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Editorial

It is our pleasure to bring out the current issue of Journal of Plant Resources,
Volume 17, Number 1, a continuation of research publication by the Department
of Plant Resources. Twenty two peer reviewed articles based on original research
have been incorporated in this issue. The articles have been categorized as
Taxonomy, Ecology, Ethno-botany, Biotechnology, Microbiology, and
Phytochemistry. The descriptions of some new species of plants to Nepal have
also been included. Reviews of two books, published by the Department of
Plant Resources are also included.

This issue intends to cover the research activities of the department as well as
other research organizations. We encourage the young researchers to pursue
quality research and contribute to build scientific knowledge on plant resources.
We like to establish a link between the inference of scientific research and
societies through dissemination of knowledge and information. We believe that
the research findings will be helpful to the scientific community as well as
general public to update the information on recent activities.

We would like to thank all peer reviewers whose critical comments and
suggestions helped to improve the quality of the journal. We acknowledge the
contribution of the contributors for their interest in publishing their valued
work in this journal and looking forward to further cooperation and collaboration
with this department.
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Tradescantia fluminensis Vell. (Commelinaceae),
A New Record For Nepal

Keshab Raj Rajbhandari’’, Ganga Datt Bhatt? Rita Chhetri? and Subhash Khatri?
1G. P. 0. Box 9446, Kathmandu, Nepal.
2 National Herbarium and Plant Laboratories, Department of Plant Resources, Godawari, Lalitpur, Nepal
*E-mail: krrajbhandari@yahoo.com

Abstract

Tradescantia fluminensis Vell. (Commelinaceae) is reported as a new record for Nepal.

Keywords: Actinomorphic, flowers, Lectotype, Ornamental, Wild

Introduction

Tradescantia L. is a genus belonging to the family
Commelinaceae. It is represented by 70 species
distributed mostly in tropical America and is
characterized by annual or perennial herbs with
actinomorphic flowers, 6 fertile stamens, free petals,
spathelike involucral bracts and capsular fruits
(Hong & DeFilipps, 2000). Tradescantia species has
not been reported occurring as wild from Nepal by
Hara et al. (1978), Press et al. (2000), Bista et al.,
(2001), Rajbhandari & Manandhar (2010),
Rajbhandari & Rai (2017) and Shrestha et al. (2018).
One species, Tradescantia zebrina, has been reported
as cultivated plant (Rajbhandari & Manandhar, 2010,
Shrestha et al., 2018). Recently, a specimen of
Tradescantia occurring as wild by the side of road
at Lalitpur District of central Nepal has been
collected and identified as Tradescantia fluminensis.
This species is a new addition to the flora of Nepal.

Tradescantia fluminensis Vell., Fl. Flumin. 3:140,
t. 152 (1829). [Figure 1].

Nepali name: Seto Kaane Phool.

English name: Wandering Jew, Small-leaf
Spiderwort, Wandering Trad, Inch Plant.

Perennial, evergreen herb. Stems branched, prostrate
and forming dense mats or colonies, rooting from
lower nodes. Leaves sessile, alternate, clasping the
stems, shiny, ovate or ovate-lanceolate, ciliate along
margins, 1.5-4 x 1-1.5 cm, margin entire, apex acute,
base rounded, dark green and purplish below; sheath
glabrous, 4-8 mm, ciliate along margins and mouth.
Inflorescence terminal with clusters of flowers

subtended by 2 leaf-like bracts. Flowers pedicelled,
pedicel hairy, 0.5-1.3 cm, slender. Sepals 3,
lanceolate, 5-6 x 2-3 mm, green, hairy on back along
keels, persistent and enclosing the floral parts. Petals
3, white, ovate-lanceolate, 5-6 x 2-3 mm, apex acute.
Stamens 6, fertile, sub-equal; filaments with white
beards from base; anthers yellow. Ovary 3-loculed;
style white.

e

Figure 1: Tradescantia fluminensis Vell
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Tradescantia Lectotype: [illustration] Original
parchment plate of Flora fluminensis in the
Manuscript Section of the Biblioteca Nacional, Rio
de Janeiro [cat. no.: mss1198652 156] and later
published in Vellozo, FI. Flumin. Icones 3: t. 152
(1831).

Distribution: Native to South America (Brazil to
northern Argentina); naturalized in Nepal.

Ecology: Occurs as a weed in open places along
roadside.

Flowering: Apr.-June.

Use: This species is used as an ornamental plant. It
is easily grown indoors in pots or hanging baskets.

Specimen examined: Central Nepal, Lalitpur
District, Sanepa, 1340 m, 2018.4.10, K. R. Rajbhandari
20180001(KATH).

Notes: Tradescantia fluminensis is a cultivated
ornamental species and has been found wild as an
escape and alien naturalized plant in Nepal. This
species is considered an invasive plant or noxious
weed covering the roadside open places.

The plant of Tradescantia fluminensis is sometimes
confused with Commelina diffusa Burm.f., but the
latter has blue flowers with rounded petals.
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Aecidium mori (Barclay) Barclay (Rust Fungus) Parasitic on
Morus alba L.: A New Record for Nepal

M. K. Adhikari*
GPO Box no. 21758, Kathmandu, Nepal
*Email: mahesh@mkadhikari.com.np

Abstract

Recently a rust fungus, Aecidium mori(Barclay) Barclay parasitic on Morus albaL. was collected
from Kalanki, Kathmandu. It is recorded as new to Nepal.The description and distribution of the

species are provided herewith.

Keywords: Aecidium, Morus, Nepal , Rust fungi

Introduction

Various authors have contributed their findings on
the rust fungi collected from different parts of Nepal.
The check reference list to the previous reports can
be found in ‘Ono, Adhikari & Kaneko (1995), An
annotated list of the rust fungi (Uredinales) of Nepal.
Cryptogams of the Himalayas - 3: Nepal and
Pakistan” and Adhikari (1996) “Biodiversite des
Basidiomycetes au Nepal: etude systematique et
biogeographique. Specialite Ecologie-Mycoloique.
Thése du Doctorat”. Thereafter some more
publications were made by Adhikari (1996, 1998,
2016), Adhikari & Durrieu (2016), Adhikari &
Manandhar (2013) and Manandhar (2007, 2009).
None of these record the publication of this rust on
Morus alba from Nepal.

Results & Discussion

The rust fungi parasitic on Morus alba L. was
collected from Kalanki, Kathmandu. Both macro and
microscopic photographs were taken. The specimen
was examined in my lab and the identification was
based on following different literatures on rust fungi.
After identification the fungus was noted as new
record for Nepal. The specimen gathered is housed
in National Herbarium & Plant Laboratories (KATH),
Godawary, Lalitpur. The microscopic description and
distribution the fungus have been provided below.

Enumeration of species

Aecidium mori (Barclay) Barclay, Jour. Asiatic Soc.
Beng. 60 (3): 225 (1891) (Syn. Caeoma mori

Barclay, Jour. Asiatic Soc. Beng, 59 (2), 97 (1890);
Uredo mori (Barclay) Sacc., Syllog. Fung. 9:334
(1891; Peridiopsora mori (Barclay) K.V. Prasad,
B.R.D. Yadav & Sullia, Current Sci. 65 (5), 426
(1993); Kaneko, S. .Trans. Mycol. Soc. Japan 14:
294-301 (1973).

Description: Spermagonia unknown, aecia infecting
young and older leaves, epiphyllus and hypophyllus
(on both sides), mostly attacking veins, pedicels,
young buds and stems, round (0.2mm), oval to
elongated, scattered to coalescing up to lecm even
longer and 1 - 0.6 cm broad, yellowish to orange in
color, covered with peridial cells which are oblong
to polygonum, wall smooth. Aeciospores 9.9 - 16.5
um globose, obovoid, slightly angular, wall 0.5-1
um thick, very pale lemon, contents hyaline, non
echinulate, germ pores obscure and equatorial.
Uredinia and uredospores not found.

Specimen examined — Parasitic on Morus alba L.,
Sukumar marg -1, Machhagate, Kalanki,
Kathmandu, Nepal. 2074.6.14 (2017.9.30), no.
2017.9, M. K. Adhikari .

Remark — Cerotelium fici (Castagne) Arthur (in
Bulletin of the Torrey Botanical Club 44: 509, 1917)
has hypophyllus uredosori with urediniospores of
(19.5-)24-30(-35) x (14-)16-20(-22) um size,

The present specimen has aecia on both surfaces of
the leaves, mostly concentrated to veins, petioles and
stems with smaller aeciospores (9.9 - 16.5 um).
Uredospores not found. Aecidium mori
morphologically is an Aecidium based on the

3
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presence of a peridium. However, the spores are able
to reinfect the mulberry and therefore function as an
uredinial stage (Kaneko, 1973). Several other rusts
are reported on Morus, including Phakopsora
mori Buritica & J.F. Hennen, P. nishidana S. Ito, P,
fici-erectae S. 1to & Otani, Cerotelium fici (E.J.
Butler) Arthur and two species of Uredo (Uredo
morifolia Sawada and Uredo moricola Henn.). All
of these differ from A. mori in that the sori are not
surrounded by a peridium.

Distribution — Asia (Afghanistan, Burma, China,
India, Indonesia, Japan, Korea, Pakistan, Philippines,
Taiwan, Thailand and Nepal).
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Figurel: A- Plant (Morus alba) infected with rust (Aecidium mori), B — D close up view of rust infecting
veins of leaves and Aecidiosori of the rust

Figure 2: D — E Aeciospores of the rust (10 x40)
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Algal Flora of Jagadishpur Tal, Kapilvastu, Nepal

Shiva Kumar Rai® and Shristey Paudel
Phycology Research Lab, Department of Botany, Post Graduate Campus
Tribhuvan University, Biratnagar, Nepal
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Abstract

Algal flora of Jagadishpur reservoir has been studied in the year 2015-16. A total 124 algae
belonging to 58 genera and 9 classes were enumerated. Out of these, 35 algae were reported as
new to Nepal. Genus Cosmarium has maximum number of species as usual. The rare but
interesting algae reported from this reservoir were Bambusina brebissonii, Crucigenia apiculata,
Dinobryon divergens, Encyonema silesiacum, Lemmermanniella cf. uliginosa, Quadrigula chodatii,
Rhabdogloea linearis, Schroederia indica, Stenopterobia intermedia, Teilingia granulata and
Triplastrum abbreviatum. Algal flora of Jagadishpur reservoir is rich and diverse. It needs further
studies to update algal documentation and conservation.

Keywords: Cyanobacteria, Diatoms, Green algae, New to Nepal, Quadrigula chodatii

Introduction

Literature revealed that algal studies in Nepal have
been carried out by various workers from different
places in different time though extensive exploration
is still incomplete. Most of the workers were
confined in and around Kathmandu valley and the
Himalayan regions. Western parts of the country is
least studied. Algae of various lakes and reservoirs
of Nepal have been studied: Phewa and Begnas
Lakes (Hickel, 1973; Nakanishi, 1986), Rara lake
(Watanabe, 1995; Jiittner et al., 2018), Taudaha Lake
(Bhatta et al., 1999), Mai Pokhari Lake (Rai, 2005,
2009), Koshi Tappu (Simkhada et al., 2006, Rai &
Mishra, 2008; Jha & Kargupta, 2012; Rai, 2013a),
Bees Hazar Lake (Rai et al., 2008; Rai, 2013b), Betna
Pond (Rai, 2011), Chimdi Lake (Rai & Rai, 2012),
Gokyo Lake (Rai et al., 2012; Mohan et al., 2018),
Panch Pokhari (Krstize et al., 2013), Rajarani Lake,
Dhankuta (Shrestha & Rai, 2017), Baghjhoda Pond
(Rajopadhyaya et al., 2017); Hasina Wetland (Rai
& Rai, 2018), Raja-Rani Lake, Letang (Godar & Rai,
2018). According to Baral (1999), only 687 taxa of
algae belonging to 150 genera and 50 families are
enumerated in Nepal. The extensive exploration
throughout the nation is still to be carried out. Now,
the total alga reported from Nepal is 995 (Prasad,
2011).

Algal flora of Jagadishpur reservoir has not been
studied before. Thus, it is the preliminary work on
algae for this reservoire.

Materials and Methods

Study area

Jagadishpur reservoir (27°37°N and 83°06'E, alt. 197
m msl) lies in the Kapilvastu Municipality 9,
Kapilvastu District, Lumbini zone, Central Nepal;
about 10 km north from Taulihawa, the district
headquarters. The reservoir was declared as a
Ramsar site in 2003 (MFSC, 2014). It was
constructed in the early 1970s over the Jakhira Lake
for irrigation purposes. It is the largest man-made
irrigation reservoir in Nepal, with a core area of 157
h, has the capacity to store 4.75 cubic million litres
of water and irrigate 350 h agricultural lands. The
water depth varies from a maximum of 5-7 m to a
minimum of 2-3 m (Shah et al., 2010). The water in
the reservoir is fed from the nearby Banganga River,
which has a catchment area in the Chure hills.

The area is characterized by the tropical monsoon
climate with hot and rainy summer and cool and
dry winter (DNPWC & IUCN, 2003). The average
annual temperature ranges from 16°-26°C with a
maximum of 43°C in the summer to a minimum



2019 Journal of Plant Resources Vol.17, No. 1

0f'4.5°C in the winter. Its average annual rainfall monsoon season, from mid-June to mid-
is 1,850 mm, about 80% of which falls during the = September.

Figure 1: Jagadishpur reservoir showing algae sampling sites
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Algae collection and identification

Algal samples were collected from 10 peripheral
sites of the reservoir, three times (August, November,
February) at an interval of three months in the year
2015-16. Algal were collected by using plankton net
(mesh size 20 um) for planktonic forms and
squeezing submerged leaves and roots of aquatic
macrophytes for epiphytic forms. The materials were
preserved in 4% formaldehyde solution in air tight
polylab bottles with proper tagging and labeling then
brought to the laboratory for further examination.

Samples were screened then microphotography was
done for each species under 40X and 100X
objectives using Olympus Ch20i microscope. Taxa
were identified consulting various articles, literatures
and monographs (Prescott, 1951; Desikachary, 1959;
Scott & Prescott, 1961; Philipose, 1967; Croasdale

Journal of Plant Resources
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etal., 1994; Bey & Ector, 2013; Karthik etal., 2013;
McGregor, 2013; Krizmanic et al., 2015). All the
collected materials have been deposited in the
Phycology Research Lab, Department of Botany, P.G.
Campus Biratnagar.

Results and Discussion

A total 124 algae belonging to 58 genera, 36 families,
22 orders and 9 classes have been reported from
Jagadishpur Reservoir, Kapilvastu, Nepal (Table 1).
Among these, 35 species were new to Nepal.

Among the classes, about half of algal species
reported are belonged to Conjugatophyceae and is
followed by Chlorophyceae, Cyanophyceae,
Bacillariophyceae, Trebouxiophyceae and so on (Fig.
2). Glaucophyceae and Chrysophyceae were
represented by single taxa each.

Table 1: List of freshwater algae reported from Jagadishpur Reservoir (classification is based on Guiry & Guiry, 2018)

Algae Family Order Class | Phylum
1. Aphanocapsa elegans Merismopediaceae Synechococcales
2. Merismopedia elegans
3. Lemmermanniella cf. uliginosa Synechococcaceae
4. Rhabdogloea linearis
5. Woronichinia cf tropicalis’ Coelosphaeriaceae
6. Chroococcus minutus Chroococcaceae Chroococcales % &
7.  Gomphosphaeria aponina Gomphosphaeriaceae 2 5
8. Cyanothece sp. Cyanothecaceae Oscillatoriales Jé‘ -§
9. Oscillatoria amoena Oscillatoriaceae = g
10. O. chlorine ) )
11. O. limosa
12. O. princeps
13. Lyngbya majuscula
14. Spirulina subsalsa Spirulinaceae Spirulinales
15. Cylindrospermum muscicola v. longisporum’ Nostocaceae Nostocales
16. Anabaena unispora v. crassa’
17. Gloeotrichia raciborskii v. kashiensis Gloeotrichiaceae
18. G. raciborskii v. longispora
19. Scytonema bohneri Scytonemataceae
20. Pandorina morum Volvocaceae Chlamydomo
21. Eudorina elegans nadales
22. Sphaerocystis schroeteri Sphaerocystidaceae
23. Oedogonium abbreviatum' Ocedogoniaceae Ocdogoniales % I
24. O. decipiens S 2
25. Schroederia indica Schroederiaceae Sphaeropleales F§~ ?
26. Pediastrum tetras V. tetraodon Hydrodictyaceae 5 §
27. Tetraedron tumidulum’ 5 ©
28. Ankistrodesmus falcatus Selenastraceae
29. A. spiralis
30. Quadrigula chodatii’
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Algae

Family

Order

Class

Phylum

31.

Kirchneriella lunaris

32.

K. obese

33.

Coelastrum cambricum

Scenedesmaceae

34.

Scenedesmus abundans

35.

S. acuminatus

36.

S. acutiformis

37.

S. arcuatus v. platydiscus

38.

S. bijugatus v. alternans

39.

S. bijugatus v. gravenitzii

40.

Crucigenia apiculata

Trebouxiophyceae
incertae sedis

Trebouxiophyceae
ordo incertae sedis

41.

Zoochlorella parasitica

Chlorellaceae

42.

Gloeotaenium loitlesbergerianum

Oocystaceae

43.

Oocystis elliptica’

44.

O. eremosphaeria

45.

O. lacustris

46.

O. macrospora

47.

Nephrocytium agardhianum

48.

N. lunatum West

Chlorellales

Trebouxiophyceae

49.

- - x
Glaucocystis nostochinearum

Glaucocystaceae

Glaucocystales

Glauco
phyceae

Glauco
phyta

50.

Closterium dianae

Closteriaceae

51.

C. ehrenbergii

52.

C. kuetzingii

53.

C. rectimarginatum

54.

Pleurotaenium trabecula

Desmidiaceae

55.

Triplastrum abbreviatum

56.

FEuastrum bidentatum

57.

E. elegans

58.

E. spinulosum

59.

Micrasterias pinnatifida

60.

. . .. K
Actinotaenium cucurbitinum

61.

A. diplosporum

62.

A. cf turgidum

63.

A. wollei

64.

N *
Cosmarium bengalense

65.

C. connatum

66.

C. contractum v. pachydermum

67.

C. dorsitruncatum

68.

C. granatum

69.

C. impressulum

70.

C. lundellii

71.

C. lundellii v. circulare

72.

C. maculatiforme

73.

C. cf margaritatum

74.

C. obliquum’

75.

C. obtusatum

76.

C. portianum

77.

C. cf pseudoornatum’

78.

C. pseudoretusum

79.

C. punctulatum v. subpunctulatum

80

. C. quadratum

81

. C. quadrum

82

N E3
. C. reniforme

Desmidiales

Conjugatophyceae (Zygnematophyceae)

Charophyta
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Algae

Family

Order

Class

Phylum

83. C. seelyanum

84. C. sportella’

85. C. subcrenatum

86. C. subprotumidum v. gregoryi
87. C. subquadratum’

88. C. subspeciosum V. validius
89. C. venustum v. basichondrum’
90. C. venustum v. induratum’

91. Staurodesmus convergens v. convergens
92. S. cuspidatus

93. S. cuspidatus v. divergens

94. S. dejectus v. dejectus

95. 8. dickiei

96. S. unicornis v. unicornis

97. Staurastrum avicula v. avicula
98. S. cyrtocerum v. inflexum’

99. S. disputatum v. sinense

100. S. lapponicum’

101. S. manfeldtii

102. S. orbiculare

103. S. setigerum

104. S. cf. tetracerum

105. S. tohopekaligense v. tohopekaligense f. minu
106. Teilingia granulata

107. Desmidium swartzii

108. Bambusina brebissonii

109. Mougeotia sphaerocarpa*

Zygnemataceae

Zygnematales

110. Euglena polymorpha’
111. E. sanguinea

Euglenaceae

Euglenales

Eugleno
phyceae

Eugleno
phyta

112. Glenodinium borgei

113. G. pulvisculus

Glenodiniaceae

Peridiniales

Dino
phyceae

Miozoa

114. Dinobryon divergens

Dinobryaceae

Chromulinales

Chryso
phyceae

Ochro
phyta

115. Eunotia camelus

116. E. flexuosa

Eunotiaceae

Eunotiales

117. Cocconeis placentula

Cocconeidaceae

Cocconeidales

118. Navicula radiosa

Naviculaceae

119. Pinnularia acrosphaeria

Pinnulariaceae

Naviculales

120. Cymbella cf lange-bertalotii’

Cymbellaceae

121. Encyonema silesiacum’

Gomphonemataceae

Cymbellales

122. Epithemia adnata
123. Rhopalodia gibba

Rhopalodiaceae

Rhopalodiales

124. Stenopterobia intermedia”

Surirellaceae

Surirellales

Bacillariophyceae

Bacillariophyta

(* new record for Nepal, + species occurs rarely in the study area)

Among the classes, about half of algal species
reported are belonged to Conjugatophyceae and is
followed by Chlorophyceae, Cyanophyceae,
Bacillariophyceae, Trebouxiophyceae and so on (Fig.
2). Glaucophyceae and Chrysophyceae were
represented by single taxa each.
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Among the identified genera, Cosmarium has
maximum species as usual (Rajopadhyaya et al.,
2017; Rai & Rai, 2018; Godar & Rai, 2018),
representing by 27 taxa (Table 1). Similarly, genera
Staurastrum 1is represented by 9 taxa followed by
Scenedesmus and Staurodesmus (6 each);
Actinotaenium, Closterium, Oscillatoria and
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Figure 2: Class-wise representation of total algal taxa of
Jagadishpur reservoir

Oocystis (4 each); and Euastrum (3). Genera
representing by single species are Anabeana,
Aphanocapsa, Bambusina, Chroococcus,
Cocconeis, Coelastrum, Crucigenia, Cyanothece,
Cylindrospermum, Cymbella, Desmidium,
Dinobryon, Encyonema, Epithemia, Eudorina,
Glaucocystis, Gloeotaenium, Gomphosphaeria,
Lemmermanniella, Lyngbya, Merismopedia,
Micrasterias, Mougetia, Navicula, Pandorina,
Pediastrum, Pinnularia, Pleurotaenium,
Quadriguta, Rhabdogloea, Rhopalodia,
Schroederia, Scytonema, Sphaerocystis, Spirulina,
Stenopterobia, Teilinga, Tetraedron, Triplastrum,
Woronichinia, and Zoochlorella (Table 1).

In the resent study, maximum algae (41 genera) were
reported during second (November) and third
(February) collections than in the first (August) (33
genera). It shows that algae occurs more requently
in the pre and post winter than in the flooding
summer. The seasonal change may influence the
algal growth.

The common genera found in all three collections
were Anabaena, Ankistrodesmus, Aphanocapsa,
Chroococcus, Closterium, Coelastrum, Cosmarium,
Cymbella, Desmidium, Euastrum, Eunotia,
Glaucocystis, Gloeotaenium, Merismopedia,
Navicula, Oscillatoria, Pediastrum, Scenedesmus,
Staurastrum, Tripastrum and Woronichinia. Algal
genera reported only in first collection were

Journal of Plant Resources

Vol.17, No. 1

Bambusina, Crucigenia, Gomphosphaeria, Lyngbya,
Staurodesmus, Stenopterobia and Teilinga; only in
second collection were Actinotaenium,
Cylindrospermum, Encyonema, Nephrocytium,
Quadrigula, Rhabdogloea, Spirulina and
Tetraedron; and only in third collection were
Cocconeis, Cyanothece, Dinobryon, Epithemia,
Glenodinium, Gloeotrichia, Lemmermanniella,
Oedogonium, Pandorina and Spirogyra. Genera
Fudorina, Kirchneriella and Pinnularia were found
both in first and second collections but not in third
collection. Similarly, Mougeotia, Oocystis,
Pleurotaenium, Rhopalodia, Schroederia,
Scytonema, Sphaerocystis and Zoochlorella were
found in both second and third collections but not
in first collection. Fuglena was absent in second
collection but found in first and third collections.

The dominant genera in first collection were
Anabaena and Desmidium; in second collection were
Navicula, Desmidium and Cymbella; and in third
collection were Cymbella, Cosmarium and Navicula.

The genera distributed in all 10 sites were Navicula
in first collection; Cosmarium, Cymbella, Navicula
and Rhopalodia in second collection; and
Chroococcus, Cosmarium, Merismopedia, Navicula,
Rhopalodia, and Scenedesmus in third collection.

In first collection, site 3 was richest site representing
atotal 21 genera and site 1 was poorest with only 8
genera. Similarly, in second collection, site 6 was
richest site representing a total 24 genera and site
10 was poorest with only 8 genera. In third collection,
site 7 was richest site representing a total 23 genera
and site 4 was poorest with 16 genera (Figure 3).

i

o Firsl collerton
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=
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] % [ ] ] ] 10
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Figure 3: Site-wise algal genera reported in different collections
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Distribution was maximus of Conjugatophyceae
during first and second collections, Cyanophyceae
during second and third collections, and
Chlorophyceae during second collection (Figure 4).
Euglenophyceae were absent in second collection,
and Dinophyceae and Chrysophyceae were absent
in first and second collections.

I [ Firstcolietion
3 o Second coflection
B |  Third collection

I} il INTEE

Cyana  Chiora  Corjugato Bacllana 'Irr:u':l.u.‘l Glaco  Eugienc  Dina
Algal classes

Na ;:lf-si'lﬂ I|P;|lrl-.‘-ll-l1l-
=

Chrpo

Figure 4: Class-wise algal genera reported in different
collections

Class Conjugatophyceae were found in maximum
sites during first and second collections,
Cyanophyceae were found in maximum sites during
second and third collections, and Chlorophyceae
were found in maximum sites during second
collection (Figure 4). Euglenophyceae were absent
in second collection, and Dinophyceae and
Chrysophyceae were absent in first and second
collections.

The rare but interesting algae reported from this
reservoir were Bambusina brebissonii, Crucigenia
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apiculata, Dinobryon divergens, Encyonema
silesiacum, Lemmermanniella cf. uliginosa,
Quadrigula chodatii, Rhabdogloea linearis,
Schroederia indica, Stenopterobia intermedia,
Teilingia granulata and Triplastrum abbreviatum.
These species have peculiar morphology and were
reported little from few habitats only throughout my
previous studies.

A total 35 algae have been reported as new to Nepal
from Jagadishpur Reservoir. They were
Lemmermanniella cf uliginosa, Woronichinia cf
tropicalis, Cyanothece sp., Gloeotrichia raciborskii
var. longispora, Cylindrospermum muscicola var.
longispora, Anabaena unispora var. crassa,
Scytonema bohneri, Oedogonium abbreviatum, O.
decipiens, Schroederia indica, Tetraedron
tumidulum, Zoochlorella parasitica, Oocystis
elliptica, Glaucocystis nostochinearum,
Actinotaenium cucurbitinum, Cosmarium
bengalense, C. obliqguum, C. cf pseudoornatum, C.
reniforme, C. sportella, C. subquadratum, C.
venustum var. basichondrum, C. venustum var.
induratum, Staurodesmus cuspidatus var. divergens,
S. unicornis var. unicornis, Staurastrum cyrtocerum
var. inflexum, S. lapponicum, Mougeotia
sphaerocarpa, Euglena polymorpha, Glenodinium
pulvisculus, Eunotia camelus, E. flexuosa, Cymbella
ct lange-bertalotii, Encyonema silesiacum,
Stenopterobia intermedia.
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T

Figures 5: 1. Aphanocapsa elegans 2. Merismopedia elegans 3. Lemmermanniella cf. uliginosa 4. Rhabdogloea linearis
S. Woronichinia cf. tropicalis 6. Chroococcus minutus 7. Gomphosphaeria aponina 8. Cyanothece sp 9. Gloeotrichia
raciborskii var. kashiensis 10. G. raciborskii var. longispora 11. Oscillatoria amoena 12. O. chlorine 13. O. limosa 14.
O. princeps 15. Lyngbya majuscula 16. Spirulina subsalsa 17. Cylindrospermum muscicola var. longispora 18. Anabaena
unispora var. crassa 19. Scytonema bohneri 20. Pandorina morum 21. Eudorina elegans 22. Sphaerocystis schroeteri
23. Oedogonium abbreviatum 24. O. decipiens 25. Schroederia indica
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Figures 6: 26. Pediastrum tetras var. tetraodon 27. Tetraedron tumidulum 28. Ankistrodesmus falcatus 29. A. spiralis
30. Quadrigula chodatii 31. Kirchneriella lunaris 32. K. obesa 33. Coelastrum cambricum 34. Scenedesmus abundans
35. S. acuminatus 36. S. acutiformis 37. S. arcuatus var. platydiscus 38. S. bijugatus var. alternans 39. S. bijugatus var.
gravenitzii 40. Crucigenia apiculata 41. Zoochlorella parasitica 42. Gloeotaenium loitlesbergereanum 43. Oocystis
elliptica 44. O. eremosphaeria 45. O. lacustris 46. O. macrospora 47. Nephrocytium agardhianum 48. N. lunatum 49.

Glaucocystis nostochinearum 50. Closterium dianae
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Figures 7: 51. Closterium ehrenbergii 52. C. kuetzingii var. kuetzingii 53. C. rectimarginatum 54. Pleurotaenium trabecula
55. Triplastrum abbreviatum 56. Euastrum bidentatum 57. E. elegans 58. E. spinulosum 59. Micrasterias pinnatifida 60.
Actinotaenium cucurbitinum 61. A. diplosporum 62. A. cf turgidum 63. A. wollei 64. Cosmarium bengalense 65. C.
connatum 66. C. contractum var. pachydermum 67. C. dorsitruncatum 68. C. granatum 69. C. impressulum 70. C.
lundellii 71. C. lundellii var. circulare 72. C. maculatiforme 73. C. cf margaritatum 74. C. obliquum 75. C. obtusatum
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Figures 8 : 76. Cosmarium portianum 77. C. cf pseudoornatum 78. C. pseudoretusum 79. C. punctulatum var.
subpunctulatum 80. C. quadratum 81. C. quadrum var. quadrum 82. C. reniforme var. reniforme 83. C. seelyanum 84.
C. sportella 85. C. subcrenatum 86. C. subprotumidum var. gregoryi 87. C. subquadratum var. subquadratum 88. C.
subspeciosum var. validius 89. C. venustum var. basichondrum 90. C. venustum var. induratum 91. Staurodesmus
convergens var. convergens 92. S. cuspidatus var. divergens 93. S. cuspidatus 94. S. dejectus var. dejectus 95. S. dickiei
var. dickiei 96. S. unicornis var. unicornis 97. Staurastrum avicula var. avicula 98. S. cyrtocerum var. inflexum 99. S.
disputatum var. sinense 100. S. lapponicum
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Figures 9 : 101. Staurastrum lapponicum 102. S. manfeldtii 103. S. orbiculare 104. S. setigerum 105. S. cf. tetracerum
106. S. tohopekaligense var. tohopekaligense f. minus 107. Teilingia granulata 108. Desmidium swartzii 109. Bambusina
brebissonii 110. Mougeotia sphaerocarpa 111. Euglena polymorpha 112. E. sanguinea 113. Glenodinium borgei 114.
G pulvisculus 115. Dinobryon divergens 116. Eunotia camelus 117. E. flexuosa 118. Cocconeis placentula 119. Navicula
radiosa 120. Pinnularia acrosphaeria 121. Cymbella lange-bertalotii 122. Encyonema silesiacum 123. Epithemia
adnata 124. Rhopalodia gibba 125. Stenopterobia intermedia
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Conclusion

A total 124 algae have been reported from
Jagadishpur reservoir out of which 35 algae were
new record for Nepal. The reservoir was dominated
by the genus Cosmarium with 27 species. Algae were
rich during the month of November and February.
The common algae present throughout the study
period were Anabaena, Ankistrodesmus,
Aphanocapsa, Chroococcus, Closterium, Coelastrum,
Cosmarium, Cymbella, Desmidium, Euastrum,
Eunotia, Glaucocystis, Gloeotaenium, Merismopedia,
Navicula, Oscillatoria, Pediastrum, Scenedesmus,
Staurastrum, Tripastrum and Woronichinia. The
dominant algae of this reservoir were Anabaena and
Desmidium (August); Navicula, Desmidium and
Cymbella (November); and Cymbella, Cosmarium
and Navicula (February). The rare but interesting
algae of this reservoir were Bambusina brebissonii,
Crucigenia apiculata, Dinobryon divergens,
Encyonema silesiacum, Lemmermanniella cf.
uliginosa, Quadrigula chodatii, Rhabdogloea
linearis, Schroederia indica, Stenopterobia
intermedia, Teilingia granulata and Triplastrum
abbreviatum. Algal flora of Jagadishpur reservoir is
rich and diverse. It needs further extensive
exploration to document and conserve the algal flora.
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Abstract

The study was conducted to document the bryophytes of Suspa-Kshamawoti, Dolakha. Forty-
three bryophyte species representing 31 genera and 27 families were recorded through repeated
field surveys. Most of the species belong to the class Musci (26 species), followed by Hepaticae

(15 species) and Anthocerotae (2 species).

