mid hills to
dwarf scrubs ofRhododendron and alpine meadows in the higher regions (Stajnton
1972). It is considered as a crossroad of plantratimn in the Himalayan region,
overlapping between eastern and western Himalaj@meats that merge in Central
Nepal (Shrestha & Joshi, 1996).

If the level of diversity were the same everywhetiee diversity would not be
interesting. No single process or theory can erpkiphenomenon as complex as
biological diversity so it needs conceptual clatdyunderstand the phenomenon that is
influenced by many different interacting factorsdgsrocesses (Wilson, 1992). Many
products and services derived from biodiversity laighly diverse with benefits that
increase value at the local, national and globadlse(Daily, 1997; Salick et al., 1999).
Majority of the biological resources may be use@diy by households in response to
food insecurity and natural disasters or indireétlythe form of food, fuel, fibre,
medicines and as raw materials for different hoakkltem. Biodiversity provides
many products to sustain life and also performs ym&mctions that maintain

ecosystem integrity on the other hand (Daily, 1997)

The ability to measure biodiversity is criticalijpportant because it gives the soaring
rates of species extinction and human alteratiamatdiral habitatsBrown et al., 200§
The simplest and most frequently used measure abgdical diversity is species
richness which is the number of species per urea.aEach species has definite
response towards particular environmental nich@irBnmental factors severely affect
the species having a narrow niche and govern tlamgsh in species composition.
According to Salick et al. (2004) altitude is the predominanigetational and

ethnobotanical variable with aspect and slope sbabndarily affects the plant species



richness, diversity and distributions. Thus, aitwdtnal gradient is a major factor that
brings changes in a range of factors, responsibieaffecting species diversity (
Rahbek,1997; Grytnes and Vetaas,2002; Grytnes,)2003

1.2 Ethnobotany

Ethnobotany isa branch of science that includes the beliefs,ittcend religion and
culture of the particular community or area, refessthe study of the relationship
between people and plants (Martin, 1995). The udsplamts and their products for
different purposes can be traced as far back abdbmning of human civilization so
the interactions between people and plants haven lestablished along with the
evolution of human beings. Martin (1995) also defirethnobotany as the relationship
of the people with the surrounding environmentnBbotanical research is concerned
with the use of plants by the local people in tldily life. It is well known that plants
have been used in different purposes since antirapes. Biological resources are the
key source of energy in all forms consumed by hulmgings for their survival. Plant
species provide the majority of food, medicinelstes, timber drugs, incense, items for

decoration etc required for living beings.

All cultures like Hindu, Christian, Buddhist and Blim around the world had access to
various plants from which they develop a recipefi@asing the nose and mind. They
also provided us with instructions for using arorttzet were pleasing not only to the
senses of the human nose, but also to the sensime afivine forces in their lives

(Carey, 2008). Many traditional communities witreithown culture depend on the
plant resources for their livelihood in terms ofdizéne, food, timber, incense, grazing
and hunting (Salick & Byg, 2007). Traditional knledge generally focuses on the
relationship between plants and human throughowmamu history. It also helps to

document the knowledge of plants that has comeugfirgenerations (Sharma et al.,
2009). Its importance has been realized becaum@éngs light to numerous less known

or unknown uses of plants, some of which have pislesrsage (Chaudhary, 1998).

Nepal, in terms of Indigenous Traditional KnowledgEK) is considered as one of the
richest countries due to its geographical divessiand many ethnic communities. All

communities have some kind of traditional knowle@gsociated with their life from



time immemorial. It also provides invariable knodde and aid in making best use of

natural resources (Sharma et al., 2009).
1.3 Incense plants

The term incense refers to the substance itsé¢ffferahan to the odour it produces. Any
plant having good aroma are used as incense. Beaduts good odour, it is used in
religious ceremonies, ritual purification and artnesapy, medicine, for creating a
spiritual atmosphere and for masking unpleasantuisdoAccording to Manandhar
(2004), incense is one of the items of puja. Défgrtypes of plants in different forms
are used for this. Thus, the incense is an impbitam of puja so people keep it
constantly in their houses. Generally, peopledryge those plants which are available

in their surrounding areas.

It has become very important from socio-culturald aeconomic point of view.
Therefore, uses of incense plants are diverse. Ilysuacense plant is burned to
communicate with spiritual entities and for fumigas that enhance personal well-
being. The locations where incense is burned fesehcommunicative acts include
graves, shrines, temples, and kitchen stoves (S¢audd., 2011). To perform pujas
(religious worship) daily, seasonally, monthly, aaHy, periodically or on certain
occasions, incense plants play an important rolepriocuring the ritual objects
necessary for people. Many attempts have been nwadeturn to the sources of
traditional cultural value in order to record amestdment the treasured knowledge on
incense plants that still exist with different @aind ethnic community (Pohle, 1990).
However, these attempts have ignored detailed efuoi spiritual and cultural values
of plants in heterogeneous Hindu dominated Nepadeseety that gives higher social

recognition on it (Acharya, 2003).

Incense plants are one of the essential offeringsg ritual and religious activities.
According to Bhattacharya (1998), each of theserwijs has symbolic spiritual
significance and is offered to the divine in a pafar order. Incense keeps the
fractioned mind calm while performing ritual worphit has been used for centuries for
ceremonial purposes as well as fragrance to thecamuent, also conceals undesired
ambient odours, or freshen clothing (Knight et(2D001)). Acharya (2003) examined



how the socio-cultural and spiritual values in Nep#luence the way of Nepalese
communities perceive plants and found about 80tpacies that are used in socio-
cultural festivals in Kusma, Parbat of Western Depment Region of Nepal. Carey
(2008) studied many flowers and plants with speaiéference to incense in which
whether from ancient knowledge or modern practiod also found that a great
number of people use incense for the sake of apyetiee Divine Spirit in their culture

or religion to attain favour or their own persoealightenment.

Bhattacharya (1998) lended her knowledge to shmemight in the use of incense plants
in Hindu culture, where as Knight et al. (2001 )dstal some plants used for candle and
incense as potential sources of indoor air poliutiowhich incense has been used for
centuries for ceremonial purposes as well as to feagrance to the environment.
According to Packaged (1999), most of the incessenade from a combination of
fragrant gums, resins, woods, and spices and additmal method of making incense
is to prepare a paste of pulverized botanicalsewand charcoal and wrap the paste
around a bamboo twig. After the twig dries, it ippkd into perfumed essential oils or
powders. Incense is available in varied forms lgteks, cones, rods, coils, small
blocks, wands, and powders. The history of incengdifferent cultures and religions

come from several sources (Carey, 2008).

Staub et al. (2011) documented total 17 speciesiderin incense in Southeast China
and also found that local people of the study ateays used the mixtures of different
plant species and are either burned in the forpoafders in a censer or as joss sticks.
They also found that incense is burned for commatitn with spiritual entities at

graves, temples, and cooking stoves, as well aseimonal well-being.

Manandhar (2004) identified 31 species of plantrggng to 11 families under 8
genera that have been used for incense purposeepalNAmong these family

Asteraceae represented the maximum number of inqaast species in Nepal.

Bhattarai et al. (2008) recorded 27 ritual andgrelis plant species belonging to 11
families under 16 genera from Manang district opale Bhattarai (2009) also reported

19 incense plant species from Manang.



1.4 Species richness

Plant species richness means the overall numbaant species found at per unit area.
It is most widely used measure of diversity whishassumed as a simple and easily
interpretable indicator of biological diversity thuthe pattern of species richness
changes with altitude characterizes the vegetatiansimple but powerful way (Peet,
1974; Whittakar, 1977).

Generally, species richness is lower at highertualdi because of the cooler
environments as one ascends for mountains is thdteanumber of species decreases
in progressively cooler climates moving from tragito polar region (Ohlemuller and
Wilson, 2000). On the basis of several reviewedepgpRahbek (1995, 1997) came to
the conclusion that, in general there are threenrpaiterns of species richness as: a
monotonic decline in species richness from low ighhelevation; a hump shaped
pattern with a maximum richness at mid-elevatioressentially a constant from the

lowlands to mid-elevations followed by a stronglaecfurther up.

Species richness is important to determine theepatin species distribution along
different parameter which may vary at local andaldrscale study. Vetaas and Grytnes
(2002) studied distribution of vascular plant specand endemic richness along the
Himalayan elevation gradient in Nepal. They fouhattthere was no statistically
significant positive correlation between log-areahness and the proportion of
endemic species but it increases steadily fromttohigh elevations. Lesser number of
species at lower and higher altitude and greaterbeu of species richness along the
mid altitude gradients are proved by various redess investigated on plants (Vetaas
and Grytnes, 2002; Panthi et al. 2007; Bhatta @hdudhary 2009; Baniya et al.,
2012), orchid (Acharya et al., 2011) and lichenr(iga et al., 2010).

Panthi (2006) studied plant diversity and resouutiézation in Argakhanchi and
Manang Districts of Nepal. He recorded 68 specieteu 50 genera from the Manang
district. He also found the species compositiomnplresource utilization pattern in

Argakhanchi and Manang Districts.

Subedi (2006) studied the distribution pattern la#np species in Manang along the
whole Himalayan elevation gradient of Nepal. Heorded three hundred three species
using primary and secondary data. The study shaletiump shaped distribution with

optimum species at 3500 m. According to Subedi.gR807), there is a hump shaped



relationship between species richness and altitideManang along the whole
Himalayan elevation gradient which is estimateddeyeralized linear model. Rijal
(2007) also studied the plant species diversityemdronmental justice of resource use
in upper Manang. He recorded altogether one huneligiit species of vascular plant
from three different sites. He selected three dhffi¢ sites with special reference to tree
line ecotone and lower elevation near from goatishdis result did not show any

significant correlation for natural resources andinmental justice.

Bhatta and Chaudhary (2009) collected altogethéd §@ecimens from the upper
Manang area covering elevation gradients of 2605& above sea level and of
which 220 species belonging to 138 genera and Boliés were identified up to

species level and used to estimate species richAaessimodal pattern of species was
obtained along greatest elevation gradient betv@&@®-4000 m altitudes, whereas no

any angiosperm species was encountered beyondrs100

Environmental factors greatly affect the speciegedity within a community. It
includes both resource gradients such as wateasilontrients for plants and gradients

in conditions such as temperature and pH.
1.5 Justification of study

Due to great variations in the climate, altitudal aspect, Manang valley supports
unique vegetation with high species diversity. Mapdistrict is also rich in terms of
socio-culture and indigenous knowledge relatedhéouse of biodiversityMost of the
people of Manang use different types of incensatpldaily for their religious purposes
as well as in other uses. Therefore, this study kélp to document the indigenous
knowledge on the utilization pattern of incensendaused by local people. The area
chosen is very rich in biodiversity and socio-crdtihus this work would help to

document the ethnobatanically important plantsigaetrly used for incense.
1.6 Hypothesis

The hypotheses were generated during this study are
» The traditional knowledge on the use of incensatplanay have significant role

in religious rituals, medicinal, fodder, ornameniaés etc.



* Incense plants richness with their composition earsignificantly along

elevation gradient.
1.7 Research questions

* What are major incense plants used by local people?

» Is there any use of incense plants for other p@pos

* What is the general pattern between elevation acehise plant richness and its
composition in the study area?

« |s there any role of environmental parameter lidative radiation index (RRI)

and grazing on the incense plant richness pattdrigh elevation?
1.8 Objectives

General objective of this research work is to doentrthe indigenous knowledge on
the incense plants used by local people and todurtdthe relation of incense species

richness along the altitudinal gradient.
Specific objectives of this work are

* To document detail use of incense plants useddal [zeople.
* To document the use frequency value of incenseaplanthe local people.
« To analyze the incense plant species richnes®rpatvith the existing

environmental variables.



2. MATERIALS AND METHODS

2.1 Study area

2.1.1 Location and physiography

Manang district is located in the extreme north&de of Gandaki zone in the north-
central part of Nepal, with an area of 2,246 squlaneat 2827'N to 2854'N latitudes
and 8350'E to 8834°E longitude. This district is a part of Transatdilayan zone of
Nepal having semi-arid type of climate and phyta@yephy. It is situated entirely
within the Annapurna Conservation Area Project (AJAlts unique geographical
terrain is bounded by the Tibet to the north amghmmountain chains to the west, south
and east. High mountains occupy most of the suréaea of this region. Nearly 84
percentage of the total area of Manang districbimposed of high mountains and hills
and only 4.5 percent of total land area is covdrgdorest and shrubs (Shrestha et
al.1995). The altitude of this region varies frorf0Q to 8150 m asl. The district

headquarter is Chame which is located at an adtinfd?660 m asl.

