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Abstrakt

V této praci jsou syntetizovany rtizné aspekty souvisgici s rozmanitosti, distribuci, pouzitim a
uchovavanim Ié&civych rostlin v Nepalu. Také jsem se snazil doporucit pokyny pro udrzitelnost dvou velmi
pouzivanych horskych druhi rostlin. Prilisné sklizeni nebo lidskou ¢innosti vyvolany Gbytek nejsou jedinym
problémem pro biologickou rozmanitost. V posledni dobé se také ukézalo, ze invaze nepavodnich druht
jsou zavazny problém v Nepalu. Proto jsem také pokousel se analyzovat dopad invazivnich druht na slozeni
spolecenstva v poslednich ¢lanka.

Prvni dva ¢lanky se zabyvaly rozmanitosti, distribuci, pouzitim a sklizenim Ié&ivych rostlin. Clanek
| ukézal, ze 1&cive rostliny v Nepdu maji unimodalni vztah s nadmoiskou vyskou a maximalni celkové
druhova bohatost je v nadmoiské vysce 1000 m. Clanek 11, ktery se zabyvé vyuziti |1&ivych rostlin v
regionu Humla, na zapad Nepal ukézal, ze tam je 161 |&ivych rostlin, které patii k 61 ¢eledim a 106 rodam
pouzivané k 1&cb¢ 72 lidskych a 7 veterinarnich onemocnéni. LéCivé rostliny v Humla byly vétsinou sbirany
v piirodé. Toto predstavuje vaznou hrozbu pro rozmanitost 1&ivych rostlin a je proto nezbytné vypracovat
fa&dné metodiky pro jegjich sklizeni ve volné piirodé a/ nebo jeich domestikace.

Rheum australe, endemickéa rostlina ze zapadu himalagjské oblasti, je Siroce pouzivana v tradi¢ni
medicing pro rizné nemoci v Nepdlu, Cing, Indii a Pakistanu, a mé siroké spektrum |ésebnych vlastnosti
(élanek 111). Abychom pochopili moznosti jeho domestikace, studoval jsem U¢inky teplot a svétla na
kli¢ivost semen pro Rheum australe a jeho ndhradu, Rheum acuminatum (¢lanek 1V). Vysledky ukazaly, ze
oba druhy klicici |épe ve svétle, nez v Uplné tme a vykazovali vyssi kliceni pri vyssi teploté. To naznaduje,
7€ péstovani druha v nizsich polohach by mélo byt mozné.

Abych zjistil, zda existuji né¢jaké rozdily v dostupnych latkach chemického slozeni péstovanych a
prirozené rostouci druhy Rheum (R. acuminatum a R. australe), srovnaval jsem koieny z prirodnich
stanovist’, v Nepdlu a rostliny péstované v experimentu zahradé (¢lanek V). Obsah fytochemikalii ve dvou
druzich byl srovnatelny a ptirozené rostouci rostliny byly lepsi nez péstované rostliny v jejich chemického
slozeni. Nekteré dulezité chemické vsak byly stejné ¢asté u prirozené péstovanych a péstovanych rostlin.

S cilem vyvinout strategie sklizeni dvou hojné pouzivanych Iécivych rostlin (R acuminatum a R.
australe), byla studovana populacni dynamika v riznych stanovistich v prabghu ¢ty let (¢lanek VI). Bylo
Zjisténo, ze R. acuminatum rostouci v otevieném prostiedi bylo vice citlivé na razné intenzity skliziie ve
srovnani slesnim stanovistém aR. australe rostouci v otevieném prostiedi. Selektivni nebo rotacni (ngjméné
5 let) sklizen se jevi jako optiméni strategie sklizeni. Managementové plany by mély byt formulovany v
souladu s mistnimi podminkami. Tento zavér by také mohl byt aplikovan na mnoho jinych alpskych
vytrvalych lécivych rostlin.

Nakonec (¢lanek VII) jsem hodnotil vliv invaznich druht (Parthenium hysterophorus) na dozeni
spolecenstva rostlin a padni vliastnosti. Vysledky ukazaly, ze P. hysterophorus zpasobil vyznamné zmény ve
dozeni vegetace a vlastnostech pidy. Tento druh proto predstavuje véznou hrozbu pro rozmanitosti

ptivodnich druhd.