Keywords: Anthocerotae, Hepaticae, Hornworts, Liverworts, Moses, Musci

Introduction

Bryophytes are the simplest and most primitive non-
vascular land plants with a haplo-diplobiphasic life
cycle and dominant gametophytic phase (Patifio &
Vanderpoorten, 2018).The variation in life form and
their ability to grown in diverse habitats such as
damp soil, water, rock, fallen rotten woods, tree
trunks favors the distribution of this group from the
tropics to the polar region of the world (Andrew et
al., 2003). On the basis of habitats they were grouped
into different categories: corticolous, saxicolous,
folicolous, lignicolous, terricolous and rupicolous
(Daniels & Kariyappa, 2007). They prefer high
humidity and precipitation and are also the pioneer
group in plant succession (Murru et al., 2018). In
the evolutionary history, bryophytes links vascular
plants to their algal ancestor and mark themselves
transition to the land (Kenrick & Crane, 1997). They
are categorized into three classes: Hepaticae
(Liverworts), Anthocerotae (Hornworts) and Musci
(Mosses), based on their vegetative and reproductive
structures (Smith, 1996).

Bryophytes contribute substantially to the global
plant diversity and include about 20,000 species
worldwide (Patifio & Vanderpoorten, 2018). Nepal
represents 1215 species hitherto (Pradhan, 2018).
The number of species may increase because many
areas of Nepal are yet to be explored. Bryophytes
are important group of land plants even with their
small size. Liverworts and hornworts cover the soil
and form the mats that check soil erosion by
preventing the direct impact of rain water. Mosses
in tropical and sub-tropical forest through
accumulation of moisture, provides suitable

substratum for the colonization of epiphytes,
contributing to species richness. They also provide
habitat, water and nesting materials for invertebrates
and birds (Alvarenga et al., 2010). Although with
great diversity and ecological value, bryophytes have
been receiving much less attention than vascular
plants in documentation and conservation in Nepal.
As bryophytes are very sensitive to disturbances,
activities like deforestation and habitat destruction
are pushing many species towards extinction without
documentation.

Studies on bryophytes from different parts of Nepal
have been carried out by various researchers. The
first man to collect bryophytes of Nepal was Fransis
Buchaanan Hamilton (1802-1803), a British botanist
who collected bryophytes from Kathmandu valley
and its vicinity. Some remarkable studies on
bryophytes of Nepal was done by Wallich, 1832;
Mitten, 1861; Long, 1993, 2005; Pradhan, 2000a,
b; Kattel, 2002; Pradhan & Joshi, 2007a, b; Pradhan,
2013; and Pradhan, 2018. Bryophyte flora of Suspa-
Kshamawoti has not been explored till date. Thus,
current study is aimed to record the bryophytes of
the Suspa-Kshamawoti, Dolakha. The result of this
study partly may support to the documentation of
bryoflora of Nepal.

Materials and Methods

Study area

The study area Suspa-Kshamawoti, is located at its
geographical position of 27°41°58.82”> N and
86°02°58.48” E. It lies at the north-eastern part of
Dolakha district, Central Nepal (Figure 1) and
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characterized by sub-tropical to lower temperate
climate. The nearest meteorological station at
Charikot shows temperature varies from 10°C to
17°C in summer and (-3°C) to 7°C in winter. The
area receives heavy precipitation during monsoon,
making for rich bryoflora. The vegetation is sub-
tropical Schima-Castanopsis forest, Alnus forest and
lower temperate mixed Oak-Laurel forest. A/nus
forest is discontinuous and patchy, usually restricted
to unstable areas.

The field study was carried out in August-October
of 2016-2018 by the first author. Three sites were
targeted mainly at areas thought to be bryophyte-
rich for the documentation. They were Damarang,
Fedi and Pahare. The sites were selected by
discussions with local people (we made some criteria
for e.g. areas with streams, moist and shady places
and mature forest type). These three sites differ in
altitude, forest types and microclimatic conditions.
Damarang lies at altitude between 1520-1600 m,
consists of north facing slope and dominated by tree
species like Alnus nepalensis and Engelhardia
spicata. Fedi lies at altitude between 1632-1800 m
and mostly dominated by A/nus nepalensis and
Schima wallichii forest and with cool and humid
climate. Pahare situated between 1892-2500 m
altitudes, is mainly dominated by Quercus and
Daphniphyllum forest.
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Figure 1: Location of study area in Nepal

Plant collection and identification

A simple knife was used to peel out specimens from
the substratum or ground. The bryophytes seen in
different habitats were photographed and collected.
Bryophytes with sporophyte were taken for the
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herbarium preparation. The specimens were cleaned
using brushes and placed in paper packets which
were air-dried. Some common bryophytes were
identified in the field using magnifying (5X-20X)
hand lens. Field notes of samples were collected,
including habit and habitat, collection date, locality,
altitude, and taxonomic character. The unidentified
specimens were taken to the Natural History
Museum, Kathmandu for the identification. All the
specimens were identified consulting literatures like
Pradhan and Joshi (2007b); Pradhan and Joshi
(2009); Pradhan (2013); Gangulee (1969-1980);
Kashyap (1972) and experts’ help. Stereo and light
microscopes aid in identification of specimens. The
nomenclatures of plants and author citation followed
TROPICOS. All the identified specimens were
mounted and labeled with field notes and deposited
at Tribhuvan University Central Herbarium (TUCH).

Results and Discussion

This study enumerated 43 bryophyte species from
Suspa-Kshamawoti, Dolakha representing 31 genera
and 27 families (Appendix I). Class Musci shows
high number of species (26 species) followed by
Hepaticae (15 species) and Anthocerotae (2 species)
(Figure 2). Bryaceae was largest family representing
six species, followed by Aytoniaceae with five
species. Families like Sphagnaceae, Pottiaceae,
Ricciaceae were represented by single species each
(Figure 3). Few species of liverworts and hornworts
such as, Marchantia polymorpha, M. emarginata,
Asterella multiflora, Cyathodium tuberosum,
Dumortiera hirsuta, Anthoceros erectus; mosses-
Bryum argenteum, Macromitrium nepalense,
Pogonatum aloides, were frequently encountered in
the field. The species like Riccia fluitans, Lunularia
cruciata and Anomobryum auratum were
occasionally encountered. The photographs of some
recorded liverworts are shown in Photo 1, and
mosses in Photo 2.

Among the genera, Asterella, Bryum and Mnium
were the largest representing 3 species each,
followed by Fissidens, Plagiochasma and
Marchantia with 2 species each (Appendix I).
Genera with single species were represented by
Anthoceros, Phaeoceros, Heteroscyphus,
Conocephalum, Lunularia, Riccia, Cythodium,
Targionia etc. (Appendix I). According to the
number of species, family Aytoniaceae was the
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largest among liverworts and Bryaceae was the
largest among mosses.

The number of species varied significantly with
different sites studied. Large numbers of species
were recorded from Fedi site (1632-1800) and least
from Pahare site (1520-1600) (Appendix I). The
most abundant species of Fedi site were Atrichium
obtusulum, Fissidens crispulus, Cyathodium
tuberosum, Macromitrium nepalense, Mnium
rostratum, Marchantia emarginata and rare species
were Riccardia cardotii, Riccia fluitans and
Phaeoceros laevis. Similarly, abundant species of
Damarang site were Anthoceros erectus, Bryum
argenteum, Dumortia hirsuta, Marchantia
emarginata, Pogonatum microstomum and Funaria
hygrometrica, and rare species were Lunularia
cruciata, and Anomobryum auratum. The common
species in both sites (Damarang and Fedi) were
Anthoceros erectus, Funaria hygrometrica,
Marchantia emarginata and Heteroscyphus argutus.
The abundant species of Pahare site were
Marchantia polymorpha, Pogonatum aloides,
Bryum uliginosum and Philonotis thwaitesii.
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The Fedi site (1632-1800 m), lies on the streamside
and provide a more humid, congenial environment
for many species of bryophytes. There was more
exposure of rocks near the streams, provided that
more habitat niches, that supported the growth of
many saxicolous and terricolous species e.g.
Anthoceros erectus, Fissidens spp., Mnium spp.,
Heteroscyphus  argutus,  Plagiothecium
neckeroideum, Targionia hypophylla etc. Damarang
site (1520-1600 m) also mostly represented by both
saxicolous and terricolous species e.g. Anthoceros
erectus, Heteroscyphus argutus. However, Pahare
site (above 1900 m) was mostly represented by
epiphytic species and few saxicolous species, which
was correlated with drier area, more disturbances
like trampling and grazing. The drier forests are not
very diverse and show very poor representation of
bryophytes on the ground (Hodgetts et al., 2016).
This region showed some epiphytic species like
Brothera sp., Rhodobryum giganteum and Bryum
uliginosum. On the moist habitat near streams, few
saxicolous species like Asterella wallichiana and
Marchantia polymorpha were recorded. This result
indicates that distribution of bryophytes is correlated
with forest types and microclimatic conditions like
amount of humidity, temperature and moisture
(Evansetal.,2012; Sunetal., 2013). Also it showed
middle altitudes (1520-1800 m) were mostly
preferred by bryophytes, supporting the result
analyzed by Pradhan, (2013) in Panch Pokhari of
Sindhupalchok district. Overall, the bryophyte flora
of Suspa-Kshamawoti is still incompletely known.
There are some areas yet to be explored, mainly at
higher elevations.
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Photo 1: Liverworts A. Dumortiera hirsute B. Targionia hypophylla C.Conocephalum conicum D.
Plagiochasma pterospermum E. Asterella wallichiana F. Riccia fluitans
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Photo 2: A. Anomobryum auratum B. Atrichium obtusulum C. Philonotis thwaitesii D. Trematodon
longicollis E. Macromitrium nepalense F. Entodon rubicundus G. Bryum argenteum H. Sphagnum
cuspidatum 1. Fissidens crispulus
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Appendix 1. Species list

All the species of bryophytes recorded from Suspa-
Kshamawoti during survey is enumerated below
with names of class alphabetically and, again, family
and species under each class alphabetically. Each
species is provided with their locality of collection,
altitude, collection number and date, habit and
habitat and local status.

CLASS: I ANTHOCEROTAE

Anthocerotaceae:

1. Anthoceros erectus Steph.

C. Nepal, Dolakha, Fedi, 1765 m, 10/3/2016,
S. Karki D1 (TUCH)
Terricolous (on soil); locally Abundant

Notothyladaceae

2. Phaeoceros laevis (L.) Prosk.

C. Nepal, Dolakha, Fedi, 1672 m, 10/3/2016,
S. Karki D2 (TUCH)

Terricolous and Saxicolous (on rocks); locally
Rare

CLASS: I1 HEPATICAE

Aneuraceae:

3.  Riccardia cardotii (Steph.) S.C. Srivast. & Udar
C. Nepal, Dolakha, Fedi, 1723m, 10/6/2016, S.
Karki D17 (TUCH)

Saxicolous, locally Rare

Aytoniaceae:

4. Asterella khasyana (Griff.) Grolle
C. Nepal, Dolakha, Damarang, 1520 m, 10/3/
2016, S. Karki D4 (TUCH)

Terricolous and Saxicolous; locally Rare

5. Asterella multiflora (Steph.) Pandé, K.P.
Srivast. & Sultan Khan
C. Nepal, Dolakha, Fedi, 1630 m, 8/17/2017,
S. Karki D5 (TUCH)

Terricolous and Saxicolous; locally Abundant

6. Asterella wallichiana (Lehm. & Lindenb.)
Grolle
C. Nepal, Dolakha, Pahare, 1910 m, 10/3/2016,
S. Karki D6 (TUCH)

Terricolous; locally Abundant

7. Plagiochasma pterospermum C. Massal.

C. Nepal, Dolakha, Damarang, 1522 m, 10/10/
2016, S. Karki D7 (TUCH)
Terricolous and Saxicolous; locally Abundant

Journal of Plant Resources

Vol.17, No. 1

8. Plagiochasma appendiculatum Lehm. &
Lindb
C. Nepal, Dolakha, Damarang, 1562 m, 10/4/
2017, S. Karki D8 (TUCH)

Terricolous and Saxicolous; locally Abundant

Conocephalaceae:

9. Conocephalum conicum (L.) Dumort.

C. Nepal, Dolakha, Fedi, 1723 m, 10/4/2017,
S. Karki D9 (TUCH)
Terricolous and Saxicolous; locally Abundant

Cythodiaceae:

10. Cyathodium tuberosum Kashyap
C. Nepal, Dolakha, Fedi, 1755 m, 10/6/2016,
S. Karki D14 (TUCH)

Terricolous and Saxicolous; locally Abundant

Dumortieraceae:

11. Dumortiera hirsuta (Sw.) Nees
C. Nepal, Dolakha, Fedi, 1620 m, 10/6/2018,
S. Karki D16 (TUCH)

Terricolous and Saxicolous; locally Abundant

Lophocoleaceae:

12. Heteroscyphus argutus (Reinw., Blume &
Nees) Schiffn.

C. Nepal, Dolakha, Damarang, 1500 m, 10/10/
2016, S. Karki D3 (TUCH)
Terricolous and Saxicolous; locally Abundant

Lunulariaceae:

13. Lunularia cruciata (L.) Dumort. ex Lindb.
C. Nepal, Dolakha, Damarang, 1560 m, 10/10/
2016, S. Karki D10 (TUCH)

Saxicolous; locally Rare

Marchantiaceae:

14. Marchantia emarginata Reinw., Blume &
Nees
C. Nepal, Dolakha, Fedi, 1643 m, 8/31/2017,
S. Karki D11 (TUCH)

Saxicolous; locally Abundant

15. Marchantia polymorpha L.

C. Nepal, Dolakha, Fedi, 1833 m, 8/30/2017,
S. Karki D12 (TUCH)
Saxicolous; locally Abundant

Ricciaceae:

16. Riccia fluitans L.

C. Nepal, Dolakha, Fedi, 1730 m, 10/4/2016,
S. Karki D13 (TUCH)
Aquatic; locally Rare
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Targionaceae:
17. Targionia hypophylla L.
C. Nepal, Dolakha, Pahare, 2262 m, 10/3/2018,
S. Karki D15 (TUCH)
Saxicolous, locally Abundant
CLASS: III MUSCI
Bartramiaceae:
18. Philonotis thwaitesii Mitt.
C. Nepal, Dolakha, Pahare, 1820 m, 10/10/
2016, S. Karki D20 (TUCH)
Epiphyte and Saxicolous; locally Abundant
Bruchiaceae:
19. Trematodon longicollis Michx.
C. Nepal, Dolakha, Fedi, 1726 m, 10/4/2016,
S. Karki D19 (TUCH)
Terricolous and Saxicolous; locally Abundant
Bryaceae:
20. Anomobryum auratum (Mitt.)A.Jaeger
C. Nepal, Dolakha, Damarang, 1532 m, 10/10/
2016, S. Karki D21 (TUCH)
Terricolous and Saxicolous; locally Rare
21. Bryum argenteum Hedw.
C. Nepal, Dolakha, Damarang, 1522 m, 10/12/
2017, S. Karki D22 (TUCH)
Epiphyte and Saxicolous, locally Abundant
22. Bryum uliginosum (Brid.) Bruch & Schimp.
C. Nepal, Dolakha, Pahare, 2123 m, 10/12/
2017, S. Karki D23 (TUCH)
Epiphyte; locally Abundant
23. Bryum coronatum Schwagr.
C. Nepal, Dolakha, Fedi, 1600 m, 8/10/2016,
S. Karki D24 (TUCH)
Epiphyte and Saxicolous; locally Abundant
24. Pohlia sp.
C. Nepal, Dolakha, Fedi, 1736 m, 10/10/2016,
S. Karki D25 (TUCH)
Epiphyte; locally Abundant
25. Rhodobryum giganteum (Schwigr.) Paris
C. Nepal, Dolakha, Pahare, 2400 m, S. Karki
D26 (TUCH)
Epiphyte; locally Abundant
Dicranaceae:
26. Brothera sp.
C. Nepal, Dolakha, Pahare, 2500 m, 10/12/
2017, S. Karki D18 (TUCH)
Epiphyte; locally Abundant
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Entodontaceae:
27. Entodon rubicundus (Mitt.) A. Jaeger
C. Nepal, Dolakha, Fedi, 1650 m, 10/3/2016,
S. Karki D34 (TUCH)
Epiphyte and Saxicolous; locally Abundant
Fissidentaceae:
28. Fissidens sp.
C. Nepal, Dolakha, Fedi, 1670 m, 10/3/2016,
S. Karki D30 (TUCH)
Saxicolous; locally Abundant
29. Fissidens crispulus Brid.
C. Nepal, Dolakha, Fedi, 1640 m, 10/3/2016,
S. Karki D31 (TUCH)
Saxicolous; locally Abundant
Funariaceae:
30. Entosthodon wallichii Mitt.
C. Nepal, Dolakha, Fedi, 1650 m, 10/6/2016,
S. Karki D32 (TUCH)
Terricolous; locally Abundant
31. Funaria hygrometrica Hedw.
C. Nepal, Dolakha, Fedi, 1800 m, 10/17/2018,
S. Karki D33 (TUCH)
Terricolous; locally Abundant
Mniaceae:
32. Mnium integrifolium Brid.
C. Nepal, Dolakha, Fedi, 1700 m, 10/15/2016,
S. Karki D27 (TUCH)
Epiphyllous (on leaves) and Saxicolous; locally
Abundant
33. Mnium rostratum Schrad.
C. Nepal, Dolakha, Fedi, 1640 m, 10/3/2016,
S. Karki D28 (TUCH)
Epiphyllous and Saxicolous; locally Abundant
34. Mnium succulentum Mitt.
C. Nepal, Dolakha, Fedi, 1630 m, 10/3/2016,
S. Karki D29 (TUCH)
Epiphyllous and Saxicolous; locally Abundant
Orthotrichaceae:
35. Macromitrium nepalense (Hook. & Grev.)
Schwagr.
C. Nepal, Dolakha, Fedi, 1740 m, 10/5/2016,
S. Karki D38 (TUCH)
Epiphyte; locally Abundant
Plagiotheciaceae:
36. Plagiothecium neckeroideum Schimp.
C. Nepal, Dolakha, Pahare, 1920 m, 10/10/
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2017, S. Karki D35 (TUCH)
Epiphyte and Saxicolous; locally Abundant
Polytrichaceae:
37. Pogonatum aloides (Hedw.) P.Beauv
C. Nepal, Dolakha, Above Pahare, 2350 m, 10/
15/2017, S. Karki D39 (TUCH)
Epiphyte and Terricolous; locally Abundant
38. Pogonatum microstomum (R. Br. ex
Schwigr.) Brid.
C. Nepal, Dolakha, Damarang, 1540 m, 10/17/
2017, S. Karki D40 (TUCH)
Terricolous; locally Abundent
39. Atrichum obtusulum (Mull. Hall.) A. Jaeger
C. Nepal, Dolakha, Damarang, 1531 m, 10/3/
2016, S. Karki D41 (TUCH)
Terricolous; locally Abundant
Pottiaceae:
40. Hydrogonium arcuatum (Griff.) Wijk &
Margad
C. Nepal, Dolakha, Fedi, 1660 m, 10/3/2016,
S. Karki D42 (TUCH)
Terricolous and Saxicolous; locally Abundant
Sphagnaceae:
41. Sphagnum cuspidatum Ehrh. ex Hoffm.
C. Nepal, Dolakha, Fedi, 1625 m, 10/5/2016,
S. Karki D43 (TUCH)
Terricolous and Saxicolous; locally Abundant
Stereophyllaceae:
42. Entodontopsis wightii (Mitt.) W.R. Buck &
Ireland
C. Nepal, Dolakha, Fedi, 1700 m, 10/4/2016,
S. Karki D36 (TUCH)
Lignicolous, locally Abundant
Thuidaceae:
43. Thuidium cambifolium (Dozy & Molk.) Dozy
& Molk.
C. Nepal, Dolakha, Fedi, 1730 m, 10/3/2016,
S. Karki D37 (TUCH)
Epiphyte and Saxicolous; locally Abundant

Conclusions

Altogether 43 bryophyte species representing 31
genera and 27 families were recorded from Suspa-
Kshamawoti, Dolakha. Mosses have represented
large number of species than liverworts and
hornworts. The commonly found bryophytes species
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of the area were Marchantia polymorpha,
Cyathodium tuberosum and Pogonatum aloides.
Similarly, species like Phaeoceros laevis and
Lunularia cruciata were encountered occasionally.
The lower elevation of the study area was mostly
represented by liverworts and higher elevation was
represented by mosses. The study area has been
facing deforestation by expansion of roads, and other
construction activities that are rapidly increasing
since 2-3 years. These activities led to the loss of
suitable habitats of many bryophyte species.
Therefore, emphasis should be given to the
conservation and documentation of bryophytes.
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Abstract

Pteridophytes is a group of plants comprising of fern and fern allies has drawn attention of many
botanists relating to the systematic of pteridophytic flora. This study aimed for documenting
floristic information of fern and fern allies along altitudinal gradient from Besishahar to Lower
Manang, Central Nepal. A total number of 99 species of pteridophytes belonging to 20 families
and 48 genera are recorded. Among 20 families, Pteridaceae was the largest family having 11
genera while Thelypteris is the largest genera occupying nine species. On the basis of habitat,
majority has shown by terrestrial followed by epiphytic and remaining by lithophytes. From the
above study, Oak- Laurels- Rhododendron shows the highest diversification on the distribution
of pteridophytes with an elevation range from 2000-2600m.

Keywords: Distribution, Diversification, Flora, Floristic information, Pteridophytes

Introduction

Fern and Fern allies are extremely fascinating for
their both phylogenetic and morphological aspects,
for the unique position occur between non-seed
bearing and seed bearing plants. Flora of fern and
fern allies from the Himalayan region considered to
be basic requirements for knowledge in field of
Pteridology (Gurung 1994). Thereby, fully annotated
checklist critical account of 550 species and an
addition 30 subspecies of pteridophytes with 580
taxa have been recently published from Nepal in the
book entitled “Ferns and Fern allies of Nepal” by
Fraser- Jenkins et al. (2015).

History on study of Pteridophytes begin after the
publication of “Species Plantarum” by Linnaeus in
1753, having 140 genera with 182 species of
Pteridophytes. The pioneer plant exploration and
taxonomic study of Nepalese Pteridophytes, along
with other groups of plants, started since the work
of British botanists. The famous botanist Franchis
Buchannan (Later Franchis Hamliton) was the first
collector of Nepalese plants in 1802-1803 who
published a book “An account of kingdom of Nepal”
including 34 species of pteridophytes collected by
him. After that, many works on exploration was done
and has been doing till date by different pteridologist

in the field of documentation along with molecular
study for the sake of evolutionary history of
pteridophytes. As earlier reports also mentioned that
the exploration and care of fern flora really deserves
attention (Shrestha, 1999) therefore, this research is
foremost step to fulfill the gap experienced,
especially on the floristic study keeping in mind to
add new information as far as possible and working
in areas which have not been explored so far which
can be equally helpful for biodiversity management
and conservation of pteridophytic species before it
get vanished from the Nepal’s land. In addition, this
study aims on documentation of the floristic
information of pteridophytes along altitudinal
gradient from Besishahar to Lower Manang, Central
Nepal (Fig. 1)

Materials and Methods

Study area

The study area Lamjung district is situated between
27°55’N and 28°25°N latitude and 85°00°E and
85°50’E longitude and its elevation varies from 596
- 7893 m above sea level. It has an area of 1692 km?
and a population of 167,724. Lamjung lies in the
mid-hills of Nepal with spanning from tropical to
Trans-Himalayan geo-ecological belts. It has mixed

29



2019

Source: GIS, Google earth

Figure 1: Map of the study area showing route from
Besishahar to Pisang

habitation of different caste and ethnicity - host
probably the highest density of Gurung ethnic
population in the country. Manang district is a part
of Annapurna Conservation Area, lies in the
northwest Central Himalayas of Nepal. The U-
shaped inner valley extends east to west and is
situated between 28°37°56" and 28°39°55" N
latitude and 83°59°83" and 84°07°97" E longitude.
The elevation ranges from 3000 to 3500 m has dry
climatic condition, characteristic of the Trans-
Himalayan region. The mean annual precipitation
about 400 mm is due to the rain shadow of Annapurna
massif (ICIMOD 1995). Vegetation of the study area
was quite distinct from tropical (900m) to high
altitude (3560m) ranging from farm-lands to almost
alpine meadows (3650m), including various type of
forest from Schima, Alnus, Laurels, Picea, Larix,
Quercus, Pinus, Rhododendron, Acer, Juniperus.

Field visit, Collection of Pteridophytes

As research is oriented for floristic study of fern and
fern allies along altitudinal gradient thus for the
collection of Pteridophytes, frequent field trips were
arranged in different seasons viz; June, August and
October so as to record all the diversity of fern and
fern allies from Besishahar to Lower Manang.
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Before collection photography of the plant habitat
along with dorsal and ventral view of plant was
taken. Digger was used for the digging a rhizome or
to plug it out. However, if the specimen is very large
then it was cut into a suitable size with the help of
secateurs for the collection without losing the
information. Jewel tag was put on the specimen with
code number. After collection the photograph was
again taken comparing dorsal and ventral side of the
fern and field information was noted down. The
information included latitude, longitude, slope,
aspect, habitat, locality and rhizome types, presence
of spore or any special characters have been observed
and noted. The collected specimen was kept into a
large polythene bag to keep specimen fresh and safe.
Ecological as well as ethno botanical knowledge,
medicinal or other values was collected from the
local people. Other information noted was Collection
number, Locality, Date of collections, Distribution
of the plant, Local name, Color of spores, and Uses.

Before pressing, large size plants were cut into
required size without losing any important
characteristic features. The field note was written
and the specimen was folded as M or Z or N shape
for not letting to lose any part of the specimen.
Collected specimens were pressed in the blotting
paper or newspaper and corrugated sheets were kept
between every specimen for quick drying. The
newspaper was changed daily until the plants were
dried. For preservation both dry and wet method was
adopted i.e. solution of 4% Formalin, 50% Ethyl
alcohol and FAA solution were used for wet
preservation while well dried plant specimens were
mounted on herbarium sheets having standard size
i.e. 45cm length and 30cm wide, with proper
arrangement and labels.

Identification

The specimens collected from the field were
identified using available relevant literatures:
Beddome (1865-70, 1883, 1892); Iwatsuki (1988);
Gurung (1991); Khullar (1994); Khullar (2000);
Borthakur et al., (2001); Bista et al., (2002); Fraser-
Jenkins (2008); Fraser-Jenkins et al., (2015) etc. The
specimen which were not be identified in the lab,
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was identified by comparing the herbarium specimen
deposited in Tribhuvan University Central
Herbarium (TUCH) and National Herbarium and
Plant Laboratories, Godawari (KATH) and was also
consulted with fern expert C. R. Fraser-Jenkins and
Dhan Raj Kandel for some complicated specimens.

Results and Discussion

Total number of families and genera

A total number of 99 species of pteridophytes
belonging to 20 families and 48 genera were
recorded. Among 20 families, Polypodiaceae and
Pteridaceae were largest having nine genera.
Similarly, Dennstaedtiaceae represented four genera
while Dryopteridaceae and Davalliaceae represented
three genera. Blechnaceae, Lycopodiacaea,
Ophioglossaceae and Woodsiaceae represented by
two genera and remaining other families were
monotypic represented by single genus.

Number of Genera
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Figure 2: Total number of families with number of genera

Distribution of species among various habitats

On the basis of habitat, out of 99 species of
pteridophytes, 55.21% species were terrestrial,
23.96% species epiphytic and remaining 20.83%
species were lithophytes.

The higher number of epiphytes may be due to
altitude and composition of forest (Rajbhandary,
2013). As Quercus species may be favorable
substrate for having thick.

Similarly, some of the species were found growing
in more than one habitat. Out of the total species
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only one species Nephrolepis cordifolia was found
on all three habitats viz; terrestrial, epiphytic and
lithophytes. Tectaria coadunata and Adiantum
philippense subsp. philippense were found on both
terrestrial and lithophytes in the present study.
Pichisermollodes quasidivaricata, Pichisermollodes
ebenipes, Polypodiodes amoena, Botrychium
lanuginosum and Drynaria propinqua were found
growing on both habitats i.e. epiphytic and terrestrial.

Some of the epiphytes ferns Pyrossia costata,
Goniophlebium argutum, Drynaria mollis,
Phymatopteris ebenipes, Oleandra wallichii,
Asplenium ensiforme, Katoella pulchra and Pyrrosia
porrosa were found on tree trunks of cool and shady
place while Adiantum capillus-veneris, Microsorum
membranaceum, Lycopodium japonicum, Pteris
vittata subsp. vittata, Pteris biaurita subsp.
walkeriana, Tectaria coadunata, Selaginella
involvens as lithophytes. Most of the epiphytic
species were dominant on Schima- Castanopsis,
Quercus- Laurels- Rhododendron, Acer- Juglans,
Subalpine forest type with Schima wallachii, Ilex
sp., Sorbus sp., Acer spectabilis, Coraria nepalensis,
Quercus semicarpifolia, Pinus wallichiana and
Betula utilis as dominant species. Most of the species
were found on the Quercus sp., Acer sp., Betula
utillis compare to the Pinus wallichiana. Mehra and
Bir (1964) and Gurung (1997) proposed most of the
epiphytes had poor growth on conifers is due to the
inhibitory effect of resinous nature content on the
trees while most were found on the mixed forest
types as it support good environmental condition.

Number of species

1023%

B Terciiria
B Lithophyte

Epiphytes

Figure 3: Distribution of families among various habitats
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Relation of species based on forest type

From the above study, nine types of forest have been
observed on the way to Besishahar to Manang. Among
nine different types Quercus- Laurels-Rhododendron
shows the highest diversification on the distribution
of pteridophytes of 35 species (Figure 4).

Among nine different types Quercus- Laurels-
Rhododendron shows the highest diversification on
the distribution of pteridophytes of 35 species that
is due to the highest canopy cover on the forest area
that make favorable life existing condition for ferns.
As this forest type content good climatic condition
i.e. temperature and precipitation which is major for
development of ferns. Highest diversity of epiphytes
was recorded above 1000m was due to the altitude
and composition. As the altitude increases forest type
also consequently changes that result into the
decrease on diversity of pteridophytes.
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Figure 4: Simple ordinations for species (A) distribution in
different forest types (@)

Distribution of species in different habitat along
altitudinal gradient

Present study reveals highest diversity at an elevation
0f2000-2600m representing terrestrial counts as 19,
lithophytes as seven and epiphytes as 27 with the
total number of 53 species. A hump-shaped pattern
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is formed between species richness and elevational
gradient relation (Bhattarai & Vetaas, 2003). Above
research shows unimodal pattern for the diversity
and abundance of pteridophytes on elevational
gradient with highest diversity at 2000-2600m
(Figure 5).

Many components of climate and local environment
1.e. temperature, precipitation, seasonality and
disturbance regime vary along the elevation
gradients and ultimately create the variation in
species distribution (Lomolino, 2001). As above
study clearly shows distribution and diversity of
epiphytic species was highest at an elevation ranges
from 2000 - 2600m as this area contain highly
favorable climatic condition like temperature and
precipitation. Also, this can be reason that at an
altitude ranging from 2500 - 2600m, Timang has
got maximum diversity epiphytes, terrestrial and
lithophytes respectively; as that place was surrounded
by the hill thus it possess maximum precipitation
compare to other places which result into the high
canopy cover. As high canopy covers prevent light
penetration and also it could make a forest floor
which again makes favorable condition for both
epiphytic and terrestrial ferns. In a context of
epiphytic ferns those forest type collect water on its
thick dark which successfully provides water for new
epiphytic ferns. As both groups epiphytic vs.
terrestrial fern species use wind as their primary
dispersive mechanism thus mode of dispersal may
play a significant role in the broader distribution of
terrestrial and elevated epiphytic species. Epiphytic
fern species in general tend to grow in more extreme
habitats. These attributes make them potentially
more flexible in their abilities to cope with adverse
environmental variation and may also help to explain
their abilities to grow in a larger range of
microenvironments.

On the altitude ranging from 2000 - 2600m it possess
Oak- Laurels- Rhododendron, Shrubland, Acer-
Juglans, Grassland forest type which support for the
fern diversity having thick bark thus help epiphytic
species to absorb water and nutrient from respected
species. Likewise, as the elevation increases
environmental factors become a limiting factors for



2019

pteridophytes thus results into the decrease of species
from 2600 - 3200m.

These result helped to see that there is correlation
between species with altitude, habitat and forest type
answering the research question. Similar type of
distribution of species along altitudinal gradient and
habitat has also been discussed Bista et al. (2002),
Watkins (2006) and by Fraser-Jenkins et al. (2015)
which support the present findings.

Figure 5: Distribution of species in different habitat along
altitudinal gradient

Conclusion

On floristic study on fern and fern allies, total of 99
species of pteridophytes belonging to 20 families
and 48 genera were recorded. Among 20 families,
Polypodiaceae and Pteridaceae was the largest family
having nine genera followed belonging to these two
families are common pteridophytes in Nepal. Most
of the species were terrestrial followed by epiphytic
and lithophytes. Furthermore, among nine different
types Quercus- Laurels-Rhododendron shows the
highest diversification at an elevation of 2000 -
2600m on the distribution of pteridophytes.
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Abstract

Predictive models of species geographic distributions are important for a variety of applications
in ecology and conservation. Ecological niche modeling of the two families Colchicaceae and
Melanthiaceae was carried out using software DIVA-GIS 7.5 version, which was based on the
presence data from herbarium records of BM, E, KATH, TUCH and Tl and bioclimatic variables
from WORLDCLIM.This work predicts the current potential geographic distribution of two families
Colchicaceae and Melanthiaceae in Nepal. The current potential distribution indicated that
members of Colchicaceae show somewhat dispersed distribution in all ecological regions whereas
the members of Melanthiaceae are distributed in the Western and Eastern regions of Nepal.