The specific study area includes Bhraka (3435md)Manang (3535m) VDCs.
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2.1.2 Vegetation

Manang is a ‘U’ shaped valley that runs northwessdutheast. Corresponding to the
climate and altitude, there is change in vegetatymes (Pohle, 1990). This can be
noticed from subtropical to temperate, xerophilaasalpine formations. Tree line

position in Nepal ranges from 3650 to 4000 m ($t&in1972) but in Manang tree line
reaches up to 4300 m (Shrestha et al., 1995).

The vegetation of South facing slope is totallyfetént from North facing slope. In the
South facing slope tree species IB&tula utilis andAbies spectabilis are found only at
lower elevation on moist gullies. Tree line alsesliat lower altitude in comparison to
northern slope. In the higher elevation of Soutting slope, patches of bushy shrubs
and different species of herbs and grasses ara feajnthe southern slopes have sparse

grass vegetation because of much drier than trheerorslopes.

The Manang district possesses five types of veigetdike Dry Alpine Scrub, Moist
Alpine scrub, Birch-Rhododendron forest, Fir foresind Temperate forest
(Anonymous, 2002). Dry alpine scrub is characteriby the occurrence of dwarf
prostrateJuniperus species namelyuniperus indica, J. squamata, J. recurva, Ephedra
gerardiana, Potentilla fruticosa. The moist alpine scrub contaifododendron and a
number dwarf scrub, such dsniperus indica, Lonicera ovobata and other associated
plants areAstragalus, Berberis, Caragana, Lonicera spp, Hippophae tibetana etc.
Birch forest often mixed witl\bies spectabilis are found on north facing shady slopes
and ravines with an understory &hododendrons and Sorbus spp. The extensive
grasslands in Manang are found only above 4500 moith facing as well as south

facing slopes in the Nyeshang as well as Nar-Péa. ar

2.1.3 Climate

There is a great variation in the climate of Mandng to the extreme variation in the
altitude and aspect with different landscape. & hatemperate, cool temperate and
alpine type of climate. Lamjung and Manaslu seganatmid outer Himalaya from dry
inner and continental Tibetan Himalayan (Pohle,0139tamura, 1995). There is no
climatic station in upper Manang. However, the diemof upper Manang more or less

resembles with that Jomsom (Rijal, 2007). Annuatcppitation of Gyasumdo is



influenced by summer monsoon, while Nyeshang andR\ia are beyond the reach of
monsoon. From mid October to mid March, NyeshartgNar valleys remains covered
with snow and after that snow begins to melt arearea receives little rainfall. The
mean annual precipitation in Gyasumdo accounts9102am from Chame station
(2011). Average maximum temperature of 19G3&nd average minimum temperature
of 2.6°C.were recorded in Chame station (2011).The avemgiggnum and maximum
temperature recorded in Jomsom were 5.71 and I@shectively (Jomsom station,
2011). The mean annual rainfall in Jomsom acco@3t85 mm. Climate data of

Jomsom (2010) is given below.
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Fig.2: Average Meteorological Records of Jomsom gdian (2744 m).

Tmax-maximum temperature, Tmin-minimum temperatuseurce: Department of

Hydrological and Meterological, Babarmahal, Goveeninof Nepal (2010)
2.1.4 People and land use pattern

People of Manang are generally known as ‘Manangt &e composed of diverse
group of people. Inhabitants residing in differesblogical zones are also distinct in

their cultural way of living. The Nyeshang and Nty valleys are occupied by



Buddhist people. The people of Nyeshang are cMladangior Nyeshangba (Gurung)
whereas the Nar and Phu people are calladba and Phoobha respectively, and both
of them are Lamas. In Gyasumdo, two distinct clandabit—the Lamas
(Gyasumdopa) and Gurungs, who are said to haveatedjfrom Nyeshang (NTNC,
2008).

According to CBS (2011) the total population of Mag is 6,527 among them male
population is 3,664 and female population is 2,88% annual growth rate is negative
(3.84%).The total number of households are 1,48&. dverage household size is 4.37.
The population density is 3 person/sq. km, whichhis least populated district of

Nepal. Regarding the ethnic composition of the pejpan of Manang district, there are

four ethnic groups: the Gurungs, the Narpas, thasGymdopas and Manangis (NTNC,
2008). The major inhabitants fall under the Ghal&orung cast groups.

Pastoral agriculture is the main occupation ofgteeple of upper Manang supporting a
single seasonal crop per year. The main crops dreatw{riticum aestivum),
buckwheat Fagopyrum esculentum), potato Solanum tuberosum) and barley
(Hordeum vulgare). Their main income sources are animal husbanagyiculture,
hotels & lodge, trade and tourism. Manangis hawartbwn system for using the
pasture. They always solve their problems or despbly themselves. Each VDC has its
own boundary up to which people and cattle of M&XC can inter to use forest
products. If cattle of one VDC cross the bounddramother VDC then cattle owner
has to pay the fine. Similarly, people of one VD&hwot collect the forest product of
another VDC and vice versa. They have establisload-ghed within the boundary of

their respective villages.
2.1.5 Culture and cultural heritage

Most of the local inhabitants of Manang use 'Gutasgtheir surname but they are also
popularly known as Manangi. However, local commiesitof Gyasumdo and
Nyeshang valleys see themselves different from leead Nar and Phu, and
traditionally they refrain from inter-marriages Wween the people of two valleys
(Phole, 1090). Ethnically, Gurung (including Ghals)the dominant group in Manang.
Besides this, there are other inhabitants suchamsal (immigrants from Tibet but



settled in Manang for two to three generations) Brathwakarmas, but their numbers

are insignificant.

Culturally, Manangi belongs to the Tibetan sphere their language traces back from
the Tibeto-Burman origin (NTNC, 2008). Manang hasryvstrong and effective

traditional system of village governance managiragural resources and maintain
cultural and social fabrics. Despite political cbas, the traditional ‘Khamb-Ngerbia’

or mukhiya system is still in practice in most loé tvillages (NTNC, 2008). All people

of Manang are Buddhist.

Every morning sometimes evening, Manangi use iregiants (by drying, crushing,
mixing and adding ghee) to enhance the spirituabaphere and general well being of
family. While lighting the incense plants in a giogg ember, a person from the
family/usually a young and older member says cemidl prayers in their local

language.
2.2  Ethnobotanical study

The ethnobotanical study was conducted to docuthenindigenous knowledge on the
incense plants. For this, primary data was colteétem local people. Semi-structured
questionnaires were presented by following the gjinds of Martin (1995) (Appendix
1). The primary information regarding the use, ealland amount of incense plants
were collected with the help of interviews with geal public and focus group
discussions with specific knowledgeable people $ipgisemi-structured questionnaire.
Information given by an informer was cross checiaggbatedly by asking with several
others users. Along with the information providey local people, the voucher
specimens were also collected. The identificatioierms of vernacular names and

uses was reconfirmed with strong participationtheflocal people.

Altogether forty different households were intewesl. The plants used in incense
were documented from each household. The totabfisach incense plants were also
documented from studied household. The frequentyevaf each incense plant was
calculated to get final use frequency value whighged from 1 to 40. It was again

categorized into use frequency index ranging fro20%, 21-40%, 41-60%, 61-80%



and 81 to 100%. Incense species use value wagareted on the basis of final use

frequency index.
2.3 Sampling

2.3.1 Sampling techniques and data collection

Research was conducted in the month of Septembéd,. 2ll the necessary primary
data was collected from the field by using semiaystic sampling method. A semi
systematic representative sampling method was fesethta collection to cover all the
possible habitat and vegetation types. This samptiethod was designed to include
all the life form types and vegetation zones witB200m to 4300m. Six plots of
10x10nf, each were sampled in each 100m elevation bandhitetal of 66 plots
between 3200 m to 4300 m to include tree and sfwalody) and herb incense plant
species. Each plot was subdivided into four sub-plo5x5 nf size and species
presence was recorded for each subplot separdtaly.subdivision was done only to
make easier to count the presence/absence datdirdihglot was laid below the road
which was near to river. The distance between tlatspwas not less than 50 m
(walking distance) so that clustering of plots nmay occur within the 100m altitudinal
range. The direction of next plot from earlier pheds determined by tossing a coin to
avoid biasness. Longitude, latitude and elevatioeach sample plot were recorded by
Global Positioning System (GPS) and elevation wasscchecked with a standardized

altimeter, slope and aspect of each plot wereralsorded by a clinometers compass.
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(b)Fig.3: Sampling design in a hypothetical mountain slope; (a) Sampling strategy for each

100m belt and (b) Sampling strategy for each plot (10m).

2.3.2 Plant collection and identification

Most of the plant species were identified in theldiby using the field guides like
Polunin and Stainton (1994), Stainton (1988), Goarand Long (1983-2001). Species
that could not be identified in the field were ealied, tagged, dried and brought to
Central Department of Botany, Tribhuvan Universiy further identification. Digital
photographs of live plant species were also takethé field and then photo number
and tag number was noted. The unidentified spesmere confirmed by comparing
the specimen’s deposited at Tribhuvan Universitntéza herbarium (TUCH). Press et

al. (2000) was followed for the nomenclature. Vaercspecimens are housed at TUCH.

2.3.3 Data preparation and numerical analysis

The field data sheets were further elaborated aadenreliable for the numerical
analysis. Incense plants were categorized into imednse and woody incense. In this
study, altitude is mainly considered as main emvitental variable. Other

environmental variables are relative radiation in(RRRI) and grazing.



2.3.3.1 Species richness

Species richness is the number of species in angivea. Here, species richness is
defined as the total number of incense speciesuenered within 10x10fmplots.
Incense species were first of all documented bgllpeople through interviews and
focus group discussion and then sampling was donspkcies richness. 10x10plots
were taken because study area included tree, simditherbs. Species richness of the
landscape comprises both the species richnesslividnal habitat and the degree of
variation in species composition among the differeabitat. It is one of the most
interpretable fundamental measurements of commuanty region diversity and it is

applicable to standardize and non- standardize(Bluttarai, 2003).
2.3.3.2 Relative Radiation index (RRI)

Radiation is one of the important primary factolstt influences on vegetation

composition and spatial pattern. Topographic oaton is often used as a proxy for
relative radiation load due to its effects on evapion demand and local temperature
(Kenneth et al, 2005). The relative radiation indBRI) gives a relative value of how

much solar radiation of a particular spot recei@esoon at equinox. It was calculated
by using the formula given by Oke (1987) which & tcomposite value of the

measurement of slope, aspect and latitudes whdse ranges from +1 to -1 (Baniya,

2004).

RRI = cos (18B.Q).sin.sind+co$.cosb

Where,Q is aspectp is the slope an® is the latitude of each plot.
2.3.3.3 Generalized linear model (GLM)

GLM is a parametric model which is used to reldte species richness to the
environmental variables. GLMs were used to elueidhe relationship between the
species richness and elevation. Along with thiswés also used to elucidate the
relationship between species richness with RRI graking respectively. Species
richness was used as the response variable ang tikeeelevation, RRI and grazing as
the explanatory variables. The response variablespecies richness is discrete data
(counts) that expected to have a Poisson distabudf error ((Mc cullagh and Nelder,

1989). GLM is able to link the response varialighe explanatory variables with a



log-link function (Mc cullagh & Nelder, 1989; Hasti& Pregibon, 1993). The over
dispersion of deviance was observed thus an F-stasistics with a quasi-poisson
distribution of error was used to normalize thead&tastie & Pregibon 1993; Crawley,
2007).

Environmental variables were tested up to thirdeorit evaluate the significance of
additional device and monotonic versus unimodeldrg.e. unimodality was evaluated
by testing the significance of the model includiagsecond order polynomial term
against a linear model). Most parsimonious modetegsponse and prediction and
model with the best fit were selected (by evaluatime F-value). Here, GLM was used
to relate the species richness and to the envirotaheariables like elevation, RRI

(relative radiation index) and grazing.

2.3.3.4 Detrended Correspondence Analysis (DCA)

DCA is one of the most popular robust indirect ggat analyses, which was used to
explore the main trend between species and samiblés. suitable for displaying
floristic gradients and is free from distortiongridient ends and eliminates arch effect

after detrending into 0 mean and 1 standard dewidtiill and Gauch, 1980).

The first two axes were then correlated with thplaxatory variables. Beta diversity of
community composition was measured by estimatirgglémgth of gradients i.e. the
extent of species turns over in standard deviag®D) units (Hill and Gauch, 1980;
Hugh, 1995). The SD units of first two ordinatiatisa(axis | and axis Il) together with
the eigenvalues (total inertia) were used to evaltide dispersion and heterogeneity
pattern of species. Eigenvalues are the shrinkagle@es in weighted averages
(Oksanen, 2011). The axis explains percentage @fviiriance in the species data
whereas eigenvalues are good measurement of the waaiation in samples and

species along the ordination axis (Jonfman el @B5).

Software used

R Console version 2.15.1 (R Development Core Te&dih2) was used to analyze the
relationship between variation in species richreess its graphics, for correlation and
regression analysis. The species composition patiexs carried out through vegan

package (Oksanen, 2011).