1.1. Uvod

1.1. Lécivé rogtliny ve sveté

Rostliny byly nedilnou soucasti lidského zdravi po tisice let (Samuelsson 2004). Prvni dokumentace
k pouziti rostlin jako mediciny se datuje k 2600 BC z Mezopotamie, Babylon (Gurib-Fakim 2006). Prvni
isolace I&civeé létky z rostliny byla izolace morfinu z opia se na poéatku 19. stoleti a je jesté dnes v pouziti
(Kinghorn 2001; Samuelsson 2004). Z globaniho mnozstvi celkem 422 000 druht kvetoucich rostlin
(Govaert 2001; Bramwell 2002), se mezi 50 000 az 80 000 kvetoucich rostlin pouziva jako 1€k (Marinelli
2005; IUCN 2007). Odhaduje se, ze 70-80% lidi na celém svété - predevsim téch z rozvojovych zemi,
Zijicich ve venkovskych oblastech-spoléhaji na tradicni (pfedevsim rostlinné), léky pro jgich primarni
potiebu zdravotni péce (Farnsworth a Sogjarto1991; Hamilton 2004). Soucasna medicina pouzivé alespon
122 pin¢ identifikovanych slou¢enin odvozenych od 94 druhu rostlin. 80% z nich ma pouziti v etnomedicing
velmi podobné soucasnému pouziti (Fabricant a Farnsworth 2001). Na celém svété je obrovské poptévka po
bylinné medicing a zvysuje se 0 15 - 25% ro¢né (Grunwald a Bittel 1996; Sharma 2004), protoze rostlinné
pripravky maji mélo nebo zadné vedigsi ucinky. V soucasné dobg jsou chemikalie rostlinného pavodu také

pouzivany pro vyzivu a kosmeticke Gu¢ely (Kapoor 2005; Bernal et al 2011)..

1.2. Lécivé rostliny v Nepalu

Lé&civé rodtliny, bézné oznatované jako jadibuti v Nepdlu, se pouzivgi v riaznych I&ivych
systémech, jako jsou gjurvédské, Unani, homeopatie, piirodni mediciny, Siddha, Tibetu a v riznych jinych
folkldrnich 1&cebnych systémech (Lacoul a Pant 2000; Sharma 20007). Légivé rostliny jsou obecné zahrnuty
do sirsi kategorie I&ivych a aromatickych rostlin (aromatické rostliny maji aroma v nékterych svych
¢astech, MAPS), nebo lesnich nedievnich produkti (NTFPs, NWFPs). Lé&ivé rostliny v Nepdu jsou
rozsiteny od 60 do 6200 m nadmorské vysky (Press et a 2000; Paper 1). Existuje vice nez 2300 |&Civych
rostlin pouzivanych v Nepalu (Paper 1) a asi se 200 druhy I&Civych rostlin se obchoduje v Nepdlu (Tiwari et
al. 2004).

1.3. Ochranérské aspekty l€civych rostlin

K uspokojeni poptévky v regionadnich a mezindrodnich trzich, jsou rostlinné zdroje sklizené ve
zvyseném mnozstvi vétsinou z prirozenych populaci (Kuipers 1997; Lange 1998) a techniky sklizeni s
primitivnimi nastroji jsou obvykle destruktivni a neudrzitelnou a dlouhodobé neudrzitelné. Takze, naléhavou
potiebou proto je racionalizovat a zdokonalit sbér IéCivych rostlin a vytvoreni postupt k jejich zachovani
(Chandrasekharan 1993).

Lécivé rostliny jsou ohrozeny nejen v dasledku jegich pouziti v medicing, ale také kvali jgich
pouziti pro jiné ucely (Hamilton 2004) a také v dusledku degradace / ztréty stanovist', lesnim pozaram,
posunujici kultivaci, pastvé dobytka a lidské populacni expanzi (Ahmad 1998; Chaudhary 1998). Svétovy
svaz ochrany prirody (IUCN) odhaduje, ~ 15 000 druht |écivych rostlin jako ohrozené vyhynutim na celém
svété (viz IUCN 2007).



51 druha léGivych rostlin Nepalu je ohrozeno (CAMP 2001). Kromg toho nékolik druha lisejniki a
hub je piilis vyuzivano diky jegich obchodu pro medicinu, jidlo a okrasné G¢ely. Neni jasné, zda nekteré
[&Civé rostliny jiz vymieli v dasledku sklizeni v Nepadlu. To je tim, ze zadna komplexni fléra nebyla dosud
zvergnéna s vyjimkou nékolika malo check-listia (napi. Press et a. 2000) a podrobné studie o populaéni
dynamice chybi (Ghimire et a. 2008). Hrozby pro lécivé rogtliny jsou do znatné miry dasledkem
nespravného provadéni prévnich predpisi v Nepalu, protoze regulacni prostiedky jsou ¢asto nejednoznacné
a neltinné (Chaudhary 2000; Larsen et a. 2000; Larsen et a. 2005; Olsen 2005; Kunwar et a. 2009) .