Keywords: Colchicum, Conservation, DIVA-GIS, Modeling

Introduction

The family name Colchicaceae was first used by de
Candolle and the taxonomic history of Colchicaceae
began in 1805 (Kahraman & Celep, 2010).
Colchicaceae is moderate sized family within
Liliales, comprising around 19 genera and 250
species of rhizomatous or cormous perennials
distributed through the temperate and tropical areas
of Africa, Europe, Asia, Australia and North America
(Nordenstan, 1998). No species occur in South and
Central America (Vinnersten & Manning, 2007).
Most authors however, continued to include it within
a widely circumscribed Liliaceae. Members of
Colchicaceae are known to contain the alkaloid
colchicine, regarded as the biological hallmark of
the family (Hegnauer, 1963; Raffauf, 1970;
Vinnersten & Larsson, 2010; Wildman & Pursey,
1968).

The genera of Melanthiaceae were treated under the
family Liliaceae by De jusseau (1789).
Melanthiaceae comprise 11-16 genera and ca.154—
201species in the world are predominately woodland
and alpine perennial herbs occurring in the temperate
zones occasionally extending to Arctic zones of the
Northern Hemisphere (APG, 2009; Tamura, 1998;

Zomlefer et al., 2001, 2003). They are mainly
perennial herbs that are morphologically
characterized by extrorse anthers and three styles
(Zomlefer, 1997). In Nepal, Paris polyphylla
(Satuwa) is one of the medicinal plants listed as
vulnerable by the IUCN (Madhu et al., 2010).

It is well known fact that plant species are not
homogenously distributed, each species depends on
the existence of a specific set of environmental
conditions for its long term survival (Gaston &
Blackburn, 2000). To predict species potential
distribution, many scientists have used BIOCLIM
model of DIVA-GIS (Guisan & Zimmerman, 2000;
Delanoy & Damme, 2006; Hijmans & Graham,
2006; Parthasarathy et al., 2006; Rajbhandary et al.,
2010; Barman et al., 2011; Babar et al., 2012).
Predictive models of species geographic
distributions are important for a variety of
applications in ecology and conservation (Graham
et al., 2004), so to find the species distribution
focused has been made on the genera of the families
Colchicaceae and Melanthiaceae of Nepal. Thus,
present work is based to predict the current potential
geographic distribution of two families as
Colchicaceae and Melanthiaceae of Nepal.
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Materials and Methods

Total locality records of families Colchicaceae (127)
and Melanthiaceae (188) of altogether 315 points
of 10 species were used for distribution modeling.
All these locality records were obtained from the
herbarium specimens housed at different herbaria
as BM, E, KATH, TI and TUCH. A set of 19
BIOCLIM (Table 1) variables for Nepal were
extracted from  WORLDCLIM  (http/
www.worldclim.org) (Hijmans et al., 2005). All
Bioclim layers consist of continuous data on
precipitation, temperature and seasonality variables.
WORLDCLIM contains Bioclim data at a spatial
resolution of 2.5 arc sec (~5km?) obtained by
interpolation of climatic station records from 1950-
2000.

Data cleaning

The 1nitial record of presence points of Colchicaceae
and Melanthiaceae were 315, after removing the
multiple records the points were geo-referenced
using ArcGIS 10.5 and still duplicate records were
cleaned in 2min grid within each cell in order to
minimize the spatial auto-correlation. The points
were cleaned separately for each family. After
removing the duplicate points, the final points for
Colchicaceae are 46 and 56 points for Melanthiaceae.
Then 19 bioclimatic variables were downloaded
from worldclim dataset (www.worldclim.com). Pair
wise correlations calculation was done and highly
correlated variables were removed to minimize the
impact of multi-collinearity and over-fitting of the
model. The remaining nine (Bio 2, Bio 3, Bio 8§, Bio
10, Bio 14, Bio 15, Bio 17, Bio 18, Bio 19) bioclimatic
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variables were used to model the distribution of
Colchicaceae and Melanthiaceae of Nepal.

Ecological Niche Modelling

Ecological Niche Models (ENMs) are numerical
tools that combine observations of species
occurrence or abundance with environmental
estimates. They are used to gain ecological and
evolutionary insights and to predict distributions
across landscapes, sometimes requiring
extrapolation in space and time. It has been carried
out for many types of organisms, especially with the
application of DIVA-GIS (Guisan & Zimmerman,
2000; Delanoy & Damme, 2006; Hijmans &
Graham, 2006; Parthasarathy et al., 2006;
Rajbhandary et al.,2010; Barman et al., 2011; Babar
etal., 2012).

DIVA-GIS also have an Ecological Niche Modeling
tool which can be used to predict modeling with the
use of Bioclim and Domain algorithms. Software
DIVA-GIS provide an easy way to do the species
distribution. In this study BIOCLIM model of DIVA-
GIS 7.5 (a free Geographic Information System) was
used for ecological niche modeling of 2 families
(comprising 10 species) of Colchicaceae and
Melanthiaceae that predicts suitability areas only in
the neighborhood of occurrence records. BIOCLIM
uses presence only data for distribution modeling.
Based on climatic features of the data point locations
it attempts to identify suitable and unsuitable areas
in which the organism is likely to occur.

In this work, 50% data was used as test point and
50% data was used for modeling. For model

Table 1: List of 9 bioclimatic variables used for the species distribution of families Colchicaceae and Melanthiaceae (http://

www.worldclim.org/bioclim)

Bioclimatic Variables

BIO2 = Mean Diurnal Range (Mean of monthly (max temp -min temp))

Derived from BIO3 = Isothermality (P2/P7) (* 100)

max & min

BIO8 = Mean Temperature of Wettest Quarter

temperature

BIO10 = Mean Temperature of Warmest Quarter

Derived from
precipitation

BIO14 = Precipitation of Driest Month

BIO15 = Precipitation Seasonality (Coefficient of Variation)

BIO17 = Precipitation of Driest Quarter

BIO18 = Precipitation of Warmest Quarter

BIO19 = Precipitation of Coldest Quarter
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validation, AUC curve and AUC values were used.
The AUC value ranges from 0 to 1 where a value of
0.5 indicates that a model is no better than random
and a value towards 1 indicates that the model can
discriminate perfectly between presence and absence
records (Warren, Glor & Turelli, 2010).

The environmental suitability value for each species
was ranked under five classes that range from 0-34
percentile with different color (Table 2). The color
indicated by brown 1.e. percentile value d™0 means
not suitable for species to occur. The dark green color
1.e. percentile value 0-2.5 indicated low suitability
of species to occur. Similarly, light green color with
percentile value of 2.5-5 indicated the medium
suitability of species to occur, while yellow color
with suitability value 5-10 indicated high suitability
of species to occur. Similarly, light yellow color with
percentile value 10-20 indicated very high suitability
of species to occur. Finally, dark red color with
percentile value 20-34 indicated excellent suitability
of species to occur.

Table 2: Species richness class with suitability value

Not suitable <0
I Lo 025
Medium 2.5.5
High 5-10
Very high 10-20
Excellent 20-34

Results and Discussion

Ecological Niche Modeling

AUC curve: The AUC values of Colchicaceae and
Melanthiaceae was found to be 0.66 and 0.76
respectively, which explains accuracy of our model.
The AUC curves are given in figure 1.

Majority of species of families Colchicaceae and
Melanthiaceae, are concentrated in the central and
eastern regions of Nepal (Figure 2). The model best
explained the distribution of the Melanthiaceae
species in the Western and Eastern part of Nepal
with the high percentile value of 20-34. The potential
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Figure 1: AUC curve of Families Colchicaceae and
Melanthiaceae

distribution model of Colchicaceae shows somewhat
dispersed distribution in all ecological regions of
Nepal with high percentile value of 20-34.

The species of two families Colchicaceae and
Melanthiaceae exhibited different distribution
pattern. The suitability value of potential distribution
model varies between these two different families.
The adaptation to seasonal habitats limits the
distribution of species in different regions (West-
East) of Nepal (Rajbhandary et al., 2010). The areas
with high percentile value indicates the high
probability of species to occurred in the respected
site and its surrounding areas and the sites with low
percentile value indicates low probability of species
to occur in that site. It can be only assumed that the
areas with high percentile value are due to high
exploration or field visit in that area. But, it could
not tell that a species is not present only because it
has not been observed. Maybe the species is hard to
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be found, or the habitat of the plant is difficult for
people to get there (Wu Yun, 2006).

The species of Colchicaceae are distributed in the
Central and Eastern region of Nepal. The potential
distribution model shows somewhat dispersed
distribution in all ecological regions of Nepal with
high percentile value of 20-34. The species of
Melanthiaceae are also distributed in the Central and
Eastern regions of Nepal, while the model best
explained the distribution of the Melanthiaceae
species in the Western and Eastern regions of Nepal
with the high percentile value of 20-34. These two
families show the overlapping pattern in the
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distribution. The origin of the monsoon rains is the
Bay of Bengal and hence the intensity of the rains
decreases and its altitudinal onset increases as one
travels from east to west across Nepal (Lillieso et
al., 2005). The west to east increase in the species
of Melanthiaceae and Colchicaceae is correlated
with this increased intensity of the monsoon in the
east supports the finding of Lillieso et al. (2005).

Most parts of the central and middle belts of Nepal
are climatically suitable for species of these two
families, where they are widely distributed due to
moderate rainfall and temperature.

Legend

A Colchicaceae

m Melanthiaceae

R N T O I

Kilometers

Figure 2: Overall distribution pattern of families Colchicaceae and Melanthiaceae

based on herbarium records

Figure 3: Current potential distribution of family Colchicaceae in Nepal
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Figure 4: Current potential distribution of Melanthiaceae in Nepal

Conclusion

Present study described six genera and 10 species
under two families Colchicaceae and Melanthiaceae.
The family Colchicaceae includes Disporum
cantoniense, Disporum calcaratum, Gloriosa
superba and Iphigenia indica. The family
Melanthiaceae includes Paris mairei, Paris
marmorata, Paris polyphylla, Paris thibetica,
Trillium govanianum and Ypsilandra yunnaniensis.

Regarding the distribution, the species are distributed
from East to West but, more species are reported
from East and Central region of Nepal, while least
species are recorded from West Nepal. Vertical
distribution of the species ranges from tropical to
alpine regions of the country. The species of family
Colchicaceae favours in the tropical to temperate
zone (400-2900m) and the species of family
Melanthiacaeae favours from sub-tropical to sub-
alpine zone (1800-4100m). However, members
under two families differ in their suitability value
for potential distribution. Most species are recorded
in temperate and sub-alpine zone and less from
tropical and alpine zone. The current potential
distribution model of family Colchicaceae shows
somewhat dispersed distribution in all ecological
regions of Nepal. While the species of family

Melanthiaceae shows the distribution in Western and
Eastern regions of Nepal. Species distribution
models can provide valuable information about
where species are likely to be found. Species
distribution modeling can be a useful tool for data
exploration to help identify potential knowledge gaps
and provide direction to fieldwork design.
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Abstract

The study documented a total of 490 vascular plant species belonging to 288 genera and 92
families, including 50 species of ferns and fern allies, 10 species of gymnosperms and 430 species
of angiosperms from the Gyasuvmbdo valley of Manang district. Asteraceae with 21 genera and
40 species was found to be the largest family, followed by Ranunculaceae (8 genera, 28 species),
Rosaceae (13 genera, 23 species), Orchidaceae (18 genera, 23 species), Apiaceae (13 genera, 18
species), Pteridaceae (10 genera, 17 species) and Lamiaceae (13 genera, 17 species). Thalictrum
was found to the largest genera with 11 species, which was followed by Pedicularis (9), Carex,
Saxifraga, Primula with eight species each.The rich flora of Gyasumbdo valley reflects that the
valley serves as a meeting place for both western and eastern Himalayan floristic elements.

Keywords: Checklist, Compositae, Enumeration, Flora

Introduction

Biodiversity is the variation of life at different levels
of biological organizations. Thus, it includes
diversity within species and between species and
ecosystems (Chaudhary,1998). Himalayan region is
considered as the hotspot of biodiversity with diverse
vegetation, community and floral diversity (Sharma
etal.,2014). Biodiversity is essential for the survival
as well as economic well-being and for the
ecosystem functioning and its stability. Therefore,
it is necessary to conserve the biodiversity.
Biodiversity conservation and sustainability cannot
be achieved without adequate knowledge of
vegetation of any area. As per the Convention on
Biological Diversity 1992, documentation of the
biodiversity is one of the most prioritized tasks by
the world, which is possible only through extensive
botanical exploration and floristic studies.

Floristic study refers to the documentation of all
plants species in a given geographical region
(Simpson, 2006). These studies help in botanical
enumeration, updating nomenclature changes of the
species, adding herbarium specimens in the existing
herbaria and comparison of close or distantly related
plants. Together, they also help to protect and
preserve threatened plant species, monitor their
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status and provide effective management strategies
for the particular vegetation type (Sahu & Dhal,
2012). The results of such floristic works mostly
come in the form of floras (Palmer et al., 1995) which
may be local, regional, country-wise and so on or
they may be in the form of checklists too.

Nepal comprises a unique and enormous diversity
of flora within a relatively small geographical area
due to variation in topography, altitude (60 m asl in
Southern Terai to over 8000 m asl towards the
Himalayas in the north) and climate. Nepal lies in a
transitional zone between Eastern and Western
Himalayan flora (Takhtajan, 1986). Thus, Nepal has
a gift of over 7000 species of vascular plants among
which, 6653 are flowering plants (Poudel, 2011).

Dobremez (1976) divided Nepal Himalaya into four
regions: Eastern, Central, Western and Trans-
Himalayan biogeographic regions. He included
Mustang and Manang into trans- Himalayan
biogeographic regions. Manang district lies in the
arid zone northward of the massif Himalayas, the
vegetation of the study area is quite similar to that
of Tibetan Plateau (Chaudhary, 1998). The
vegetation is mostly composed of scares and
scattered patches of the thorny cushion plants,
whereas sheltered places have Juniperus and blue
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pine while moist ravines and riverbanks have poplars
and seabuckthorn (Dobremez, 1976).

Adhikari (2007) studied the flora of lower Manang
and adjoining area and reported 245 species under
203 genera and 79 families. Pohle (1990) reported
239 useful plants from Manang district, of which
77 were from Gyasumbdo valley alone. Joshi (2011)
reported 176 species of vascular plants, belonging
to 96 genera and 49 families from upper Manang.
Shrestha et al. (1995) reported 90 species of
medicinal and aromatic plants (MAPs) belonging
to 81 genera and 51 families have been recorded
from the lower valleys of Manang district.

Materials and Methods

Study site

Gyasumdo valley lies on the south eastern part of
the Manang district thus; it receives comparatively
higher precipitation compared to the other valleys
of the district. Monsoon enters from south-east,
resulting a decreasing moisture from east to west in
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Manang valley, thus, the south-facing slopes are
significantly drier and warmer than those facing
north (Baniya et al., 2009). Depending upon the
rainfall extent Manang is categorized into Upper
Manang and Lower Manang. Lower Manang
consists of single large valley; the Gyasumbdo valley.
There is still a relatively rich subtropical vegetation,
predominant with dense oak (Quercus species) and
Rhododendron forests in the lower belt and conifers
(Pinus wallichiana, Picea smithiana, Taxus contorta,
Tsuga dumosa and Abies spectabilis) in the upper
belt (Shrestha et al., 1995). The study area partially
lies within the territory of the Annapurna
Conservation Area.

Methods

Voucher specimens of each species of the vascular
plants on the state of either flowering or fruiting or
both were collected from the study area during three
field visits from September, 2015 to August, 2017,
especially along the trail and herbarium specimens
were prepared. Identification of those voucher
specimens was carried out by following standard
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Figure 1: Map of Nepal showing Manang district & collection trail in Gyasumbdo valley.
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literatures (Grieson and Long 1983-2001; Polunin
and Stainton 1984; Stainton 1988; Zheng-Yi and
Raven 1996-2003; Press et al. 2000; Ohba et al.
2008; Fraser-Jenkins 2015), expert consultation and
visit to the herbaria (TUCH and KATH).
Nomenclature follows the Catalogue of Life
(www.catalogueoflife.org 2019) and Plants of the
World Online (plantsoftheworldonline.org 2019).

Results and Discussion

The present study documented a total of 490 vascular
plant species belonging to 288 genera and 92
families, including 50 species of ferns and fern allies,
10 species of gymnosperms and 430 species of
angiosperms (357 dicots and 73 monocots). The
dominant family was Asteraceae with 40 species
belonging to 21 genera, which is similar to the
findings from previous studies (Joshi, 2011;
Chapagain, 2014). It was followed by Ranunculaceae
(28), Rosaceae (23), Orchidaceae (23), Apiaceae
(18), Pteridaceae, Lamiaceae and Fabaceae (17
each). Thalictrum was found to the largest genera
with 11 species, which was followed by Pedicularis
(9), Carex, Saxifraga, Primula (8 species each),
Potentilla (7), Polystichum, Juncus, Anaphalis,
Clematis (6 species each) and so on. The voucher
specimens collected during the study have been
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deposited at Tribhuvan University Central
Herbarium (TUCH).

Asteraceae (21 genera and 40 species) was found to
be the largest family of dicots whereas Orchidaceae
(18 genera, 23 species) was found to be the largest
genera of monocots. Together, Pteridaceae (10
genera, 17 species) was found to be the largest family
of pteridophytes whereas Pinaceae (4 genera, 5
species) was found to be the largest family of
Gymnosperms.

Typical eastern Himalayan elements such as
Heracleum walichii, Codonopsis thalictrifolia,
Bromus himalaicus, Boenninghausenia albiflora,
Coriaria nepalensis and some characteristic western
Himalayan elements such as Abies pindrow, Picea
smithiana, Androsace robusta were recorded during
this study (Takhatajan, 1984; Welk, 2015). Some of
the characteristic taxa endemic to Nepal, such as
Hedysarum manaslense, Carex himalaica, Berberis
mucrifolia etc were also recorded. This indicates that
Gyasumbdo valley serves as a meeting place of both
western and eastern Himalayan floristic elements as
well as characteristic taxa endemic to eastern and
western Nepal. Some potentially high valued
medicinal plants such as Dactylorhiza hatagirea,
Neopicrorhiza scrophulariiflora, Nardostachys
grandiflora, Rheum australe, Lilium nanum etc.
were also recorded.
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Conclusion

The study came up with a basic idea about the
diversity of vascular plants in Gyasumbdo valley of
Manang district. Asteraceae and Orchidaceae were
found to be the largest families of dicots and
monocots respectively. Similarly, Pinaceae was
found to be the largest family of Gymnosperms and
Pteridaceae was found to be the largest family of
pteridophytes. Thus the valley is rich in terms of
biodiversity. Together, it provides homage to
characteristic taxa endemic to eastern as well as
western Nepal. This divine valley also serves as a
meeting place of both western and eastern
Himalayan floristic elements which is possible due
to its complex, unique topography and varied
ecosystems. There are many virgin places still to be
explored as collection was made only along transects
and there s still high possibility of recording a higher
number of species from this valley.
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Appendix: 1a- Dicotyledons

Vol.17, No. 1

S. N. Scientific Name Family Tag No.
1 Strobilanthes attenuata (Wall. ex Nees) Jacq. ex Nees Acanthaceae MP.762
2 Viburnum cotinifolium D. Don Adoxaceae MP.198
3 Viburnum erubescens Wall. Adoxaceae MP.317
4 Viburnum mullaha Buch.-Ham. ex D. Don Adoxaceae MP.089
5 Achyranthes aspera L. Amaranthaceae MP.650
6 Chenopodium album L. Amaranthaceae MP.175
7 Acronema tenerum (DC.) Edgew. Apiaceae MP.592
8 Bupleurum falcatum L. Apiaceae MP.194
9 Bupleurum hamiltonii Balak. Apiaceae MP.639
10 | Bupleurum longicaule Wall. Apiaceae MP.732
11 Chaerophyllum villosum Wall. ex D. C. Apiaceae MP.127
12 Cortia depressa (D. Don) C. Norman Apiaceae MP.040
13 | Eriocycla nuda Lindl. Apiaceae MP.653
14 | Heracleum candicans Wall. ex DC. Apiaceae MP.452
15 Heracleum nepalense D. Don Apiaceae MP.670
16 | Heracleum wallichii D. C. Apiaceae MP.335
17 | Hymenidium apiolens (C. B. Cl.) M.G. Pimenov & E. V Kljuykov Apiaceae MP.719
18 Hymenidium benthamii (Wall. ex DC.) M.G. Pimenov & E. V. Kljuykov | Apiaceae MP.782
19 | Ligusticopsis wallichiana (DC.) Pimenov & Kljuykov Apiaceae MP.671
20 | Pterocyclus forrestii (Diels) M.G. Pimenov & E. V. Kljuykov Apiaceae MP.368
21 Sanicula elata Buch.-Ham. ex D. Don Apiaceae MP.155
22 Tordyliopsis brunonis Wall. ex DC. Apiaceae MP.668
23 Torilis japonica (Houtt.) DC. Apiaceae MP.640
24 Vicatia coniifolia Wall. ex DC. Apiaceae MP.126
25 Ceropegia meyeri Decne. Apocynaceae MP.472
26 Tylophora tenerrima Wall. ex Wight Apocynaceae MP.458
27 Vincetoxicum callialatum (Buchanan-Hamilton ex Wight) Kuntze Apocynaceae MP.432
28 llex dipyrena Wall. Aquifoliaceae MP.071
29 | Aralia leschenaultii (DC.) J.Wen Araliaceae MP.599
30 | Hedera nepalensis K.Koch Araliaceae MP.104
31 Panax pseudoginseng Wall. Araliaceae MP.559
32 | Aristolochia griffithii Hook. fil. & Thoms. ex Duch. Aristolochiaceaec | MP.224
33 Ageratina adenophora (Spreng.) R. King & H. Rob. Asteraceae
34 | Ainsliaea latifolia (D. Don) Sch. Bip. Asteraceae MP.227
35 Anaphalis busua (Buch.-Ham.) Hand.-Mazz. Asteraceae MP.027
36 | Anaphalis contorta (D. Don) Hook. f. Asteraceae MP.622
37 | Anaphalis margaritacea (L.) Benth. & Hook.f. Asteraceae MP.075
38 | Anaphalis nepalensis (Spreng.) Hand.-Mazz. Asteraceae MP.007
39 | Anaphalis royleana DC. Asteraceae MP.688
40 | Anaphalis triplinervis (Sims) C. B. CL Asteraceae MP.566
41 Artemisia dubia Wall. ex Bess. Asteraceae MP.170
42 | Aster albescens (DC.) Wall. ex Hand.-Mazz. Asteraceae MP.641
43 Aster asteroides (DC.) Kuntze Asteraceae MP.698
44 | Aster diplostephioides (DC.) C. B. CL Asteraceae MP.395
45 | Aster himalaicus C. B. Cl. Asteraceae MP.024
46 Cirsium verutum (D. Don) Spreng. Asteraceae MP.546
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S.N. Scientific Name Family Tag No.
47 Cremanthodium arnicoides (DC. ex Royle) R.D. Good Asteraceae MP.706
48 Cremanthodium purpureifolium Kitam. Asteraceae MP.010
49 Cremanthodium reniforme (Wall. ex DC.) Benth. Asteraceae MP.509
50 | Dubyaea hispida (D. Don) DC. Asteraceae MP.663
51 Erigeron emodi 1. M.Turner Asteraceae MP.173
52 Erigeron multiradiatus (Lindl. ex DC.) Benth. Asteraceae MP.595
53 | Inula hookeri C. B. Cl. Asteraceae MP.371
54 | Leibnitzia nepalensis (Kunze) Kitam. Asteraceae MP.514
55 Leontopodium stracheyi (Hook. f.) C. B. CI. ex Hemsl. Asteraceae MP.303
56 | Ligularia fischeri (Ledeb.) Turcz. Asteraceae MP.603
57 Melanoseris brunoniana (Wall. ex DC.) N .Kilian & Ze H. Wang Asteraceae MP.383
58 Melanoseris lessertiana (DC.) Decaisne Asteraceae MP.384
59 Melanoseris macrorhiza (Royle) N.Kilian Asteraceae MP.210
60 Nannoglottis hookeri (Clarke ex Hook. fil.) S. Kitam. Asteraceae MP.790
61 Oreoseris nivea Wall. ex DC. Asteraceae MP.346
62 | Pseudognaphalium affine (D. Don) A.A. Anderberg Asteraceae MP.589
63 Saussurea eriostemon Wall. ex C. B. CL Asteraceae MP.159
64 | Saussurea uniflora (DC.) Wall. ex Sch. Bip. Asteraceae MP.729
65 Synotis acuminata (Wall. ex DC.) C. Jeffrey & Y.L. Chen Asteraceae MP.070
66 | Synotis cappa (Buch.-Ham. ex D. Don) C. Jeffrey & Y.L. Chen Asteraceae MP.093
67 Synotis chenopodiifolia (DC.) M.Tang, C.Ren & Q.E.Yang Asteraceae MP.563
68 Synotis kunthiana (Wall. ex DC.) C. Jeffrey & Y.L. Chen Asteraceae MP.751
69 Synotis wallichii (DC.) C. Jeffrey & Y.L. Chen Asteraceae MP.550
70 Tagetes minuta L. Asteraceae MP.098
71 Taraxacum eriopodum (D. Don) DC. Asteraceae MP.612
72 Taraxacum officinale F.H. Wigg. Asteraceae MP.781
73 Impatiens glandulifera Royle Balsaminaceae MP.541
74 Impatiens racemosa DC. Balsaminaceae MP.487
75 Begonia dioica Buch.-Ham. ex D.Don Begoniaceae MP.440
76 | Begonia picta Sm. Begoniaceae MP.467
77 Berberis aristata DC. Berberidaceae MP.250
78 | Berberis erythroclada Ahrendt Berberidaceae MP.516
79 | Berberis mucrifolia Ahrendt Berberidaceae MP.219
80 | Berberis napaulensis (DC.) Spreng. Berberidaceae
81 Alnus nepalensis D.Don Betulaceae
82 Betula alnoides Buch.-Ham. ex D.Don Betulaceae MP.535
83 | Betula utilis D.Don Betulaceae MP.312
84 Cynoglossum furcatum Wall. Boraginaceae MP.747
85 Eritrichium canum (Benth.) Kitamura Boraginaceae MP.749
86 | Maharanga emodi (Wall.) A. DC. Boraginaceae MP.414
87 Cardamine flexuosa With. Brassicaceae MP.569
88 Crucihimalaya himalaica (Edgew.) Al-Shehbaz, O'Kane & R.A. Price Brassicaceae MP.553
89 | Erysimum hieraciifolium L. Brassicaceae MP.485
90 | Nasturtium officinale W.T. Aiton Brassicaceae MP.174
91 Thlaspi arvense L. Brassicaceae MP.241
92 Sarcococca saligna (D. Don) Mull. Arg. Buxaceae MP.072
93 Campanula pallida Wall. Campanulaceae MP.636
94 Codonopsis thalictrifolia Wall. Campanulaceae MP.713
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95 Codonopsis viridis Wall. Campanulaceae MP.391
96 Cyananthus hookeri C.B.Clarke Campanulaceae MP.700
97 Cyananthus lobatus Wall. ex Benth. Campanulaceae MP.655
98 Cyananthus microphyllus Edgew. Campanulaceae MP.664
99 | Himalacodon dicentrifolius (C.B.Clarke) D.Y.Hong & Qiang Wang Campanulaceae MP.769
100 | Lobelia pyramidalis Wall. Campanulaceae MP.330
101 | Pankycodon purpureus (Wall.) D.Y . Hong & X.T.Ma Campanulaceae MP.388
102 | Pseudocodon convolvulaceus (Kurz) D.Y .Hong & H.Sun Campanulaceae MP.623
103 | Dipsacus inermis Wall. Caprifoliaceae MP.555
104 | Leycesteria formosa Wall. Caprifoliaceae MP.530
105 | Lonicera hispida Pall. ex Roem. & Schult. Caprifoliaceae MP.389
106 | Lonicera hypoleuca Decne. Caprifoliaceae MP.242
107 | Lonicera obovata Royle Caprifoliaceae MP.775
108 | Lonicera quinquelocularis Hardw. Caprifoliaceae MP.627
109 | Lonicera spinosa (Jacquem. ex Decne.) Walp. Caprifoliaceae MP.692
110 | Morina nepalensis D.Don Caprifoliaceae MP.731
111 | Morina polyphylla Wall. ex DC. Caprifoliaceae MP.026
112 | Nardostachys jatamansi (D. Don) DC. Caprifoliaceae MP.720
113 | Triosteum himalayanum Wall. Caprifoliaceae MP.582
114 | Valeriana jatamansi Jones Caprifoliaceae MP.240
115 | Arenaria densissima Wall. ex Edgew. & Hook.f. Caryophyllaceae | MP.014
116 | Arenaria orbiculata Royle ex Edgew. & Hook. f. Caryophyllaceae | MP.281
117 | Shivparvatia glanduligera (Edgew.) Pusalkar & D.K.Singh Caryophyllaceac | MP.659
118 | Silene conoidea L. Caryophyllaceae | MP.637
119 | Silene gonosperma (Rupr.) Bocquet Caryophyllaceae | MP.596
120 | Silene indica Roxb. Caryophyllaceae | MP.624
121 | Silene vulgaris (Moench) Garcke Caryophyllaceae | MP.400
122 | Stellaria congestiflora H. Hara Caryophyllaceae | MP.754
123 | Stellaria himalayensis Majumdar Caryophyllaceae | MP.275
124 | Euonymus fimbriatus Wall. Celastraceae MP.609
125 | Euonymus hamiltonianus Wall. Celastraceae MP.209
126 | Euonymus tingens Wall. Celastraceae MP.195
127 | Parnassia nubicola Wall. ex Royle Celastraceae MP.707
128 | Cuscuta reflexa Roxb. Convolvulaceae | MP.185
129 | Coriaria nepalensis Wall. Coriariaceae MP.069
130 | Crassula schimperi Fisch. & C.A.Mey. Crassulaceae MP.492
131 | Rhodiola bupleuroides (Wall. ex Hook. fil. & Thoms.) Fu Crassulaceae MP.705
132 | Rhodiola prainii (R.-Hamet) H. Ohba Crassulaceae MP.787
133 | Sedum filipes Hemsl. Crassulaceae MP.433
134 | Sedum himalense D.Don Crassulaceae MP.689
135 | Sedum oreades (Decne.) R.-Hamet Crassulaceae MP.376
136 | Sedum trullipetalum Hook. & Thoms. Crassulaceae MP.314
137 | Herpetospermum pedunculosum (Ser.) C.B. Clarke Cucurbitaceae
138 | Elaeagnus parvifolia Wall. Elaeagnaceae MP.235
139 | Hippophae salicifolia D. Don. Elaeagnaceae MP.197
140 | Hippophae tibetana Schitdl. Elaeagnaceae
141 | Cassiope fastigiata (Wall.) D.Don Ericaceae MP.291
142 | Gaultheria nummularioides D. Don Ericaceae MP.515