3. RESULTS

3.1 Ethnobotanical study of Incense plant

Manangi are found to use fairly large number okimse plant. From the present study
altogether 31 incense plant species were recoreé&mhding to 14 families with 20
genera (Appendix5). Asteraceae is the largest farhdving 11 species (Fig.4)
followed by Cupressaceae (3 species), Salicacespe@es), Pinaceae (2 species), and

Valerianaceae (2 species). While other remaining families hold single species each
(Fig.4).
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Fig.4: Incense species composition by families.

The number of incense plants, their local namesame information on incense plants

from different households of the study area aremyiv Table 1.

Tablel: Information on Incense Plants collected byocal people



S. Parts useC.N|Used
N. |[Name of species |Family local name Remarks
1 Leaves | - | RS |Collected from lower Manang for
Abies spectabilis Kye(n)/gobresal incense, only used in the shortage|of
(D. Don) Mirb. Pinaceae |a (N) others
2 |Ajaniagracilis Asteraceae |Khamsan Whole |11 |VC |More incense value, Easily availabje,
(Hook.f. & (n)/dhup (N) plant highly used.
Thomson) Poljako
3 Small 69 |VRS
branches
Anaphalis contorta Pansan (n)/Bukl Leaves Easily available but mainly used in
(D. Don) Hook.f  |Asteraceae |Phool (N) &flower) decoration than incense
4 Small 03 | VRS
branches
Anaphalis xylorhiza Leaves Easily available but mainly used in
Sch.Bip. ex Hook. |Asteracea |Bukhiphool (N |&flower) decoration than incen
5 Small 07 |VRS
Anaphalis branches
triplinervis (Sims) Fojormindo Leaves Easily available but mainly used in
C.B. Clarke Asteraceae |(n)/phosorsan (ngflower) decoration than incense
6 |Artemisia biennis Small 74 |RS | Easily available, Mainly used for
Willd. Asteraceae | Fojormendho(nlpranches fodder
7 Chaphong Small 73 |RS
Artemisia caruifolia (n),serphang |branches Easily available, Mainly used for
Buch.-Ham. Asteraceae |(n)/titepaati (N) fodder
8 |Artemisiadubia Small 72 |RS | Easily available, Mainly used for
Wall. ex Besser Asteraceae Khangkhar (nbranches fodder
9 Bajha(n)/Fumun Small 14 |RS
Artemisia gmeinii gh branches Easily available , Mainly used for
Weber ex Stechm.| Asteraceae|(n) fodder
10 |Artemisia vestita Tamboi(n)/paaalSmall 52 |RS |Easily available , Mainly used for
Wall. ex Besser |Asteraceae |(N) branches fodder
11 |Artemisia siversiana Tompe(n)/paati |Small 51 |RS | Easily available ,Mainly used for
Willd. Asteraceae |(N) branches fodder
12 Leaves | 15| VC| Far available, Good source of fuel
Betula utilis D.Don|Betulaceae Bushpath (n) wood
13 Leaves | - | VRSCultivated plant, sometimes leaveg
Cheltung are used in incense in the shortage of
Populus ciliata (n)/Bhote papal others by mixing withuniperus
Wall. ex Royle Salicaceae [(N) indica
14 | Juniperus communis Leaves | 30| VC| Easily available, Used in the shortage
L. CupressaceadPhar (n) of Juniperusindica
15 Leaves | 28| HV(Highly used plant for incense, Easily
Juniperusindica Sukpha available
Bertol. Cupressacei |(n)
16 |Juniperus squamata Leaves | 29| VC
Buch-Ham.ex Used in the shortage dtiniperus
D.Don Cupressaceagsukri (n) indica
17 |Leontopodium Whole |67 |C
stacheyi (Hook. f.) plant
C.B.Clarke ex
Hemsle Asteracea  |Bukhi phool (N Found in Bhrak
18 |Myricaria rosea TamaricaceapAngmaa Leaves | 02 C Found in Manang, mainly fourat he




W.W.Smith (n) the bank of river
19 |Nardostachys Whole |79 |VC | Far available ,Collected from Ice
grandiflora DC. Valerianacea@angphoie (n) |plant lake
20 Akhebobo (n)/ |Leaves | 34| RS
Origanumvulgare Ghoodhaamarch
L. Labiatar a(n Mainly used in medicir
21 Leaves 80| RS| Mainly used for fodder, this is not
commonly used as incense because it
is perceived to be an inferior quality
Oxytropiswilliamgii when compared to other incense
Vassilc: Leguminosa |Sinshi (n plant:
22 |Pinus wallichiana Thangsin Leaves | 68| RS| Found in Bhraka,used more in
A.B.Jackson Pinaceae (n) Bhraka than Manang
23 | Polygonatum Whole |16 |VRS|Rarely used, only used by mixing
cirrhifolium (Wall.) |Convallariacg Gomesha plant with Juniperus indica in the shortage
Royle ae (n) of others
24 Leaves | 53| VR$Rarely leaves are used in incense
only used by mixing witlJuniperus
Potentilla fruticosa indica in the shortage of others in
L. Rosaceae Teba (n) winter season
25 |Rhododendron Leaves | 55| VC| Found far from the village, near Ige
anthopogon D. Don |Ericaceae Pallu (n) lake
26 |Rhododendron Leaves | 81| C
lapidotum Wall.ex Found far from the village, near Ice
D.Don Ericaceae Bhaiunakpo (n lake
27 |Salix babylonica L. |Salicaceae Chayanghma (heaves | 13| C Also cultivated for fodder
28 |Salix lindleyana Leaves | 07| C
Wall.ex Anderssc |Salicacea Langhma (n Also cultivated for other purpao
29 |Sdinum Leaves RS
wallichianum (DC.)
Rhizada & H.O.
Saxena Apiaceae Bhutkesh (n) Religious and ritual plant
30 |Thamnolia Whole (81 |C
vermicularis (Sw.) |lcmadophilac|Syaurujhung  |plant
Ach. ex Schae ea¢ (n)/snow te It is Lichen, mainly collected Ice la
31 Leaves | 82| VR$Mainly used in medicine ,leaves arg
Valeriana Nappu (n) / also used in incense by mixing wit
jatamansii Jones |Valerianaceagshyapoo (n) others T

*n=Local name, *N=Common name
*HVC=highly used, *VC= Very Common, *C= Common *C.N Collection number (TUCH)

*RS= Rarely used in the shortage of others, useahizing with highly incense plants

*VRS=Very rarely used in the shortage of othergdugy mixing with highly incense plants

From the study area, it was found thamiperus indica is used to be highly for incense

than others. Juniperus sguamata, J.communis, Ajania gracilis, Nardostachys

grandiflora, Rhododendron anthopogon and Betula utilis were found to be used very

commonly where adMyricaria rosea, Rhododendron lapidotum, Salix babylonica,

Salix lindleyana, Thamnolia vermicularis were found to used commonly used but it

was found that less quantity @hamnolia vermicularis than other is used due to its



faraway availability Selinum wallichianum, Pinus wallichiana, Origanum vulgare,
Oxytropis williamsii, Artemisia siversiana, A. biennis, A. caruifolia, A. Dubia, A
gmelinii andA. vestita were found to be rarely used for incense whereoasegplants
like Valeriana jatamansii, Potentilla fruticosa, Polygonatum cirrhifolium, Populus

ciliata, Anaphalis xylorhiza were foundo be very rarely used.

It was found that the local people of the studyaatte not use only one incense plant
but the mixtures of incense plants were used whilming on a glowing ember in
container. The container is usually an open tin boa small box or a small clay pot
(Plate 1). Sometimes ghee is also added separmtey glowing ember to get more
fragrance. While lighting the incense, it was foutitht a person from the
family/usually a young and older member always seysfidential prayers in their
local language. The incense plants were found toused daily especially in the

morning and sometimes in the evening for puja.

The container is placed in the kitchen, on tophefrioof or most often in the living area
of the house. They acquire most of the incensetglaom vicinity of their locality.
After harvesting the incense plants depending emtture are dried wholly or as small

pieces, which are then use later after completmdry

However, it was found that mature small branched l@aves ofJuniperus indica,
Ajania gracilis, Rhododendron anthopogon, Nardostachys grandiflora, Thamnolia
vermicularis and Betula utilis were used as the most popular source of incense for
religious purpose in study area. But it was foumat tonlyJuniperus indica is used in
higher amount in each household in comparison teerst because of its wide
availability near the villages, which could be &asollected and stored for a longer
duration (one week to six month). Because of highgraince and availability, this plant
has been top rankeBrom the present study, it was found that somerige plants like
Nardostachys grandiflora, Rhododendron anthopogon have high incense value but they
are less used thaluniperus indica because of their less availability and more use in

medicine and for other purposes.

The major festivals of Manangi where incense plamnéswidely used includes Metha
(arrow competition), Yartung (Hoarse race), Purniffall moon day), Bade (a special

festival observed once in every 3 years) and Tar&kyprships at gumba). During these



occasions mainhduniperus indica is used for incense. It was found that not ¢

Juniperus indica is used but mixtuis of dried form of othewery common incens

plants like Ajania gracilis, Rhododendron anthopogon, Nardostachys grandiflora,

Thamnolia vermicularis also used.

On the basis of parts used in incense, they wevapgd into three main categor

(Fig.5)

ELeaves  ®Wholeplant

Small branches

Fig.5: Parts of plants used in incense

Detail ethnobotanical information on medicine, feddand ornamentevalue for 31

incense plants mentioned above were also colldected different housholds of the

study area (Table 2).

Table 2 Incense Plants and their uses for various purpos

S.

N. | Name of species Parts used Use:

1 Leaves, small | To heal broken bone , fence, fuel wood & furnit
branches, leaves with cones are used as a decoratior
stem &cone used in fence and fuel wa

Abies spectabilis (D. Don) (inflorescence
Mirb. )




2 | Ajaniagracilis (Hook.f. & Whole plant | Fodder
Thomson) Poljakov
3 | Anaphaliscontorta (D. Don) | Root & Root liquid is used for diarrhoea, Inflorescenae f
Hook.f inflorescenc | decoratini
4 | Anaphalisxylorhiza Sch.Bip. | Inflorescence | Inflorescence for decorating
ex Hook.f
5 | Anaphalistriplinervis (Sims) | Whole plant Cough, cold, tonsillitis and fever, renal
C.B. Clarke disorders and edema
6 L Whole plant Fever, fodder in the colder season
Artemisia biennis Willd.
7 | Artemisia caruifolia Buch.- Leaves & Allergies of the skin and fodder in the colder seas
Ham. stem
8 | Artemisia dubia Wall. ex Whole plant Backbone pain, allergies and skin wayfadder in
Besser the colder season
9 | Artemisagmelinii Weber ex | leaves, stem | Fever, cold and sore throat recovery. Also used
Stechm. and flowers fodder in the colder seasons
10 | Artemisia vestita Wall. ex Leaves &stem| Fodder
Besser
11 Leaves & Fodder
Artemisia siversiana Willd. stem
12 Bark, leaves | Fever, bark to write chena, used as buti, goodcsour
Betula utilisD. Don &stem of fuel wood
13 Leaves, stem | Fodder, fuel wood, Timber & bark as medicine
Populus ciliata Wall. ex Royle | & Bark
14 Leaves, Respiratory complaints, chest pains, lung infecgtign
stem &fruits | bronchitis &other infections of upper respiratory
tract, decorating material, fuel wood, branches as
Juniperus communis L. fence
15 Leaves, stem | Cough, cold, tonsillitis and malarial fever, neck
& fruits pain &to reduce blood pressure, branches are also
Juniperusindica Bertol. used as manure, fence &fruit as decorating material
16 Leaves, stem | Used for animal when they are affected by different
Juniperus squamata Buch- & fruits kinds of insects, scabies & wounds, also usedels fu
Ham.ex D.Doi wood, manure & decorati
17 | Leontopodium stacheyi (Hook. | Whole plant Dried plant is used to ignite the five{ wood)
f.) C.B.Clarke ex Hemsl¢
18 Leaves, stem | For respiratory disease
Myricaria rosea W.W.Smith | & flower
19 Whole plant Diarrhoea, fever, conjunctivitis, gésty headache,
Nardostachys grandiflora DC. anthelmintic, edema, dyspepsia & rib pain.
20 Whole plant High blood pressure, cough, cold, heseases and
Origanumwvulgare L. fever
21 Whole plant Used as fodder for horse
Oxytropiswilliamsii Vassilcz
22 Bark, latex, Used on fractured part of the body, tuberculosis,
Pinus wallichiana Leaves &stem| also as a manure, decoration, household
A.B.Jackson construction, fence & fuel wood
23 | Polygonatum cirrhifolium Whole plant | Cough, cold and fever, also used with a cup of milk
(Wall.) Royle or boiled water to increase sexual power
24 Stem & leaves| Used as an inner layer in roof canstm
Potentilla fruticosa L. (household construction)
25 | Rhododendron anthopogon D. | Leaves & To reduce blood pressure, paralysis, pains in limps
Don flower waist &inflammation of limbs, fever




26 | Rhododendron |apidotum Leaves & Fever, cough, cold, tonsilli
Wall.ex D.Don flower
27 Bark, stem For body pain and excessive menstrual blee
&leaves also used for ritual &religious purposes, fuel wg
household construction & cultivate to check
Salix babylonica L. erosion
28 | Salix lindleyana Wall.ex Leaves & For stomach ache, diarrhoea and dyse
Andersson stem
29 | Sdinumwallichianum (DC.) Whole plant | For stomach ache, cuts, wounds & ause against
Rhizada & H.O. Saxel ghost attack
30 | Thamnolia vermicularis (Sw.) | Whole plant Used mainly in tea
Ach. ex Schaer
31 Whole plant | For eye pain, conjunctivitis, wounds, fe

Valeriana jatamansii Jone

It was found that all the obtained incense plargsevalscused in other purposes. T

incense plants used in other purposes were alsgegdointo differer categories like

medicine, fuel wood fodder etc. Thenumber of incense plant used in differ

categories was also calculas Among 31 incense plant speciésvas found that 2!

species were found to be used in medicine, 9 speoifuel wood, 7 species

decoration, 6 species in fodder and three speeaiels for house hold construction &

fence and one species each in tea and furr(Fig. 6).