Vzhledem k nedostupnosti do mnoha ¢asti zeme, Nepdlu stdle mnoho |éCivych rostlin ¢eké na
dokumentaci, identifikaci a dlouhodobé studie tykajici se zivotniho cyklu, druhu zdroja, hustoté a cetnosti a

velikosti rozdéleni populaci (Chaudhary 2000).
2. Cil préce

Cilem préce popsat rozsiteni, uziti, ochranaisky statut a populacni biologii |éCivych rostlin Nepalu.

Krome toho jsem stanovil ohrozeni biodiversity Nepdu v dasledku siteni invasnich druh.
3. Materidl a metody

Tato préce je zalozena na terénnich datech i na datech z literatury. Vyzkum tykajici se diversity a
rozsireni I&ivych rostlin (¢lanek 1) je zalozeny na publikovanych datech i terénnich datech z raznych ¢asti
Nepdlu. Dalsi ¢lanek o vyuziti 1€Civych rostlin v regionu Humla v zdpadnim Nepalu (€lanek 11) je zalozeny
na sbéru dat v terénu prostiednictvim polostrukturovanych rozhovort a diskusi s kli¢ovymi informétory.
Clanek o vyznamu vysoce uzivané |é&ivé rostliny Rheum australe, (€lanek 111) je kompletng zalozenyma
publikovanych datech. Clanek o kliceni, (¢lanek 1V), srovnani sekundarnich metabolit (¢lanek V), o trvale
udrzitelnych strategiich sklizeni I&Civych rostlin (Rheum acuminatum a Rheum australe) (élanek VI) a o
vlivu invaze (Asteraceae) v travnicich sttedniho Nepadlu (€lanek VII) jsou plng zalozeny na experimentech
v laboratofi (¢lanek IV aV) nebo terénnim sbéru dat (¢lanek VI a VIl).

4. Vysledky a diskuse

Navzdory odchylce mezi distribuci |éCivych rostlin a vsech cévnatych rostlin, bohatost |&civych
rostlin ukézala unimodani rozsireni podél gradientu nadmoiské vysky v Nepdlu a je podobné jako u jinych
studii z himalgjské oblasti (napr. Grytnes a Vetaas 2002; Bhattara et a . 2004; Carpenter 2005; Bhattarai a
Vetaas 2006; Grau et a. 2007; Banioveé et a. 2009; Acharya et al. 2010). Pozorované vyskové rozmisténi
druhové pestrosti je do velké miry hnano klimatickycmi faktory jako je vihkost, teplota, vegetacni obdobi,
sré&zky a intenzita svétla. Rozdily v distribuci 1&Civych rostlin v raznych c¢éstech Nepdlu Ize vysvétlit
modelem vihkostné energetické dynamiky (O'Brien 1993, 1998).

V regionu Humla, ktery byl jen ziidka zkouman z hlediska ethnobotaniky (Nepd a Sapkota 2005;
Kunwar et al 2006), mize mnoho druha rostlin brzy ¢elit vymieni, protoze tam nejsou zadné kultivacni
praxe. Navicvelmi pouzivanou c¢asti rostlin jsou koreny. Odstranéni koreni je méné udrzitelné nez

odstranéni listii nebo jinych nadzemnich ¢asti (Giday et a. 2003). Také bylo zjisténo, Ze pavodni znalosti o



pouzivani piipravki jsou pren&eny nesystematicky a je pravdépodobné, ze takové znalosti v budoucnu
zaniknou jako se to stalo v Peru (Bussmann a Sharon 2006).

R. australe, je siroce pouzivan v tradi¢ni medicing v Nepdlu, Ciny, Indie a Pakistanu. Navzdory
mnoha farmakol ogickych zkousek, zastavaji neprozkoumané &by koznich onemocnéni a zaludku in vivo.
Listi obsahujici toxické kyseliny stavelové je nékdy uvadéno jako jedla zelenina (Shinwari a Gilani 2003).
Tyto informace ¢ekaji na dalsi potvrzeni a laboratorni testy. Vzhledem k tomu, rostlina je ¢asto shiréna ve
volné piirode, je tieba jei péstovani pro masovou produkci pro splnéni pozadavk trhu.