49



2019 Journal of Plant Resources Vol.17, No. 1
S.N. Scientific Name Family Tag No.
143 | Gaultheria trichophylla Royle. Ericaceae MP.117
144 | Pieris formosa (Wall.) D. Don Ericaceae MP.200
145 | Rhododendron anthopogon D. Don Ericaceae MP.295
146 | Rhododendron arboreum Sm. Ericaceae MP.208
147 | Rhododendron barbatum Wall. ex G. Don Ericaceae MP.259
148 | Rhododendron campanulatum D. Don Ericaceae MP.036
149 | Rhododendron lepidotum Wall. Ericaceae MP.518
150 | Euphorbia stracheyi Boiss. Euphorbiaceae MP.374
151 | Euphorbia wallichii Hook.f. Euphorbiaceae MP.415
152 | Astragalus himalayanus K. Fabaceae MP.398
153 | Astragalus rhizanthus Benth. Fabaceae MP.053
154 | Astragalus strictus Grah. ex Benth. Fabaceae MP.370
155 | Caragana gerardiana Benth. Fabaceae MP.233
156 | Colutea multiflora Ali. Fabaceae MP.180
157 | Desmodium elegans DC. Fabaceae MP.186
158 | Desmodium williamsii H.Ohashi Fabaceae MP.401
159 | Erythrina arborescens Roxb. Fabaceae MP.177
160 | Hedysarum manaslense (Kitam.)H.Ohashi Fabaceae MP.503
161 | Indigofera cassioides DC. Fabaceae MP.648
162 | Indigofera dosua Buch.-Ham. ex D. Don. Fabaceae MP.143
163 | Parochetus communis D.Don Fabaceae MP.468
164 | Phyllolobium donianum (DC.) M.L.Zhang & Podlech Fabaceae MP.677
165 | Piptanthus nepalensis (Hook.)D.Don Fabaceae MP.536
166 | Pueraria peduncularis (Benth.)Benth. Fabaceae MP.386
167 | Trigonella emodi Benth. Fabaceae MP.486
168 | Vicia sativa subsp. nigra (L.)Ehrh. Fabaceae MP.760
169 | Castanopsis indica (Roxb. ex Lindl.) A.DC. Fagaceae
170 | Quercus lanata Sm. Fagaceae MP.206
171 | Quercus semecarpifolia Sm. Fagaceae
172 | Crawfurdia speciosa Wall. Gentianaceae MP.095
173 | Gentiana capitata Buch.-Ham. ex D.Don Gentianaceae MP.257
174 | Gentiana crassuloides Bureau & Franch. Gentianaceae MP.380
175 | Gentiana depressa D. Don Gentianaceae MP.255
176 | Gentiana tubiflora (Wall. ex G. Don) Griseb. Gentianaceae MP.724
177 | Gentiana urnula H. Smith Gentianaceae MP.164
178 | Gentianella azurea (Bunge) Holub Gentianaceae MP.015
179 | Halenia elliptica D. Don Gentianaceae MP.464
180 | Lomatogonium micranthum H. Smith Gentianaceae MP.063
181 | Swertia chirayita (Roxb.) H.Karst. Gentianaceae MP.214
182 | Swertia cuneata Wall. Gentianaceae MP.772
183 | Swertia nervosa (Wall. ex G. Don) C. B. Cl. Gentianaceae MP.600
184 | Geranium donianum Sweet Geraniaceae MP.629
185 | Geranium lambertii Sweet Geraniaceae MP.722
186 | Geranium nakaoanum H. Hara Geraniaceae MP.587
187 | Geranium pratense L. Geraniaceae MP.632
188 | Geranium wallichianum D. Don ex Sweet Geraniaceae MP.628
189 | Corallodiscus lanuginosus (Wall. ex R. Brown) B.L. Burtt Gesneriaceae MP.471
190 | Didymocarpus oblongus D. Don Gesneriaceae MP.253
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191 | Platystemma violoides Wall. Gesneriaceae MP.474
192 | Ribes griffithii Hook. f. & Thomson Grossulariaceae MP.519
193 | Ribes orientale Desf. Grossulariaceae MP.753
194 | Philadelphus tomentosus Wall. Hydrangeaceae MP.188
195 | Hypericum elodeoides Choisy. Hypericaceae MP.608
196 | Hypericum oblongifolium Choisy Hypericaceae MP.616
197 | Hypericum uralum Buch.-Ham. ex D. Don Hypericaceae MP.097
198 | Juglans regia L. Juglandaceae MP.230
199 | djuga macrosperma Wall. ex Benth. Lamiaceae MP.427
200 | Anisomeles indica (L.) Kuntze Lamiaceae MP.196
201 | Colquhounia coccinea Wall. Lamiaceae MP.256
202 | Elsholtzia eriostachya (Benth.) Benth. Lamiaceae MP.004
203 | Elsholtzia fruticosa (D.Don) Rehder Lamiaceae MP.580
204 | Elsholtzia strobilifera (Benth.) Benth. Lamiaceae MP.735
205 | Lamium album L. Lamiaceae MP.204
206 | Lamium amplexicaule L. Lamiaceae MP.254
207 | Leucosceptrum canum Sm. Lamiaceae MP.092
208 | Micromeria biflora (Buch.-Ham. ex D.Don) Benth. Lamiaceae MP.327
209 | Nepeta discolor Royle ex Benth. Lamiaceae MP.366
210 | Nepeta laevigata (D.Don) Hand.-Mazz. Lamiaceae MP.577
211 | Origanum vulgare L. Lamiaceae MP.080
212 | Prunmella vulgaris L. Lamiaceae MP.232
213 | Salvia nubicola Wall. ex Sweet Lamiaceae MP.100
214 | Scutellaria discolor Colebr. Lamiaceae MP.363
215 | Stachys sericea Cav. Lamiaceae MP.465
216 | Stauntonia latifolia (Wall.) Christenh. Lardizabalaceae | MP.407
217 | Utricularia sp. Lentibulariaceae
218 | Tinospora sinensis (Lour.) Merr. Menispermaceae | MP.447
219 | Chrysojasminum humile (L.) Banfi. Oleaceae
220 | Circaea alpina L. Onagraceae MP.564
221 | Epilobium latifolium L. Onagraceae MP.499
222 | Epilobium wallichianum Hausskn. Onagraceae MP.006
223 | Pedicularis gracilis Wall. Ex Benth. Orobanchaceae MP.610
224 | Pedicularis hoffmeisteri Klotzsch Orobanchaceae MP.617
225 | Pedicularis megalantha D. Don Orobanchaceae MP.734
226 | Pedicularis mollis Wall. ex Benth. Orobanchaceae MP.737
227 | Pedicularis roylei Maxim. Orobanchaceae MP.426
228 | Pedicularis scullyana Prain ex Maxim. Orobanchaceae MP.728
229 | Pedicularis siphonantha D. Don Orobanchaceae MP.702
230 | Aeginetia indica L. Orobranchaceae | MP.513
231 | Boschniakia himalaica Hook. f. & Thomson Orobranchaceae | MP.276
232 | Euphrasia himalayica Wettst. Orobranchaceae | MP.665
233 | Pedicularis elwisii Hook f. Orobranchaceae | MP.381
234 | Pedicularis rhinanthoides Schrenk Orobranchaceaec | MP.135
235 | Corydalis calycina Liden Papaveraceae MP.532
236 | Corydalis juncea Wall. Papaveraceae MP.316
237 | Corydalis rutifolia (Sm.) DC. Papaveraceae MP.221
238 | Corydalis thyrsiflora Prain. Papaveraceae MP.410
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239 | Meconopsis horridula Hook.f. & Thomson Papaveraceae MP.784
240 | Meconopsis paniculata (D.Don) Prain Papaveraceae MP.062
241 | Hemiphragma heterophyllum Wall. Plantaginaceae MP.105
242 | Neopicrorhiza scrophulariiflora (Pennell) D.Y. Hong. Plantaginaceae MP.292
243 | Plantago asiatica subsp. erosa (Wallich) Z. Y. Li Plantaginaceae MP.682
244 | Veronica beccabunga L. Plantaginaceae MP.562
245 | Polygala arillata Buch.-Ham. ex D. Don Polygalaceae MP.459
246 | Polygala tatarinowii Regel Polygalaceae MP.477
247 | Bistorta affinis (D. Don) Greene Polygonaceae MP.064
248 | Bistorta emodi (Meisn.) Hara Polygonaceae MP.191
249 | Bistorta vivipara (L.) Delarbre Polygonaceae MP.690
250 | Fagopyrum acutatum (Lehm.) Mansf. ex K. Hammer Polygonaceae MP.362
251 | Koenigia mollis (D.Don) T.M.Schust. & Reveal Polygonaceae MP.551
252 | Oxyria digyna (L.) Hill Polygonaceae MP.547
253 | Rheum australe D. Don Polygonaceae MP.786
254 | Androsace globifera Duby Primulaceae MP.160
255 | Androsace robusta (R. Knuth) Hand.-Mazz. Primulaceae MP.150
256 | Androsace sarmentosa Wall. Primulaceae MP.511
257 | Androsace strigillosa Franch. Primulaceae MP.645
258 | Primula atrodentata W.W. Sm. Primulaceae MP.280
259 | Primula capitata Hook. Primulaceae MP.759
260 | Primula glomerata Pax Primulaceae MP.758
261 | Primula involucrata Wall. ex Duby. Primulaceae MP.056
262 | Primula minutissima Jacquem. ex Duby Primulaceae MP.306
263 | Primula primulina (Spreng.) H. Hara Primulaceae MP.313
264 | Primula sikkimensis Hook. Primulaceae MP.311
265 | Primula walshii Craib. Primulaceae MP.397
266 | Anemone obtusiloba D. Don. Ranunculaceae MP.223
267 | Anemonidium polyanthes (D. Don) Ranunculaceae MP.727
268 | Clematis barbellata Edgew. Ranunculaceae MP.190
269 | Clematis buchananiana DC. Ranunculaceae MP.120
270 | Clematis connata DC. Ranunculaceae MP.121
271 | Clematis montana Buch.-Ham. ex DC. Ranunculaceae MP.207
272 | Clematis paniculata J. F. Gmel. Ranunculaceae MP.431
273 | Clematis tibetana Kuntze. Ranunculaceae MP.122
274 | Delphinium kamaonense Huth Ranunculaceae MP.539
275 | Delphinium vestitum Wall. Ranunculaceae MP.393
276 | Eriocapitella rivularis (Buch.Ham. ex DC.) Christenh. & Byng Ranunculaceae MP.638
277 | Eriocapitella vitifolia (Buch.-Ham. ex DC.) Nakai Ranunculaceae MP.463
278 | Oxygraphis polypetala Royle ex D. Don Ranunculaceae MP.179
279 | Ranunculus brotherusii Freyn. Ranunculaceae MP.394
280 | Ranunculus diffusus DC. Ranunculaceae MP.531
281 | Ranunculus membranaceus Royle Ranunculaceae MP.011
282 | Ranunculus pulchellus C.A. Mey. Ranunculaceae MP.377
283 | Thalictrum alpinum L. Ranunculaceae MP.681
284 | Thalictrum chelidonii DC. Ranunculaceae MP.405
285 | Thalictrum cultratum Wall. Ranunculaceae MP.444
286 | Thalictrum dalzellii Hook. Ranunculaceae MP.504

52



2019 Journal of Plant Resources Vol.17, No. 1

S.N. Scientific Name Family Tag No.
287 | Thalictrum elegans Wall. Ranunculaceae MP.500
288 | Thalictrum foliolosum DC. Ranunculaceae MP.481
289 | Thalictrum javanicum Bl. Ranunculaceae MP.430
290 | Thalictrum punduanum Wall. Ranunculaceae MP.404
291 | Thalictrum rostellatum Hook. fil. & Thoms. Ranunculaceae MP.618
292 | Thalictrum saniculiforme DC. Ranunculaceae MP.403
293 | Thalictrum virgatum Hook. f. & Thomson Ranunculaceae MP.576
294 | Agrimonia pilosa Ledeb. Rosaceae MP.498
295 | Cotoneaster frigidus Wall. Rosaceae MP.59%4
296 | Cotoneaster microphyllus Wall. ex Lindl. Rosaceae MP.003
297 | Dasiphora fruticosa (L.) Rydb. Rosaceae MP.739
298 | Fragaria nubicola Lindl. Rosaceae MP.345
299 | Potentilla argyrophylla Wall. Rosaceae MP.278
300 | Potentilla atrosanguinea G.Lodd. ex D.Don Rosaceae MP.711
301 | Potentilla coriandrifolia D. Don Rosaceae

302 | Potentilla griffithii Hook. f. Rosaceae MP.584
303 | Potentilla indica (Andr.) Wolf Rosaceae MP.244
304 | Potentilla reptans L. Rosaceae MP.231
305 | Potentilla sundaica (Bl.) Kuntze Rosaceae MP.268
306 | Prinsepia utilis Royle Rosaceae MP.088
307 | Prunus armeniaca L. Rosaceae MP.228
308 | Pyracantha crenulata (D. Don) M. Roemer Rosaceae MP.450
309 | Rosa sericea Lindl. Rosaceae

310 | Rubus acuminatus Smith Rosaceae

311 | Rubus biflorus Buch.-Ham. ex Sm. Rosaceae MP.138
312 | Rubus hoffmeisterianus Kunth & Bouché Rosaceae MP.549
313 | Rubus nepalensis (Hook. fil.) Kuntze Rosaceae MP.084
314 | Sibbaldia cuneata Hornem. ex Kuntze Rosaceae MP.716
315 | Sorbus foliolosa (Wall.) Spach Rosaceae MP.694
316 | Spiraea arcuata Hook. f. Rosaceae MP.142
317 | Galium asperifolium Wall. Rubiaceae MP.085
318 | Galium hirtiflorum Req. ex DC. Rubiaceae MP.557
319 | Leptodermis kumaonensis R.Parker Rubiaceae MP.490
320 | Leptodermis stapfiana H.J.P.Winkl. Rubiaceae MP.489
321 | Boenninghausenia albiflora (Hook.) Rchb. ex Meisn. Rutaceae

322 | Zanthoxylum armatum DC. Rutaceae MP.225
323 | Salix calyculata Hook. fil. ex Andersson Salicaceae MP.741
324 | Salix daltoniana Andersson Salicaceae MP.229
325 | Salix lindleyana Wall. ex Andersson Salicaceae MP.302
326 | Salix sikkimensis Andersson Salicaceae MP.273
327 | Acer pectinatum Wall. ex Brandis Sapindaceae MP.246
328 | Astilbe rivularis Buch.-Ham. ex D. Don Saxifragaceae MP.442
329 | Saxifraga aristulata Hook.f. & Thoms. Saxifragaceae MP.770
330 | Saxifraga brachypoda D. Don Saxifragaceae MP.666
331 | Saxifraga brunonis Wall. ex Ser. Saxifragaceae MP.687
332 | Saxifraga diversifolia Wall. Saxifragaceae MP.308
333 | Saxifraga filicaulis Wall. Saxifragaceae MP.524
334 | Saxifraga parnassifolia D. Don Saxifragaceae MP.625
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335 | Saxifraga stella-aurea Hook. fil. & Thoms. Saxifragaceae MP.284
336 | Saxifraga strigosa Wall. Saxifragaceae MP.510
337 | Schisandra grandiflora (Wall.) Hook. f. & Thoms. Schizandraceae MP.408
338 | Scrophularia decomposita Royle ex Benth. Scrophulariaceac | MP.766
339 | Scrophularia pauciflora Benth. Scrophulariaceae | MP.030
340 | Verbascum thapsus L. Scrophulariaceae | MP.478
341 | Myricaria rosea W.W. Sm. Tamaricaceae MP.287
342 | Daphne bholua Buch.-Ham. ex D. Don Thymelaeaceae MP.189
343 | Daphne papyracea Wall. ex Steud. Thymelacaceae MP.212
344 | Boehmeria virgata var. macrostachya (Wight) Friis & Wilmot-Dear Urticaceae MP.192
345 | Debregeasia saeneb (Forssk.) Hepper & Wood Urticaceae MP.193
346 | Elatostema sessile J.R. Forster & G. Forster Urticaceae MP.441
347 | Girardinia diversifolia (Link.) Friis Urticaceae
348 | Lecanthus peduncularis (Wall. ex Royle) Wedd. Urticaceae MP.491
349 | Pilea racemosa (Royl.) Tuyama. Urticaceae
350 | Pouzolzia hirta (Bl.) Hassk. Urticaceae MP.392
351 | Viola biflora L. Violaceae MP.527
352 | Viola canescens Wall. Violaceae MP.331
353 | Viola pilosa BL. Violaceae MP.237
354 | Viola thomsonii Oudemans Violaceae MP.251
355 | Viola wallichiana Ging. ex DC. Violaceae MP.526
356 | Cissus javana DC. Vitaceae MP.182
357 | Tetrastigma campylocarpum (Kurz) Planch. Vitaceae MP.453
Appendix: 1b- Monocotyledons

S.N. Scientific Name Family Tag No.

1 Allium wallichii Kunth Amaryllidaceae MP.525

2 Arisaema jacquemontii Blume Araceae MP.598

3 Arisaema nepenthoides (Wall.) Mart. Araceae MP.215

4 Arisaema propinquum Schott Araceae

5 Arisaema utile Hook.f. ex Schott Araceae MP.125

6 Asparagus racemosus Willd. Asparagaceae MP.773

7 Chlorophytum nepalense (Lindl.) Bake Asparagaceae MP.497

8 Maianthemum fuscum (Wall.) LaFrankie Asparagaceae MP.765

9 Polygonatum hookeri Baker Asparagaceae MP.674

10 Polygonatum multiflorum (L.) All. Asparagaceae MP.750

11 Polygonatum verticillatum (L.) All Asparagaceae MP.247

12 Theropogon pallidus (Wall. ex Kunth) Maxim. Asparagaceae MP.542

13 Disporum cantoniense (Lour.) Merr. Colchicaceae MP.633

14 Cyanotis vaga (Lour.) Schult. & Schult.f. Commelinaceae MP.488

15 Carex atrata L. Cyperaceae MP.147

16 Carex filicina Nees. Cyperaceae MP.693

17 Carex gracilenta Boott ex Boeckeler Cyperaceae MP.715

18 Carex himalaica T.Koyama Cyperaceae MP.679

19 Carex kokanica (Regel) S.R.Zhang Cyperaceae MP.730

20 Carex nubigena D.Don Cyperaceae MP.399

21 Carex parvula O.Yano Cyperaceae MP.684
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22 Carex unciniiformis Boeckeler Cyperaceae MP.130
23 Dioscorea deltoidea Wall. ex Griseb. Dioscoreaceae MP.418
24 Iris goniocarpa Baker Iridaceae MP.315
25 Juncus concinnus D. Don Juncaceae MP.575
26 Juncus duthiei (C.B. Clarke) H.J. Noltie Juncaceae MP.390
27 Juncus himalensis Klotzsch Juncaceae MP.300
28 Juncus sphacelatus Decne. Juncaceae MP.746
29 Juncus thomsonii Buch. Juncaceae MP.299
30 Juncus triglumis L. Juncaceae MP.736
31 Lilium nanum Klotzsch Liliaceae MP.290
32 Streptopus simplex D.Don Liliaceae MP.199
33 Aletris pauciflora (Klotzsch) Hand.-Mazz. Nartheciaceae MP.662
34 Calanthe tricarinata Lindl. Orchidaceae MP.572
35 Cephalanthera longifolia (L.) Fritsch Orchidaceae MP.325
36 Crepidium acuminatum (D.Don) Szlach. Orchidaceae MP.570
37 Cypripedium himalaicum Rolfe Orchidaceae MP.691
38 Dactylorhiza hatagirea (D.Don) So6 Orchidaceae MP.710
39 Dendrobium eriiflorum Griff. Orchidaceae MP.437
40 Dienia cylindrostachya Lindl. Orchidaceae MP.521
41 Epipactis royleana Lindl. Orchidaceae MP.529
42 Goodyera fusca (Lindl.) Hook.f. Orchidaceae MP.077
43 Goodyera repens (L.) R.Br. Orchidaceae MP.506
44 Habenaria sp. Orchidaceae MP.568
45 Herminium duthiei Hook.f. Orchidaceae MP.675
46 Herminium josephi Rchb.f. Orchidaceae MP.798
47 Herminium lanceum (Thunb. ex Sw.) Vuijk Orchidaceae MP.507
48 Herminium macrophyllum (D.Don) Dandy Orchidaceae MP.780
49 Liparis sp. Orchidaceae MP.667
50 Malaxis monophyllos (L.) Sw. Orchidaceae MP.522
51 Oreorchis micrantha Lindl. Orchidaceae MP.654
52 Pleione humilis (Sm.) D.Don Orchidaceae MP.264
53 Ponerorchis chusua (D.Don) Sod Orchidaceae MP.676
54 Pone'rorchis cucyllata var. calcicola (W.W.Sm.) X.H.Jin, Orchidaceac

Schuit. & W.T.Jin MP.502
55 Satyrium nepalense D.Don Orchidaceae MP.742
56 Spiranthes sinensis (Pers.) Ames Orchidaceae MP.643
57 Agrostis hookeriana C.B.Clarke ex Hook.f. Poaceae MP.761
58 Agrostis pilosula Trin. Poaceae MP.107
59 Bromus himalaicus Stapf Poaceae MP.140
60 Calamagrostis pseudophragmites (Haller f.) Koeler Poaceae MP.560
61 Calamagrostis scabrescens Griseb. Poaceae MP.552
62 Eragrostis nigra Nees ex Steud. Poaceae MP.630
63 Festuca cumminsii Stapf Poaceae MP.672
64 Isolepis setacea (L.) R.Br. Poaceae MP.344
65 Miscanthus nepalensis (Trin.) Hack. Poaceae MP.162
66 Poa pratensis L. Poaceae MP.213
67 Setaria viridis (L.) P.Beauv. Poaceae MP.419
68 Tenaxia cumminsii (Hook.f.) N.P.Barker & H.P.Linder Poaceae MP.124
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69 Trisetum spicatum (L.) K.Richt. Poaceae MP.049
70 Smilax aspera L. Smilacaceae MP.171
71 Smilax elegans Wall. ex Kunth Smilacaceae MP.123
72 Smilax menispermoidea A. DC. Smilacaceae MP.168
73 Hedychium spicatum Sm. Zingiberaceae MP.153

Appendix: 1c- Gymnosperms
S.N. Scientific Name Family Tag No.
1 Juniperus indica Bertol. Cupressaceae MP.037
2 Juniperus recurva Buch.-Ham. ex D. Don Cupressaceae MP.060
3 Juniperus squamata Buch.-Ham. ex D. Don Cupressaceae MP.293
4 Ephedra gerardiana Wall. ex Klotzsch & Garcke Ephedraceae MP.046
5 Abies pindrow (Royle ex D. Don) Royle Pinaceae
6 Abies spectabilis (D. Don) Mirb. Pinaceae MP.286
7 Picea smithiana (Wall.) Boiss. Pinaceae MP.365
8 Pinus wallichiana A.B. Jacks. Pinaceae MP.109
9 Tsuga dumosa (D. Don) Eichler Pinaceae MP.102
10 Taxus contorta Griff. Taxaceae MP.591
Appendix: 1d- Pteridophytes

S.N. Scientific Name Family Tag No.
1 Cystopteris fragilis subsp. Kansuana (C.Chr.) Fraser-Jenk. Aspleniaceae MP.201
2 Athyrium biserrulatum Christ. Athyriaceae MP.597
3 Athyrium rupicola (Hope) C. Chr. Athyriaceae MP.579
4 Athyrium sp. Athyriaceae MP.205
5 Athyrium wallichianum Ching Athyriaceae MP.211
6 Diplazium spinulosum Bl. Athyriaceae MP.343
7 Woodwardia unigemmata (Mak.) Nakai Blechnaceae MP.435
8 Davallia pulchra D. Don Davalliaceae MP.428
9 Dennstaedtia appendiculata (Wall. ex Hook.) J. Sm. Dennstaedtiaceae | MP.456
10 Cyrtomium anomophyllum (Zenker) Fraser-Jenk. Dryopteridaceae | MP.439
11 Dryopteris barbigera (Hook.) O. Kuntze Dryopteridaceae | MP.717
12 Dryopteris fructuosa (Christ) C. Chr. Dryopteridaceae | MP.217
13 Polystichum mehrae Fraser-Jenk. & Khullar Dryopteridaceae | MP.396
14 Polystichum neolobatum Nakai Dryopteridaceae | MP.421
15 Polystichum obliquum (D. Don) Moore Dryopteridaceae | MP.412
16 Polystichum oblongum Ching ex W. M. Chu & Z. R. He Dryopteridaceae | MP.355
17 Polystichum shensiense Christ Dryopteridaceae | MP.443
18 Polystichum woodsioides Christ Dryopteridaceae | MP.385
19 Phlegmariurus phlegmaria (L.) Holub Lycopodiaceae MP.108
20 Botrychium lunaria (L.) Sw. Ophioglossaceac | MP.673

Japanobotrychum lanuginosum (Wall. ex Hook. & Grev.) M. .
21 Niihida exrj"l/"agawa ¢ ( : Ophioglossacea MP.420
22 Ophioglossum petiolatum Hook. Ophioglossaceaec | MP.086
23 Aglaomorpha mollis (Bedd.) Hovenkamp & S.Linds. Polypodiaceae MP.445
24 Goniophlebium argutum (Wall. ex Hook.) J. Sm. Polypodiaceae MP.413
25 Lepisorus clathratus (C. B. Cl.) Ching Polypodiaceae MP.484
26 Lepisorus mehrae Fraser-Jenkins Polypodiaceae MP.482
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S.N. Scientific Name Family Tag No.
27 Lepisorus thunbergianus (Kaulf.) Ching Polypodiaceae MP.483
28 Microsorum membranaceum (D. Don) Ching Polypodiaceae MP.454
29 Pichisermollodes malacodon (Hook.) Fraser-Jenk. Polypodiaceae MP.703
30 Pichisermollodes quasidivaricata (Hayata) Fraser-Jenk. Polypodiaceae MP.602
31 Polypodiodes amoena (Wall. ex Mett) Ching Polypodiaceae MP.402
32 Polypodiodes lachnopus (Wall. ex Hook.) Ching Polypodiaceae MP.438
33 Pyrrosia porosa (C. Presl) Hovenk. Polypodiaceae MP.436
34 Adiantum tibeticum Ching & Y.X.Lin Pteridaceae MP.216
35 Aleuritopteris anceps (Blanf.) Panigr. Pteridaceae MP.288
36 Coniogramme affinis (Wall. ex C. Presl) Hieron. Pteridaceae MP.545
37 Cryptogramma brunonianaWall. ex Hook. & Grev. Pteridaceae MP.709
38 Cryptogrammas stelleri (Gmel.) Prantl Pteridaceae MP.712
39 Haplopteris mediosora (Hayata) X. C. Zhang Pteridaceae MP.581
40 Hemionitis marantae (L.) Christenh. Pteridaceae MP.696
41 Onychium cryptogrammoides Christ Pteridaceae MP.429
42 Paragymnopteris borealisinensis (Kitag.) Pteridaceae MP.236
43 Pteris cretica subsp. cretica Pteridaceae MP.425
44 Pteris aspericaulis Wall. ex Ag. Pteridaceae MP.476
45 Pteris cretica L. Pteridaceae MP.446
46 Pteris dactylina Hook. Pteridaceae MP.611
47 Pteris sp. Pteridaceae MP.455
48 Aleuritopteris albomarginata (C. B. Cl.) Ching Pteridaceae MP.466
49 Pteridium revolutum (Bl.) Nakai Pteridaceae MP.479
50 Selaginella chrysocaulos (Hook. & Grev.) Spring. Selaginellaceae MP.493
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Abstract

The present study was carried out to document the wetland flora of three wetlands of Rupandehi
district during the year of 2016-2018. Macrophytes plant specimens were collected up to 5 m
around the wetland. Altogether 115 species belonging to 45 families were recorded. Out of these,
33 species were alien which include 12 invasive species that seems wetland flora were in threats.

Keywords: Alien Species, Conservation, Invasive Plants, Local Use, Macrophytes

Introduction

National Wetland Policy (2003) defines wetlands as
“natural or artificially created areas, such as swamp,
marsh, riverine flood plain, lake, water storage area
and agricultural land containing water from underground
water resources or atmospheric precipitation that
may be permanent or temporary, static or flowing,
and freshwater or saline”. Chaudhary (1998)
explained wetland dependent flora as the plants that
flourish well in wetland habitats such as marshes,
swamps, floodland, in rivers or river banks.

In Nepal, wetland covers around 5.57%, which
comprises river 48.2%, lakes 0.6%, reservoirs 0.2%,
pond 0.9 %, marginal swamps 1.5% and irrigated
field 48.6% (Gurung, 2018). There are 19 types of
natural and 10 types of man-made inland wetlands
in Nepal (Siwakoti, 2007) ranging from perennially
flowing rivers to seasonal streams, lowland oxbow
lakes, high altitude glacial lakes, swamps, marshes,
paddy fields, reservoirs and ponds. These wetlands
are biologically diverse and are known to support
more than 20,000 waterfowl (HMGN/MoFSC,
2002). The Nepal Biodiversity Strategy (2002)
identified 10 wetland sites in the Terai as meriting
legal protection because of their significant
biodiversity values. These include 9 lakes
(Beeshazar, Gaidahawa, Badahiya, Narcrodi,
Rampur, Deukhuria, Patriyani, Betkot and
Ghodaghodi) and one reservoir Jagdishpur. Among
them two lakes Beeshazari and Ghodaghodi and one
reservoir Jagdishpur already listed in Ramsar sites.
Remaining other are nationally important wetlands.
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In Nepal, about 10% of ethnic communities
depended on wetlands resources for the subsistence.
The Nepalese wetlands consist of many threatened
and endangered flora and fauna and provide
excellent ecological habitats for internationally
important winter migratory birds, aquatic fauna and
other wildlife (IUCN, 2004). One species of
protected plants under the Forest Regulation 1994
such as Dalbergia latifolia as well as wild cultivar
ofrice such as Oryza rufipogon, Oryza nivara, Oryza
officinalis are known recorded from Terai wetlands
(Siwakoti, 2006). About 26 endemic species
considered as wetland dependent (IUCN, 2004).
Among these, eight species occurs in Terai wetlands
(Siwakoti, 2006). Terai including Siwalik region
(<1000 m) houses 1885 (37%) plant species (BPP,
1995) out of which 318 plant species are wetland
dependent (Siwakoti, 2006).

Wetland biodiversity is now decreasing day by day
due to drainage and encroachment for agriculture,
diversion and abstraction of water for irrigation,
unsustainable exploitation of wetland resources,
including overfishing and destructive fishing,
invasion of alien species into wetland ecosystem,
climate change, inadequate knowledge about its
importance, lack of awareness about conservation
and science based information and documentation
(MoFE, 2018). For the conservation of wetlands,
Nepal formulated number of policies guiding the
conservation of the wetlands and also became a
signatory to Ramsar Convention in 1988. Now there
are 10 Ramsar sites in Nepal with a surface area of
60,561 hectares (Ramsar, 2019). Based on
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importance of wetland, Nepal Wetland Policy (2012)
has classified wetland into three parts as: (a)Local:
Small wetlands which are in use or going to be used
and managed by private or local bodies (b)National:
Nationally important wetlands which have the
opportunity to be enlisted in Ramsar list and (c)
International: Wetlands enlisted in Ramsar site.
Gaidahawa, Gajedi, Nandabhauju, Sukaiya are the
important lakes of Rupandehi district (DFO, 2072).

However, documentation of wetland flora was
carried out on few wetlands in Nepal but no detail
documentation of wetland flora in Rupandehi
district. This study will support in the documentation
of wetland flora in Rupandehi as well help in
conservation of important wetland flora and its
associated biodiversity in future.

Materials and Methods

Study area

Rupandehi District is one of the twelve district of
Province No. 5 of Nepal and lies between the
latitudes 27°20°00" N to 27°47°25"N, and longitudes
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83°12°16"E to 83°38’16"E covering an area of
1,360 km? in Terai region of Nepal. The elevation
of the district lies between 100 m to 1229 m from
sea level with 16.1% in Churia Range and rest in
the Terai region (DCCO, 2018). As per the National
Census 2011, the population of Rupandehi was
880,196. It lies in tropical region with characteristic
monsoon rainfall and three distinct season hot and
dry summer (March to May), hot and moist rainy
season (June to September) and cold and dry winter
(October to January). Temperature ranges from
maximum 44°C to minimum 9°C. Average annual
rainfall is 1391mm (DCCO, 2018). Location map
of the study area was prepared by using Arc GIS
(Figure 1).

Gaidahawa, Gajedi-Danapur, Nanda/Bhauju three
wetlands were selected in Rupandehi district on the
basis of floral diversity, livelihood, eco-tourism and
socio-cultural value.

Gaidahawa Tal: Gaidahawa Tal (latitudes 27°35'47"
N, longitudes 83°16'49"E and altitude 88 m) lies in
Gaidahawa Rural Municipality-4 which covers about
29.05 hectare (DFO, 2073). Yadav is the major ethnic
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Figure 1: Location Map of Three lakes of Rupandehi district
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group consisting of 11.3 % population of Gaidahawa
Rural Municipality (GRM, 2074). The lake is
surrounded by forest of Shorea robusta and
associated species such as Syzygium cumini, Aegle
marmelos, Terminalia bellirica, Schleichera oleosa,
Adina cordifolia etc. to West- North, private land
to the East and forest area and settlement area to the
South.

Gajedi-Danapur Tal: Gajedi-Danapur Tal
(latitudes 27°39'51" N, longitudes 83°16'34"E and
altitude 133 masl) lies in Kanchan Rural
Municipality-1 which covers about 19 hectare (DFO,
2073). Magar is the major ethnic group of Kanchan
Rural Municipality-1 (CBS, 2011). The lake is
surrounded by forest of Shorea robusta and
associated species such as Dalbargia sissoo,
Terminalia alata, Terminalia bellirica, Terminalia
chebula, Acacia catechu, pterocarpus marsupium
Dalbergia latifolia Schleichera oleosa, Adina
cordifolia etc. to East & North-West; private land
and settlement area to South-West.

Nanda/Bhauju: Nanda/Bhauju (latitudes
27°33'41"N, longitudes 83°26'40"E and altitude 98
masl) lies in Siyari rural municipality-1 which covers
approximately 0.68/0.68 hectare (DFO, 2073).
Magar is the major ethnic group of Siyari Rural
Municipality-1 (CBS, 2011). The lake is surrounded
by cultivated forest of Tectona grandis.

Plant Collection and ldentification

Field trips were performed in selected wetlands
(Gaidahawa, Nanda/bhauju and Gajedi- Danapur
Tal) of Rupandehi district during the period of 2016-
2018. The macrophytes plant specimens and their
photographs were collected up to 5 m around the
wetland. Some plants were identified in field and
unidentified plants were collected, prepared
herbarium and identified by comparing it with
deposited herbarium at National Herbarium and
Plant Laboratories (KATH), Godawari, Lalitpur,
Nepal and housed at KATH. Similarly, the threats
to wetland were also identified through direct
observation. For the Nepali names, Press et al. (2000)
& Shrestha, K. (1998) and http://www.theplantlist.org
was followed for nomenclature.
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Plant Categorization

Plants were classified into the categories of native,
alien on the basis of its origin by consulting Global
register of introduced and invasive species (GRIIS,
2019) and for invasive plant (Shrestha etal., 2017).

Interviews

Questionnaires were prepared for interviews and
informants were chosen randomly. Prior to interview,
the purpose of research background was explained
to each informant. During the interview, collected
plants or photographs were shown. Data about the
importance of wetlands, use and threats to plants
were collected through interview with local people
and key informants.