B Medicine
W Fodder

Tea

M Fuel wood m Decoration
M Household construction W Fence
W Furniture

Fig. 6: incense plants used in for other purpos:




All the collected incense plants used in other psgs were also categorized on
basis of different parts like root, stem, barkyvks inflorescence, fruit, whoplant and
latex (Table 3 & Fig. 7).

Table 3 Different parts of incense plants used in differat purposes

Parts used Number Percent (%)
Root 2 3.03

Stem 16 24.24

Bark 4 6.06

Leaves 20 30.3
Inflorescence 7 10.6

Fruit 4 6.06

whole plant 12 18.18
Latex 1 1.51

It was found that leaves were used more frequdB0y03%) in incense as well as-
other purposes like medicine, fodder. Followed teyrs whole plants and inflorescer
having 24.24%, 18.18%&10.6% use respectively. Mesg amount of latex is used
medicine i,e 1.51% but it is not use in ince

B Root W Stem m Bark W Leaves M Inflorescence m fruit m Whole plant m Latex




Fig.7: Parts of incense plants used in other purpes

After collecting all the information on incense s from studied household, the use
frequency value of each incense plant was calalil@@ppendix 8). It was found that
the use frequency value dtiniperus indica is highest i.e. 40 than others. The use
frequency value of Ajania gracilis, Rhododendron anthopogon andBetula utilis were
found to be 32It was found that théuniperus squamata had31 frequencies where as

Nardostachys grandiflora, andJ. communis had 29 and so on (Appendix8).

The use frequency index of total obtained incepseies were also calculated from the
use frequency value which are given below (Table 4)

Table 4: Total use frequency index of incense spesi

Total Use | Name of Specit
Frequency

81-100% | Juniperusindica Bertol.

NI P®

61-80% Rhododendron anthopogon D. Dor, Ajania gracilis (Hook.f. & Thomson)
Poljakoy, Juniperus communis L., Betula utilis D. Don, Nardostachys
grandiflora DC., Juniperus squamata Buch.-Ham. ex D. Don

3. | 41-60% Thamnolia vermicularis (Sw.) Ach.ex Scha, Salix babylonica L., Salix
lindleyana Wall. ex AnderssonMyricariarosea W. W. Smith,
Leontopodium stracheyi (Hook. f.) C.B. Clarke ex Hemsley,
Rhododendron lepidotum Wall. D. Don

4. | 21-40% Origanumvulgare L., Abies spectabilis (D. Don) Mirb., Selinum
wallichianum (DC.) Rhizada & H.O. SaxepArtemisia biennis Willd,
Artemisia caruifolia Buch.-Ham, Artemisia gmelinii Weber ex Stechm
Oxytropis williamsii Vassilcz Pinus wallichiana A. B. Jackson
Artemisia dubia Wall. ex BesserArtemisia vestita Wall. ex Besser
Artemisia siversiana Willd.

5. | Upto 20% | Anaphalis contorta (D. Don) Hook.f. Anaphalistriplinervis (Sims)
C.B. Clarke Anaphalisxylorhiza Sch. Bip.ex Hook. f.Populus ciliata
(Wall.) ex Royle Valeriana jatamansii JonesPolygonatum cirrhifolium
(Wall.) Royle,Potentilla fruticosa L.

From Table 4, & Fig. 8 Appendix 8, it was found ttaniperus indica (Plate 2) was
found to be more used i.e. 100%, having very higality of incense effects for their

religious purpose due to their more fragrance aigth favailability. Then six very



commonly used incense species about 61-80%\jarea gracilis (Plate 2),Juniperus
communis, J. squamata, Betula utilis, Rhododendron anthopogon (Plate 2), and
Nardostachys grandiflora. Six speciedike Thamnolia vernicularis, Salix babylonica,
Slix lindleyana, Rhododendron lapidotum, Myricarea rosea and Leontopodium
stracheyi (Plate 2) were found to be common for about 41-60%ile 11 species
Origanum vulgare, Oxytropis williamsii, Artemisia biennis, A. caruifolia, A. gmelinii,

A. dubia, A. vestita, A. Sversiana, Pinus wallichiana, Abies spectabilis and Selium
wallichiana were less commonly used because they were condiderbe of lesser
quality due to poor fragrance. Seven speciesPgulus ciliata, Potentilla fruticosa,
Polygonatum cirrhifolium, Valeriana jatamansi, Anaphalis contorta, A. triplinervis,
and A. xylorhiza were the least used incense plants due to thigrion quality. But
these incense plants when used were mixed withr aticense plants having higher
quality fragrance. Those were used only by few bbokl when there is shortage of

important incense plants.
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Fig.8: Number of locally used incense species witheir used category

3.2 Species richness

Among total collected incense plants (31 specieshfthe study area only 24 incense
plant species having 15 genera belonging to 12 liesniwere recorded from 66

different sampling plots of the study area (App&rii



By comparing the frequency of all recorded incespecies from sampling plot
(Appendix 8),Juniperus indica andAjania gracilis were found dominant with highest
frequency( 84.85% and 77.27% respectively). Othestrfrequently occurring species
were Juniperus communis, Polygonatum cirrhifolium, Artemisia dubia and Anaphalis

xylorhiza, etc.

Incense species were further grouped into hertnse@and woody incense species by
field observation and literature. The numbers abhacense plant species were found
slightly dominant over the woody incense representl3 species and 11 species

respectively (Fig. 9).
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Fig.9: Diagram showing the total number of incensspecies with their different
life form

3.3 Species composition

DCA on the total incense species abundance dataeshstrong gradient in species
composition. Distributions of the species were fbio be associated with particular
environmental gradients. The gradient length ampgreialue of the DCA first axis

showed that the incense species composition alemdirst axis was heterogeneous in

comparison to the second and third axis (Tabl&@[@. eigenvalue of the DCA axis first



was 0.4155 which fairly indicates the strong masmalysis with significant dispersion
of species along the first two axes (Table 5). THmgth of gradient along first axis is
longest one (2.8336 SD units) than other axis #hmatws high beta diversity which
indirectly supports the unimodal relationship oksies with the altitude (Okansen,
1996). It explains that most of the species midiaws complete turnover in species
composition and unimodal response with the measamnsitonmental variables. The
distribution of samples and species along the tingi axes of the DCA diagrams
(Fig.10) showed that incense species are founct@$ed with environmental gradients
for their distribution. Most of the species aretidisited towards right and positive end

of the both axis in DCA diagram.

Table 5: Summary of Detrended Correspondence Anadys

AXxis I Il 1l v
Eigenvalues 0.415% 0.2439 0.151/70.1690
Lengths of gradient 2.8336 2.4197 7330 1.9414

The species composition was found significantlyjuehced (p_<0.05) by elevation
(altitude) and Grazing but RRI did not show sigrafit influence on species

composition (Table 8).

Table 6: Permutation test of different environmenta variables with 1% and 2™
DCA axis

Variable DCA1 DCA2 7 p(>r)
Altitude 0.896508 | 0.443028 0.1826]  0.001998**
RRI 0.999906 | -0.013733 0.0577| 0.155844

None | -0.9278 0.2011
Low -0.2293 -0.0935
Grazing High 0.7994 0.1860 0.3305 0.000999***

The distribution of incense species along the first axes of the DCA diagrams (Fig.
10) showed that incense species were found assdorth environmental gradients
for their distribution. Incense species composiigdirectly influenced by altitude and
grazing but not by RRI (Table 6). Most of the gpsavere distributed towards right
and positive end of the both axis in DCA diagrarheyl are more common species

found at the positive axis of DCA around right ofCP space.Rhododendron



anthopogon, Artemisia gmelinii were found towards the positive end of DCA | axis
whereasPinus wallichiana, Artemesia vestita were found towards the left and negative
end of DCA axis-I axisJuniperus indica, Myricarea rosea were found towards the
positive axis of DCA axis Il where agania gracilis, Juniperus squamata were found
towards the positive axis of DCA axis Bome species likBotentilla fruticosa, Ajania
gracilis, Leontopodium stracheyi, Juniperus communis & J.squamata were widely
distributed in the DCA space (Fig. 10).
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Fig.10: DCA diagram for Incense species distributin. Complete name of Incense

species are given in Appendix 5.
3.4 Species Richness Pattern

3.4.1 Species Richness and Environmental Correlatio

Incense species showed statistically significagatiee relation with elevation (r=-0.3)
and grazing (r=-0.4) but it did not show any sigraht relation with RRI (Appendix
3).The incense species was grouped into 2 life fdimay are herb incense, woody
incense. The grouped species also showed statistgignificant positive/negative

relationship with environmental variables. Herbense species showed a statistically



Incense species Richness

10

positive significant relation with RRI (0.3) andaging (r=0.4) but didn’'t show any
significant relation with altitude. The woody insEnspecies also showed statistically
significant positive relation with altitude (r=0.4nd statistically significant negative
relation with RRI (r=-0.2) but both herb incensedamoody incense did not show

statistically any significant relation with grazifgppendix 3).
3.4.2 Species richness along altitudinal gradient

The relationship between Incense plant specieqegh and elevation (altitude) is
shown in appendix 4a. A unimodal relationship whsesved between incense species
richness and altitude (Fig. 11a, Appendix 4a).Twe tifferent life form i.e. herb

incense and woody incense were also tested witbhddt RRI and grazing.

Incense plant species also showed a statisticAflpraler significant relationship with
elevation over the GLM (Fig.11c, Appendix 4a). Tdé& a hump-shaped pattern at the
elevation gradient (3600-3900m) for incense pla®cges. Herb incense plant species
did not show relationship with elevation which tatsstic ally not significant over the
polynomial order of GLM (Appendix 4a). A significamegative relationship (i.e.
monotonically decreasing) was found between woathense species richness and
elevation in the $order of GLM (Fig.11b, Appendix 4a).
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Fig.11: The relationships between Incense specigshness and its woody life
forms with altitude. The fitted lines are based orgeneralized linear models (GLM)

with a significant test. (Appendix4 for regressiordetail).

3.3.2 Incense species richness and relative radat index (RRI)

Incense species did not show statistically any iggmt relationship with RRI
(Appendix 4b) but its two different life forms i.@erb incense and woody incense
species showed statistically more significant wig@Rl (Appendix 4b & 4c
respectively). There is a positive relationship (otonically inclined) and negative
relationship (monotonically declined) relationshiptween herb incense and woody

incense richness with RRI respectively (Fig. 1242% respectively).
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'
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Fig. 12: The relationship between herb Incense spes woody Incense richness
with RRI (relative radiation index).The fitted line s are based on generalized linear

models (GLM) with a significant test.( Appendix 4 br regression details)

3.4.3 Species richness and Grazing

Incense species showed statistically more sigmficalationship with grazing (Fig.
13a, Appendix 4c). Herb incense species also shaaveegative relationship with
grazing (Fig. 13b, Appendix 4c) whereas woody imseerspecies did not show

statistically significant relationship with grazing
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Fig.13: The relationships between Incense specidshness and their herb life form
with Grazing. The fitted lines are based on generaled linear models (GLM) with

a significant test. (Appendix 4 for regression deits)



4. DISCUSSIONS

4.1  Ethnobotanical study of Incense plant

Plant resources play a vital role in the life ofalupeople. There are different plant
resources which are being utilized for various psgs by different ethnic groups. The
local people have rich traditional knowledge on thdization of different plant
resources for their subsistence and livelihoodyTreve new and unique method using
different parts of plant species. Among them, wfaacense plants play an important
role for their religious purpose in their dailydif A large variety of incense plant
species are also used for medicine, fodder, fueldvand many other miscellaneous
uses. They know the phenology, harvesting systedrpi@mtation period of plant. This

knowledge is being transferred from generationeioegation.