Kli¢eni semen ze dvou druhi Rheum acuminatum a R. australe je ovlivnéno vahou semene, teplotou
asvétlem. Pro oba druhy, kli¢eni bylo vyznamné vyssi ve svétle, nez v temnych podminkéch a Gcinek svétla
siing interagoval s vlivem teploty. To muze byt ptizptsobenim, aby se zabranilo kliceni semen, pokud je
pohibeno hluboko v padé nebo pod snéhem v zimg, kdy jsou podminky obvykle tmavsi a chladngjsi nez ve
volném vzduchu (napt. Socolowski et al. 2008). Odlisné doby potiebné pro kliceni semen 50% ukazuje, ze
nacasovani rustu obou druhi je jiné a druhy se lisi ve své schopnosti klicit za raznych stanovistnich
podminek.

Stejné fytochemikalie byly nalezeny v Racuminatum a R. australe a mohly by tedy byt pouzivany
jako ndhrada jeden druhého. Antrachinony a stilbeny, které jsou bézné pozorovany u raznych druhi Rheum
(Aburjai 2000; Komatshu et a 2006; Lin et a. 2006; Krafczyk et al. 2008; Wang et al. 2010) jsou pritomny
také v R acuminatum a R. australe. Koncentrace chrysophanol, emodin, aloe-emodin, physcion a rhein
nalezené v nasi studii byly mirngé niz§i nez vdruzich Rheum rostoucich v Cing, ale koncentrace
chrysophanolu a emodinu byly vyssi v nasich studovanych rostlindch (Shang a Yuan 2003; Li et al. 2004,
Komatsu et al. 2006). Obsah vyse uvedenych fytochemikdlii byla mnohem nizsi nez v Tora Cassia, Rumex
japonicus a Rhamnus purshiana (Koyama et a. 2003). Pritomnost vétsiho poétu latek v prirodnich a
dospélych rostlinach nez péstovanych rostlinach (ktery byl mladsi nez rostliny na piirozenych stanovistich)
je srovnatelng se zavéry vyzkuma provadénych v Indii pro Raustrale (Malik et a. 2010). V kofenech
R.acuminatum a R. australe je vice resveratrolu nez ve ving ato i v péstovanych rostlindch. To znamena,
péstované rostliny Rheum by mohly byt cennym zdrojem resveratrolu bez poskozeni prirodnich populacich.

Vysledky ukézaly nejvyssi podil vegetativnich rostlin nasledovany kvetoucimi rostlinami a
semenécky pro oba druhy a stanovisté R. acumiantum a R. australe. Produkce semen a jeich hmotnost byla
nizsi u R. acuminatum nez u R. australe. Rast, preziti a Umrtnost R. acuminatum byly zavislé na stanovisti a
roku alisili se mezi t¢émito dvémadruhy v otevieném prostiedi. Pri 0,5% Kli¢ivosti dosahovala asymptoticka
rychlost ristu () hodnot 1,02 - 1,09 pro R. acuminatum v lesnich stanovistich 0,87-1.05 pro R. acuminatum
v otevienych stanovistiich a 1.03-1.17 pro R. australe péstovaném v otevieném prostiedi. R. acuminatum z
otevienych stanovist’ byla vice citliva na sklizen, nez R. acuminatum v lese, nebo R. australe v otevieném
prostiedi. Negativni vliv sklizné koifena u druhtt Rheum byla podobné jako v predchozich studiich (Nault a
Gagnon 1993; Nault et a. 1996; Rock et a 2004; Ghimire et a 2008). Vzhledem k tomu, jak s vysokym
objemem rebarbory se ro¢né obchoduje je nutné pouzit selektivni nebo rota¢ni (nggméne 5 let) sklizen.

Formulace plant sklizeni by méla byt provedena v souladu s mistnimi podminkami.



Invaze Parthenium hysterophorus mé vyznamny vliv na slozeni nadzemni vegetace a vlastnosti
pudy ve trech riznych lokalitdch ve stiedni Nepdlu. Silné negativni vlivy Parthenium hysterophorus na
dozeni vegetace jsou tim, ze roste rychle a snadno Siii raznymi vektory jako jsou zviiata, vitr a voda, a
dokaze se pomérné dobrie uchytit v otevirenych a narusenych plochach (napi. Navie et a. 1996; Javaid et al.
2007). Velké mnozstvi nadzemni biomasy spolu s velkou rychlosti rozkladu prispélo ke zvyseni obsahu
organické hmoty a dusiku v pudé (Koutika et al. 2007). Vyssi pH pudy v invadovanych pozemcich by mohlo
byt zptisobeno zvysenou koncentraci drasliku (Ehrenfeld 2003). P. hysterophorus je také hi&eno, ze
zpasobuje fadu zdravotnich probléma u lidi a zvitat, a predstavuje velkou hrozbu pro mistni fléru (napt.