Results and Discussion

Wetland floral diversity

Altogether 115 plant species belonging to 45 families
were recorded in Gaidahawa, Gajedi-Danapur and
Nanda/Bhauju wetlands of Rupandehi district. 74
species in Gaidahawa Tal, 69 species in Gajedi-
Danapur Tal and 54 species in Nanda/Bhauju Tal
whereas 20 species are found common in all three
Tal. Out of 115 species, 82 species were native, 33
species were alien including 12 invasive species. Out
of 12 alien invasive species, nine species (Ageratum
houstonianum, Argemone mexicana, Eichhornia
crassipes, Hyptis suaveolens, Ipomoea carnea,
Mimosa pudica, Parthenium hysterophorus, Senna
tora and Xanthium strumarium), eight species
(Ageratum houstonianum, Argemone mexicana,
Chromolaena odorata, Eichhornia crassipes,
Ipomoea carnea, Mimosa pudica, Senna tora and
Xanthium strumarium) and six species (Ageratum
houstonianum, Chromolaena odorata, Lantana
camara, Mikania micrantha, Mimosa pudica and
Parthenium hysterophorus) are recorded in
Gaidahawa, Gajedi-Danapur and Nanda/Bhauju
respectively (Appendix 1).

By taxonomic group, the highest number of species
is represented by Dicotyledons 33 families, 69
genera, 82 spp. followed by Monocotyledons eight
families, 22 genera, 29 spp. and Pteridophytes four
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families four genera four spp. The major species rich
family include Poaceae (13 spp.) and Compositae
(13 spp.) followed by Cyperaceae (10 spp.),
Malvaceae (8 spp.), Lamiaceae (6 spp.) etc (Figure
2). Shrestha (1999) presented a list of 240 aquatic
macrophytes of Nepal belonging to 124 genera and
58 families. This study represents about 45% of
aquatic macrophytes. According to GRIIS (2019)
there are 179 alien plant species in Nepal. However,
33 alien species are reported in this study. Shrestha
et al. (2017) had reported 26 alien invasive plant
species in Nepal whereas this study recorded 12

Poaceae
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species as alien invasive species. Out of these
Lantana camara, Chromolaena odorata, Mikania
micrantha and Eichhornia crassipes are among the
100 of the world’s worst invasive alien species
(Lowe et al., 2000).

Local Use

Some of the wetland plants are used by local people
for different purposes.

Medicinal use: Nelumbo nucifera (seeds in
Jaundice), Mimosa pudica (whole plant in uterine

Number of plant species within family
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disorder), Euphorbia hirta and Euphorbia
heterophylla (latex in cuts), Centella asiatica (whole
plant as tonic), Merremia hederacea (root in stomach

pain).

Edible use: Seeds of Nelumbo nucifera are eaten
by children, like wise Ipomoea aquatica is used as
vegetable, seeds of Nymphaea nouchali eaten by
cooking in milk during fasting.

Religious use: Flower of N. nucifera is sold in the
market during Tihar; Equisetum is essential during
marriage ceremony; Desmostachya bipinnata is used
for ritual purpose; Achyranthes aspera (stem in
Rishipanchami), Calotropis procera (men get
married with this plant to remove the bad effect of
possibility of second marriage).

Traditional use: [pomoea carnea is used as fuel,
Cyanthillium cinereum for preparation of local
alcohol.

Commercial use: Fish farming in three sites, picnic
spot, boating in Gajedi-Danapur Tal.

Threats

Major threats seen in wetlands are extraction and
diversion of water for irrigation, invasion of alien
species, overharvest of resources including
commercial fishery. Some invasive species such as
Ageratum houstonianum, Ipomoea carnea have been
found dominantly affecting other flora and habitats
of wetland dependent fauna of Gajedi-Danapur Tal.
Similarly, the Gaidahawa Tal is also invasion by
Eichhornia crassipes, Ipomoea carnea, Hyptis
suaveolens, Senna tora and Nanda/Bhauju Tal is
invasion by Ageratum houstonianum. While rest of
the invasive species are found few around the
wetland till the study time. According to the local
people previously there were found wild rice in
Gajedi-Danapur Tal but now this study could not
found wild rice species. This seems that some plant
species are disappearing from the area.

Many free floating plants like Nelumbo nucifera,
Vallisneria natans are taken out for fish farming and
also used herbicides for killing weeds in Gaidahawa
Tal. Likewise, in Nanda Tal also different plant
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species inside water are taken out yearly for fish
farming. Aryal et al. (2009) found that Water lily
(Nymphaea spps.), water chestnut (7rapa bispinosa),
Makhan (Eurale ferox) as over exploited wetland
resources for the livelihoods of the local people of
Rupandehi district due to which the Sarus crane
(Grus antigone antigone) population is facing
negative impacts.

Conclusion

These wetlands are found to be important for socio-
economical, cultural and biodiversity aspect. Such
type of work can be beneficial for the exploration of
flora. The wetlands are mostly threatened due to fish
farming, invasion of alien species, inadequate
knowledge about its importance, lack of awareness
about conservation. If timely not documented and
conserved there is high chance of extinction of these
biodiversity due to different types of threats.
Therefore, it is an urgent need for conserving and
protecting these important resources of Nepal. It is
necessary to aware the local people about the
importance of wetland and also train up for organized
cultivation and marketing of wetland flora. It will
be definitely helped not only in conservation but also
for the upliftment of economic condition of local
people of these areas.
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Appendix 1: Wetland flora of Gaidahawa (G), Gajedi-Danapur (Gd) and Nanda/Bhauju (Nb)Tal of Rupandehi
district, Nepal. Note: * Presence of Plant
, .| Origin |  Alien :
S.N. Family Scientific Name English Nepali (Native, Invas.lve Gd|Nb Collection
Name Name Alien) species No.
(Yes/No)
1 Amaranthaceae Achyranthes aspera | Prickly ;qq-q-p-fl Native No * G69/Gd160/
L. chaff flower o Nb95
2 Compositae Ageratum Blue e Alien Yes * G05/Gd159/
houstonianum Mill. Billygoat Nbl112
Weed T
3 Amaranthaceae Alternanthera Smooth - Alien No G79/Nb122
paronychioides A.St.- | Chaff
Hil. Flower
4 Amaranthaceae Alternanthera Khaki weed | - Alien No Nb87
pungens Kunth
5 Amaranthaceae Alternanthera sessilis | Sessile IBIEGH Alien No * G45/Gd135/
(L.) R.Br. ex DC. joyweed Nbl114
ELRS
6 Leguminosae Alysicarpus vaginalis | Alyceclover |grx Native No Nb88
(L) DC.
7 Amaranthaceae Amaranthus viridis L. | Rough g 9gnT | Alien No G31/Nb105
pigweed =
8 Lythraceae Ammannia baccifera | Blistering AT Native No G23
L. Ammania
9 Thelypteridaceae Ampelopteris - - Native No G34
prolifera (Retz.)
Copel.
10 Aponogetonaceae | Aponogeton crispus - - Native No G77
Thunb.
11 Papaveraceae Argemone mexicana | Prickly qhT Alien Yes * G41/Gd161
L. poppy
12 Salvinaceae Azolla pinnata R. Br. | - qiET 3= | Native No * Gd162
13 Compositae Blumea laciniata Cutleaf - Native No * G55/Gd174
(Wall. ex Roxb.) DC. |Blumea
14 Nyctaginaceae Boerhavia diffusa L. |Hogweed qeear Native No G58/Nb107
15 Poaceae Bothriochloa pertusa |Indian - Native No G20
(L.) A.Camus couch grass
16 Apocynaceae Calotropis procera French- Jar =it | Native No Gl11
(Aiton) Dryand. cotton
17 Cannabaceae Cannabis sativa L. Marijuana |y Native No G71
18 Apiaceae Centella asiatica (L.) | Water e qv | Native No * G14/Gd149/
Urb. pennywort Nb115
19 Pteridaceae Ceratopteris Water fern gy Native No G24
thalictroides (L.)
Brongn. gt
20 Compositae Chromolaena odorata | Christmasbu | gqy Alien Yes * Gd144/Nb9
(L)) RM.King & sh 9
H.Rob. TR
21 Euphorbiaceae Chrozophora rottleri Jdaq Native No G73
(Geiseler) A.Juss. ex e
Spreng.
22 Poaceae Chrysopogon Love Grass |sv ¢ | Native No G28/Nb77
aciculatus (Retz.) S,
Trin. i
23 Poaceae Chrysopogon Khas-Khas |@gg@y |Native No G47
zizanioides (L.)
Roberty
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Origin Alien
S.N. Family Scientific Name English Nepali (Native, Invas.lve Gd|Nb Collection
Name Name Alien) species No.
(Yes/No)
24 Cleomaceae Cleome viscosa L. Tick weed g@ Native No G48
25 Lamiaceae Clerodendrum Hill glory Totgerr | Native No Nbl119
infortunatum L. bower
26 Cucurbitaceae Coccinia grandis (L.) |Ivy gourd  |{fre7 Alien No Nbl121
Voigt A
27  |Malvaceae Corchorus aestuans |Red weed  |gaurq | Alien No * G66/Gd138/
L. Nbl113
28 Commelinaceae Cyanotis axillaris (L.) | Creeping B Native No * Gd168
D.Don ex Sweet Cradle Plant
29 Compositae Cyanthillium Purple flea | grex Native No G70/Nb102
cinereum (L.) HRob. |bane e
30 Poaceae Cymbopogon Karnkusa E@, 347 | Native No G78
Jwarancusa (Jones) grass
Schult.
31 Poaceae Cynodon dactylon Bermuda e Native No * G67/Gd145
(L.) Pers. grass ~
32 Boraginaceae Cynoglossum - - Native No * Gd167/Nbl
lanceolatum Forssk. 01
33 Cyperaceae Cyperus compressus | Annual Native No * G09/Gd79
) sedge o
34 Cyperaceae Cyperus difformis L. | Variable ey Native No * Gd80
flatsedge
35 Cyperaceae Cyperus iria L. Grasshopper | qer Native No G82
's cyperus
36 Cyperaceae Cyperus rotundus L. | Nut grass D] Native No * G13/Gd81
37 |Poaceae Dactyloctenium Durban HHL Alien No Nb78
aegyptium (L.) Willd. |crowfoot S
g
38 Leguminosae Desmodium triflorum | Threeflower |z Native No Nb120
(L.) DC. Beggarweed | ~ o
39 Poaceae Desmostachya Sacrificial | g7 Native No * G57/Gd139/
bipinnata (L.) Stapf | grass ~ Nb80
40 Poaceae Digitaria ciliaris Henry's T=ar Native No Nbl126
(Retz.) Koeler crabgrass
41 Compositae Eclipta prostrata (L.) |False daisy |sryey Alien No * G68/Gd146
L. “
42 Pontederiaceae Eichhornia crassipes | Common et nd |Alien Yes * G36/Gd131
(Mart.) Solms water =
hyacinth
43 |Poaceae Eleusine indica (L.) | Crabgrass |eay Native  |No * G85/Gd63/
Gaertn. . NbS81
44 Compositae Emilia sonchifolia Native * Gd158
(L.) DC. ex DC. - - No
45 | Equisetacea Equisetum sp. IAtgerr | Native  |No * Gdo62
.
46 Poaceae Eragrostis atrovirens | - - Native No * Gdol
(Desf.) Trin. ex Steud.
47 Euphorbiaceae Euphorbia Japanese el Alien No * G89/Gd56
heterophylla L. poinsettia >
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. . Origin Alie{l .
S.N. Family Scientific Name English Nepali (Native, Invas.lve Gd|Nb Collection
Name Name Alien) species No.
(Yes/No)
48 Euphorbiaceae Euphorbia hirta L. Asthma T T |Alien No * 1 * | G39/Gd153/
spurge ~ Nb123
49 Convolvulaceae Evolvulus Agracejo - Alien No * | * | G43/Gd175/
nummularius (L.) L. |rastrero Nb90
50 Cyperaceae Fimbristylis Common qrT |1 | Native No * | G88/Nb79
dichotoma (L.) Vahl | fringe-rush
51 Cyperaceae Fimbristylis ovata Flat spike D) Native No * | * | Gd49/Nb82
(Burm.f.) J.Kern sedge ’
He T
52 Cyperaceae Fimbristylis Hoorahgrass | st Native No * Gd82
quinguangularis
(Vahl) Kunth Bl
53 Compositae Grangea - Mer =i | Native No * | * |G75/Gd151/
maderaspatana (L.) Nb124
Poir.
54 Boraginaceae Heliotropium indicum |Indian TIT ge | Native No * | G64/NbY%4
L. heliotrope e
ELRS
55 Boraginaceae Heliotropium - ECIEUS Native No * | * | Gd42/Nb32
strigosum Willd. ¢
56 Acanthaceae Hemigraphis hirta - 99 99 | Native No * 1 * 1 G62/Gd164/
(Vahl) T.Anderson Nb96
57 Lamiaceae Hyptis suaveolens (L.) | Pignut ot fae |Alien Yes G17
Poit. -
58 Poaceae Imperata cylindrica | Blady Grass |{ge Native No * | * |G74/Gd157/
(L.) Raeusch. Nb76
59 Convolvulaceae Ipomoea aquatica Chinese HHT Native No * | * 1 G72/Gd140/
Forssk. water- Nbl16
spinach T
60 Convolvulaceae Ipomoea carnea Jacq. |Gloriade la | srody | Alien Yes * G04/Gd150
manana
61 Acanthaceae Justicia adhatoda L. | Malabar nut | 3rgy Native No G10
62 Cyperaceae Kyllinga brevifolia Green arr * Gds3
Rottb. kyllinga
63 Cyperaceae Kyllinga nemoralis White A Native No * | * |G137/Gd35/
(J.R.Forst. & kyllinga Nbg4
G.Forst.) Dandy ex
Hutch. & Dalziel
64 Verbenaceae Lantana camara L. Common a7 wier |Alien Yes * INb106
lantana
65 Lamiaceae Leucas lavandulifolia | - Ty Native No * 1 * 1 G35/Gd
Sm. ~ 141/Nb110
66 Linderniaceae Lindernia anagallis - - Native No * G50/Gd72
(Burm.f.) Pennell
67 Onagraceae Ludwigia hyssopifolia | Seedbox TaET Alien No * G32/Gd142
(G.Don) Exell >
ELRS
68 Marsileaceae Marsilea minuta L. Small water | grq 3+ | Native No * G03/Gd32
clover o
69 Plantaginaceae Mecardonia Baby jump- | - Alien No * Phl
procumbens (Mill.) up
Small
70 Malvaceae Melochia - qadr Native Gd152/Nbl
corchorifolia L. > 17
AR No * | ok
71 Convolvulaceae Merremia hederacea |Ivy Native No * Ph2
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Origin Alien
S.N. Family Scientific Name English Nepali (Native, Invas.lve Gd|Nb Collection
Name Name Alien) species No.
(Yes/No)
(Burm. f.) Hallier f. woodrose
72 Compositae Mikania micrantha Chinese qeX Alien Yes * |Nb86
Kunth creeper
EREIE
73 |Leguminosae Mimosa pudica L. Sensitive Tosiraar |Alien Yes * | * |Gd169/Nbl
plant 18
74 Leguminosae Mimosa rubicaulis - ClEdl Native No * Ph3
Lam. S
o
75 Phrymaceae Mimulus tenellus var. | - - Native No G26
nepalensis (Benth.)
Tsoong
76 Nelumbonaceae Nelumbo nucifera East Indian | gqer Native No * G59/Gd154
Gaertn. lotus
77 Nymphaeaceae Nymphaea nouchali | Blue Lotus | et &swer | Native * Gd172
Burm.f. No
78 Nymphaeaceae Nymphaea tetragona |Pygmy - Native No * 1 * 1G40/Gd143/
Georgi water-lily Nb109
79 Menyanthaceae Nymphoides - - Native No * G1/Gd171
hydrophylla (Lour.)
Kuntze
80 Menyanthaceae Nymphoides indica Banana- - Native No * Gd156
(L.) Kuntze plant
81 Lamiaceae Ocimum americanum | American anaff’ Native No G02
L. basil
[§ (’é
82 Lamiaceae Ocimum basilicum L. |Basil I aerdy | Native No GOS8
83 Compositae Parthenium Santa Maria | - Alien Yes * |G65/Nb100
hysterophorus L.
84 Malvaceae Pentapetes phoenicea | Copper-cups | gqg< Native No G49
L.
b
85 Polygonaceae Persicaria barbata Field sedge |fo% Native No * | * |G53/Gd73/
(L.) H.Hara Nb92
86 Polygonaceae Persicaria hydropiper | Marsh- e Native No * INDbI1
(L.) Delarbre pepper
smartweed
87 Polygonaceae Persicaria - - Native No * INb125
lapathifolia (L.)
Delarbre
88 Verbenaceae Phyla nodiflora (L.) |Capeweed |y sp¢ | Native No * | G68/Nb98
Greene e
ELLS
89 Phyllanthaceae Phyllanthus urinaria | Chamber T Native No * Gd166
L. bitter >
90 Solanaceae Physalis peruviana L. | Cape- EGELU Alien No * G76/Gd165
gooseberry
91 Polygonaceae Polygonum plebeium | Common IRl Native No * | * | G63/Gd148/
R.Br. knotweed Nbl11
KRS
92 Urticaceae Pouzolzia zeylanica | Graceful == g | Native No * INb104
(L.) Benn. pouzolzsbus
h
93 Ranunculaceae Ranunculus sceleratus | Blister T &< | Native No * Gd176
L. buttercup ~
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Origin Alien
S.N. Family Scientific Name English Nepali (Native, lnvas'lve Gd|Nb Collection
Name Name Alien) species No.
(Yes/No)
94 Acanthaceae Rungia pectinata (L.) | - - Native No G37
Nees
95  |Poaceae Saccharum Fodder cane |#iqg Alien No * Gd74
spontaneum L.
96 Lamiaceae Salvia plebeia R.Br. | Australian - Native No G46
sage
97 Cyperaceae Schoenoplectiella - - Native GO07
Jjuncoides (Roxb.) Lye No
98 Plantaginaceae Scoparia dulcis L. Licorice foreT =i | Alien No * | * |G12/Gd147/
weed Nb93
99 Leguminosae Senna tora (L.) Roxb. |Foetid e qry | Alien Yes * G6/Gd132
Cassia
100 |Poaceae Setaria pumila (Poir.) | Knotroot - Native No * | * | G30/Gd78/
Roem. & Schult. bristle grass Nb127
101 |Malvaceae Sida acuta Burm.f. Broomweed |57 Trv | Alien No * |Nb103
102 |Malvaceae Sida cordata Heartleaf g )X | Alien No G29
(Burm.f) fanpetals e
Borss.Waalk.
103 |Malvaceae Sida rhombifolia L. Cuban jute |grr Alien No * G54/Gd141
a C’q |
104 |Solanaceae Solanum surattense Bitter brinjal | gg=aep1ey | Native No * G56/Gd163
Burm. f.
105 | Compositae Sonchus wightianus | Corn T, Native No * Ph4
DC. Sowthistle |~ >
106 | Compositae Spilanthes acmella Paracress  |erar wfe | Native No * G01/Gd134
(L) L.
107 | Araceae Spirodela polyrrhiza | Common - Native No * Gd170
(L.) Schleid. duckweed
108 |Caryophyllaceae Stellaria media (L.) | Chickweed | - Alien No Gl15
Vill.
109 |Compositae Tridax procumbens Coat- o | Alien No * 1 * 1 G06/Gd133/
(L) L. buttons > Nb97
110 |Malvaceae Triumfetta Chinese burr | geer &3y | Native | No * |Nb83
rhomboidea Jacq. ~
111 | Typhaceae Typha angustifolia L. | - qax Native No * Ph5
112 | Malvaceae Urena lobata L. Caesar weed |qrerepy | Native | No * | * | Gd173/Nb8
NS 5
113 |Lentibulariaceae Utricularia aurea Native No * | * |Gd155/Nbl
Lour. 08
114 | Hydrocharitaceae | Vallisneria natans Tape-grass | gferer Native  |No G38
(Lour.) H.Hara
el
115 |Compositae Xanthium strumarium | Burweed qg HU | Alien Yes * G18/Gd136
L. >

68




J. PL Res. Vol. 17, No. 1, pp 69-81, 2019

Enumeration of the Flowering Plants of Singha Durbar Premises,
Kathmandu, Nepal

Krishna Ram Bhattarai *
Department of Plant Resources, Kathmandu, Nepal
*Email: krbhattarai@gmail.com

Abstract

This study documented the trees, shrubs and herbs conserved in the gardens and premises of
different offices in Singha Durbar, Kathmandu in 2017. A total of 229 plant species
(Angiosperm=212 and Gymnosperm=17) belonging to 176 genera and 88 families have been
documented. Among the documented plants, Asparagaceae =15, Compositae=12, Arecaceae =9,
Rosaceae =9, Rutaceae =9, Cupressaceae =8 and Araceae =7 were dominant families. These
plants were conserved mainly for greenery and ornamental purposes. Many plants were edible
and medicinal too. Of the documented plants, 11 species were under various conservation and
threat categories of CITES, Government of Nepal (Under forest Act, 1993) and IUCN. Rare,
endangered, endemic and valuable plant species has to be managed with proper scientific
information.The gardens in the Singha Durbar premises have conserved many exotic species as

well.

Keywords: Categories, Conservation, Exotic, Garden, Native plants, Ornamental Plants

Introduction

Plants are the major components of world’s
biodiversity and an essential resource for human
welfare and play a big role for the environmental
balance. Human are intricately associated with plants
not only for their food, clothes and shelter
requirements but also for aesthetic fulfillments
(Joshi, 2009; Bhattarai & Khadka, 2017). The
relationship of humans and plants and love of flowers
goes back to thousands of years in the history of
human civilization (Harborne, 1984; Rai et al.,
2010). Egyptians and Assyrians had understood the
art of cultivation of flowers as early as 3000 BC.
Greek and Romans, who inherited the methods of
flower cultivation developed in Egypt, Syria and
Mesopotamia, further developed their interests and
refined the culture of ornamental flowers. In the east,
Japanese and Chinese gardeners developed
independently their own charming tradition of
gardening (Bajracharya et al., 1999). The history of
ornamental gardening may be considered as aesthetic
expressions of beauty through art and nature, a
display of'taste or style in civilized life, an expression
of an individual’s or culture’s philosophy, and
sometimes as a display of private status or national
pride-in private and public landscapes.

Gardening practices have existed and evolved in
Nepal with the interactions with the outer world. For
instance, during the Malla period, gardens mostly
used to be located at the backside of the palaces and
the houses (Tiwari, 2016). However, after the
ascension of the Ranas, gardens began to be located
at the front of the palaces with traditional architecture
in design. After the departure of the Ranas in 1950
AD, the costly, luxurious and big gardens designed
in the premises of many palaces were fallen out, but
cultivation of ornamental plants from different parts
of'the world still continues. There are different parks
and gardens in Nepal but the practice of well
managed sophisticated garden with large space and
complex landscape with topiaries is not still
practiced. With the growing unmanaged
urbanization, more and more of the open areas are
disappearing and much of the public open spaces
have been encroached already (Bajracharya et al.,
1997), resulting in consequences for public life and
activity (Shrestha, 2001). Existing gardens in
government offices are also destroyed to construct
building and parking areas. But, recently
Government Nepal, Ministry of Forests and
Environment has been celebrating forest decade
program from 2014-2023 AD, promoting plantation
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with a slogan one home, one tree; one village, one
forest; and one city many gardens (DOF, 2014) with
the aim of development of forest in private and public
land, construct garden in public places, urban
forestry, biodiversity conservation and awareness by
protecting rare, endangered and endemic plant
species in private and public land including
government offices with proper scientific
information (MFSC, 2015). The present land use
policy of Nepal also emphasized on greenery in
private settlement and public places to develop a
hygienic, beautiful, well-facilitated and safe human
settlement in a planned and sustainable ways
(MoLRM, 2015).The present study aims to
document the existing status of flowering plants in
the gardens of Singha Durbar premises and helps to
planners for further beatification.

Materials and Methods

Study area

Singha Durbar (Lat. 27°41°50.28" N; Long.
85°19°30.72" E; Area 50 Hectare), which literally
means the Lion’s Palace, is located in the centre of
Kathmandu Valley, to the north of the Babar Mahal
and the east of Bhadrakali. It was built in neo-
classical style by Chandra Shumsher JB Rana in
1903 AD (Pokharel, 2017) immediately after
accession to the post of Prime Minister. There is a
myth that once Chandra Shumsher, with his queen,
was enjoying the eye catching view of the valley, he
caught sight of a beautiful palace complex and asked
his queen about it. The queen answered that it was
known as Bagh Durbar. The King then declared that
his palace would be even more famous and would
be called “Singha Durbar” (Bhandari, 2014;
Tandukar, 2017). The most amazing fact about
Singha Durbar is that it was built in three years at
the expense of 5 million Nepali rupees. Chandra
Shumsher, after living for few years in the palace
declared it the official residence of all prime
ministers of Nepal after him and sold it to the Nepal
Government for twenty million Nepali rupees. With
the profit, he built nine more palaces in Kathmandu
for his sons. The palace, in 1904, claimed to be the
biggest and most luxurious palace in Asia and until
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1973 was the largest government secretariat in Asia.
The palace with 7 courtyards and 1700 rooms was
occupied by successive Rana prime ministers until
1951. After this, the durbar became the government
secretariat which boasted of housing every ministry
within the same compound (Tandukar, 2017) until
it was caught by fire and almost completely
destroyed, except for the front wing on 9" July, 1973.

Set in a large area of well-trimmed lawns, it
contained numerous gardens with exotic plants, a
deer park, a polo ground, playing field, tennis courts,
streams, fountains and lush green vegetation with
finely spaced trees (Bhandari, 2014). After the end
of Rana regime, Government of Nepal declared it
as National Property and used Singha Durbar
premises to house government offices. At present
about 70% of the area is used for administrative
purpose and the rest of the area is managed as
gardens and landscapes. Since it is located in the
centre of Kathmandu valley, its mean elevation is
about 1,300 msl. with average temperature 18°C,
average humidity 75% and the average rainfall 1400
millimetres (CBS, 2013).

Plant documentation and identification with
necessary information

The different species of trees, shrubs and herbs
conserved in the premises of Singha Durbar were
enumerated in the month of March, April and May,
2017. The plants were listed with their scientific
name. The unidentified plant specimens were
identified with the help of various literatures
(Polunin & Stainton, 1984; Stainton, 1988§;
Bajracharya et al., 1997; Shrestha, 1998; Press et
al., 2000; Anonymous, 2008) and with experts of
Department of Plant Resources, Kathmandu. The
nomenclature of APG III was followed
(www.theplantlist.org). Study also focused on
whether rare, endangered, threatened plants were
collected and conserved or not with proper scientific
information. The plants were categorized either
native or introduced (Bajracharya et al., 1997;
Shrestha, 1998) or government protected, under
CITES or under IUCN category by comparing the
enumerated list with available literatures (HMG,
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2001; DPR, 2012; DNPWC, 2018). The collected
data about plants and different categorical variable
values were presented quantitatively. By using
Microsoft excel, data were coded, summarized,
presented and analyzed. Moreover, prior to the field
work, available literatures were collected and
reviewed.

Results and Discussion

Of the documented 229 plant species (88 families
and 177 genera), 212 were angiosperms (156 dicots
and 56 monocots) and 17 were gymnosperms (Table
1). These were represented by highest numbers of
herbs (84) followed by trees (78), shrubs (61), and
climbers (6). The dominant family was Asparagaceae
(15) followed by Compositae (12), Arecaceae (9),
Rosaceae (9), Rutaceae (9) Cupressaceae (8) and
Araceae (7). Similarly, 5 families had 6 spp. each, 4
families had 5 spp. each, 3 families had 4 spp. each,
4 families had 3 spp. each, 20 families had 2 spp.
each and rest of the 44 families had one spp. each.
Of the enumerated plants 35! (81 spp.) were native
and 65! (148 spp.) were introduced as exotic species.
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Figure 1: Life form of plants with their number

A total of 156 dicot plants (H=48; Sh=48; T=58;
Cl=2) were enumerated in the Singha Durbar
territory. These dicot plants were represented by
primitive and old Magnolias to newly planted Citrus
trees, exotic Avocado to native Hog plum trees,
deciduous Celtis to evergreen Cinnamomum trees,
Avenue tree Polyalthia to ornamental Asters,
medicinal Rauvolfia to hedge plant Euphorbia and
many more. Similarly, the territory was covered 56
species of monocot plants (H=36; Sh=10; T=6;
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Cl=4). Mostly the ornamental monocots were
recorded which were mainly perennial like
Asparagus, Beaucarnea, Canna, Caryota, Dracaena
etc. A total of 17 species of gymnosperms (Sh = 3,
T= 14) were reported in this study. Some
gymnosperms are slow growing plants which later
on attain the size of medium to large sized tree
(Figure 1). These were represented by native Cycas
pectinata to exotic Araucaria bidwillii. Recently
developed landscapes were prioritized with
gymnosperms. Just concerning the garden flowers
of Kathmandu valley, over 90% of the flowers are
not native to Nepal or to the Himalayas (Bajracharya
etal., 1997). They are either from African continent
or South America or North America or subarctic
region or native species of China and Japan or
Mexico and Brazil (Shakya et al., 2001). The
recorded ornamental garden flowers in this study
were also exotic with hybrid cultivars.

Such a diversity of dicots to gymnosperms in small
place with many primitive magnolias to advanced
orchids, medicinal plants to ornamental flowers,
common to rare species indicate that it is a unique
repository of plants in the heart of Kathmandu.
Similarly different landscapes of Rock garden, Rose
garden, Canna garden, Convention on International
Trade in Endangered Species of Wild Fauna and
Flora (CITES) garden, Medicinal and Aromatic
Plants (MAPs) garden have their own significance.
Recently there is a massive plantation of fruits plants
initiated by the office of Prime Minister. But,
construction of small structures every year tarnished
the beauty of the area and also made the area
congested. Similarly, government has decided to
construct a new parliament building at Putali
bagaicha, a historical garden of Singha Durbar.
Hence, there is instant requirement for the
demarcation of land areas for different activities. For
this purpose master plan should be prepared with
broad consultation to the experts for its beatification
by landscape design and management, avenue
plantation, establishment of occasional plantation
areas by Very Important Persons (VIPs) etc. The
ornamental characteristics of plants like flower color,
fruit, seasonal foliage color, bark categories, growth
characteristics and the management issues such as
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leaf and fruit litter, susceptibility to storm damage,
pests and diseases, the selection of species, thinning,
pruning, felling, tagging, etc. should be addressed
by Ministry of Forests and Environment. For the
name of beautification, plantation of exotic
gymnosperms should be avoided, instead broad
leaved native plants should be promoted which help
in pollution control and provide food and shelter for
birds and insects.

Introduction of many economically important plant
species in Nepal dates back to 1850s during Rana
regimes (Gotame et al., 2017). About the status of
plants in Singha Durbar, 65% (148 spp.) were
introduced as exotic plant species. Most of the plant
species of Singha Durbar were introduced from
Japan and China (Chitrakar, 2011) and some are used
in cultural ceremonies as well. Similarly, 11 species
were found under different conservation categories
of CITES, IUCN, and Government protected list.
Among them, 8 spp. were under single conservation
category of either CITES (DNPWC, 2018), IUCN
(DPR, 2012) or Government protected category
(HMG, 2001) and three species were in multiple
conservation category (Appendix 1). This
information indicates that most of the plants were
exotic, commonly available and neither of them was
endemic (DPR, 2012).

Conclusions

Cultivation of ornamental flowers and planting
around the home and office is a long practice.
Introduction of many garden plant species in Nepal
dates back to 1850s during Rana regimes. About the
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present status of plants in Singha Durbar, 65% were
introduced as exotic plant species because during
the time of construction of Singha Durbar everything
were imported from abroad including plants. Many
of these plants still exist and now some indigenous
plants are conserved in the premises of different
ministries in Singha Durbar territory. Construction
of artistic landscapes representing our own culture
and style with topiaries of endangered animals
should be prioritized. Similarly, orchid house, alpine
plant house, tropical plant house, water garden etc.
by introducing native and endemic plants becomes
more significant in this area. Moreover, all the
species should be tagged with necessary scientific
information.
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Acute Toxicity Test of Ten Commercial Essential Oils of
Nepalese Origin

Rajeshwor Ranjitkar*, Devi Prasad Bhandari and Laxman Bhandari
Natural Products Research Laboratory, Thapathali, Nepal
* E-mail: raj.ranjit@hotmail.com

Abstract

Essential oils are originating in aromatic plants and have volatile fractions that are responsible
for biological activity, smell, and taste. Present study was designed to explore ten commercial
essential oils in toxicological evaluation on mice. The LD50 was 1843, 1606, 1664, 1266, >2000,
>2000, >2000, 500, 1347 and 1900mg/kg b.w. of Xanthoxylum Oil ,Wintergreen Oil, Eucalyptus Oil,
Lemongrass Oil, Hedychium Oil, Sugandhakokila Oil, Jatamansi Oil, Citronella Oil, Anthopogon
Oil and Chamomile Oil respectively which reveals that Citronella has highest toxicity than others.
Essential oils have wide application and mostly common in cosmetics, drugs and food.They are
natural substances, but the results obtained indicate that natural is not synonymous with

harmless.