Thus, the present study was undertaken in Manangxfdore the incense plant
knowledge. This information presented here is prilmaased on the field visit and by
interviews with local people. About 40 differentuseholds were interviewed. Group
discussion and cross checking at different placesewalso done for the specific

identification of plant species in terms of tbedl name, parts used and mode of use.

Majupuria and Majupuria (1999) documented a lisb@fsacred and useful plants used
for religious purpose in Nepal. Out of 56 collectedigious plant species, only two

specieBetula utilis andPopulus ciliata from the present study was mentioned.

Manandhar (2003) documented 31 incense plants epal. Among them 15 incense
plants were also found to be common in the studya,awhile 16 species can be

considered new report as compared to ManandhaB)200

Bhattarai et al. (2008) documented 27 ritual arigioais plants from Manang. It was
found that among 27 ritual and religious plants,sp8cies likeAnaphalis triplinervis,
Artemisia biennis, A. caruifolia, A. dubia, A. gmelinii, A. indica, Betula utilis,
Juniperus communis, J. Indica, J. squamata, Myricaria rosea, Nardostachys
grandiflora, Origanum vulgare, Oxytropis willamsii, Pinus wallichiana, Rhododendron

anthopogon, R. lepidotum, Salix babylonica, Selinum wallichianum were found to be



used as incense plants in the present study. VBilecense plants species were not
reported by Bhattarai et al. (2008), which could dmnsidered as new report as

compared with ritual and religious plants from stedy area.

Bhattarai (2009) reported 19 incense plant spdodes Manang. The present study has
documented 31 species of incense plants used figiores purpose from the 40
different households. Excephnaphalis nepalensis and Rhododendron campanulatum,

all 17 incense plants collected from Bhattarai let(2009) were also found in this

study.

All the obtained incense plants after tallying wither incense, ritual and religious
plants published in different articles, six of inse plant Ajania gracilis,
Leontopodium strachyei, Artemesia siversiana, Anaphalis contorta, Polygonatum
cirrhifolium and Potentilla fruticosa) and one lichenThamnolia vermicularis), were
found to be new record only for Manang. The sixeimge plants and one lichen from
Manang was not previously documented by Manandii&®87), Pohle (1990),
Manandhar (2003), Bhattarai et al. (2008) & Bhaitg2009). Among these seven
incense plants,Ajania gracilis was found to be more commonly used from the entire
studied household due to its high quality and gaavailability where asArtemesia
siversiana, Anaphalis contorta, Polygonatum cirrhifolium andPotentilla fruticosa were
found to bevery less used due to its inferior quality. It wasind that such incense
plants having inferior quality were used only a ghortening of other incense plants
by mixing with higher quality incense plants ligeniperus indica. According to local
people it was found thaThamnolia vermicularis is lichen belonging to family
Icmadophilaceae, has also high incense quality.[&vplant ofThamnolia vermicularis

is used in incense but it is very less commonlydudee to its less availability and

found in distance areas.

Most used incense plants by the local peopl&umsperus indica because it was easily
available and highly valued as a religious plaitite present survey concludes that the
local people of Manang district have fairly exteesand detailed knowledge regarding
incense plants and their utility. Mature small lmfaes and sometimes whole plants are
also used as the most popular source of incehsegperus indica was found to be
highly used incense plant because it almost alaagdable near the village, have their

high fragrance and can be stored in the raftehefroof after drying in the sun for a



long duration (one week to six months). During shertage ofl. Indica, J. squamata

andJ. communis were commonly used.

It was also found that the whole plant igérdostachys grandiflora, Ajania gracilis
small branches and flower &hododendron anthopogon, leaves ofBetula utilis and
lichen like Thamnolia vermicularis are also used as one of the major source of ircens
in the study area but they are used in low quarnkign Juniperus indica due to its
faraway availability and as these species are migexl in medicine and for other
purpose. Generally incense plants are used eitlowder form or small branches, but
sometimes whole plant is also used by lamas, aemathilocal villagers. They give a
pleasant smell when it is burnt. They also use gne@ other materials for more
fragrance. They are generally found in higherwadgis (3200-5000 m), and because of
this it is said to be ritually purer and have aenismell. They are ranked on top among
incense in Manang but used less tlaniperus indica due to their distance (high
altitude) availability. Even though they are lesed, but at the time of ritual and

religious ceremonies they are used for good fraggan

Similarly, mature small branches ®flyricaria rosea, Salix spp Anaphalis spp,
Leontopodium strachei, Oxytropis vulgare, and leaves ofPinus wallichiana, Abies
spectabilis are used by mixing them with those aromatic pldraging high incense
quality or good fragrance and also used when dtieanse plants are not available.
Anaphalis contorta, A. triplinervis, A. xylorhiza, Populus ciliata, Polygonatum
cirrhifolium and Potentilla fruticosa were found to be very less used due to their less
fragrance value. They are only used when the dthportant incense plants become

shortage.

People from Manang, who now live in the largeredtiof Nepal like Kathmandu,
Pokhara carry incense plants even having mild &agg likeJuniperus squamata, J.
communis, andArtemisia spp. for their use. As these less valued incelsggare used
with high quality incense plants likkiniperus indica, Ajania gracilis, Rhododendron

anthopogon etc to get good fragrance for their ritual, religgcand daily use.

Incense plants were also found to be used in gihgrose like medicine, fodder and
also used as a main sources of income. Accordingamgay et al.(2007), Incense

plants contribute 14% of the total income of thgds. Of the 14 species of incense



plants found in the Laya area, five common speciedribute 94% of the income from
the incense products. Which also supports the ptdsalings as incense plants like
Rhododendron anthopogon, Juniperus spp., Nardostachys grandiflora are not only

used as incense but are also traded for other parpogenerate income.

All the obtained incense plants (31 species) fromdtudy area were also found to be
used for other purposes like medicine, food, fodtiesl wood, decoration etc. Among
them, 25 species were found to be used in mediwinieh supports the findings of
different research. Five species were found toda im medicine in comparison with
Pohle (1990). Two specigdnaphailis contorta and Populus ciliata are found to be
new in the field of ethnomedicine in comparisonhwBthattarai (2009). Ghimire et al.
(1999) studied the ecology of some high altitudelicieal and aromatic plants in the
Gyasumdo valley, Manang Nepal. Distribution patterpopulation density,
regeneration status and biomass production of fiest important high altitude and
aromatic plants were assessed in three differantalasites of the Gysumdo valley. It
was found thatNardostachys grandiflora also occurred among five obtained most

important and aromatic plants reported by Ghimiral &(1999).

Bhattarai (2009) documented 29 plant species fel wwood in Manang. Nine plant
species were found to be used in fuel wood in tlesgnt study among them eight
species were also found same as Bhattarai (2088)topodium stacheyi was found to

be new in the field of fuel wood in Manang.

It was found that among all the obtained incensxigg, seven species for decoration,
six species for fodder, and three species eacfefme and household construction and

one species for furniture which supports the figdiof Bhattarai (2009).

It was found that the use frequency valuelaiiperus indica is highest i.e. 40 than
others. It represents that all the local peopl®ahang usduniperusindica in the field
of incense. The use frequency valueAyainia gracilis, Rhododendron anthopogon and
Betula utilis were found to be 32t was found that th€uniperus squamata had 31
frequencies where asardostachys grandiflora, and J. communis had 29.Anapalis
contorta, A. triplinervis, A. xylorhiza, Populus ciliata, Valeriana jatamansii,

Polygonatum cirrhifolium and Potentilla fruticosa were occurred in use frequency



index up to 20%. It represents that these plante weed by few household. This may

be due to their less quality (fragrance) of incense
4.2  Species composition and distribution

Researches on ecological drivers have often beed s determine the species
composition and distribution within an ecosystenmeTresult of the present study
indicated a variation in species distribution wigispect to altitude. The DCA analysis
explained the total variance in the species dalandg\with this, it also explained the

species dispersion and turnover.

Gradient length of total incense species was fdorige 2.839 SD units. Along such a
gradient length, a total turnover of species iseexpd (Hill and Gauch, 1980).

Discrepancy in gradient length between differergsaaf total incense species richness
is due to difference in the habitat heterogendionger gradient length corresponds to

larger heterogeneity and shorter gradient lengtntaller heterogeneity.

Incense plants were also scattered on the DCA d&hsdodendron anthopogon,
Artemisia gmelinii were found towards the positive end of DCA | axiseneasPinus
wallichiana, Artemisia vestita were found towards the left and negative end and
Origanum vulgare, Myricarea rosea were towards the left and positive axis of DCA
axis-1l. Some species likeotentilla fruticosa, Ajania gracilis, Leontopodium stracheyi,
Juniperus communis, J. indica & J. squamata were widely distributed in the DCA
space. The total incense species were grouped?2irddferent life forms i.e. herb
incense and woody incense. The woody incense spditie Pinus wallichiana,
Juniperus indica, Potentilla fruticosa etc. were found more abundant at the lower
altitude which suggest the decreasing trend of wloedy species with increasing
altitudes while the herb incense species Bgania gracilis, Leontopodium stracheyi
were found at the centre of DCA space dtalygonatum cirrhifolium, Anaphalis

xylorhiza were found on the positive side of DCA-I axis.

Abundance of plants likduniperus communis, Ajania gracilis, Anaphalis contorta etc.
towards the positive ends of the DCA 1l axis wedbkained that the species distribution
and composition of incense plants of higher alesidHowever, there are few species

distributed towards the lower end, not showing ificgnt relationship with altitude.



Such type of distribution may be due to other iafiaing factors like soil moisture or
pH, RRI, anthropogenic disturbance (trampling, grgzharvesting, looping and cut
stumps of woody plants) which may collectively natet with altitudes to determine the

distribution and composition.

Dominant species are regularly distributed alongirenmental gradients and less
dominant species are distributed randomly whiclimsilar to the findings of many
researchers like Gauch and Whittaker (1972). Pg2006) found that moisture and
indirect factors like canopy and aspects are tha raavironmental factors influence
the species composition and richness in the drerirmi trans-Himalayan area. The
present study reveals that species compositionbeanfluenced not only by a single
dominant environmental variable but complex fact@pecies distribution along the

main gradients is affected by small scale enviramadesariation.
4.3 Species richness pattern and environmental famts

In this study, incense species richness with akitshowed a hump shaped patterns
across altitudinal range as shown the relationbbiveen species richness and altitude
by many authors (Rahbek, 1995, 1997; Brown, 20@imdlino, 2001; Grytnes and
Vetaas, 2002; Carpenter, 2005; Panthi et al., 208@gues-Bravo et al., 2008; Rijal,
2009; Baniya et al., 2010; Acharya et al. 2011;ipaet al.2012 and others). This type
of hump shaped species richness pattern acrossdaltil gradient is reported from
different studies (Grytnes, 2003; Bhattarai anda¥e, 2004; Bhattarai et al., 2004;
Fossa, 2004; Bhattarai, 2005; Hua and Saprug6fi5; Bhattarai and Vetaas, 2006;
Subedi, 2006; Baniya et al., 2010). The optimuneirse species richness was found in
the middle of the gradient i.e. near 3800 m. Thiglgis comparable with the estimates
obtained by interpolation from elevation range dayaGrytnes and Vetaas (2002);
Bhattarai (2003); Bhattarai et al. (2003); Hua &@uaprunoff (2005); Bhattarai and
Vetaas (2005); Bhatt and Chaudhary (2009); Roweladgard (2009), Baniya et al.,
(2010), Baniya et al., (2012). They all came witmikr conclusion that species

richness has hump-shaped pattern along the elewgrizalient.

Grytnes and Vetass (2002) found vascular plantispeihness peak between 1500 m
and 2000 m as well as observed plateau between800® m in Nepal Himalayas.

Bhatt and Chaudhary (2009) also found a hump shpptdrn of species with altitude



having altitudinal range 2500-5000 m. The incensecies richness optima found in

this study is not totally but almost congruent twoee studies. This discrepancy in
optimum richness might be due to the fact that iggeconsidered in this study area
reported from higher altitudes and only from sngdbgraphical area (Manang) was
considered with smaller number of species (incluolely primary data). This could

also be due to ecophysiological constrains, suctedsced growing season and low
ecosystem productivity in high elevation (Korne®02). The species optima found in
study site is a local mid-elevation peak (Rahb&@5), since elevation gradient ranges
from 3800 m to 4600 m, it includes both subalpisevell as alpine flora and there is a
possibility of immigration of flora from both diréon which increases species richness

due to mass effect(Grytnes and Vetaas, 2002).