Evans 1997; Adkins a Navie 2006), a proto v Nepalu potiebuje fa&dnou kontrolu.

5. Zavéry

Hlavni zavéry studiejsou: (i) IéCive rostliny vykazuji vyssi druhova bohatost v nizsich nadmoiskych
vyskach? To by mohlo byt vysvétleno hypotézou o rovnovaze uhliku a zivin. Vzhledem k tomu, je
distribu¢ni model Iécivych rostlin byl vytvoren metodou interpolace, kterd predpokladd, ze IéCiveé rostliny
vyskytuji v celém jejich rozsahu vyskového gradientu bez ohledu na prostiedi, je vsak tieba oveiit zaveéry
praktickym odbérem vzorka v oblasti s namerenymi klimatickymi proménnymi; (ii) | kdyz je oblast Humla
bohata na |écivé rostliny, je etnobotanicky prazkum oblasti stéle v pocétcich a chybi nam fytochemické a
farmakol ogické studie ovéiujici jegjich vyuziti. Vétsina rostlin je zde shiréna ve volné piirodé by méla byt
kultivovana pro jejich dlouhodobé zachovani; (iii) Rheum australe ma Uzky ared rozsifeni a je velmi
vyuzivan pro svoje létivé Gcinky. Pro dlouhodobé zachovéni druhu je nezbytna jeho kultivace; (iv) Rheum
acuminatum a Rheum australe by dobie rostly pokud by se presunuly do nizsich nadmoiskych vysek nez
jsou jgich skute¢nd stanovist’. V teplgisich podminkach s dostatkem svétla meli druhy vyssi klicivost; (v)
srovnani koncentraci chemickych slou¢enin v koienech R. acuminatum a R. australe odhalily, ze tyto dva
druhy mohly byt pouzity jako nahrada jednoho druhym, diky piitomnosti téméi stejnych sekundarnich
metabolita, které se pouzivaji pro siroky rozsah nemaoci. Kultivovanéi prirozené rostouci rostliny mohou byt
vyuzivany steing, protoze slouceniny dilezité pro jeich I&ivé vlastnosti se vyskytuji jak u prirozeng
rostoucich, tak péstovanych rostlin; (vi) Studie o populacni dynamice ukazala, ze R. acuminatum rostouci v
otevieném prostiedi roste hufe nez v lesnich stanovistich nebo R australe v otevienych stanovistich.
Himal gj ské rebarbory jsou citlivé na sklizeni kotent. Sklizné méa silny negativni dopad na velikost popul ace.
Prirodni populace by mély byt sklizeny selektivni nebo rotacni sklizni. Formulace plana sklizeni by mela byt
provedena v souladu s mistnimi podminkami; (vii) Invazni Parthenium hysterophorus roste v celé fadé
stanovist’ aje schopen zmeénit celé ekosystémy a mistni biologickou rozmanitost v diisledku jeho negativnich
dopadu na vegetaci | padni podminky. Proto je dulezité, aby byl P. hysterophorus dusledné likvidovan, aby

se predeslo moznym hrozbam v budoucnu v Nepdlu.



Abstract

In this thesis | synthesized different aspects related to diversity, distribution, uses and conservation
of medicinal plants in Nepal and also have attempted to recommend guidelines for sustainability of two
highly used alpine plant species. The over-harvesting or human induced activities are not the only problem
for biodiversity but recently invasion of alien species has also emerged as serious problem in Nepal. | thus
also attempted to analyze the effect of invasive species on community composition in the last paper.

The first two papers dea with diversity, distribution, uses and harvesting. Paper | showed that
medicina plantsin Nepal have unimodal relationship with elevation and the maximum total species richness
is at 1000 m. Paper Il which deas with the uses of medicina plants in the Humla region, west Nepal
showed that there are 161 medicina plant species belonging to 61 families and 106 genera used for treating
72 human and 7 veterinary ailments. Medicinal plantsin Humla were mostly collected in wild. This induces
a serious threat to diversity of the medicinal plants and it is therefore necessary to develop proper
management guidelines for their harvesting in wild and/or their domestication.

Rheum australe, an endemic plant to west Himalayan region, is widely used plant in traditional
medicine for various diseases in Nepal, China, India and Pakistan and has a wide range of medical properties
(Paper 111). To understand possibilities of its domestication, | observed the effects of temperatures and light
on germination of seeds for Rheum australe and its substitute, Rheum acuminatum (Paper 1V). The results
showed that both species germinated better in light than in complete darkness and showed higher
germination rates in higher temperature. This suggests that cultivation of the species in lower altitudes
should be possible.