Keywords: Acute oral toxicity, Essential oils, LD50, Median lethal dose

Introduction

The term “Essential 0il” is defined as an odorous
product, generally of complex composition, obtained
from a botanically defined raw material, either by
water vapor extraction , by dry distillation, or by an
appropriate mechanical process without heating
(Rehman, 2015). The essential oil is most often
separated from the aqueous phase through a physical
process, which does not involve a significant change
in its composition”. Dry distillation, without addition
of water vapor, is used for wood, bark and roots.
The mechanical process is used exclusively for citrus
fruit: their essential oils are contained in micro
vesicles located in the peel and extracted by pressure
or friction.

Plants produce a wide array of secondary metabolites
during their growth and development (Ramkrishna,
2011). Essential oils also known as ethereal or
volatile oils are among the most important
compounds of secondary metabolism of aromatic
plants (Rehman, 2015).

Being secondary metabolites, essential oils are not
vital for growth and development of the producing
plant. Their role has been hypothesized to include
protection against pathogens and pests by acting as
antifeedants, antibacterial, antivirals, antifungals and
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insecticides (Ibrahim, 2001). In a number of plants,
the essential oils suppress growth of neighboring
plants through allopathic effects hence offering the
producing plant a competitive advantage (Abad,
2012).

The most common test of potential human toxicity
is that of the “LD50” test or the “median lethal dose™.
This test is routinely applied to laboratory animals
(humans do not usually volunteer) in the testing of
compounds used in pharmaceuticals, agricultural
chemicals, flavors, fragrances and cosmetics, to
name a few. In this testing procedure, laboratory
animals, usually rats are given measured doses of
compounds until approximately half of the test
population die. The “median dosages” are then
generally given in the ratio of grams of test
compound per kilogram of bodyweight. Hence, a
LD50 rating of 1.0 represents that 50% of the test
animals died on a dosage of 1 gram per kilogram of
body weight. Since ancient times, essential oils are
recognized for their medicinal value and they are
very interesting and powerful natural plant products.
They continue to be of paramount importance until
the present day. Essential oils have been used as
perfumes, flavors for foods and beverages, or to heal
both body and mind for thousands of years (Wei &
Shibamoto, 2010). Besides that the utilization of
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essential oil is very extensive and covers a wide
range of human activity some of the important uses
as; ingredients in the manufacture of soaps,
cosmetics, perfumery, healthcare herbal products,
confectionary, aerated water, syrups, disinfectants,
insecticides, fungicides. Most essential oil
compounds have a “non-specific” toxic effect,
whereby the absorption of these lipophilic
compounds into cellular membranes can eventually
lead to disruption of membrane permeability. The
primary toxic outcome is that of the disruption of
ion channel function in nerve cells, first affecting
the heart and central nervous system, leading to
cardiac and respiratory depression (Henary, 1998).
To create such effects, however, require huge
dosages, in the order of 300mL and beyond. Certain
aromatic compounds, most notably 1,8 cineole (as
in many Eucalyptus species), camphor (borneone)
(as an isolated compound or as in Rosmarinus
officinalis CT camphor and Lavandula latifolia) and
methyl salicylate (as a synthetically derived
compound or as in Gaultheria procumbens) have
specific toxic effects at much lower doses. These
compounds make up the bulk of both serious and
fatal poisonings in children and adults, due not just
to their toxicity, but to the common availability of
products containing these compounds and their
reputed beneficial properties (NDPSC, 1998). With
some essential oils or at least with the monoterpenes
constituting them, dermal toxicity was observed,
among them are the clove, eucalyptus, wintergreen,
which are known for their irritability (Hammer,
1999). Bergamot and angelica essential oils cause
photosensitivity (Bakkali, 2008), D-limonene
produces further irritating transdermal absorption 40
and another that tea-tree oil can cause skin allergies
(Rubel, 1998; Rutherford, 2007).

Many internet sites marketing essential oils give the
following warnings: “Always keep essential oils out
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ofreach of children”. Some oils can irritate sensitive
skin. Some oils are phototoxic (angelica, orange,
bergamot orange, lemon, etc.) After application of
these oils, sun exposure can cause the appearance
of marks on the skin. Use of essential oils is
definitely not recommended during pregnancy and
breastfeeding, except if medically prescribed (Rubel,
1998).

Materials and Methods

Plant Materials

All the essential oils were Nepalese origin and were
purchased from different suppliers in Katmandu,
Nepal. These essential oils were confirmed with
standards oils by CO- TLC.

Acute Oral Toxicity Test

The guidelines for Testing of Chemicals, Acute
Oral Toxicity Acute Toxic Class Method 423 of the
Organization for Economic Cooperation and
Development (OECD), was used. The toxicity of
substances was settling several classes as: not
classified, dangerous, toxic, very toxic, and highly
toxic as shown in Table 1.

Twelve hours before starting the study food was
suspended while the body weigh was monitored
moments before the administration of the oil.
Animals were randomly assigned in two groups one
was: a control group treated with physiological saline
and the other was experimental group treated with
the essential oil at dose of 2000 mg/kg of body
weight, using an orogastric tube. Clinical
observations of animals were performed four times
per day, paying attention to behavior, general
physical condition, nasal mucosa, changes in skin
and fur, respiratory frequency, somatomotor activity,

Table 1: Classification of substances according to the guideline of the Globally Harmonized system of classification and labeling

of chemicals (GHS), third edition

S.N. Ranges (mg/kg) Category Classification Hazard Statement
1 >2000mg/kg Category 5 Not classified May be harmful if swallowed
2 >300 <2000mg/kg Category 4 Dangerous Harmful if swallowed
3 >50 <300mg/kg Category 3 Toxic Toxic if swallowed
4 > 5 < 50mg/kg Category 2 Very toxic Fatal if swallowed
5 < Smg/kg Category 1 Highly toxic Fatal if swallowed
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Table 2: Median lethal dose (LD50) of Essential Oils
S.N. Essential Oil LDS0 Hazard Statement Remarks
(mg/Kg BW)
1 | Xanthoxyllum Oil 1843 Harmful if swallowed Death on Next day
2 | Wintergreen Oil 1606 Harmful if swallowed Sudden death
3 | Eucalaptus Oil 1664 Harmful if swallowed Death on Next day
4 | Lemongress Oil 1266 Harmful if swallowed Death on same day
5 | Hedychium Oil >2000 May be harmful if swallowed No death at 2000mg/kg
6 | Sugandhakokila Oil >2000 May be harmful if swallowed No death at 2000mg/kg
7 | Jatamansi Oil >2000 May be harmful if swallowed No death at 2000mg/kg
8 | Citronella Oil 500 Harmful if swallowed lots of urination
9 | Anthopogon Oil 1347 Harmful if swallowed lots of urination
10 | Chamomile Oil 1900 Harmful if swallowed Death on Next day

and possible occurrence of signs such as tremors,
convulsions, diarrhea, lethargy, drooling, low
response to stimuli, sleep, photophobia, and coma.
Palpation of the abdomen was carried out as well.
After 48 hours of clinical observation without any
signs of toxicity, the experimental group receives
2000 mg/kg of oil. The statistical test applied was
“t-Test for independent groups”, implemented in the
STATISTIC V. 7.0 for Windows; P values <0.05%
were regarded as significant. The animals were
humanely euthanized at the end of the study.

Results and Discussion

Obtained data (Table 2) concerning the median lethal
dose (LD50) of active principle of essential oils
revealed that the doses of the LD50 were 1843, 1606,
1664, 1266, >2000, >2000, >2000, 500, 1347 and
1900mg/kg b.w. of Xanthoxyllum Oil, Wintergreen
Oil, Eucalyptus Oil, Lemongress Oil, Hedychium
Oil, Sugandhakokila Oil, Jatamansi Oil, Citronella
Oil, Anthopogon Oil and Chamomile Oil
respectively, for mices under environmental
conditions. Obtained data revealed that Citronella
Oil is moderately hazardous, while Xanthoxyllum
Oil, Wintergreen Oil, Eucalyptus Oil, Lemongrass
Oil, Anthopogon Oil and Chamomile Oil are only
slightly hazardous. The obtained result indicates that
the Hedychium Oil, Sugandhakokila Oil and
Jatamansi Oil could be considered safe, might be
less harmful orally, showing no in vivo toxicity.
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The toxicity of essential oils varies according to their
composition, which itself varies with the plant,
which itself may vary with the soil where it grows
(chemotype). Their composition may be ascertained
with precision by gas chromatography. For example,
the essential oil of the Salvia officinalis L. leaf is
richer in toxic thujone in Estonia than in other parts
of Europe (Raal, 2007). Toxicity varies according
to the period of the year where the plant is harvested
(Murbach, 2006; Amin, 2007). It varies with the
route of administration (oral, cutaneous or airborne),
with the general health of the exposed person
(penetration and toxicity are maximized by damaged
skin) and with eventual additives associated with
the oil (surface active potpourris for instance)
(Richardson, 1999). It varies according to the species
of the recipient and its level of development.

First aid measures for ingestion of significant
amounts of particularly toxic essential oils (such as
more than 2mL of high-cineole Eucalyptus oils in
young children) is straightforward: take the child to
the nearest hospital emergency room or at least call
or a Poisons Information Centre for instructions. The
vast majority of accidental essential oil ingestion in
children result in few, if any symptoms and resolve
safely with no medical intervention (Webb, 1993).
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Abstract

The purpose of this study was to find out the variation of major chemical constituents present in
the essential oil of leaves and fruits of Cinnamomum tenuipile Kosterm analyzed by GCMS
instrument. Leaves and Fruits of Cinnamomum tenuipile Kosterm were collected from Brindaban
Botanical Garden of Makawanpur district of Nepal. The extraction of essential oil was performed
by hydro-distillation using Clevenger apparatus and then their chemical composition was
identified by gas chromatography coupled with mass spectrometry (GC-MS). The results of
chromatographic analysis have shown somehow similar compounds except camphor which was
found in fruits whereas it was absent in leaf oil. By GCMS analysis 13 and 15 compounds were
identified respectively in which eucalyptol (24.17%) and methyl cinnamate (52.18%) were found
as major compound in leaf oil while eucalyptol (38.23%), camphor (19.57%) and methyl cinnamate
(22.53%) were found as major compound in fruit oil.

Keywords: Camphor, Clevenger , Eucalyptol, GC-MS, Methyl cinnamate

Introduction

The evergreen, Cinnamomum tenuipile Kosterm
(syn. Cinnamomum cecidodaphne), part of the
Lauraceae family, is native to Nepal and grows wild
in the districts of Dang, Rolpa and Sallyan in
the Rapti Zone (Rema et al., 2002, Adhikari, 2018).
This species is a diploid and can grow to an altitude
of 1300 meters (Ravindran et al., 2003). Cinnamomum
tenuipile Kosterm is recognized as an aromatic plant,
meaning it has an elevated level of essential oil
(Gurung, 2015). Using steam distillation, the dried
berries of Cinnamomum tenuipile Kosterm produce
the essential oil commonly known as sugandha
kokila oil (Ravindran et al., 2003), which is yellow
in color and has a camphoraceous, spicy aroma
(HPPCL, 2015). This product can be used as a
fragrance in soaps, detergents, cosmetics, perfumes
and industrial fragrances (Gurung, 2015). Sugandha
kokila oil is also used in indigenous medicine as a
demulcent and stimulant (Rema et al., 2002). The
Nepal Trade Integration Strategy 2010, identified
Medicinal and Aromatic Plants (MAPs) as one of
Nepal’s top twenty goods and services with export
potential (Sharma, 2015).
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The different parts of Sugandhakokila tree contains
essential oil in different percentages which is used for
the formulation of perfume as well as uesd in the form
of scent (Adhikary, 2018). The nematicidal, termiticidal,
mosquito larvicidal (Satyal et al., 2013), insecticidal,
antifungal, antiaflatoxin, antioxidant (Prakash et al.,
2013) and antibacterial (Rajendra et al., 2013)
activities of essential oils have been also reported.

In the present study, essential oil is extracted from
the fruits and leaves of Cinnamomum tenuipile
Kosterm (Sugandhakokila) collected from
Brindaban Botanical Garden, Makawanpur Nepal
and oil was analysed by Schimadzu GC-MS QP 2010
Plus. The purpose of this study was to compare the
chemical constituents present in the both oil samples.

Materials and Methods

Collection of plant materials

The fruits and leaves of Cinnamomum tenuipile
Kosterm were collected from Brindaban Botanical
Garden, Makawanpur district of Nepal. The fresh
fruits and leaves were collected and dried in shed
before extraction of essential oil.
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Extraction of essential oil

A Clevenger apparatus was used for the extraction
of essential oil from the fruits and leaves of
Cinnamomum tenuipile Kosterm through hydro
distillation (Waheed et al., 2011). The fruits and
leaves were thoroughly washed and placed in
Clevenger apparatus and subjected to hydro
distillation for about 8 hours. The steam and
vaporized oil were condensed into liquid by a vertical
condenser and collected in measuring tube. Being
immiscible and lighter than water, the volatile oil
separated out as an upper layer. The oil was then
separated from water and collected in small glass
bottles, dried with anhydrous sodium sulphate,
sealed, labelled and stored in glass vials.

Gas chromatography- Mass spectrometry (GC-MS)

The chemical constituents in the essential oils were
separated by using a Shimadzu Gas chromatograph
Mass Spectrophotometer (GCMS QP 2010 Plus)
with Rtx-5MS column (30mX0.25mmX0.25um).
1 puL of the essential oil diluted with spectroscopic
grade hexane (10:1) was injected into the GC inlet
maintaining column flow rate of 0.68 mL/min and
purge flow 3 mL/min in the split mode. The initial
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column oven temperature was set at 40°C and the
injection temperature was 250°C.

The qualitative analysis of the essential oil was
further continued in a Shimadzu GCMS-QP2010
Plus. During the analysis, the ion source temperature
and the interface temperature was set at 250°C and
200°C respectively. The detector scanning start time
was 4 min and end time was 68 min; scan speed
was 666 with scanning range of m/z 40.00-350.00.
Identification of compounds was done by comparing
the Mass spectral data present in the mass spectral
library NIST 2017 and FFNSC 1.3.

Results and Discussion

The oil extracted from fruits and leaves of
Cinnamomum tenuipile Kosterm (Sugandhakokila)
was analyzed by GCMS instrument and the
composition of various constituents present in the
respective oil is tabulated below in Table 1 & Table
2 respectively which is nearly similar to the analysis
of essential oil of fruits of sugandhakokila (Adhikary
et al., 2011) which shows 1,8-cineole, methyl
cinnamate, alpha-terpineol as major constituents.

Table 1: Chemical constituents present in the essential oil extracted from fruits of Cinnamomum tenuipile Kosterm

(Sugandhakokila) based on GCMS analysis.

Peak R. Time Area Area% Name of the Compounds
1 11.668 539761 1.93 Pinene <alpha->
2 13.505 909094 3.26 Sabinene
3 13.64 530067 1.9 Pinene <beta->
4 15.937 304184 1.09 Cymene <para->
5 16.287 10674502 38.23 Eucalyptol
6 17.61 168681 0.6 Terpinene <gamma->
7 19.61 355533 1.27 Linalool
8 21.826 5463814 19.57 Camphor
9 22.882 173829 0.62 Terpineol <delta->
10 23.379 1014454 3.63 Terpinen-4-ol
11 24.02 1194704 4.28 Terpineol <alpha->
12 29.339 288113 1.03 Cinnamate <methyl-, (Z)->
13 32.807 6002721 21.5 Cinnamate <(E)-, methyl->
14 38.319 151850 0.54 2-Acetylbenzoic acid
15 40.995 152191 0.55 Caryophyllene oxide

87



2019 Journal of Plant Resources Vol.17, No. 1
(x1,000,000)
{TIC (1.00)
2.5
2.0
1.5]
1.01
0.5
T T '}L“_n[‘q ‘Tw“o w’\\ ‘h&‘-ﬂ:‘ ‘JF\ R ‘”;\'Lﬁ‘ T U A
10 20 30 40 50 60 70
Figure 1: GCMS chromatogram of essential oil of fruits of Sugandhakokila collected from Brindaban,
Makawanpur
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Figure 2: Graphical representation for the major chemical constituents present in the essential
oil of fruits of Cinnamomum tenuipile Kosterm analyzed by GCMS.

Table 2: Chemical constituents present in the essential oil extracted from leaves of Cinnamomum tenuipile Kosterm
(Sugandhakokila) based on GCMS analysis.

Peak R. Time Area Area% Name of the Compounds
1 11.689 732795 2.49 Pinene <alpha->
2 13.529 2061207 6.99 Sabinene
3 13.664 985045 3.34 Pinene <beta->
4 14.362 216021 0.73 Myrcene
5 16.166 205549 0.7 Limonene
6 16.298 7126612 24.17 Eucalyptol
7 23.396 430624 1.46 Terpinen-4-ol
8 24.038 1286930 4.36 Terpineol <alpha->
9 29.361 563838 1.91 Cinnamate <methyl-, (Z2)->
10 32.89 14824373 50.27 Cinnamate <(E)-, methyl->
11 34.354 505255 1.71 trans-.alpha.-Bergamotene
12 38.588 231513 0.79 Cadinene <delta->
13 43.681 317663 1.08 Cadin-4-en-10-ol
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Figure 3 : GCMS chromatogram of essential oil of leaves of Sugandhakokila collected from Brindaban,
Makawanpur
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Figure 4: Graphical representation for the major chemical constituents present in the essential oil of

leaves of Cinnamomum tenuipile Kosterm analyzed by GCMS.

Mass fragmentation pattern of various compounds that are identified by GCMS analysis
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Figure 6: Mass Fragmentation of Sabinene
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Figure 8: Mass Fragmentation of Myrcene
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Figure 9: Mass Fragmentation of Limonene
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Figure 11: Mass Fragmentation of Terpinen-4-ol
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Figure 14: Mass Fragmentation of Cinnamate <(E)-, methyl->
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Figure 15: Mass Fragmentation of trans-.alpha.-Bergamotene
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Figure 16: Mass Fragmentation of Cadinene <delta->
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Figure 17: Mass Fragmentation of Cadin-4-en-10-ol
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Figure 18: Mass Fragmentation of Cymene <para->
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Figure 19: Mass Fragmentation of Terpinene <gamma->
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Figure 20: Mass Fragmentation of Linalool
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Figure 22: Mass Fragmentation of Terpineol <delta->
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Figure 24: Mass Fragmentation of Caryophyllene oxide

Conclusion

The results of chromatographic analysis of essential
oil of fruits and leaves have shown that they are
somewhat similar but some compounds were present
only in fruit oil and some were present in leaf oil
only. Camphor is present in fruit oil while in leaf oil
it was absent. By GCMS analysis 13 compounds
were identified in leaf oil where as 15 compounds
were identified in fruit oil. The major compounds
were Eucalyptol (38.23%), Camphor (19.57%) and
Methyl cinnamate (22.53%) in fruit oil and
Eucalyptol (24.17%) and Methyl cinnamate
(52.18%) in leaf oil.
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Abstract

Diabetes mellitus is a metabolic disorder of multiple aetiology .The present study was conducted
to investigate the anti-hyperglycemic effect of Aloe vera leaves. Diabetes was induced in albino
rats by intraperitoneal injection of alloxan monohydrate (120mg/Kg). The anti-hyperglycemic effect
of the aqueous (1.25g/Kg bw) and 80% ethanolic extracts (1.25¢g/Kg bw) of the plant were
determined by oral administration of the extracts for a period of 28 days and fasting blood glucose
level of each rat was determined before administering the drug on 0™, 14" and 28" days. The
anti-hyperglycemic effect of aqueous extract on 14" and 28" days were found to be 14.1%,24.01%
and ethanolic extracts on 14" and 28" days were 17%, 23.66% respectively with respect to diabetic

water control group.

Keywords: Aloaceae, Anti-hyperglycemic activity, Phytochemical

Introduction

Diabetes mellitus is one of the most common
endocrine disorders in all populations and all age
groups. There is a rising prevalence of the disease
in the developing countries with industrialization,
socio-economic development, urbanization and
changing life style (Zimmet, 1992; WHO, 1998).
In year 2000, according to the WHO, at least 171
million people worldwide suffer from diabetes.
WHO Regional Office for South East Asia 2009
website states, health situation in the South-East
Asia Region (1998-2000), the estimated number
of cases is 40,610,925 in Population of
1,489,132,000 i.e 2.7 percentage of population
(WHO Regional Office for South East Asia 2009).
By 2030, it is estimated that the number of people
with diabetes >64 years of age will be >82 million
in developing countries and >48 million in
developed countries. (Wild et.al., 2004). In case
of Nepal too, according to S.Haruka et.al there is a
surprisingly rapid increase in the prevalence of
diabetes in the Nepalese population. The study
found 9.1% in urban areas and 1.3% in rural areas.
This appears to have been influenced more by rapid
urbanization and changes in lifestyles after the
ongoing democratic movements that have taken
place since 1990 in Nepal.
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Currently various therapies are practiced to treat
Diabetes Mellitus in case of either type 1 or type 2.
For treating Type 2 diabetic patients, when patients
fail to maintain normoglycemia by maintaining diet
and exercise alone, the first line drugs are the oral
hypoglycemic agents like Sulphonylurea,
Biguanides, thiozolidinedions, Meglitinides,
Metformin, Glipizides and Glimipirides are the drug
of choice. Considering the limitations of existing
therapies in restoring the quality of life to normal
and reducing the risk of chronic diabetic
complications, there is a clear need for the
development of alternative strategies for diabetes
therapy.

Nepal is regarded as one of the main country with
rich sources of medicinal plants. The region is being
blessed with a rich biodiversity with varieties of flora
and faunas. In Nepal about 80% of population still
relies on herbal medicines for their first and basic
health care especially those people living in remote
areas. So, there is a belief that their health problems
can be solved through scientific exploitation of
medicinal plants available in their country to great
extent.

The selected plant A/oe vera belonging to the family
of Aloaceae is widely cultivated throughout the
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world. Aloe vera is a perennial succulent xerophyte,
with elongated pointed fleshy leaves consisting of
two parts, an outer skin (green rind) and inner pulp
(colorless mucilaginous gel). Aloe vera has been
reported to be effective in various ointments such
as burns, allergic reactions, rheumatoid arthritis,
rheumatoid fever, indigestion, ulcers, diabetes, skin
disease, diarrhoea, piles etc.(Lanjhiyana et al., 2011).

Materials and Methods

Collection and Identification of plant

The leaves of Aloe vera plant was collected from
Kathmandu valley locally. The plant was identified
by the Department of Plant Resources, Thapathali,
Kathmandu, Nepal.

Preparation of plant extract

The collected leaves of Aloe vera were cleaned,
crushed and grinded by using an electric blender.
Each (gm) powder was then extracted with 80%
ethanol and distilled water, respectively soaking it
24 hours in solvents separately. Each extract was
filtered and concentrated by using Rota rod
instrument.

Phytochemical screening

Qualitative phytochemical tests of each extract were
carried out to determine the presence or absence of
following glycosides, alkaloids, flavonoids, tannins,
terpenoids, saponin, reducing sugar using standard
methods.

Animals and Experimental Design

Adult healthy albino rats of either sex weighing 180-
220 gms were used through out the study. The
animals were maintained at a constant room
temperature of 22+5°C with humidity of 40-70%.
Animals were handled according to the national
guidelines of Nepal government.

Induction of Diabetes

Diabetes was induced in animals by intraperitoneal
injection of Alloxan monohydrate 150mg/Kg body
weight. After two hour of Alloxan injection, dextrose
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10% was fed with distilled water to prevent animals
from hypoglycemia. After 7 days of Alloxan
induction, fasting blood glucose levels of >250 mg/
dl were considered as diabetic and selected for
further study. Their blood glucose levels were
estimated in 0" day and then in 15" day and 28" day.

Treatment schedule: All the rats having blood
glucose level >250 mg/dl, were randomly divided
into 4 groups of 6 animals each and treated once
daily for 28 days.

1) diabetic control receiving water (wc)

i1) diabetic treated with Glibenclamide (5 mg/kg
bw)

iii) diabetic treated with water extract of Aloe vera
(Gel-W1.25 g/kg bw)

iv) diabetic treated with ethanol (80%) extract of
Aloe vera (Gel-Et1.25 g/kg bw).

Both extracts at the dose (1.25 g/kg bw) &
glibenclamide (5mg/kg bw) were fed once a day to
each rat of each group for 4 weeks. Fasting blood
glucose level of alloxan induced diabetic rats of each
group on 0™, 14" and 28™ days were determined by
pre-standardized Glucometer with reagent strips.

Statistical analysis

Data from the experiments were analyzed using the
Statistical Package for Social Science (SPSS) version
19. All the data were expressed as Mean =+ SD or as
Median (Range) as appropriate. The limit of
significance was set at p<0.05.

Results and Discussion

Phytochemical screening

The phytochemical screening of the both ethanolic
and aqueous extracts of Aloe vera revealed the
presence of cardiac glycosides, tannins, saponins,
terpenes and flavonoids.

Anti-hyperglycemic effect

Alcoholic and aqueous extracts of Aloe vera and
standard drug showed the reduction of fasting
glucose level on the 14" day of the experiment with
respect to water control in alloxan induced diabetes
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Table 1: Anti-hyperglycemic Effects of Aloe vera extracts in Alloxan-induced Diabetic rats

Group Glucose (mmol/l) Glucos?h(mmol/l) Glucos?h(mmol/l)
0 day 14" day 28" day
WC (n=7) 8.6140.83 7.17+£0.90 8.41+0.79
Gliben (n=7) 7.3840.98 6.55£1.04 6.55£1.04
Water Ext (n=7) 7.56£1.50 7.07£1.21 6.39£1.81
Ethanol Ext (n=7) 7.74£1.16 6.66£0.98 6.42+1.93
in rats. Reduction of fasting glucose level on 28th  Conclusion

days of experiment by extracts and standard drug
were found more significant compare to the fasting
blood glucose level of 0™ and 14™ day of the
experiment.

Effects of Four weeks treatments of Alloxan -
induced Diabetic Model rats with aqueous and
ethanol extracts of Aloe vera gel on fasting blood
glucose levels .

The extracts of 1.25g/Kg BW post oral, showed
reduction of raised blood glucose level in alloxan
induced diabetic rats and maximum reduction was
found on 28th day indicating the extracts had a
significant antidiabetic activity in rats. The possible
mechanism through which the extract might have
brought about blood glucose lowering effect were
either by increasing utilization of glucose or by direct
stimulation of glucose uptake through increased
insulin secretion. It might also have been due to the
extracts stimulating 3 cells in islet of Langerhans,
increased serum insulin and reduced blood sugar.
The findings also suggest that plant extracts may
regenerate [ cells and has protective effect on 3 cells
from glucose toxicity. As other studies showed, plant
extracts might bring about its hypoglycemic effect
through insulin secretion from the remaining 3 cells
and insulin sensitivity. The blood glucose lowering
effect of these plant extracts may be attributed to
the presence of phenols, flavonoids, alkaloids,
tannins, phylobatanins, and saponins that have been
associated with hypoglycemic activity. Flavonoids
are one of the most numerous and wide spread
groups of phenolic compounds in higher plants.
Some of them, due to their phenolic structure, are
known to be involved in the healing process of free
radical mediated diseases including diabetes resence
of saponins in this extract could also be responsible
for the hypoglycemic activity.
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As Aloe vera extracts showed anti-hyperglycemic
activity in alloxan induced diabetes in rats, further
investigation is needed to isolate the compounds
responsible for anti-diabetes effect to develop drugs.
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Abstract

Ethno-medicinal uses of Flemingia strobiifera in the Magar communities at Kawaswoti urban
municipality, Province no. 4, Nepal was surveyed. Phytochemicals present in the hexane and
aqueous methanolic extracts of the roots were evaluated by chemical tests and GC-MS analysis.
The antimicrobial activity of the extracts was carried out against 8 bacterial species by the agar
well diffusion method. Zone of inhibition was compared with standard antibiotics ampicillin and
gentamicin. The aqueous methanolic extract showed stronger antimicrobial activity against
Escherichia coli. The lowest MIC and MBC values were 1.56 and 6.25 mg/ml, respectively.
Phytochemical screening revealed the presence of polyphenols and terpenoids. The antimicrobial
activity of the plant material might be due to the presence of these phytochemicals.

Keywords: Ethno-medicine, Magar community, Phytoconstituents, Zone of inhibition

Introduction

Flemingia strobilifera (L.) R. Br. belongs to family
Leguminosae. It is known as bharkauli jhar and
bhatwasi in Nepali. It is used in folkloric medicine,
such as leaves and flowers for tuberculosis, and roots
for ulcers, body swellings, epilepsy, insomnia, fever,
indigestion, diarrhea and dysentery (Bhattarai, 1991;
Manandhar, 2002; Ghalot et al., 2011; Kumar et al.,
2011b). It is used as fodder by Chepang communities
in mid hills of Nepal (Rijal, 2011). Root powder is
applied on the body by Darai tribe of Chitwan
district, Nepal for scabies (Dangol & Gurung, 2000).
Madan et al. (2009) have isolated isoflavonoids from
F. strobilifera roots and showed antimicrobial
activity against Staphylococcus aureus, Pseudomonas
aeruginosa, Methicillin-resistant Staphylococcus
aureus and Escherichia coli. Kumar et al. (2011a)
reported a significant anthelmintic activity of the
alcoholic and chloroform extracts of the leaves of F.
strobilifera. Roots of F. strobilifera constituted
phenols, flavonoids, steroids, flavonoids glycosides
and tannins (Madan et al., 2010).

From the field studies, it was came to know that the
Magar communities in Kawaswoti urban
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municipality, Province no. 4, Nepal use juice of F.
strobilifera roots for the treatment of diarrhea,
dysentery and gastritis. Therefore to validate ethno-
medicinal knowledge, antimicrobial susceptibility
test of F. strobilifera root extracts was evaluated in
the present work.

Materials and Methods

Field visit

The study was carried out in Kawaswoti urban
municipality of Nawalpur district, Province no. 4,
Nepal. Ethno-medicinal data of the medicinal plants
of the Magar communities were collected during
field visit in April, 2016. Herbaria were prepared
and confirmed through comparison with specimens
at National Herbarium and Plant Laboratories,
Godawari, Nepal.

Materials

Mueller Hinton Agar (MHA) and Mueller Hinton
Broth (MHB) were purchased from HiMedia
Laboratories Pvt. Ltd. Hexane and Methanols were
purchased from Fisher Scientific.
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Preparation of the plant extracts

Roots of F. strobilifera were dried in shade at room
temperature. Air dried plant materials were ground.
The ground plant material (100 g) was successively
extracted with hexane (800 ml, 7 hours) and 70%
methanol (800 ml, 22 hours) using a Soxhlet
extractor. These plant extracts were concentrated by
using a rotary evaporator and vacuum dried. The
extracts were stored in a refrigerator at 4°C until
further use.

Phytochemical screening

Phytochemical screening of the hexane and aq.
methanolic extracts was performed using different
specific reagents to find out different
phytoconstituents present in the plant extracts
(Ciulei, 1982). Among other tests, Braymer,
Dragendortf, Liebermann-Burchard and Salkowski
tests were carried out to detect polyphenols, alkaloid,
steroids and terpenoids, respectively.

Gas chromatography-mass spectrometry (GC-MS)

GC-MS analyses of the hexane and aq. methanolic
extracts of F. strobilifera was analyzed using an
Agilent 7890A GC system coupled with an Agilent
5975 C mass selective detector, equipped with a HP-
SMS GC column (5% phenyl methyl siloxane,
Agilent 19091S-433, 30 m x 250 um internal
diameter, 0.25 pm film thickness). Helium was used
as a carrier gas at flow rate of 1.21 ml/min. The
instrument was operated in the electron impact (EI)
mode at 70 eV and ion source temperature 230°C in
the scan range of 50-500 m/z. The initial column
temperature was set at 40°C held for 2 min, ramped
at a rate of 4°C/min to 270°C and held for 5.5 min
(total run time 65 min). A dilute sample solutions of
the extracts were prepared in HPLC grade hexane
and methanol, and a volume of 2 pl was injected.
The constituents were identified by comparing the
mass spectra available in a MS database (NIST 08).

Antimicrobial susceptibility test

The hexane and aq. methanolic extracts were
screened against a total of § bacterial strains namely
Pseudomonas aeruginosa (ATCC 27263),
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Staphylococcus aureus (ATCC 25923), Escherichia
coli (ATCC 25922), Klebsiella pneumoniae (ATCC
700603), Enterococcus faecalis (ATCC 29212),
Bacillus subtilis (ATCC 6051), Shigella dysenteriae
(ATCC 13313) and Salmonella enteric subsp. enteric
serovar typhi.

Inoculums were prepared to McFarland standard 0.5
as described in Nemkul et al., (2018). The inoculums
were used within 30 minutes.

The antibacterial screening of these extracts was
evaluated by using the agar well diffusion technique
(Perez et al., 1990). The standardized bacterial
inoculums were uniformly spread on the respective
sterile MHA agar Petri dishes using sterile cotton
swabs. The wells were punched on the agar gel using
sterile borer of 6 mm diameter. The wells were filled
with 50 il of plant extracts of 0.1g/ml concentration
dissolved in dimethyl sulfoxide (DMSO). Ampicillin
and gentamicin (Mast dagnostics) of 10 pg per disc
were used as standard references. DMSO was used
as control. The plates were incubated at 37°C for
18-24 hours. Tests were performed in triplicate. Zone
of inhibition (ZOI) was measured in mm.

Determination of minimum inhibitory concentration
(MIC) and minimum bactericidal concentration
(MBC)

Broth dilution technique was used to determine MIC
values of the extracts which displayed antimicrobial
property following (Wiegand et al. 2008). The final
inoculum size for broth dilution was 5x10° colony-
forming units (cfu) ml™'.