The incense species richness with different lifem® like herb incense and woody
incense were also tested and analyzed with altitiie herb incense species did not
show significant relationship with altitude. Thesthe similar finding with Ohlemiller
& Wilson (2000) from New Zealand. It was expectbdt the altitudinal gradient
should influence herbaceous species richness,sabdem shown by Richerson & Lum
(1980). However, several studies have shown thdbaeeous patterns do not run
parallel to those of trees and shrubs along theagt energy gradient (Whittaker,
1956, 1972; Whittaker & Niering, 1965). According the hierarchical theory of
species diversity (Whittaker et al., 2001), thebleeous species may be relatively
more influenced by local factors, such as soil @, disturbance, and degrees of

canopy cover in the landscape (Vetaas, 1997).

Woody incense species showed a significant nega#lagionship with altitude. A

monotonic decline in the number of woody incensec&s with increasing elevation
was observed in the study area. This finding isilamo the decline relationship of
evergreen and deciduous dwarf shrubs with altigislen by Bruun et al. (2006) and
the relationship between tropical land bird specielsness with elevation by Rahbek
(1997).

Incense species richness was also tested and adalyith RRI. The total incense
species did not show any significant relationshifhiRRI but the different life forms
of incense plants showed significant relationshigerb incense species showed an

inclined relationship with RRI like Poudel (2005)tbwoody incense species showed



negative correlation with RRI. This may be duehe tess number of woody incense
species in higher elevation. This finding is simtladecline pattern of total tree species

to the mean monthly solar radiation in New Southa&/'@y Pausas and Austin (2001).

According to Bakker et al. (2003), grazing has eaclpositive effect on species
richness in the permanent transects. It also a&ffethe heterogeneity in the plant
communities. The negative monotonic relationshipotdl incense species richness and
its herbaceous life form along with the grazing iasd in this study. This finding did
not support the positive grazing effect on spediemess by Bakker et al. (2003) and
Bello et al. (2006). This may because of lower at®n is near from cattle-shed and
there may be greater chance of higher grazing pres®istance from cattle-shed
increased when elevation increased so declinerpattegrazing line was observed.
Species of incense plants are higher in highetudii Thus, severe grazing pressure
was observed towards lower elevation whereas gyammas less towards higher
elevation. But woody incense species did not show atatistically significant
relationship with grazing. That means woody incesigecies were not influenced by

grazing. It also indicates that incense speciepi@kerred by grazing.



5. CONCLUSIONS AND RECOMMENDATION

5.1 Conclusions

This study concludes with the result that totakB#&cies are being used as incense plant
in Manang.Juniperus indica was found to be more used than others. Not ondypdant
was found to be used in incense but the mixturetbér plants likeRhododendron
anthopogon, Nardostachys grandiflora, Ajania gracilis, Thamnolia vermicularis were
found to be used. Among total 31 obtained sped@escense plant species and one
lichen (Thamnolia vermicularis)are concluded as new record in the field of inecios
Manang. They areAjania gracilis, Anaphalis contorta, Artemesia siversiana,
Polygonatum cirrhifolium and Potentilla fruticosa. Juniperus indica and Ajania
gracilis are found to be most used incense species wherdhadodendron
anthopogon, Nardostachys grandiflora, Juniperus squamata, are found to be less used
due to its distance availability and having usedbiher purposeswhile Origanum
vulgare, Selinum wallichi, Leontopodium strachyel are used when the above species are
shortage.

Along with the above mentioned plants, the plargsirig less fragrance plants like
Potentilla fruticosa, Polygonatum cirrhifolium, and Populus ciliata were found to be

used by mixing with plants having high incense galMainly leaves were found to be
used for incense then stem, inflorescence and wilatgs. While stem, inflorescence,
whole plants and leaves were found to be usedtf@rgurpose in medicine, fodder,

ornamental, etc.

Some incense plants likéardostachys grandiflora, Juniperus indica were also found
to be used in the field of medicine. Similarkbies spectabilis,Betula utilis, were
found to be used in fuel wood where&gemisia vestita, Artemisia siversiana, Ajania
gracilis etc were found to be used in foddemus wallichiana, Juniperus indica were

found to be used fence wherddmmnolia vermicularis was found to be used in tea.

From the above result and discussions, the presedy can be concluded that the local
communities of Bhraka and Manang VDCs have widewkedge about the use of
incense plant resources for the various purposes asl religious purposes, medicinal

values, timber, fodder, wild edible, fuel wood €tdwus the assumed first hypothesis



i.e. traditional knowledge on the use of incensmd have significant role in religious

rituals, medicinal uses etc is true.

Species composition of incense species was hetazoge which are indicated by the
length of the gradients, which varied from 2.0283®. (SD Unit). Altitude, relative
radiation index (RRI) is the environmental factarsl grazing is anthropogenic factor
governing the species composition in this studye Talationship between incense
species diversity with altitude followed a unimogbaittern. Along with different life
form, it has been concluded that the herb incepeeiss did not show any relationship
with altitude but declined relationship was fourd hetween woody incense and
altitude. The herb incense species showed monatihniaclined relationship with RRI
and woody incense species showed monotonicallyréetlelationship with RRI. But
incense species did not show any relationship \RERI. This concludes that RRI
directly correlates with incense species.

Similarly, incense species and its herb incenseispeshowed a declined relationship
with grazing but woody incense species did not stbany relationship with grazing.

This shows that there is no any significant refatap in between incense plants and
total species richness with grazing. Grazing daesaffect the incense species as well
as total species. So, the incense plants anddpgglies richness with their composition

vary significantly along elevation gradient.

Therefore, this study concludes that there is cemphteraction of environmental
factors which account for the species richnesgam3-Himalayan subalpine and alpine

flora.

5.2 Recommendation

All the local people in Manang use incense plantsctly or by drying and making
them into small pieces. They do not use commemmiatucts of incense from the
market. They directly depend upon the local incepmts. Due to having other
importance of incense plants like medicine, fodeker they may be threatened due to
overharvesting. From the present study followingoremendations are suggested for

the conservation of traditional knowledge for ineemplants.



Some incense plants may be threatened due to oaeing so over grazing should be

controlled.

Due to multiple use of incense plants overharvgstimay arise, therefore,
overharvesting of important incense plant should:detrolled through programs and

awareness.

Acquaintance program: It is true that unless kndgte of the importance of plant
species is infused to the people, no prevailingdrean be controlled. For this purpose,
proper counseling awareness program on the corisenvand importance of natural
resources, sustainable utilization, managementyelting and prevention of the

valuable plant species at the local level neectodnducted.

Most of the plant species have multiple uses ampewmatively more threatened from
over exploitation. Therefore, these species shbaldocused as potential species and

given priority for conservation.

Appropriate care and protection laws should be tedaby the local government, so

that illegal collection and over exploitation magy ¢hecked to some extent,

Sustainable use of incense plants should be ergedird&or long term use cultivation
of the incense plants should be promoted. Harvgsénohnology should be improved.

Awareness should be created regarding the negatp@ct of overharvesting.
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Appendix 1: Questionnaire

S.N. Date: VDC: Ward no.: Tole:



Name or Respondent:

Sex:

Age/Occupati

Education: illiterate/literate/1-5grade, 6-10 grdwlermediate/more

Religious: Hindu/Buddhist/Muslim/Christian/other

Information on Incense Plants

S. | Local | Scientific | Common | Incense | Partsusedin | Time Ethno- Remark
N. | name | name name category | Incense duration to| botanical use
(HvCV search
V,C,RS,
CRS)
1
2
3
4
5
6
7

*HVC=Highly used, *VC= Very Common, *C= Common
*RS= Rarely used in the shortage of others, usethiging with highly incense plants
*VRS=Very rarely used in the shortage of othergdugy mixing with highly incense plants

(1) How is the part used (directly or processé@rocessed, how?

(2) What are the major incense plants?

(3) What are the major festivals used incense gfant

(4) How do local people conserve the incense ress@

Appendix 2: Villagers, Healers, Lama, Amchi, Dhami and Hotel owers of
Manang district, Nepal, who contributed their knowledge regarding wild incense
plants use. Only 40 households were taken from Bhka and Manang VDC.

S.N. | Name of villager Se» Age(years | Occupatiol

1 Chame Gurun Femalt | 44 Hotel owne

2 Nocho Ghale Female 42 Job holder
3 Karma Chiring Ghale Female 40 Hotel owner
4 Gamjo Gurung Male 46 Hotel owner
5 Tashi Panchak Gurung Male 50 Farmer




6 Karma Ghal Femal« | 50 Hotel owne

7 Chhiring Nisangb Male 35 Job holde

8 Karma Gurun Male 49 Farme

9 Dolma Gurung Female, 60 Farmer/housewife
10 Galjen Gurung (Lama) Male 68 Hotel owner
11 Samdu Gurung Male 55 Shopkeeper
12 Karma Gurung Male 63 Hotel owner
13 Chiring Guruny Femalc | 45 Hotel owne

14 Suk Bahadur Gurur Male 55 Shopkeep

15 Kumar Gurung Male 40 Hotel owner
16 Tenjing Gurung Male 51 Farmer

17 Kanchha Gurung Male 65 Hotel owner
18 kanchha Ghale Male 38 Porter

19 Nagkang Gurung Female 48 Shopkeeper
20 Pemba Chhiring Gurui (Lama Male 66 Shopkeep

21 Cheteng Gurur Male 72 Farme

22 Pemba Gurung Male 40 Job holder
23 Anchale Gurung Femalg 35 Hotel owner
24 Karma Dolma Gurung Female 30 Health worker
25 Sonam Chhiring Gurung Male 56 Job holder
26 Simi Samteng Female 60 Farmer

27 Chongda Gurung Female 61 Farmer

28 Champa Gha Femal« | 53 Hotel owne

29 Sonam Chhiring Gha Male 51 Farme

30 Topke Gurung Male 36 Horse rider
31 Funja Ghale Male 60 Farmer

32 Mengkhu Ghale Male 31 Job holder
33 Tangla Gurung Male 74 Healers

34 Lamchung Gurung Female 37 Health worker
35 Tchhiring Lami Femal« | 37 Hotel owne

36 Kunchang Gurun Male 41 Guide

37 Chetel Gurung Male 38 Guide

38 Tchhiring Gurung Male 38 Hotel owner
39 Dharma gurung Male 37 Business

40 Maya gurung Female 28 Hotel owner
Appendix 3 Environmental correlation coefficient matrix

(Spearman’s rank correlation) of explanatory variades for species

richness

Incesesp hbincen

Wdyin  Alt

RRI

Gzing




Incensesp 1.000

Hbincen 0.717 1.000

Wdyincen 0.661 -0.009 1.000

Alt -0.296* 0.017 -0.409** 1.000

RRI 0.012 0.276* -0.247* 0.410 1.00

Gzing -0.416** -0.457** -0.100 0.022 -0.0235 1.00

Where, incense sp=incense species, hbincen=hedmsac Wdyin=Woody incense,
alt=altitude, RRI=Relative radiation index and ggi®Grazing

Bold entries are statistically significant correlation coeféats.
The asterisk sign represent the Significance lav&lP<0.05, ** p<0.01, *** p<0.001



Appendix 4 Regression statistics

Appendix 4a Regression statistics of Incense species regresagainst

environmental variables using generalized lineadetso GLMS)

Explanatory | Polynomial | Res.df | Res.deM Df Deviance F- p (>F)
variable ordel value
Elevation O(Null) 65 31.248
1 64 29426 | 1| 1.822 4.209] 0.04431
2 63 26.953 | 2| 4.2944 |5.5184 | 0.006189*
3 62 26.953 | 3| 4.2951 3.6199 0.1785*
RRI 1 64 31.05¢ 0.1919: |0.412! | 0.5232(NS
2 63 30.658 | 2| 0.58969 0.6309 0.5354(NS)
3 62 29.58: 1.665! 1.2064 | 0.3149(NS
Grazing 1 64 26.652| 1| 4596 |11.592]|0.001148*
2 63 26.159 | 2| 5.0891 6.4801 0.002759**
3 62 29582 | 3| 1.6653 1.20640.3149(NS)

Appendix 4b: Regression statistics of Herb incense speciesessegd against

environmental variables using generalized lineadetso GLMS)

3

Explanatory | Polynomial | Res.df | Res.deM Df Deviance F- p (>F)
variable order value
Elevation 0 65 33.953
1 64 33.903 | 1| 0.04982 0.0998 0.7537(NS)
2 63 21.899 | 2| 12.054 | 18.613 | 4.449e-07***
3 62 21.051 | 3| 12.902 13.512 6.898e-07**
RRI 1 64 31.138 | 1| 2.8146 |6.072 | 0.01643*
2 63 30.928 | 2| 3.0248 3.2126  0.04693*
3 62 30.545 | 3| 3.4085 2.3975 0.07653(NS
Grazing 1 64 27674 | 1| 6.2792 | 14.97 | 0.0002567**
2 63 26.785 | 2| 7.1682 8.7401  0.0004467*
3 62 30.545 | 3| 3.4085 2.3975 0.07653 (NS