To see if there exist any differences in available chemical contents of cultivated and naturally
growing species of Rheum (R. acuminatum and R. australe), | collected roots from natural habitats, Nepal
and plants grown in experiment garden (Paper V). Content of phytochemicals in the two species was
comparable and naturally growing plants were better than cultivated plants in their available chemical
contents. Some important chemical were, however, equally common in naturally grown and cultivated
plants.

In order to develop the proper harvesting strategies of two highly used medicina plants (R.
acuminatum and R. australe), populations in various habitats were studied over four years time (Paper VI).
It has been found that R. acuminatum growing in open habitat was more sensitive to different harvesting
intensities compared to forest habitat and R. australe growing in open habitat. Therefore selective or
rotational (at least 5 years) harvesting strategies should be adopted. Management plans should be formul ated
in accordance to local prospective. This conclusion could also be applied to many other apine perennial
medicina plants.

Finaly (paper VII), | evaluated the impact of invasive species (Parthenium hysterophorus) on the
composition plant community and soil properties. The results showed that due to P. hysterophorus there
was significant changes in above ground vegetation composition and below ground soil properties in

there different study sites in central Nepal and thus represent serious threat to native diversity.



1. Introduction

1.1. Medicinal plantsin theworld

Plants have been an integral part of human health for thousands of years (Samuelsson 2004). The
first documentation on uses of plants as medicine dated back to 2600 B.C. from Mesopotamia, Babylon
(Gurib-Fakim 2006). The earliest plant isolation started with morphine from opium in the beginning of 19th
century and is till in use today (Kinghorn 2001; Samuelsson 2004). Out of the global total of 422 000
flowering plant species (Govaert 2001; Bramwell 2002), between 50 000 to 80 000 flowering plants are used
medicinaly (Marinelli 2005; IUCN Species Survival Commission 2007). It is estimated that 70-80% of
people worldwide - primarily those of developing countries living in rural areas- rely on traditional (mostly
herbal) medicine for their primary health care needs (Farnsworth and Sogjarto1991; Hamilton 2004). Still,
current medicine uses at least 122 fully identified compounds derived from 94 species of plants. 80% of
them have had an ethnomedical use similar to the current use (Fabricant and Farnsworth 2001). Thereis a
huge demand in herbal medicine worldwide and it is growing at the rate of 15 to 25% annually (Griinwald
and Buttel 1996; Sharma 2004) because herbal preparations have little or no side effects. Nowadays plant
derived chemicals are aso used in nutraceuticals and cosmaceuticals (Kapoor 2005; Bernal et al. 2011).

1.2. Medicinal plantsin Nepal

Medicinal plants, commonly called as jadibuti in Nepal, are used in different medica systems such
as Ayurvedic, Unani, Homeopathy, Naturopathy, Siddha, Tibetan and in various other folklore healing
system (Lacoul and Pant 2000; Sharma 20007). Medicina plants in general are included in broader
categories of medicinal and aromatic plants (aromatic plants is the one having aroma in any of its parts,
MAPSs) or in non-timber forest products (NTFPs) or non-wood forest products (NWFPs). Medicinal plantsin
Nepa are distributed from 60-6200 m altitude (Press et al. 2000; Paper 1). There are more than 2300
medicina plant species used in Nepa (Paper |) and around 200 medicinal plant species are traded in Nepal
(Tiwari et a. 2004).

1.3. Conservation issues of medicinal plants

To meet the demand in the regiona and international markets, the plant sources are harvested in
increasing volumes mostly from wild populations (Kuipers 1997; Lange 1998) and harvesting techniques
with primitive tools are generally rudimentary, destructive and unsustainable in nature. So, an urgent need,
therefore, is to rationadize and improve harvesting systems and practices to conserve the plants
(Chandrasekharan 1993).

Medicinal plants are not only threatened due to their use in medicine but also due to their uses for
other purposes (Hamilton 2004) and also due to habitat degradation/loss, forest fires, shifting cultivation,
livestock pasturing and human population expansion (Ahmad 1998; Chaudhary 1998). The World
Conservation Union (IUCN) has estimated ~15 000 medicina plants species as threatened with extinction
worldwide (see [UCN Species Survival Commission 2007).