Microplates were used for MIC determination. The
sterility control wells were filled with 100 pl of
MHB, and the growth control wells and wells labeled
for different concentration were filled with 50 pl of
MHB. 50 ul of stock solution of the extract (0.1g/
ml) was added and series of dilutions of the extracts
were adjusted by double dilution method. The
bacterial suspension adjusted to 1x10® cfu ml”! was
diluted to 1:100 and vortexed. Each well containing
the extract dilutions and the growth control was filled
with 50 pl of the bacterial suspension. This results
in the final desired inoculum of 5x10°cfu ml™'.
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After incubation for 18-24 hours at 37°C, the MIC
was taken as the lowest concentration of the
antimicrobial agent that inhibited visible growth of
the tested bacteria as observed with the unaided eye.
MBC values were then determined by directly
streaking the content of the wells inhibiting bacterial
growth on MHA plates.

Results and Discussion

Magars in the study sites use root juice of F. strobilifa
in gastritis, dysentery and diarrhea, hence, the plant
material was chosen in this work. Upon successive
Soxhlet extractions of the root of . strobilifera (100
g) using hexane and 70% methanol yielded hexane
extract (0.44g, 0.44%, light yellow) and aq.
methanolic extract (10.52 g, 10.52%, reddish black).
Phytochemical screening revealed that the hexane
extract constituted steroids, terpenoids, and the aq.
methanolic extract constituted polyphenols.
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GC-MS analysis of the hexane extract led to identify
27 compounds accounting 99.37% of the total
constituents (Table 1). Out of 27 compounds, 19
hydrocarbons (60.74%), 4 fatty acids (13.18%), 1
acid ester (24.29%), 1 ester (0.55%), 1 alcohol
(0.36%) and 1 ketone (0.25%) were identified.
Octadecanoic acid was reported to be antimicrobial
(Mujeeb et al., 2014). n-Hexadecanoic acid was
reported to have antioxidant activity (Kumar et al.,
2010). (Z,2)-9,12-Octadecadienoic acid and oleic
acid are cancer preventive and anti-inflammatory
agents (Alagammal, 2011). From the aq. methanolic
extract, 5 compounds were identified (Table 2).
Phthalic andydride (36.62%), n-hexadecanoic acid
(20.67%), 3,5-dihydroxy-6-methyl-2,3-dihydro-4H-
pyran-4-one (11.36%), 1-heptadecene (8.76%) and
octadecanoic acid (5.28%) were the main
constituents accounting 82.69% of the total
constituents. 3,5-Dihydroxy-6-methyl-2,3-dihydro-
4H-pyran-4-one was reported to be antimicrobial
agent (Kumar et al., 2010).

Table 1: Phytoconstituents identified in the hexane extract of F. strobilifera

S.N. RT Compounds Area % Nature of compound
1 26.962  4-(4-Methoxyphenyl)-2-butanone 0.25 Ketone
2 28.054  5-Phenyldecane 1.02 Hydrocarbon
3 28.299  4-Phenyldecane 0.88 Hydrocarbon
4 28.807  3-Phenyldecane 0.95 Hydrocarbon
5 29.843  2-Phenyldecane 1.43 Hydrocarbon
6 30.580  1,4a-dimethyl-7-(propan-2-ylidene)decahydronaphthalen-1-ol 0.36 Alcohol
(Juniper camphor)
7 30.760  6-Phenylundecane 2.10 Hydrocarbon
8 30.858  5-Phenylundecane 4.42 Hydrocarbon
9 31.125  4-Phenylundecane 4.54 Hydrocarbon
10 31.671  3-Phenylundecane 3.27 Hydrocarbon
11 32.675  2-Phenylundecane 4.36 Hydrocarbon
12 33.422  6-Phenyldodecane 4.93 Hydrocarbon
13 33.547  5-Phenyldodecane 4.79 Hydrocarbon
14 33.853  4-Phenyldodecane 3.61 Hydrocarbon
15 34.404  3-Phenyldodecane 3.38 Hydrocarbon
16 35.391  2-Phenyldodecane 3.98 Hydrocarbon
17 35.986  6-Phenyltridecane 5.53 Hydrocarbon
18 36.150  5-Phenyltridecane 3.40 Hydrocarbon
19 36.455  4-Phenyltridecane 2.63 Hydrocarbon
20 37.012  3-Phenyltridecane 2.70 Hydrocarbon
21 37.977  2-Phenyltridecane 2.82 Hydrocarbon
22 39.286  Butyl octyl phthalate 0.55 Ester
23 39.423  n-Hexadecanoic acid 8.32 Fatty acid
24 43.247  (Z,2)-9,12-Octadecadienoic acid 0.68 Fatty acid
25 43.394  Oleic acid 2.01 Fatty acid
26 43.929  Octadecanoic acid 2.17 Fatty acid
27 51.670  2-(((2-ethylhexyl)oxy)carbonyl)benzoic acid 24.29 Acid ester
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Table 2: Phytoconstituents identified in the methanolic extract of F. strobilifera

S.N. RT Compounds Area % Nature of compound
1 15.234 3,5-Dihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one 11.36 Flavonoid fraction
2 21.033 Phthalic andydride 36.62 Anhydride
3 39.325 n-Hexadecanoic acid 20.67 Fatty acid
4 43.356 1-Heptadecene 8.76 Hydrocarbon
5 43.896  Octadecanoic acid 5.28 Fatty acid

The results of antimicrobial susceptibility tests are
shown in Figures 1-3 and Table 3. The aq. methanolic
extract of the roots of F. strobilifera showed an equal
antimicrobial efficacy as gentamicin against S. #yphi.
The extract exhibited potential antimicrobial activity
against £. coli (ZOl=16.5+0.67 mm) and S. aureus
(ZOI = 15.66+0.33 mm). The extract also showed
antimicrobial activity against B. subtilis, K.
pneumoniae and P. aeruginosa which were resistant
to standard antibiotic ampicillin. S. dysenteriae,

causal bacteria of shigellosis, was also inhibited.
Madan et al. (2009) have reported antimicrobial
activity of some isoflavonoids isolated from the roots
of F. strobilifera against gram-positive (S. aureus)
and gram-negative bacteria (E. coli and P.
aeruginosa). The hexane extract showed antimicrobial
activity against S. aureus, B. subtilis, E. coli and P,
aeruginosa. The synergistic effect of various
constituents present in the extracts is responsible for
the antimicrobial activity.

Figure 1: The aq. methanolic extract
showing antibacterial activity against B.
subtilis. Ampicillin as +ve control.

Table 3: Antimicrobial activity of F. strobilifera

Figure 2: The aq. methanolic extract
showing antibacterial activity against S.
typhi. Ampicillin as +ve control.

Figure 3: The aq. methanolic extract
showing antibacterial activity against S.
aureus. Ampicillin as +ve control.

S.N  Sample

Diameter of inhibition zone (mm)+standard error mean (SEM)

Gram positive bacteria

Gram negative bacteria

S4 BS EF EC ST KP PA SD
1 HE 11.25+0.47  13.3+0.33 - 11.66+0.33 - - 12.33+0.66 -
2 ME 15.66+0.33  13.33+0.88 11.66+0.33  16.5+0.67 12.66+0.33 11.66+0.33 11.8+0.33 10.33+0.33
3 Ampicillin 32.5+0.5 8.5+£0.5 17.75+0.25 25+1 15.540.5 8.5+0.5 - 23.75+0.25
4 Gentamicin  16.75+£0.25 15.5+0.5 18.5+0.5 17.5£0.5  12.66+0.33 11.33+0.88 14.66+0.33 18.66+0.66
5 DMSO - - - - - - -

HE = Hexane extract, ME = Aq. methanolic extract, SA = S. aureus, BS = B. subtilis, EF = E. faecalis, EC = E. coli, ST =
S. typhi, KP = K. pneumoniae, PA = P. aeruginosa, SD = S. dysenteriae

MIC and MBC values are shown in Table 4. Lowest
MIC was found to be 1.56 mg/ml for the aq.
methnolic extract against E. coli. The extract showed
bactericidal effect on B. subtilis, E. faecalis, K.
pneumoniae and S. dysenteriae. It showed

bactericidal effect on higher concentration against
S. aureus, E. coli, S. typhi and P. aeruginosa. The
bacterial viability was gradually decreased at high
concentration of the extract in a dose-dependent
manner.
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Table 4: MIC and MBC of F. strobilifera
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S.N. Bacteria Hexane extract Aq. methanolic extract
MIC MBC MIC MBC
1 S. aureus 12.5 25 3.12 6.25
2 B. subtilis 50 50 12.5 12.5
3 E. faecalis - - 3.12 3.12
4 E. coli 6.25 6.25 1.56 6.25
5 S. typhi - - 12.5 25
6 K. pneumoniae - - 6.25 6.25
7 P. aeruginosa 12.5 25 3.12 6.25
8 S. dysenteriae - - 50 50
Conclusion Bhattarai, N.K. (1991). Folk herbal medicines of

The people of Magar communities of Kawaswoti
rural municipality, Nawalpur district, Province no.
4, Nepal use juice from the roots of F. strobilifera
for the treatment of gastritis, diarrhea and dysentery.
This work showed that aq. methanolic extract of F.
strobilifera roots exhihbit significant antimicrobial
activity against E. coli (ZOI = 16.5+0.67) and
moderately against S. dysenteriae (ZOIl =
10.3340.33) in the support of traditional knowledge.
The extract also displayed antimicrobial activity
against ampicillin-resistant B. subtilis, K.
pneumoniae and P. aeruginosa.
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Abstract

The current study was focused on preliminary phytochemical screening in hexane, methanol
and 50% ethanolic extract of plant Swertia chirayita (Roxb. ex Fleming) of different region. Total
Phenolic Content (TPC) and Total Flavonoid Content (TFC) was quantified by using Folin-ciocalteau
reagent (FCR) and aluminium chloride assay by spectrophotometric method before accessing
antioxidant activity of the methanolic extracts by using 2, 2 -Diphenyl-1-picrylhydrazyl (DPPH)
assay method. Bitter principal of plant material was determined by procedures as mentioned in
Ayurveda Pharmacopeia of India and the percentage bitterness values of four different
geographical regions were found to be llam (1.31) Rasuwa (1.50) Dolakha (1.43) and Bhojur (1.46).

Keywords: Bitterness value, DPPH free radical, Scavenging activity, TFC, TPC

Introduction

Swertia chirayita is a critically endangered
Himalayan medicinal plant (Kumar, 2016; Khan,
2018). Dried powder plant of Swertia chirayita
(Roxb. ex Fleming) Karsten (syn. S. chirata Buch.-
Ham. ex. C.B. Clarke) Fam. Gentianaceae is used
as medicine traditionally in small dose for various
purposes (Kumar, 2016). A branched herb 60-125cm
tall distributed in east to central of Nepal at an
altitude 1200 to 3600 m commonly known as
Chiraityo in Nepali (Hindi-Chirayata Eng.-Bitter
stick) (DPR, 2007; Tabassum, 2012). Swertia species
are known for bitter principles. Among Swertia
species, S. chirayita is most valuable and is used
in medicines on large scale particularly in India and
Nepal for its bitter principles (Kumar, 2016). The
active constituents contain swertianin, amarogentin,
ameroswerin, mangiferin, gentiopicrin, sweroside,
swerchirin, chiratanin, swertiamarin, bellidifolin
(Negi, 2011; Latif, 2014). The unique structure of
xanthones i.e. main secondary metabolites including
catecholic moiety and completely conjugated system
enables them to be promising antioxidants (Phoboo,

104

2010; Negi, 2011). The plant is hepatoprotective,
anti-inflammatory, hypoglycemic, antihelminthic,
antifungal, antimicrobial and excellent drug for
intermittent fever, skin diseases, intestinal worms
and bronchial asthma (Khan, 2017; Khan, 2018). The
present investigation was undertaken for comparative
study of polyphenol, bitter principle and antioxidant
activity of four geographical regions of Nepal.

Materials and Methods

Plant Materials

Aerial parts of whole herb of S. chirayita were
collected from different part of Nepal (Ilam, Rasuwa,
Bhojpur, Dolakha) in the month of July-August. The
plant was properly identified from the herbarium and
literature available. Plants were authenticated by
Pharmacognosy section of Natural Plant Research
Laboratory, DPR and National Herbarium and Plant
Laboratory, Godavari, Lalitpur. The plant sample
was air dried, crushed and sieved to coarse powder
mechanically and stored in air tight container for
further use.
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Percolation method

20 g each dried powdered plant sample were
extracted with 250 ml of different solvents on
Percolator for 72 hours on 2074/11/05. The residue
was extracted successively with non-polar to polar
solvents respectively. The extracts were filtered and
solvents were evaporated in Rotatory Evaporator
under reduced pressure.

Preliminary phytochemical Screening

The extracts were used for the preliminary
phytochemical analysis. All the tests were performed
in triplicate mode by standard operating procedures
mention (Harborne, 1969; Sofowora, 1993) shown
in table 2.

Volatile oils: Methanolic solution of extracts was
put on filter paper by means of capillary tube &
visualize. Transparent filter paper with no yellow
color persist means presence of volatile oils.

Alkaloids: Test solution was tested with 2-3 drops
of potassium mercuric iodide (Mayer’s reagent)
gives white yellowish or creamy colored precipitate.

Flavonoids: Test solution was tested with Mg metal
and 5-6 drops of conc. HCI. Red color for flavonoid,
orange for flavones, and violet for flavonones.

Steroids: 1 mL of extracts was dissolved in 10 mL
of chloroform and equal volume of conc. H,SO, was
added by sides of the test tube. The upper layer shows
green with yellow fluorescence.

Terpenoids: Crude alcoholic extracts was dissolved
in 2 mL chloroform and 3 mL conc. H,SO, and
heated for 2 minutes. A grayish reddish brown
coloration of the interface indicated the presence of
terpenoid.

Tannins/Phenol: To 0.5 mL of alcoholic extract 1
mL water and 2-3 drops of 0.1% FeCl, was added.
Bluish black or greenish black indicates the presence
of tannins or phenols.

Reducing sugar: 0.5 mL extract solution was added
with 1 mL water acidified with dil. HCI, neutralized
with alkali and heated with 0.5 mL Fehling solution
A + B gently. A reddish brick precipitate indicates
the presence of reducing compounds.
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Glycosides: The extract was mixed with 2 mL
chloroform. H,SO, was added carefully and shaken
gently. A brown ring at the interface indicates the
presence of cardiac glycosides.

Saponins: Extracts were diluted with distilled water
to 20 mL and this was shaken in a graduated cylinder
for 15 minutes. If foam produced persists for ten
minutes it indicates the presences of saponins.

Protein: Crude extract boiled with 2 mL of 0.25%
w/v solution of Ninhydrin, violet blue color appeared
suggesting the presence of the protein.

Total Phenolic Content and Total Flavonoid
Content

Preparation of standard for phenolic content and
flavonoid content: The TPC of extract was
estimated by Folin-Ciocalteau reagent described by
Singleton and Rossi (Singleton & Rossi, 1965).
Gallic acid stock solution was prepared by dissolving
1 mg gallic acid in 1 mL of methanol (1 mg/ mL).
Various concentrations of gallic acid such as were
prepared by serial dilution of stock solution. An
aliquot of 1 mL gallic acid of each concentration in
methanol was added to 20 mL test tube. To that 5
mL of Folin-Ciocalteu reagent (10%) and 4 mL of
7% Na,CO, were added to get a total of 10 mL. The
blue colored mixture was shaken well and incubated
for 30 minutes at 40°C in a water bath. Then the
absorbance was measured at 760 nm against blank.
Similarly, TFC was determined by AICI, colorimetric
assay (Acharya, 2013). Concentration of standard
quercetin was prepared by serial dilution of stock
solution of concentration of 4 mg/ mL. An aliquot
of 1 ml quercetin of each concentration in MeOH
was added to 10 mL v.f. containing 4 mL of double
distilled water. At the zero time, 0.3 ml, 5% sodium
nitrite was added to the flask. After 5 min, 0.3 mL
of 10% AICI, was added to the flask. At 6 min, 2 mL
of 1 M NaOH was added to the mixture.
Immediately, the total volume of the mixture was
made up to 10 mL by the addition of 2.4 mL double
distilled water and mixed thoroughly. Absorbance
of the pink colored mixture was determined at 510
nm versus a blank containing all reagents except
quercetin. Absorbance values obtained at different
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concentrations of quercetin were used to plot the
calibration curve.

Preparation of samples for Phenolic content and
flavonoid content: Stock solutions of all extracts
were prepared by dissolving 1 mg in 1 mL of MeOH.
Serial dilutions were carried out to get the
concentration of different pg/ mL. To these diluted
solution FCR and Na, CO, were added and incubated
for 30 minutes as in the case of standard gallic acid
preparation and absorbance was measured at 760
nm. Similarly, various concentrations of the extracts
viz, 2 mg/ mL, I mg/ mL, 0.5 mg/ mL and 0.25 mg/
mL were prepared. Following the procedure
described above in flavonoid, absorbance for each
concentration of extract was recorded. TFC of the
extracts was expressed as mg quercetin equivalents
(QE) per gram of extract in dry weight (mg/g).

Calculation for TPC and TFC and Statistical
Analysis: The total phenolic content and flavonoid
content was calculated using the formula:

-
C= % ...(1) where C=total contents of compounds

in mg/g, in mg GAE/ g or total flavonoid content
mg QE/ g dry extract, c= concentration of gallic acid
established from the calibration curve in mg/ mL or
concentration of quercetin obtain from calibration
curve, mg/ mL, V= the volume of extract in mL, m=
the weight of plant extract in g. Calculation of linear
correlation coefficient R? and correlation analysis
were carried out using Microsoft Office Excel 2007.
The linear regression equation is given as,
y =mx + C...(2), where y = absorbance of extract,
m= slope of the calibration curve, x= concentration
of the extract, C=intercept.
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Determination of antioxidant activity using
DPPH free radical method

DPPH radical scavenging activity of extracts was
carried out according to Brands et al Method (Brand-
Williams, 2012). DPPH solution (0.1 mM) in MeOH
was prepared by dissolving 3.9 mg of DPPH in 100
ml methanol and stirred overnight at 4°C. Thus
prepared purple colored DPPH free radical solution
was stored at -20°C for further use.

Three different concentrations (5, 10 and 15 pg/ mL)
of methanolic solutions of each extracts were
prepared by the serial dilution of the stock solution
of the respective extract. To each 0.5 mL extract
solution, 2.5 mL, 0.1 mM methanolic DPPH solution
was added. A control was prepared by mixing 0.5
mL distilled water and 2.5 mL 0.1 mM methanolic
DPPH solution. These samples were well shaken and
kept in dark for 30 min at a room temperature. The
absorbance of the mixture was measured
spectrophotometrically at 517 nm against the blank
solution consisting 2.5 mL MeOH and 0.5 mL ml
distilled water. The radical scavenging activity was
expressed as the radical scavenging percentage using
the following equation: DPPH % scavenging activity

B {(Ac — As)
a A

}xloo Where, A =absorbance of

control and methanol, A= absorbance of sample
solution and DPPH radical. IC,  value is the
concentration of sample required to scavenge 50%
of DPPH free radical and was calculated from the
plotted graph of radical scavenging activity against
concentration of extracts. The antioxidant activity
was determined by DPPH assay and the free radical
scavenging activity (IC ) value was calculated.

Table 1: Absorbance value for gallic acid and quercetin measured for calibration curve

Gallic acid used as standard for calibration of Quercetin is used as standard for calibration of
phenols flavonoid
Concentration Absorbance Concentration Absorbance
(ng/mL) for gallic acid measured (ng/ mL) values for quercetin measured
25 0.156 25 0.098
50 0.381 50 0.167
75 0.469 75 0.246
100 0.669 100 0.316
125 0.798 125 0.428
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Figure 1: Calibration curve for authentic gallic acid

Calculation of total phenolic and total flavonoid
contents in extracts

The concentration of phenolic and flavonoid in
extract was calculated from the calibration curve by
regression equation. The TPC and TFC was
calculated using the formula C=cV/m and expressed
as mg gallic acid equivalents (GAE) per g of extract
in (mg/g) and mg quercetin equivalents (QE) per
gram extract in (mg/g). The TPC & TFC was
calculated given in Table 3.

Determination of Bitterness principle

The bitterness principle is determine for all the four
samples of four different district separately with
repeatability test following the procedures as
mentioned in Ayurvedic Pharmacopeia of India,
volume 1 part 1;1986.The details are as follows:
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Figure 2: Calibration curve for authentic quercetin

2 g powder (No. 60 sieve) of Swertia chirayita was
mixed with boiling water containing 0.5 g of calcium
carbonate and extracting with boiling water till the
last portion of the extract is devoid of bitterness,
concentrate in vacuum (Life lysed) and dissolve the
residue in hot alcohol. Filtering while hot and wash
the residue thrice on the filter with 10 mL portions
of hot alcohol and remove the alcohol from the
filtrate and take up the residue repeatedly with
25,15,15, 15, and 15 mL of hot water. Shaking the
aqueous extract repeatedly with 25, 20, 15, 15 and
10 mL of ethyl acetate, collect the ethyl acetate
extracts, evaporate, dry and Weigh. The powder of
four samples from the specific region were taken
repeatedly and replicated thrice for the consistency
in the result.
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Results and Discussion

Phytochemical analysis

Table 2: Phytochemical screening of aerial parts of Swertia chirayita in different solvents-extracts

S.N. Experiment Region Hexane extract | 50% EtoH Extract MeOH Extract
1. Volatile oils I - - B
spot test R - - _
B - - -
D - -
2. Alkaloids I - + ++
Mayers teest R - +++ +++
B - + ++
D - ++ ++
3. Flavonoid 1 - ++ 4+
Shinoda test R - ++ ++
B - ++ ++
D - ++ ++
4. Steroids I + T+ T
R ++ ++ +
B + ++ ++
D ++ ++ +
5. Terpenoids 1 - ++ ++
R - + ++
B - + ++
D - ++ ++
6. Tannins I - +++ 4+
R ++ 4+
B - ++ ++
D - +++ 4+
7. Reducing sugar 1 + ++ +
R + ++ +
B + ++ +
D ++ ++ +
8. Glycosides I - + T
R - + +
B - + +
D - + +
9. Saponins I - + T
R - + +
B - ++ ++
D - + +
10. | Protein | - - T+
R - ++
B - - +
D - - +

Indications: Result + trace amount, ++ moderate amount, +++ high amount — means absence of phytochemicals and I= Ilam,

R= Rasuwa, D=Dolakha B= Bhojpur

Calculation of total phenolic and total flavonoid
contents in extracts and DPPH assay for
antioxidant activities

The DPPH assay was carried out and absorbance
values measured at wavelength 517 nm for different
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concentrations and the control. The calculated
percentage of inhibition showed that extract
antioxidant activity at 5, 10, and 15ug/mL. The TPC,
TFC, % inhibition and IC, value was calculated and
shown in Table 3.
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Table 3: TPC, TFC, % inhibition, and IC,in different methanolic extract of Swertia chirayita.
Region of S. chirayita mg GAE/ gS.l()l\)/[ean TPCx QE ;nlf:;éis.(g)lean % inhibition ICs, value
Ilam 87.44 +0.30 25.09 +0.31 15.23 49.39
18.40
23.12
Rasuwa 97.33 £0.88 31.92 £0.61 24.24 24.18
29.56
37.93
Dolakha 91.22 £0.66 29.10+0.39 21.13 27.71
27.41
33.85
Bhojpur 79.80 £ 0.25 24.15+0.59 6.14 50.64
10.54
15.78
Bitterness Value
Table 4: Bitterness value of four samples of Swertia chirayita
S.N. Region Weight extract (g) % Bitterness Average
1 Ilam 0.0258 1.29 1.31
0.0266 1.33
0.0262 1.31
2 Rasuwa 0.0306 1.53 1.50
0.0294 1.47
0.030 1.50
3 Dolakha 0.0292 1.46 1.43
0.0286 1.43
0.0284 1.42
4 Bhojpur 0.0288 1.44 1.46
0.0296 1.48
0.0292 1.46
% RADICAL SCAVANGING ACTIVITY
—4=—% In. llam —8—"% in. Rasuwa. % In. Bhoj =—=—%in.Dolkha
40
'G 35
2]
= 30
W 25
E 20 /
0
E 15
'_'.f 10
€ 5
® 0
[ 4 b 10 12 14 16

Concentration of Methanol Extract

Figure 3: Percentage inhibition of the methanolic extract shows antioxidant activity of four samples
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Percentage Bitterness Value
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Bhojpur Dolakha

Figure 4: Bitterness value of S. chirayita in the different region

Conclusions

The phytochemical analysis revealed that the
maximum bioactive compounds are present in
methanolic and 50% ethanolic extract. The plant is
mostly found in high altitude from were sample is
collected shows potent bitterness value and
antioxidant activity. The result showed that this plant
is potent antioxidant property and maximum
phenolic content in methanolic extracts so they could
be the rich source of natural antioxidants in herbal
medicine for various ailments. The highest the
phenolic content, the lowest the IC,, Value. The
annual demand of this plant is very high in the
national as well as international market but plant is
in threatened due to its over exploitation so
expansion of cultivation and variety development
of this plant is recommended. Cultivation practices
need to be standard. This research will certainly help
to analysis and compare the result of phytochemicals;
quantify the total phenolic and flavonoid content,
antioxidant effect, and bitterness principle of
Nepalese S. chirayita in four different regions.
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Abstract

Herbal products have become an item of global importance both medicinally and economically.
Although usage of these herbal products has increased, their quality, safety and efficiency are
serious concerns in industrialized and developing countries. The present research has been
undertaken with the aim to formulate and evaluate the pure herbal formulation. The herbal soap
was formulated by adding the extract of Azadirachta indica, Sapindus mukorossiand Phyllanthus
emblicain transparent soap base, similarly herbal shampoo was formulated by adding the extracts
of Acacia concinna, Sapindus mukorossi and Phyllanthus emblica in Methyl cellulose base and
the herbal face wash gel was formulated by adding the extract of Aloe vera, Azadirachta indica,
Carica papaya and Curcuma longa in Carbopol gel base. The physicochemical parameters of
formulations (Physical evaluation, pH, Foaming ability and foam stability) were determined. The
results showed that formulation have pH level nearly equal to skin pH, Foaming index is excellent.
Further formulations have studied for eye and skin irritation on animal model (Rabbit and Gunia
pig) and result showed that there was no skin irritation to animals.

Keywords: Acacia concinna, Aloe vera, Azadirachta indica, Carica papaya, Curcuma longa, Sapindus

mukorossi

Introduction

Herbal cosmetics are also known as “Natural
cosmetics”. Herbal cosmetics are products which are
used to purify and beautify the skin. The main
advantage for using an herbal cosmetic is that it is
pure and does not have any side effects on the human
body; instead enrich the body with nutrients and
other useful minerals (European commission,
2013).The skin and hair beauty of individuals
depends on the health, habits, routine job, climatic
conditions and maintenance (Kole, 2005). The skin
due to excessive exposure to heat will dehydrate
during summer and causes wrinkle, freckles,
blemishes, pigmentation and sunburns. The extreme
winter cause damages to the skin in the form of
cracks, cuts, maceration and infections. The skin
diseases are common among all age groups and can
be due to exposure towards microbes, chemical
agents, biological toxin present in the environment,
and also to some extend due to malnutrition (Harry,
1962).
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Soap is a solid product made from oil by means of
saponification, a process that requires caustic soda
or potash. Thanks to the caustic soda that can be
derived from common salt, the amount of soap that
can be made cheaply is unlimited. Shampooing is
the most common form of hair treatment. Shampoos
are primarily been products aimed at cleansing the
hair and scalp. In the present scenario, it seems
improbable that herbal shampoo, although better in
performance and safer than the synthetic ones, will
be popular with the consumers.

Amala (Embilica officinalis)

Embilica officinalis is the name given to the fruit of
a small leafy tree. This fruit is highly prized both for
its high vitamin C content and for the precious oil,
which is extracted from its seeds and pulp and used
as a treatment for hair and scalp problems. It is also
used in eye syndromes, hair loss, and children
ailments etc (cosmetics, 2018).
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Shikakai (Acasia cancina)

Acacia concinna is a small shrub-like tree, which
grows in the warm, dry plains. For centuries the
people who have had access to this tree have used
its pod-like fruit to clean their hair. It‘s considered a
superior cleanser for “lustrous long hair” and has
been reported as “promoting hair growth and
preventing dandruff. It also helps in removing
dandruff and lice & very effective in removing oil
and dirt from hair (cosmetics, 2018).

Reetha Powder (Sapindus mukorossi)

Sapindus mukorossi is used as a natural hair and body
cleanser. It offers an alternative way of naturally
cleansing hair, face and body without Sodium
Laureth Sulfate or Sodium Lauryl Sulfate. Soap nut
powder also makes a great face and body exfoliant
(cosmetics, 2018).

Neem (Azadirachata Indica)

“Sarva Roga Nivarini - the curer of all ailments”
Role of Azadirachata Indica is as a wonder drug is
stressed as far back as 4500 years ago. Some of its
health restoring benefits Effective in skin infection,
rashes & pimples, Immunity booster, Anti obesity,
Blood purifier for beautiful & healthy skin, Anti
diabetic, Anti viral, Dispels intestinal worms and
parasites, Malaria, Piles, Hair disorder & Oral
disorders (cosmetics, 2018).

GhiuKumari (Aloe Vera)

Aloe Vera is a most ingenious mixture of an
antibiotic, an astringent coagulating agent, a pain
inhibitor and a growth stimulator (also called a
“wound hormone”), whose function is to accelerate
the healing of injured surfaces. It is used for pain
relief and healing of ‘hemorrhoids, applied externally
and internally it’s also used for sunburn, scratch and
a cleansing purge for the body or skin. It is an aid to
growing new tissue and alleviating the advance of
skin cancer caused by the sun (cosmetics, 2018).

Turmeric (Curcuma longa)

Curcuma longa consists of dried as well as fresh
rhizomes of the plant. It is used as antiseptic,
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expectorant, condiment or spice. It is rich in
antioxidants; research conducted has demonstrated
uses of turmeric in the treatment of arthritis, liver
diseases, Alzheimer and depression management. It
is a deep yellow-to-orange powder that comes reduce
the number of ultraviolet B (UVB)-induced sunburn
cells in mice (Ozkur MK, et al., (2002).

Materials and Methods

Plant Materials

All the plant materials were collected from local
herbal retail shops of Kathmandu valley.

Chemicals

Sodium carboxy methyl cellulose, Carbopol 934,
Methyl Paraban, Propyl Paraben, Propylene glycol,
Triethanolamine, EDTA, Glycerine, Ethanol ,
Sodium lauryl sulphate (SLS), Steric Acid, NaOH
etc. All the above chemicals are of laboratory grade
chemicals.

Animals

Albino white Rabbit and gunia pig of either sex
healthy weight procured from Natural Products
Research Laboratory, Thapathali, Kathmandu were
used for the present investigation. The animals were
housed at controlled temperature (25+2°C) and 12hrs
dark-light cycle and provided basal diet, water ad
libitum.

Formulation of herbal Face wash Gel (Sudipta
etal., 2011)

1 g of Carbopol 934 was dispersed in 50 ml of
distilled water kept the beaker aside to swell the
carbopol 934 for 24 hour and then stirring should
be done to mix the carbopol 934 to form gel. Take 5
ml of distilled water and required quantity of methyl
paraben and propyl paraben were dissolved by
heating on water bath. Solution was cooled then 2
gm SLS, 5 gm Glycerol and 10 gm Propylene glycol
400 was added. Further required quantity of alovera,
Azadirachta indica, Carica papaya and Curcuma
longa extract was mixed to the above mixture and
volume made up to 100 ml by adding remaining
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distilled water. Finally full mixed ingredients were
mixed properly to the Carbopol 934 gel with
continuous stirring and triethanolamine was added
drop wise to the formulation for adjustment of
required skin pH (6.8-7) and to obtain the gel at
required consistency. Few drops of essential oil were
also added to impart aroma to the prepared gel.

As per method described above the formulae were
tabulated in Table 1.

Formulation of herbal shampoo (Anusha et.al,
2013)

The proportion of Water : Gum is 9.7: 0.3.
Polyethylene glycol (PEG) 400, glycerine, sodium
lauryl sulphate and methyl paraben made the water
part. The gum used was Methyl cellulose in which
resulted in water. Further required quantity of Acacia
concinna, Sapindus mukorossi and Phyllanthus
emblica extract was mixed to the above mixture and
volume made up to 100 ml by adding remaining
distilled water, PEG 400 and glycerine. Finally, the
pH of the solution was adjusted by adding sufficient
quantity of 1% citric acid solution. Few drops of
essential oil were also added to impart aroma to the
prepared shampoo.

As per method described above the formulae were
tabulated in Table 2.

Formulation of herbal Soap (Kent et.al, 2013)

Lye solution was prepared by mixing 1.6g NaOH
and 2.6g DI H20 in 125ml beaker. Measure 18.75g
Propylene glycol, 6.25g Vegetable glycerin, 19g 95%
Ethanol solution, 15g Sodium laureth sulfate into
250ml beaker on hot plate with stir bar and heat
mixture to 60°C. Once this heat is attained add
13.00g Stearic acid and heat mixture to 68°C. When
at temperature slowly add the 50:50 lye solution and
mix for 20 minutes while continuously stopping and
starting stirring until mixture becomes transparent.
Further required quantity of Azadirachta indica,
Sapindus mukorossi and Phyllanthus emblica extract
was mixed to the above mixture and volume made
up to 100 ml by adding remaining distilled water.
Let solution sit for 1 hour at 68°C. Few drops of
essential oil were also added to impart aroma to the
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prepared soap. After 1 hour slowly add 5g
Triethanolamine (TEA). Let soap solution cool to
62-64°C and pour into soap mold, let cool and
harden.