~—




Appendix 4c Regression statistics of woody incense specigsessed against

environmental variables using generalized lineade® GLMS)

Explanatory | Polynomi | Res.df | Res.dev Df Deviance F-valle p (>F)
variable al order
Elevation 0 65 30.113
1 64 24.421 1] 4.6923 | 13.068 | 0.0005921***
2 63 24.137 2| 5.9757 8.4785 0.0005486**t
3 62 22.88¢ 7.229: 7.307¢ | 0.0002843**
RRI 1 64 25.458 1| 4.6555 | 12.385 | 0.0008028***
2 63 25.42' 4.685¢ 6.146¢ | 0.003642*
3 62 24.800 3| 5.3129 4.6591 0.005323**
Grazing 1 64 29.862 1| 0.25078 0.5679 0.4538(NS)
2 63 29.851 2| 0.26214 0.2925  0.7474(NS)
3 62 24.800 3| 5.3129 | 4.6591 | 0.005323**

Bold entries are statistically significant

[NS- Not significant, Df- Degree of freedom, Reg: Residual degree of freedom,

Res. dev- Residual deviance]

Signif. codes: **** 0.001 “** 0.01 *" 0.05 .’ 0.1 *’ 1 level of significance\



Appendix 5

List of incense species recorded by the empiricatugly within sampling plots and

abbreviation used in ordination

S.N Distribution (Pres |Empiric |Abbreviatic
et al., 2000) al n
Name of species (with author Regio|Altitudinal |data used in
citation) Family nal |(m als) (range) |Ordination
1 Anaphalis contorta D.Don Asteraceae WCE 1700-4500 3900 Anap.cg
2 Anaphalistriplinervis WCE | 2900-4100| 3800
(Sims)C.B.Clarke Asteraceae Anap.tri
3 Anaphalis xylorhiza Sch.Bip.Ex WCE | 3400-5000| 3600
Hook. Asteraceae Anap.xyl
4 Ajania gracilis (Hook.f. & C 3600-3850| 3300
Thomson) Poljakov Asteraceae Tana.gra
5 Artemisia caruifolia Buch.-Ham |Asteraceae WC | 3900-4600 3500{ Arte.car
6 Artemisia dubia Wall. ex Besser Asteraceae WCHE 1200-3400 3300  Arte.dub
7 Artemisia gmelinii Weber ex WC |3800-4300| 3600
Stechm. Asteraceae Arte.gme
8 Artemisia siversiana Ehrh. ex WC |2100-4300| 3600
Willd. Asteraceae Arte.siv
9 |Artemisia vestita Wall. ex Bess |Asteraceae 3300 | Arte.ves
10 |Betula utilisD.Don Betulacea WCE [270(-430C [390C |Berb.uti
11  |Juniperus communisL. Cupressace: 330C  |Juni.con
12 |Juniperus indica Bertol. Cupressacea¢ WCE 3700-4100 3300  Juni.ind
13 |Juniperus squamata Buch.- WCE | 3300-4400| 3300 | Juni.sua
Hem.ex D.don Cupressaceae
14 |Leontopodium stracheyi WC |2200-4500| 4000
(Hook.F)C.B.Clarke ex Hemsl.|Asteraceae Leon.str
15 |Myricaria rosea W.W.Smith Tamaricaceag C 3300-4500 3300 Myri.ros
16 |OriganumvulgarelL. Labiatae C 2500- 3600 | Oxyt.mol
17 |Oxytropiswilliamsii Vas. Leguminosae| WC | 2500-4400 4300{ Oxyt.wil
18 |Pinuswallichiana A.B.Jackso [Pinacea WCE |180(-410C |330( Pinu.wa
18 |Polyganatum cirrhifolium WCE [170(-460C [340(
(Wall.) Royle Liliaceae Poly.cir
20 |Potentilla fruticosa Lindl.ex WCE [370(-600C |330(
Lehm. Rosaceae Pote. fru
21 |Rhododendron anthopogon WCE | 3300-5100| 3300
D.Don Ericaceae Rhod.ant
22 |Rhododendron lapidotum WCE |2100-4700| 4200
Wall.D.Don Ericaceae Rhod.lep
23 |Salix lindleyana Wall. Salicaceae CE | 3000-4600 3400  Sali.lin
24 |Sdinumwallichianum WCE | 2700-4800| 3800
(DC.)Raizata &Saxena. Apiaceae Seli.wal




Appendix 6: List of species recorded by the empir@ study within

sampling plots

S.N Distribution (Press | Empirical
et al, 2000) Data
Regio | Altitudinal | (range)

Name of species (with author citationframily nal (m als)

1 Aconitum naviculare Bruhl. Ranunculaceae | WC 4100-4900 | 4300

2 Ajania gracilis (Hook.f. & Thomson) C 3600-3850 | 3300
Poljakov Asteraceae

3 Ajuga lupalina Maxim. Labiatae wC 2200-4500| 4300

4 Allium wallichii Kunth Alliceae WCE | 240(-465(C | 380(

S Anaphalis cavei Chatterjee Asteraceae 4200

6 Anaphalis contorta D.Don Asteraceae WCE | 1700-4500| 3900

7 Anaphalistriplinervis WCE | 2900-4100| 3800
(Sims)C.B.Clarke Asteraceae

8 Anaphalis xylorhiza Sch.Bip.Ex WCE | 3400-5000| 3600
Hook.f. Asteraceae

9 Androsace muscoidea Duby Primulaceae WC 3300-5600 | 3800

10 | Androsace robusta (Knuth)Hand.- wC 3100-5600| 4100
Mazz. Primulaceae

11 | Androsace strigillosa Franch. Primulaceae WC 2400-4700 | 4100

12 | Androsace tapete Maxima. Primulaceae WC 3800-5200 | 3800

13 | Anemoneriwvularis Buch.-Hem.ex.DC| Ranunculaceae | WC 4100-4900| 4000

14 | Anemone rupicola cambess. Ranunculaceae | WCE | 2900-4700| 4200

15 | Aradiopsishimalaica (Edgew.) O. E. WCE | 3000-4100| 3800
Schul: Brassicaceae

16 | Arisaema jaguemontii Blume Aracaceae WCE | 2700-4000| 3700

17 | Artemisia caruifolia Buch.-Ham. Asteraceae WC 3900-4600 | 3500

18 | Artemisia dubia Wall. ex Besser, Asteraceae WCE | 1200-3400| 3300

19 | Artemisia gmelinii Weber ex Stechm|. Asteraceae WC 3800-4300 | 3600

20 | Artemisia siversiana Willd. Asteraceae WC 2100-4300 | 3600

21 | Artemisia stricta Edgew. Asteraceae WCE | 2100-5000| 3300

22 | Artemisia vestita Wall. ex Besser Asteraceae 3300

23 | Agparagusfilicinus Baum Buch.- wWC 2100-2900| 3300
Ham.exD.Don Asparagaceae

24 | Asparagus tibeticus F.T.Wang C 3400 3400
&S.C.Chen Asparagaceae

25 | Aster albescens (DC.)Hand.-Mazz Asteraceae WCE | 1500-4200| 3400

26 | Aster himalaicus C.B.Clarke Asteracea CE 3500-5200| 3400

27 | Aster indamelous Grierson Asteraceae CE 2200-4100| 3500

28 | Astragalus candolleanus Royle wWC 3500-4500| 3700
ex.Benth. Leguminosae

29 | Adragalus clorostachys Lindl. leguminosae CE 2100-3700| 3600

30 | Astragalus multiceps Wall Leguminosa C 3300-4400 | 3400

31 | Berberis aristata DC. Berbeidaceae WCE | 1200-2500| 3300

32 | Betula utilisD.Dor Betulacea WCE | 2700-4300| 3900

33 | Bistorta affinis D.Don Polygonaceae WCE | 3600-4800| 3400




34 | Bistorta macrophylla D.Don Polygonaceae WCE | 2700-4500| 3600
35 | Bistorta milletii Lev. Polygonaceae WC 3000-3400 | 3900
36 | Bupleurum falcatum L Umbelliferae WCE | 3000-4900| 3600
37 | Calendula officinalisL. Asteraceae C 2600-4400 | 3400
38 | Caragana jubata (Pall.)poir. leguminosae C 3300-4400 | 4100
39 | Carex hirtella Drejer Cyperacace WC 2900-4900 | 3400
40 | Carexinfuscata Nee: Cyperacac CE 3400-4100| 3400
41 | Carex nubigena D,Don Cyperacace C 2600-4400 | 3300
42 | Carumcarvi L. Umbelliferae WC 2500-5100 | 3800
43 | ChenopodiumalbumL. Chenopodiacei | WC 1800-4000 | 3400
44 | Chenopodium ambroisoides L. Chenopodiaceae | CE 300-2600 | 3300
45 | Chesnea nubigena (D,Don)Ali Leguminosa WCE | 3600-5200| 4000
46 Cicerbita machrorrhiza (Royle) P. WCE | 1300-4500| 3900
Beauv. Asteraceae
47 | Clematis buchananina DC. Ranunculaceae | CE 1800-3300| 3400
48 | Conyza stricta Willd. Asteraceae WCE | 600-2000 | 3800
49 | Cortia depressa (D. Don) C. Norman.| Apiaceae WCE | 3600-4900| 4000
50 | Corydalisjuncea Wall Fumariaceae CE 2500-5100| 3500
51 | Cotoneaster acuminatus Lindl. Rosaceae WCE | 2000-5400| 3500
52 | Cotoneaster frigidus Wall.ex Lindl. Rosacez WC 2200-3400| 3300
53 Cotoneaster microphyllus Wall.ex WCE | 2000-5400| 3300
Lindl Rosacee
54 Cremanthodium arnicoides (DC. ex wWC 3100-4900| 3900
Royle) R. Good Asteraceae
55 | Crepissancta (L.) Babc Asteracea w 3200-4000 | 3300
56 . WCE | 2900-4800 | 4100
Cyananthes microphyllus Edgew Campanulace:i
57 Cynoglossum zeylanicum (Vahl ex WCE | 1200-4100| 3300
Hornem.) Thunb. ex Lehm. Boraginaceae
58 | Delphinium brunonianum Royle Ranunculace: WC 3500-6000 | 3800
59 Deyeuxia scrabescens WCE | 3000-4600| 3300
(Griseb.)Hook.f. Gramineae
60 | Elsholzia eriostachya (Benth.)Benth. | Labiatae WCE | 3000-4800| 3800
61 | Ephedra gerardiana wall Ephedraceae WCE | 2300-5200| 3900
62 | Epipactisroyleana Lindl. Orchidaceae WC 1600-3500 | 3400
63 | Equisetum debile Roxb.ex Vaucher | Equisetaceae WCE | 1000-3200| 3300
64 | Euphorbia helioscopia L. Euphorbiacee WCE | 3000-4100| 3700
65 | Euphorbia stracheyi Boiss. Euphorbiaceae | WCE | 2000-5000| 3900
66 | Euphrasia himalayica Wettst. Scrophulariaceae | WCE | 3200-4200| 4100
67 | Fragaria nubicola Lindl.ex Lacait: Rosacee WCE | 1600-4000| 3400
68 | GaliumasparineL. Rubiaceae WC 2700-3600 | 3800
69 | Gentiana algida Pall. Gentianaceae CE 4800 3800
70 | Gentiana bryoides Burkill Gentianace: WCE | 3000-4500| 3800
71 | Gentiana depressa D.Don Gentianaceae CE 2900-4300| 4000
72 | Gentiana robusta King ex Hook. Gentianaceae C 3600-3900 | 3800
73 | Gentianella falcata H.Sm Gentianaceae CE 4000-5200| 4000
74 | Gentianella paludosa (Hook.) H.Sm. | Gentianaceae WCE | 3000-4600| 4200
75 | Gerbera nivea (DC).Sch.Bip. Asteraceae WC 2800-4500 | 4000