51 species of Nepal's medicina plants are threatened (CAMP 2001). In addition to this, severa
species of lichens, fungi are also over-exploited due their trade for medicine, food and ornamental purposes.
But it isnot clear if some medicina plant species have already been drawn to extinction due to harvesting in
Nepal as no comprehensive flora has been published except few checklists (e.g., Press et a. 2000) and detail
studies on population dynamics are lacking (Ghimire et al. 2008). Threatsto medicinal plants are largely due
to improper implementation of laws in Nepal because the policies and regulatory environments are often
ambiguous and ineffective (Chaudhary 2000; Larsen et al. 2000; Larsen et al. 2005; Olsen 2005; Kunwar et
al. 2009).

Due to the lack of inaccessibility to many parts of the country, many medicinal plantsin Nepa still
await documentation, identification and long-term studies related to life-cycle characteristics, type of

resources, density and abundance and size class distribution of populations (Chaudhary 2000).
2. Aims of the study

The main aim of the thesis is to describe distribution, uses, conservation status and population
biology of medicinal plantsin Nepal. Additionally, it is also aimed to assess the threat of biodiversity due to

invasive speciesin Nepa.
3. Material and methods

The thesis is based on the field-survey data and also on secondary data from published materials.
The research related to diversity and distribution of medicinal plants (Paper 1) isbased on published sources
and on field sampling in different parts of Nepal. The paper related to uses of plants in traditional herbal
medicine in the Humla district of western Nepal (Paper 11) is based on data collected in field through semi-
structured interviews and key informant discussion. Research paper on importance of highly used
Himalayan endemic plant, Rheum australe, (Paper 111) is completely based on published sources. Faper on
seed germination (Paper V), comparison of secondary metabolites (Paper V), paper on the harvesting
strategy of highly used medicinal plants (Rheum acuminatum and Rheum australe) (Paper VI) and study
related to impacts of Parthenium hysterophorus (Asteraceae) invasion in grasslands of central Nepal (Paper
V1) are fully based on experiments carried out in laboratory (Papers IV and V) or on field samplings
(PapersVI and VII).

4. Results and discussion

In spite of deviations between the distribution of medicinal plants and all vascular plants, medicinal
plant species richness showed a unimodal distribution pattern along an elevation gradient in Nepal and is
similar to other findings from Himalayan region (e.g., Grytnes and Vetaas 2002; Bhattarai et al. 2004;
Carpenter 2005; Bhattarai and Vetaas 2006; Grau et al. 2007; Baniya et al. 2009; Acharya et a. 2010). The
observed elevational distribution of species richness is largely driven by climatic factors such as moisture,
temperature, growing season, rainfall and light intensity. The differences of distribution of medicina plants
in different east, centre and west Nepal could be explained by the water-energy dynamics model (O’ Brien
1993, 1998).



In the Humla region, which was only rarely been studied in terms of ethnobotany (Nepal and Sapkota
2005; Kunwar et a. 2006), many plants species could soon face depletion because there are no cultivation
practices. Moreover, the highly used plant parts are roots. Removal of roots is less sustainable than the
removal of leaves or other aboveground parts (Giday et al. 2003). It has aso been found that indigenous
knowledge on use of plant is transmitted without any systematic process and is probable that such
knowledgeis at risk of disappearance in the future as observed in Peru (Bussmann and Sharon 2006).

R. australe iswidely used in traditional medicine in Nepal, China, India and Pakistan. Despite many
pharmacological tests, treatments of skin and stomach diseases remain unexplored in vivo and leaves
containing toxic oxalic acids are sometimes reported as edible vegetables (Shinwari and Gilani 2003). So,
such reports await further confirmation and laboratory tests. Asthe plant is reported to be highly collected in
wild, it needs cultivation for mass productions to meet market demands.

Germination of seeds of two Rheum acuminatum and R. australe is affected by seed mass,
temperature and light. For both species, germination was significantly higher in light than in dark and the
effect of light strongly interacted with the effect of temperature. This may be an adaptation to avoid
germination if seeds are buried deep in the soil or under snow during winter where the conditions are usually
darker and colder than in free air (e.g., Socolowski et a. 2008). The unequa time taken for germination of
50 % seeds indicated that the growing timing of both Rhubarb species is different indicating that they have
variable ability to adapt in different habitats where abiotic conditions would be different.

The same phytochemicals were found in R. acuminatum and R. australe and they could thus be used
as substitute of one another. Anthraguinones and stilbenes that are commonly observed in different Rheum
species (Aburjai 2000; Komatshu et a. 2006; Lin et al. 2006; Krafczyk et a. 2008; Wang et a. 2010) are
also present in R. acuminatum and R. australe. The concentrations of chrysophanol, emodin, aoe-emodin,
physcion and rhein found in our study were dightly lower in cultivated plants than in Rheum species
growing in China but concentrations of chrysophanol and emodin were higher in naturally growing plantsin
Nepa (Shang and Yuan,2003; Li et al.,2004; Komatsu et al. 2006). The content of above mentioned
phytochemicals was much lower than in Cassia tora, Rumex japonicus and Rhamnus purshiana (Koyama et
al. 2003). The presence of higher number of compounds in natural and mature plants than cultivated plants
(which were younger than plants in natural habitats) is comparable to the conclusions of research carried out
in India for R australe (Malik et a. 2010). There is more resveratrol in roots of R. acuminatum and R.
australe than in wine even in cultivated plants which means cultivated Rheum species could be a great
sources of resveratrol without damaging the natural populations.

The results showed that there were highest proportion of vegetative plants followed by seedlings and
flowering individuals for both rhubarb species and habitats in R. acumiantum and R. australe. Seed
production and seed mass was lower in R. acuminatum than in R. australe. The growth, survival and
mortality of R. acuminatum were depended on habitats and years and differed between the two species when
growing in open habitats. At 0.5 % germination rates, asymptotic growth rates (A) varied from 1.02- 1.09 for
R. acuminatum growing in forest habitats, 0.87-1.05 for R. acuminatum growing in open habitats and 1.03-

1.17 for R. australe growing in open habitat. R. acuminatum growing in open habitat was more sensitive to



harvesting than R. acuminatum growing in forest or R. australe in open habitat. Negative impact of root
harvest in Rheum species was similar to previous studies (Nault and Gagnon 1993; Nault et al. 1996; Rock et
al. 2004; Ghimire et a. 2008). Since high volume of rhubarb plants is being traded annually it is necessary
to use selective or rotationa (at least 5 years) harvesting. Formulation of management plans should be done
in accordance to local prospective.

Invasion of Parthenium hysterophorus showed significant impact in aboveground vegetation
composition and belowground soil properties in three different localities of central Nepal. The strong
negative effects of Parthenium hysterophorus on vegetation composition is because it grows fast and spreads
easlly as transported by various vectors, such as animals, wind and water, and establish quite well in open and
disturbed areas (e.g. Navie et a. 1996; Javaid et a. 2007). The high amount of aboveground biomass
together with the higher decomposition has contributed in increase in organic matter nitrogen content
of the soil (Koutika et al. 2007). The higher soil pH in invaded plots could be due to the increased
concentration of potassium observed in invaded plots (Ehrenfeld 2003). This highly noxious P.
hysterophorus is also reported to cause many health problems in humans and livestock, and it poses a large
threat to native flora (e.g., Evans 1997; Adkins and Navie 2006) and thus needs proper management in
Nepal.

5. Conclusions

The mgjor conclusions of the studies are: (i) medicina plants show higher species richness in lower
elevations that could be explained by carbon-nutrients balance-hypothesis. Since, distributional pattern of
medicina plants is based on interpolation method which assumes that medicinal plants occur throughout
their elevationa range regardless of habitats, it is however necessary to verify the conclusions with practical
sampling in the field with measured climatic variables; (ii) Although the Humla district is rich in medicinal
plants, it still remains exploration and the traditional uses of plants need phytochemical or pharmacological
studies and as most of the plants are collected in wild they should be domesticated for conservation; (iii)
Rheum australe is narrowly restricted in its distributions and is highly exploited due to trade, cultivation
practices are necessary to meet the market demands; (iv) Rheum acuminatum and Rheum australe would
grow well if shifted to low altitudes than their actual habitats as there were higher percentages of growth at
warm alternating temperatures with good sunlight; (v) The comparison of concentration of active chemical
compound in roots of R. acuminatum and R. australe have revealed that these two species could be used as
subgtitute of one another due to the presence of almost same secondary metabolites that are used for wide
ranges of diseases. Either cultivated or naturally growing plants are equally important as they contain some
important chemical were, however, equally common in naturally grown and cultivated plants; (vii) Study on
population dynamics showed that R. acuminatum growing in open habitat perform less well than in forest
habitat or R. australe mostly growing in open habitat. The Himalayan rhubarb species are sensitive to
harvesting of roots harvesting has strong negative impacts on population sizes. Natural populations should
be harvested by selective or rotational harvesting. The formulation of management plans in accordance to

local prospective is necessary; (vii) the noxious Parthenium hysterophorus growing in a wide variety of
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habitat is capable of changing ecosystem or local biodiversity due to its negative impacts in above-ground
vegetation as well as in below ground soil nutrients. Thus, it is important to mange P. hysterophorus to

avoid potentia threatsin the future in Nepal.
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