76 | Gueldenstaedtia himalaica Baker Fabaceae WCE | 3300-4600| 3900
77 Hedysarum manad ense (Kitam) C 3000-3500{ 4000
H.Ohashi Leguminosae
78 | Heracleumobtusifoliumwall.ex DC | Umbelliferae C 2400- 3300
79 | Hippophe salicifolia D.Don Elaeagnaceae WC 2200-3500| 3300
8C Iris kemaonensis D.Don Iridaceas WCE | 2500-430C | 390¢
81 | Juniperus communisL. Cupressaceae 3300
82 WCE | 3700-4100| 3300
Juniperus indica Bertol. Cupressaceae
83 | Juniperus sguamata Buch.-Hem.ex WCE | 3300-4400| 3300
D.don Cupressaceae
84 | Kobresia gammiei C.B. Clarke Cyperacace C 3600-4000 | 3700
85 | Kobresia unicoides(Boott)C.B.Clarke | Cyperacace WCE | 3500-4400| 3500
86 Leontopodium stracheyi (Hook.F) wC 2200-4500| 4000
C.B.Clarke ex Hemsi. Asteraceae
87 | Ligustrum confusum Decne. Oleaceae CE 800-2900 | 4000
88 | Lonicera hispida Pall.Ex Wilc Caprifoliacea WCE | 2900-4500| 3900
89 | Lonicera hypoleuca Decne. Caprifoliaceae WC 3000-4200 | 4100
90 | Lonicera purpurascens Walp. Caprifoliaceae WC 3300-4000 | 3400
91 | Lonicera tomentella Hook. Caprifoliaceae c 2400-3600 | 3600
92 | Maharanga emodi(Wall) A.DC Boraginaceae WCE | 2200-4500| 3300
93 | Medicago falcata L. Fabacee C 2700-4000 | 3300
94 | Morina nepalensis D.Don Morinaceae WCE | 3000-4500| 3300
95 | Myricariarosea W.W.Sm Tamaricaceae C 3300-4500| 3300
96 | OriganumwulgarelL. Labiatae WC 600-4000 | 3300
97 | Oxytropis moliss Royle leguminosae C 2500- 3600
98 | Oxytropiswilliamsi Vas. Leguminosae WC 2500-4400 | 4300
99 | Pedicularis axillaries Franchet ex C 3200-3650| 3800
Maximowicz Scrophulariaceae
100 | Pedicularislongiflora Rudolph Scrophulariace: | WCE | 3300-5000| 3600
101 | Pedicularis pectinata wall.ex Benth. | Scrophulariaceae | WC | 3000-4000 | 3800
102 | Pedicularis rhinanthoides Schrenk Scrophulariace: | WCE | 3300-4800| 4000
103 | Pinuswallichiana A.B.Jackson Pinaceae WCE | 1800-4100| 3300
104 | Plantago erosa Wall. Plantaginaceae | WCE | 900-4100 | 4000
105 | Pleurospermum hookeri C. B. Clark: | Apiacea WCE | 900-4100 | 3900
106 | Polyganatum cirrhifolium (Wall.) WCE | 1700-4600| 3400
Royle Liliaceae
107 | polygonatum hookeri Baker. Convallariaceae | WCE | 2900-5000| 4200
108 | Polygonatum verticillatum(L.) All. | Convallariaceae | WCE | 2400-4700| 3800
109 | Potentilla eriocarpa Wall.ex.Lehm | Rosaceae WCE | 3600-5050| 3900
110 | Potentilla fruticosa Lindl.ex Lenm. | Rosaceae WCE | 3700-60s00 3300
111 | Potentilla fulgens Wall. ex Hook. Rosaceae C 2400-4150| 3800
112 | Potentilla gelida C.A.Mey. Rosaceae C 3000-4500 | 4000
113 | Potentilla microphyila D.Don. Rosaceae WCE | 3800-5100| 3700
114 | potentilla peduncularis D.Don Rosaces WCE | 3000-4700| 4100
115 | Primula capitata Hook. Primulaceae E 3800
116 | Primula glomereta Pax Primulaceae WCE | 3100-5200| 4100
117 | Pterocephalus hookeri (C. B. Clarke) wWC 3000-4500| 4100

Diels

Dipsacaceae




118 | Rhododendron anthopogon D.Don Ericaceae WCE | 3300-5100| 3300
119 | Rhododendron lapidotum WCE | 2100-4700| 4200
Wall.D.Don Ericaceae
120 | Rosa macrophylla Lindley Rosaceae WCE | 2100-3800| 3300
121 | Rosa sericea Lindl. Rosaceae WCE | 2200-4600| 3300
122 | Rumex nepalensis Spreng. Polygonaceae WCE | 1200-4200| 3300
123 | salix lindleyana Wall. Salicaceae CE 3000-4600 | 3400
124 | Saussurea pachyneura Franch. Asteraceae E 3800 4100
125 WCE | 1900-4900| 4000
Saxifraga parnassifolia D.Don Sxifragaceae
126 | Sdinumwallichianum (DC.)Raizata WCE | 2700-4800| 3800
&Saxena Apiaceal
127 | Slene nepalensis Majumdar Caryophyllaceae | WCE | 3500-5000| 3600
128 | Spiraea arcuata Hook. Rosaceae WCE | 3500-4900| 4000
129 | Spiraea canescens Hornernr Rosaces WCE | 1500-3200| 3300
130 | Selaria congestiflora Hare Caryophyllacee | CE 4200-4700| 4200
131 | gelaria patensD.Don Caryophyllaceae | CE 1300-4000| 4200
132 | Swertia chirayita (Roxb.ex CE 1500-2500| 3900
Fleming)Karsten Gentianaceae
133 | Swertia cuneata D.Don Gentianaceae WCE | 1700-5000| 4100
134 | Taraxacum eriopodum DC. Asteracea WCE | 3300-4600| 3700
135 | Thalictrum alpinumL. Ranunculaceae | WCE | 2800-5000| 4300
136 | Thalictrum cultratum Wall. Ranunculace: WCE | 2400-4200| 3300
137 | Thesium chinense Turcz. Santalaceae C 3100-4200 | 4000
138 | Thymuslinearis Benth. Labiatae WCE | 2400-4500| 3700
139 | Trigonella emodi Benth. Leguminosae WCE | 1300-4900| 3800
140 | VerbescumthapsusL. Scrophulariaceae | WCE | 1800-4000| 3400
141 | Viola hiflora L. Violaceae WCE | 2100-4500
142 | Viola kunawarensis Royle Violaceae wWC 3600-3900




Appendix 7: Plot wise species density along with environmental

variables
Relative
Species | Incense | Herb Woody | radiation

Plot | Altitude | no. species | incense | incense | index Grazing
1 3377 19 7 1 6 0.198848| 2
2 3351 19 8 3 5 0.317433] 1
3 337¢ 15 7 2 5 -0.0625: 1

4 3387 17 7 3 4 0.784115] 1
5 3371 14 6 3 3 0.729661] 1
6 3365 21 4 1 3 0.687616| 2
7 347¢ 22 7 3 4 0.33641! |1

8 3490 28 7 3 4 0.915564| 1
9 3495 20 9 4 5 0.281419] 1
10 3477 24 8 4 4 0.921945] 2
11 3462 27 8 3 5 0.981539] 2
12 3461 21 5 2 3 0.982468, 2
13 3584 20 8 3 5 0.747325] 1
14 3585 15 5 2 3 0.56671 2
15 358( 2C 9 4 5 0.90490¢ |1
16 3538 21 9 5 4 0.852201] O
17 3559 24 9 5 4 0.946875] 1
18 3580 23 9 5 0.274746) 1
19 3681 22 6 2 4 0.83123: | 2
20 3688 19 6 2 4 0.831228] 2
21 3655 17 2 1 1 0.922841 2
22 3694 15 3 2 1 0.871946] 1
23 3677 22 5 4 1 0.786979] 2
24 3686 26 6 5 1 0.864496] 1
25 3753 23 8 4 4 0.667189] O
26 3715 25 7 4 3 0.921898] 1
27 3701 26 9 4 5 0.89847¢ |1
28 3741 25 10 5 5 0.922802 1
29 3769 23 9 4 5 0.898473] 1
30 3782 42 11 6 5 0.969132 1
31 388t 27 7 4 3 0.95912; |2
32 3866 26 7 4 3 0.805655] 2
33 3885 16 5 3 2 0.852226] 1
34 3839 39 8 5 3 0.980034| 1
35 3840 44 10 5 5 0.999368 1
36 3845 40 8 4 4 0.986676] O
37 3992 31 8 4 4 0.882856] 1
38 3997 33 7 4 3 0.982066] 1
39 3961 35 7 4 3 0.95571. |1




4C 3952 38 8 6 0.86176:!

41 3959 44 10 7 3 0.890367 1
42 3947 32 5 3 2 0.978299 1
43 4098 35 6 4 2 0.951717 2
44 4071 44 7 5 2 0.98207 1
45 407¢ 36 5 3 0.94505

46 4022 32 8 5 3 0.907868 1
47 4046 35 6 4 2 0.946774 1
48 4026 34 9 6 3 0.876195 1
49 4184 40 8 5 3 0.968368 1
50 4185 38 6 4 2 0.912395 2
51 4197 32 7 4 3 0.915237 1
52 415¢ 32 7 4 0.97156!

53 4150 30 6 4 2 0.98039 0
54 4140 26 6 4 2 0.968146 1
55 4237 29 6 3 3 0.921847 1
56 4261 32 7 3 4 0.922765 1
57 | 424¢ 27 5 3 0.89901.

58 4229 29 5 3 2 0.921847 2
59 4220 30 4 2 2 0.91406 1
60 4209 28 5 2 3 0.913907 1
61 4385 32 6 2 4 0.98149 2
62 4370 36 6 3 3 0.92301 2
63 4373 31 5 1 4 0.70808 1
64 4361 38 5 2 0.94484i

65 4327 30 6 2 4 0.865279 2
66 4310 22 5 2 3 0.900954| 2




Appendix 8: Table showing use frequency value of fierent incense

species
Use Number
frequency | of

Name of incense plants common name (%) household
Potentilla fruticosa L. Teba(n 2.5 1
Polygonatum cirrhifolium (Wall.) Royle Gomesha(r 7.5 3
Populus ciliata Wall.ex Royle Teba(n) 7.5 3
Anaphalis xylorhiza Sch.Bip.ex Hook.f. Bukhiphool(N) 15 6
Valeriana jatamansii Jone Nappu(n)/Ghyapoo ( 15 6
Anaphalis contorta (D.Don) Hook.f. Pansan(n)/Bukhi Phool(N) 22.5 9
Anaphalistriplinervis (Sims) C.B. Clarke Fojormindo(n)/phosorsan(n 20 8
Artemisia biennis Willd. Fojormendho(n) 25 10
Abies spectabilis (D. Don) Mirb. Kye(n)/gobresalla (M 27.F 11
Artemisia vestita Wall. ex Bes Tamboi(n)/paaati(M 27.5 11
Oxytropiswilliamsii Vassilcz Sinshi(n) 30 12
Pinus wallichiana A.B.Jackson Thangsin (n) 30 12
Artemisia siversiana Willd. Tompe(n)/paati(N) 32.5 13

Chaphong(n),serphang(n)/titep 14
Artemisia caruifolia Buch.-Ham. aati(N) 35
Artemisia gmelinii Weber ex stechm. Bajha(n)/Fumungh(n) 35 14
Sdinumwallichianum (DC.) Rhizada & 14
H.O. Saxena Bhutkesh (n) 35

Akhebobo(n)/ 15
Origanumvulgare L. Ghoodhaamarcha(n) 37.5
Artemisia dubia Wall.ex Besser Khangkhar (n) 40 16
Salix babylonica L. Chayanghma(n) 42.5 17
Salix lindleyana Wall.ex Anderssa Langhma (n 42 17
Leontopodium stacheyi (Hook.F) 19
C.B.Clarke ex Hemsle Bukhi phool(N 47.F
Thamnolia vermicularis (Sw.)Ach.ex 19
Schaerer Syaurujhung (n)/snow tea 47.5
Rhododendron lepidotum Wall. ex D.Don | Bhaiunakpo(n) 50 20
Myricaria roseaW.W.Smitt Angmaa (n 55 22
Nardostachys grandiflora DC. Pangphoie(n) 72.5 29
Juniperus communis L. Cheltung (n)/Bhote papal(N) 72.5 29
Juniperus squamata -Ham.ex D.Don Sukppha (n)/Sukri(n) 77.5 31
Betula utilis D.Don Bushpath (n) 80 32
Rhododendron anthopogon D.Don Pallu(n 80 32
Ajania gracilis (Hook.f. & Thomson) 32
Poljakoy Khamsan (n)/dhup (I 80
Juniperusindica Bertol. Phar (n) 100 40

*n= Local name, *N=Common name




PLATE 1: Useful incense Plants of Manang District,Central Neal

A. Juniperusindica Bertol. B. Ajania gracilis ( Hook.f. & Thomson)C. Leontopodium
stacheyi (Hook.F) C.B.Clarke ex Hems D. Rhododendron anthopogon D.Don
E.Collection of incense Plan F. Container used for burning incense pl




PLATE 2: A-B: Cropfield and Vegetation showing in Manang (-E: Interviews
taking photographs with local people F the photograph taking ecologica
sampling plot.