As per method described above the formulae were
tabulated in Table 3.

Evaluation of Formulation

Physical Evaluation: Physical parameters such as
color and appearance were checked (Aghel et al.,
2007).

Measurement of pH: The pH of 10% formulated
product solution in distilled water was determined
at room temperature 25°C (Mainker, 2000).

Determine percent of solids contents: A clean dry
evaporating dish was weighed and added 4 grams
of formulated products to the evaporating dish. The
dish and formulated products were weighed. The
exact weight of the formulated products was
calculated only and put the evaporating dish with
formulated products were placed on the hot plate
until the liquid portion was evaporated. The weight
of the formulated products only (solids) after drying
was calculated (Sharma et al., 2011).

Foaming ability and foam stability: Cylinder shake
method was used to test for the foaming ability. 50
ml of the 1% formulated products solution was
placed into a 250 ml graduated cylinder, covered
with one hand and shaken for 10 times. After 1 min
of shaking, the total volume of the foam content was
recorded. Foam stability was valued by recording
the foam volume after 1 min and 4 min of shake test
(Klein K, 2004).

Skin sensitization test: The guinea pigs were
divided into 5 groups (n=3). On the previous day of
the experiment, the hairs on the backside area of
guinea pigs were removed. The animals of group I
was served as normal, without any treatment. Animal
Group II, IIT and IV were applied with Face wash
gel, Soap and shampoo formulation respectively.
These were applied onto nude skin of animals of
groups. A 0.8% v/v aqueous solution of formalin
was applied as a standard irritant on animal Group
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V. The animals were applied with new patch/
formalin solution up to 72 hours and finally the
application sites were graded according to a visual
scoring scale, always by the same investigator. The
erythema scale was as follows: 0, none; 1, slight; 2,
well defined; 3, moderate; and 4, scar formation
(severe) (Sharma, 2002)

Eye irritation test: Animals (albino rabbits) were
collected from animal house. About 1% formulated
products solutions was dripped into the eyes of five
albino rabbits with their eyes held open with clips at
the lid. The progressive damage to the rabbit’s eyes
was recorded at specific intervals over an average
period of 4 seconds. Reactions to the irritants can
include swelling of the eyelid, inflammation of the
iris, ulceration, hemorrhaging (bleeding) and
blindness (Sharma, 2002).

Results and Discussion

Evaluation of Herbal Face Wash Gel, Soap and
Shampoos

Physical Appearance/Visual Inspection: The
results of visual inspection of series of formulations
are listed in Table 4. As can be seen, all formulations
had the good characteristics with respect to foaming.

pH : The pH of Herbal Face Wash Gel, Soap and
Shampoos has been shown to be important for
improving and enhancing the qualities of hair,
minimizing irritation to the eyes and stabilizing the
ecological balance of the scalp. pH is one of the ways
to minimize damage to the hair. Mild acidity prevents
swelling and promotes tightening of the scales, there
by inducing shine. As seen from table 4, the Herbal
Face Wash Gel, Soap and Shampoos were acid
balanced and were ranged 5.6 to 7.0, which is near
to the skin pH.

Percent of Solids Contents: If the Face Wash Gel,
Soap and Shampoos have too many solids it will be
hard to work into the hair or too hard to wash out.
The result of percent of solids contents is tabulated
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in table 4, and was found between 20-30%. As a
result, they were easy to wash out.

Skin Sensitization Test: There were no
hypersensitive reactions by those formulations. All
formulations are good.

Eye Irritation Test: The all formulation showed no
eye irritation after 4 seconds. All formulations were
good.

Figure 1: Eye Irritation Test

Figure 2: Skin Sensitization Test

Skin disease is very common and the need to prevent
or treat the disease is in great demand. In the present
scenario, people need remedy for skin disease
without side effects .Herbal ingredients opened the
way to formulate cosmetics without harmful effect,
which can impart the required properties to heal the
skin disease and the expense will be less when
compared with the synthetic products. These
formulations can be used as an effective herbal soap,
shampoo and face wash gel. Natural remedies are
more acceptable in the belief that they are safer with
fewer side effects than the synthetic ones.
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Table 1: Ingredients of Herbal Face Wash Gel
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S.N. Ingredients Amount (gm)
1 SLS 2
2 Carbopol 1.7
3 Methyl parabeen 0.25
4 Propyl paraben 0.1
5 EDTA 0.15
6 Glycerine 5
7 Propylene glycol 10ml
8 Rose water 10ml
9 Water up to 100ml
10 50% ethanolic extract of Alovera: Neem: Papaya: Curcuma 0.1:0.1:0.1:0.1
11 Juniper oil, Jatamansi oil , Tulsi oil 0.1:0.1:0.1
12 Triethanolamine (To maintain pH7) gs
Table 2: Ingredients of Herbal Shampoo
S.N. Ingredient Amount (gm)
1 SLS 15
2 Nacl 10
3 Glycerine 5
4 Methyl cellulose 3
5 Methyl paraben 0.25
6 Propyl paraben 0.1
7 EDTA 0.15
8 Propylene glycole 10
9 50% ethanolic extract of Amala: Shikaki: Rittha 0.1:0.1:0.1
10 Jatamansi oil , Chamomile oil, Tulsi oil 0.1:0.1:0.1
11 Water up to 100
12 1% cit.ric acid or triethanolamine solution(Ph 6.5-5.5 ) / Sodium To adjust pH
hydroxide
Table 3: Ingredients of Herbal Soap
S.N. Ingredient amount for 100gm
1 Propylene Glycole 18.75
2 Glycerine 6.25
3 Ethanol 19
4 SLS 15
5 Steric Acid 13
6 NaoH 1.6
7 Triethanolamine 5
8 50% ethanolic extract of Amala: Neem: Rittha 0.1:0.1:0.1
9 Lemongrass, Chamomile oil, Tulsi oil 0.1:0.1:0.1
10 Water up to 100
11 1% citric acid or triethanolamine solution(pH 6-7 ) / Sodium hydroxide | To adjust pH
Table 4: Physicochemical evaluation of formulated herbal Product
S.N. Parameters Herbal Face Wash Gel Herbal Soap Herbal Shampoo
1 Colour Yellow White Brown
2 Transparency Transparent Transparent Transparent
3 Odor Good Good Good
4 pH (10% solution) 7 6.5 5.6
5 Percentage of solid contents 22.08% 26.05% 24.00%
6 Foam producing ability Yes Yes Yes
7 Foam volume (ml) 2 ml 4 ml 6 ml
Small, compact, dense and | Small, compact, dense | Small, compact,
8 Foam type . . .
uniform and uniform dense and uniform
9 Foam stability Good Good Good

-
-
[+))
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Figure 3: Herbal Face Wash Gel
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Abstract

The present research was conducted to investigate the Bergenia ciliata (Haw.) Sternb. (Family-
Saxifragaceae) for pharmacognostic study including macroscopical and microscopical
observations, UV-fluorescence characters, preliminary phytochemical screening and thin layer
chromatography of methanolic extracts. The macroscopy revealed that rhizome was barreled
shaped, fibrous fracture surface, brown in color, solid rough texture, pleasant in odor and
astringent in taste. While microscopy of rhizome showed typical dicot histological differentiation,
no endodermis and pericycle seen. Vascular bundles are arranged in ring. Tanniferous cells are
seen abundantly in a cortical region and pith. Rhizome powder has rosette crystals, starch grains,
and vessels with scalariform thickenings. The physico-chemical parameters of rhizome powder
showed loss on drying 7.04, total ash value 10.23, acid insoluble ash 0.11, water soluble ash 0.92,
pH at 10% water solution is basic, water soluble extractive value 74.12, alcohol soluble extractive
value 53.23 and extractive value of methanolic extracts 4.234 g. Phytochemicals reveled the
presences of flavonoids, terpenoids, tannins, phenols and fatty acids and Rf value 0.74 in Co-
TLC with standard bergenin in methanolic extracts. Fluorescence study indicates different colors
like dark brown, red, brown black, creamy black, dark black, dark brownish black etc. that revealed
the presence of different fluorescent chemical compounds. The rhizome of this plant has a high
reputation in indigenous systems of medicine for various medicinal properties so the current
research was done in Nepal and might be beneficial for public on accurate identification, in
authentication intentional and unintentional adulteration in raw materials of the sample, quality
assurance and will give a basis for its phyto-pharmacognostic characterization of the plants.

Keywords: Co-TLC, Microscopic evaluation, Phytochemical screening, UV-Fluorescence

Introduction

Bergenia ciliata in sanskrit: Pashanbheda (Medicinal
Plants of Nepal, 2007) is a plant species in the
genus Bergenia is a small perennial rhizomatous
creeping herb of family saxifragaceae found
throughout the temperate himalayans at an altitude
of 900-3000m (Khan, 2017; Khanal, 2018). It was
long since known for its use in Ayurveda and has
been used as medicines for the treatment of different
human ailments (Khan, 2016). Bergenin, catechin,
gallic acid, tannic acid, gallicin, catechin-7-O-
glucoside, limonene, afzelechin, arbutin, and -
sitosterol can be found in B.ciliata as a major
chemical constituents (Biradar, 2016; DPR, 2016).
It is found on rocks ledges with stout rootstock
(Ghimire, 2014). Leaves are simple, large with ovate
or rounded blade, 5 - 15 cm long but enlarging up to
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30 cm or more, turning bright red in autumn fringed
with long bristle like hairs, leaf stalk short. Flowers
are white, pinkish or purple in spreading or dense
clusters borne on a stout leafless stem. Fruits capsule,
2 mm long (Ghimire, 2014; Pokhrel, 2014).The root
is bitter and acrid (Ahmad, 2018). The flowering
season of this plant is March to April. (Khanal, 2018;
Ahmad, 2018).The root is used as a tonic in the
treatment of fevers, diarrhea and pulmonary
affections and juice is used to treat coughs and colds,
asthma and urinary problems (Rafi, 2017). It is also
considered helpful in relieving backache (Rajkumar,
2010). Besides its uses toxicity of this plant is
reported (Ahmad, 2018).

The objectives of present study were microscopic
study of plant materials and standardization of
methanolic extract of these plants which is helpful
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to identification of the plants parts and powder
material in public analysis.

Materials and Methods

Plant material

The plant material was collected in an appropriate
stage of'its growth from Pokhara, Kaski district near
to Ghandruk Western part of Nepal in the month of
April. Plant material was authenticated through
detail taxonomical study with compare to authentic
literatures and air- dried for study. Dried plant sample
was washed, cleaned, powdered in blender and
stored in air tight container for study of powder
microscopy, fluorescence, quality testing, extraction,
thin layer chromatography profile and qualitative
phytochemical screening.

Macroscopic and organoleptic observations

Macroscopic evaluations were carried out through
appearance, texture and fracture surface in both fresh
and dry states. Similarly organoleptic characters were
identified through color, odor and taste of the sample
powder.

Histological evaluation

Anatomy of fresh plant rhizome was studied through
microscope by making permanent slide of transverse
section of rhizome according standard method. The
sections were observed through compound
microscope fitted with camera and photographs were
taken.

Powder Microscopy

The powder was subjected in chemicals for analysis.
At first sufficient amount of powder was taken in
chloral-hydrate solution on a slide, covered with
cover slip and was left for 18 hours and finally
observe under microscope. Starch test was also done
with iodine solution.

Fluorescence analysis in dried powder

The fluorescence analysis of dried powder of
rhizome was carried out by treating with various
chemicals. 1 g of the sample powder was treated
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with freshly prepared acids, alkaline solution,
reagents and solvents and subjected to day light,
short UV light 254nm and long UV light 366 nm for
visualization of color.

Soxhlet extraction

20 g each dried powder plant was extracted with
250 ml methanol on Soxhlet Apparatus until the
solution of the sample in apparatus is colorless. The
solution were evaporated in Rotatory Evaporator
under reduced pressure to get the viscous extract
which was collected and dried for phytochemical
screening and thin layer chromatography.

Standardization for Quality Testing

Total Ash: 2 g of sample was incarnated without
flaming at muffle furnace at 600°c till residue is free
from carbon (2 hrs.). The residue was cooled in
desiccators and amount of total ash is determined

Y ¥ x100

where x = wt. of empty crucible, Y= wt. of crucible
with sample, Z= wt. of crucible with ash.

by weighing. Percentage of total ash =

Acid Insoluble Ash: 25 mL of hydrochloric acid
(about 70 g/L) was added to the crucible containing
the total ash, covered with watch glass and boiled
gently for 5 minutes. The watch glass was rinsed
with 5 mL of hot water and added to crucible. The
insoluble matter was collected on an ash less filter
paper (Whatsmann 41) and washed with hot water
until the filtrate was neutral. The filter-paper
containing the insoluble matter was transferred to
the original crucible, ignited by gradually increasing
the heat to 550°C for 3 hours in the muffle furnace
to the constant weight. The residue was allowed to
cool in suitable desiccators for 30 minutes, and then
weigh without delay.

Water Soluble Ash: 25 mL of water was added to
the crucible containing the total ash, covered with
the watch glass and boiled for 5 minutes. Insoluble
matter was collected on an ash less filter paper.
Washed with hot water and ignited in crucible for
15 minutes at temperature exceeding 450°C in a
muffle furnace. Allowed the residue to cool in
suitable desiccators for 30 min. and weighed without
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delay. The weight of the residue was subtracted in
mg from the weight of total ash. Mathematically, %

Wt. of water insoluble ash (g)

Wt. of sample taken (g)
X 100 and % of water soluble ash =

Wt. of total ash (g) — water insoluble ash (g)
Wt. of sample taken (g)

of water insoluble ash =

X 100.

Ethanol soluble extractive and water soluble
extractive: 40 g of powdered material was subjected
for percolation 200 mL of water and alcohol. After
extraction for 72 hours the solvents extracts were
concentrated and dried in vacuum desiccators. Then
the extractive values were calculated as % w/w of
solvent soluble extractive with reference to the air
dried drug.

Loss on drying (LOD): For the 5g of drug
powdered was taken and kept in an oven at 105°C
till a constant weight was obtained. LOD in the
sample was calculated as reference to the air dried
material.

pH range: The pH in 10% (10 g in 100 mL) of water
soluble portions of whole powder of plants was
determined using standard pH meter.

Preliminary Phytochemical Screening

The extracts were used for the preliminary
phytochemical analysis. All the tests were performed

Table 1: Test Procedure of Phytochemical Screening
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in triplicate mode. The standard operating procedures
taken for analysis (Harborne, 1969;Sofowora, 1993).

Thin layer chromatography (TLC Profiling)

Test method operated was Co-TLC with standard
Bergenin and sample extract with standard extract
in Solvent System ethyl acetate: formic acid: acetic
acid: water in the ratio (100:11:11:27) and Scan at
254 nm observe under UV and record the Rf value.
The TLC plates were TLC 1 and TLC 2 for standard
and extract precoated silica gel 60 F,,,of 0.2mm
thickness for repeatability. The Standard Solution
was made by dissolving standard Bergenin, standard
extract and sample extract in 1 ml methanol. The
procedure was followed from Quality Standards of
Indian Medicinal Plants, Indian Council of Medical
Research, New Delhi, Vol.1, 34-37, 2003.

Results and Discussion

Macroscopic Features

Organoleptic (sensory) evaluations are only
parameters that required no involvement of
scientific instruments neither any expenses. It gives
a valuable, simplest, quickest and easiest information
regarding purity and quality for recognition of
adulterants in crude drugs.

Test Procedure/ Methods of phytochemical analysis
Volatile Oils Methanolic solution of extracts was put on filter paper by means of capillary tube. Visualize.
Alkaloids Test solution was tested with 2-3 drops of potassium mercuric iodide
Flavonoids Test solution was tested with Mg metal and 5-6 drops of conc. HCI
Steroids 1 mL of extracts were dissolved in 10 mL of chloroform and equal volume of conc. H,SO,4 was
added by sides of the test tube
Terpenoids Crude alcoholic extracts was dissolved in 2 mL chloroform and 3 mL conc. H,SO, and heated

for 2 minutes.

Tannins/ Phenols

To 0.5 mL of alcoholic extract add 1 mL water and 2-3 drops of 0.1% FeCl; .

Reducing Sugar

0.5 mL extract solution was added with 1 mL water acidified with dil. HCI, neutralized with
alkali and heated with 0.5 mL Fehling solution A + B gently.

Glycosides The extract was mixed with 2 mL chloroform, H,SO,4 was added carefully and shaken gently.
Saponins Extracts were diluted with distilled water to 20 mL and this was shaken in a graduated cylinder
for 15 minutes.
Protein Crude extract boiled with 2 mL of 025% w/v solution of Ninhydrin.
Carbohydrate Filtrates were treated with 2 drops of alcoholic alpha napthol solution in a test tube. Shaken and

add conc. sulphuric acid from side of the test tube.
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Table 2: Macroscopic features (organoleptic evaluation) of Bergenia ciliata (Haw.) Sternb rhizome

. Rhizome

S.N. Parameter studied Fresh Dry
1 Shape barrel shaped Irregular cylindrical
2 Colour Brown Dark brown

3 Taste Astringent Indistinct

4 Odor Pleasant Indistinct

5 Fracture Flexible Hard

6 Fracture surface Fibrous Uneven

7 Texture solid rough ridge and groves

Microscopic characters

Transverse section of rhizome shows multilayer of
cork cells followed by a layer of cork cambium and
secondary cortex. Cortex is composed of
parenchymatous cells. Endodermis and pericycles
are not seen. Vascular bundles are arranged in a ring.
They are conjoint, collateral and open. Pith is
composed of rounded or oval parenchymatous cells.
Taniferous cells are seen abundantly both in the
cortical and the pith region.

Rhizome powder is dark brown in color, it shows
many large rosette crystals, starch grain and vessels
with scalariform thickenings.

Preliminary Phytochemical Screening

Phytochemical screening of the methanolic extract
of B. ciliata rhizomes revealed the presence of
various bioactive components of which phenolic,
flavonoids, steroids, tannins, fatty acids, and steroids
are the most prominent components and the result
of phytochemical test is presented in Table 3.

Plate 1: T.S. of rhizome of Bergenia ciliata. a. Section showing cork and cortex, b. Section showing pith region and c. Section

showing vascular bundle.

C d

Plate 2: Powder characteristics of thizome of Bergenia ciliata. a. Cork cells, b. Rosette crystals, c. Starch grains and d. Vessels.
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Table 3: Preliminary phytochemical screening of rhizome of Bergenia ciliata

S.N. Experiment Test Color Methanolic extracts
1. | Volatile oils Spot /Residue test Transparent with no yellow color persist B
2. | Alkaloids Mayers Reagent Test White yellowish ppt. +
3. | Flavonoid Shinoda test Pink Scarlet ++
4. | Steroids Steroid test Yellow green fluorescence ++
5. | Terpenoids Terpenoids test A grayish colour +++
6. | Tannins 0.1% FeCl; Test Bluish black/greenish +++
7. | Reducing sugar | Fehlings Test Reddish brick ppt. +
8. | Glycosides Salkowski’s test/ NaoH test | Reddish brown ++
9. | Phenols Phenolic test Blue green -+
10. | Saponins Froth/ Foam Test Foam _
11. | Protein Ninhydrin Test Violet +
12. | Carbohydrate Molish Test Violet ring at junction +
13. | Fatty acids +++

Indications: Result + means presence in trace amount ++ means in moderate amount and +++ in high amount and — means
absence of phytochemicals

Standardization quality testing parameters of
Bergenia ciliata

Physico-chemical studies of the plant drugs are
necessary for standardization, as it helps in
understanding the significance of physical and
chemical properties of the substance being analyzed
in terms of their observed activities and especially
for the determination of their purity and quality. The
analysis include the determination of ash value,
moisture content, pH valueat 10% solution, loss on
drying and extractive value. These were carried out
as per guidelines of WHO.

Fluorescence Analysis

Variation color under day light, short wavelength

Table 4: Some Quality testing Parameters of Bergenia
ciliata (Haw). Sternb

S.N. Experiment Result (%)
1 |Loss of weight on drying 7.04
2. |Total Ash Value 10.23
3. | Acid insoluble ash 0.11
4. | Water soluble ash 0.92
5. |pH at 10% water solution Basic
6 | Water soluble extractive 74.12
7. | Alcohol soluble extractive 53.23
8. | Extractive value in methanol solvents 4234 ¢

UV and long wavelength UV light treated with
different chemical showed the presence of
fluorescence compound which is used as diagnostic
tool for testing adulteration in the sample materials.

Table S: Fluorescence Analysis of Powder of Bergenia ciliata (Haw). Sternb

S.N. Powdered Rhizome (P.R.) Day light UV short (255nm) UV long (366nm)
1. | P.R. + conc. HCI Brown Dark Brown Dark Black
2. | P.R. + conc. H,SO, Red Red Brown
3. | P.R. + conc. HNO; Brown Dark Brown Black
4. | P.R. + Iodine sol" Black Brown black creamy black
5. | P.R.+ Acetic acid pink Red Brown
6. | P.R. + Picric acid Dark yellow Brown Black
7. | PR.+ FeCl; Dark brown Black Creamy black
8. | P.R. + Ether Dark black Brown Dark brown
9. | P.R. + Chloroform Brown Black Black
10. | P.R. +NaOH 10% sol" Brown Black Dark Black
11 | P.R. + Lead acetate Black Brown Dark brown
12 | P.R. + Ninhydrin solution Brownish blue Brown Black Brown
13. | P.R. + Fehling solution Brownish red Black Dark Black
14. | P.R. + Mayer's reagent Brownish white Brown black Dark Black
15. | P.R. + CuSO, 5% solution Bluish Black Dark Brownish Black Black
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Table 6: TLC Details of Methanolic Extract of Bergenia Ciliata Rhizome

Color of the Rf value of the standard Rf value of the
. Remarks
band Bergenin sample extract
Black 0.74 0.74 Rf values of sample and reference standard and
extract were found to be identical. Sample of
extract co-exist with Certified Reference
Material (CRM).
Thin layer chromatography (TLC) References

Co-TLC of methanolic extract of B. ciliata rhizomes
revealed the presence of Bergenin in standard and
sample extract having Rf values of 0.74 when a
solvent phase of Ethyl acetate: Formic Acid: Acetic
acid: Water (100:11:11:27) was used. Rf values of
sample and reference standard and extract were
found to be identical.

Conclusions

The present work will be helpful for the correct
identification and authentication of crude drug
available in Nepalese herbal market. Several other
researchers also carried out similar research work
on various other medicinal plant and documented
similar observation which are in line with the present
work and strongly agree with this work. Purity and
identity standards in Nepal is yet unknown and
highly focused in this matter of issue. Powder sample
of B. ciliata is used by public in traditional medicine
so its standardization and quality control is necessary.
Some adulteration is mixed in the powder and
extracts so its proper identification is recently
important in Nepal for the benefits of customers and
best medicine practice from the plant products in
Nepal.
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Abstract

The study of physicochemical parameters of soil is important for soil management and proper
plant growth.In the present study, soil samples were collected from six places of Bhaktapur to
analyze the physicochemical parameters such as: moisture content (%), pH, Electrical Conductivity
(EC), Chloride (CI'), Sulphate (SO,~), Phosphate (PO, ). Moisture content of different soil samples
were determined by oven-drying method and value ranges from 16.20%—26.93%. The pH obtained
using pH meter ranged from 4.47- 6.37 indicating nearly neutral to acidic nature of soil. Electrical
Conductivity ranged from 0.1001 mS/cm- 0.3730 mS/cmwhich showed all soil samples were
non-saline. Chloride and Sulphate was analyzed by argentometric titration and gravimetric method
with value ranged from 10142.8 ppm-18684.2 ppm and 1440.1 pp- 3907.1 ppm. Phosphate
concentration was analyzed spectrophotometrically using molybdenum blue method. Maximum
wavelength was obtained at 860 nm and value of phosphate concentration ranged from 2.1 ppm
— 3.5 ppm respectively. Analysis of these parameters provides information about nature of soil,
nutrients presents in soil which helps farmers to take proper mitigation measures to maintain

soil fertility.

Keywords: Chloride, Electrical conductivity, pH, Phosphate, Sulphate

Introduction

Soil as a medium of unconsolidated nutrients and
materials, forms a top thin layer of earth’s crust that
is biologically active and provide a medium for plant
growth (Addis & Abebow, 2014; Iram & Khan, 2018).
Soil is a valuable natural resource which is composed
of various minerals, organic matters, air, water, mass
of micro and macro organisms and broken rocks
which have been altered by environmental reactions
(Edori&lyama, 2017). The composition of soil has
significant role in storing and holding nutrients,
uptake nutrients in plants and help micro-organism
to undergo biological process (Gomez et al., 2015).

Bhaktapur although being smallest district, majority
of its land is suitable for agriculture. Out of 11,900
hectors of land in Bhaktapur 11,106 hectors of land
is suitable for agriculture but only 8,077 hectors have
been cultivated. Practice of commercial vegetable
production, cereal production, stable crops of rice
and organic agriculture are also found in Bhaktapur.
Although soils are intensively cultivated, soil quality
needs to be measured through the analysis of soil

physicochemical and biological properties that serves
as quality indicators (Haritha &Raja Sekhar, 2018).

In Bhaktapur, now a day’s large amounts of fertilizers
are used in many places. Farmers are not applying
the fertilizers in balance amount due to which crop
production is increasing speedily for certain period
but leads to soil degradation resulting deficiency of
micro and macro elements in soil and plants (Karki
& Dacayo, 1990; Karki et al., 2000; Borkar, 2014).
So, it becomes essential to carry out the
physicochemical analysis of soil to control adverse
effects of fertilizers. To agricultural chemist, the
study of soil physicochemical parameters such as:
moisture content, pH, organic matter, phosphorous,
nitrogen etc. is important for proper plant growth
and soil management (Addis &Abebow, 2014).

Materials and Methods

Study Area

The study was conducted in selected sites of six
different agricultural locations of Bhaktapur district
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namely Thimi, Sallaghari, Suryabinayak, Sipadol,
Dekocha, Bramhayani. The study areas are located
in between 10.8 km — 18.3 km east of Kathmandu,
the capital city of Nepal. Thimi lies between latitude
27.6852018 °N and longitude 85.361413 °E and
elevation 1319 meter. Sallaghari lies between
latitude 27.6724328 °N and longitude 85.4043844
°E and elevation 1332 meter. Suryabinayak lies

Journal of Plant Resources
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between latitude 27.6481918 °N and longitude
85.4246622 °E and elevation 1338 meter. Sipadol
lies between latitude 27.6448504 °N and longitude
85.4174564 °E and elevation 1513 meter. Dekocha
lies between latitude 27.6769393 °N and longitude
85.4306872 °E and elevation 1400 meter.
Bramhayani lies between latitude 27.6738621 °N and
longitude 85.4423778 °E and elevation 1260 meter.

BHAKTAPUR DISTRICT
ADMINISTRATIVE BOUNDARY

- Mallyagnn Tham
- Sl (Koatiige |
Skl

Hhombun am
| [—
| v

u

A

Figure 1: Map of the sample area
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The main objectives is to study physicochemical
parameters of different soil samples of different
agricultural field.

Soil Sampling

Sample of different places were collected from the
surface of soil in depth of 10-15 cm and bulked
together in polythene bag. Soil particles were
crushed, sieved, stored in air tight plastic bag.

Instrumentation

The spectral measurements were made using UV-
visible spectrophotometer, model ELICO SL 177.
The pH readings were obtained by using pH meter,
model DELUXE pH METER — 101 and electrical
conductivity by conductivity meter, model MAX ME
—75.

Reagents

For Chloride: 5% Potassium Chromate Indicator and
0.01 N Silver Nitrate Solution

For Sulfate: 10% Barium Chloride Solution

For Phosphate: Di-sodium Hydrogen Phosphate
Dihydrate (1000 ppm), Ammonium Molybdate
Solution (0.5%), Sulphuric Acid Solution (1.5 M)
and Hydrazine Hydrate (0.5 M)
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Results and Discussion

Soil Moisture

Soil moisture is an indicator of the amount of water
present in soil. Soil moisture content in the six areas
ranges from 16.20% to 26.93% (Figure 2). Soil
collected from Suryabinayak has relatively high
moisture content than the other studies sites. Due to
high moisture, nutrients may be over mobilized
affecting soil fertility.

Soil pH

Soil pH is a measure of the concentration of
hydrogen ions in the soil solution. Plant growth and
most soil processes including nutrient availability
and microbial activity are favored by a soil pH range
5.5-7.0 (Aktar et al., 2009). The soil pH of the
collected soil samples ranges from 4.47-6.37 (Figure
2). This indicates that the nature of soil ranges from
acidic to neutral.

Soil Electrical Conductivity

Soil EC is a measure of ion contents in the soil
solution. EC below 0.4 mS/cm are regarded as non-
saline while above 0.8 mS/cm are considered
severely saline (Wagh et al., 2013). The EC value
ranges from 0.1001 mS/cm — 0.3730 mS/cm,
showing high EC value in Sipadol (Figure 2). The
soil under analysis was found to be non-saline.

Table 1: Determination of Some Physicochemical Parameters of Soil Samples

S.N. | Parameters Method Formula used
1. | Moisture Oven drying method | .. . .. Loss imweightondrylng (g)
(Jackson, 1967) Moisture content{4) = fnitial sampla weight (g) x 103
(Joel &Amajuoyi, 2009)
2. |pH pH meter
3. |EC Conductometry
4. | Chloride Argentometric method gmy Normality of AgNO5 X Eq.wt of CI” X 100
Chloride content (—] = - -
lit Volume of Aliquot Taken in ml
am
Chloride content (in ppm) = e %X 1000
5. | Sulphate Gravimetric method
9%0f SO, = Weight of Residue 98 100
? 4 Weight of zample taken  233.399
SO4 " (in ppm) = % sulphate content in soil X(10000)
6. | Phosphate Spectrophotometric
method
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Figure 3: Chloride and Sulphate
Chloride(Cl) low as 0.1 to 0.2 percent capable of causing

Chlorine occurs in soil in the form of Chloride ion.
The optimum level of Cl is unknown for most plants.
The data in the above figure showed that the
concentration of Cl  is high in Sipadol soil 18684.2
ppm and low in Dekocha soil 10142.8 ppm (Figure
3). High CI- ion concentration in soil cause toxicity
and affect the plant and fertility.

Sulphate (S0,7)

0.3 percent (3000 ppm) soluble sulphate by mass is
safe limit for sulphates in soils (Mitchell &
Dermatas, 1992) whereas sulphate concentration as
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expansive reactions (Pappula et al, 2002). The
sulphate concentration ranges from 1440.1 ppm to
3907.1 ppm (Figure 3) with maximum value in
Thimi area. With the safe limit of sulphur in soil of
Thimi, it indicates the presence of required amount
of organic matters in soil.

Phosphate (PO,")

Phosphorous occur in soil as phosphate ion. Plants
uptakes phosphorous as HPO,* or H PO, (Jeschka,
2017). Molybdenum blue method was used to
determine the phosphate content in soil samples.



2019
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Figure 4: Plot of absorbance against wavelength

Determination of phosphate concentration in soil
samples;

v

arbance

Figure 5: Calibration curve (plot of absorbance against
concentration of phosphate)

Table 2: Phosphate concentration in soil samples determined
by molybdenum blue method

Location l\slzlr:llglei Absorbance Conf;;:;z)ltmn
Bramhayani 1 0.3326 34
Dekocha 2 0.2878 2.9
Sallaghari 3 0.2738 2.8
Sipadol 4 0.1949 2.1
Suryabinayak 5 0.2965 3.0
Thimi 6 0.3481 3.5
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From the table above, different phosphate
concentration for different samples was observed.
The highest concentration 3.5 ppm as obtained in
soil of Thimi and low value 2.1 ppm in soil of Sipadol.
High value of phosphate indicates thatsoluble
phosphate compounds are available in soil as pH
range of greatest phosphorous availability is 6.0 —7.0.

Conclusion

The physicochemical characteristics of agricultural
soil were analyzed. The results indicate that the soil
pH is slightly neutral to acidic, electrical conductivity
value shows that soils are non-saline. High value of
Sulphur indicates presence of organic matters in soil
and that of chloride indicate toxicity in soil. In soil
soluble phosphates are available when soil is not
acidic and when soil is acidic insoluble phosphate
compounds are available. After the analysis of
physicochemical parameters of soil samples
collected from six different places of Bhaktapur, the
result shows that soil of Thimi have nutrients in
normal range compared to other soil studied. That
means soil is more fertile and production yield in
this soil is high than other. Study of these parameters
gives information about nature of soil, nutrients
present in soil; according to this information farmers
get helps to take proper mitigation measures to main
agricultural soil fertility.
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Abstract

Leaves were collected from Taxus mairei (Lemée & H. Lév.) S. Y. Hu in each of the twelve months
of a year from Godavari, Lalitpur. Extraction of 10-deacetylbaccatin Ill (10-DAB Ill) was carried out
from powdered leaves samples for each month. Extracted 10-DAB lll was estimated using the
High Performance Liquid Chromatography (HPLC) method. Statistical comparison of physical
yield, purity of the yield and actual yield of 10-DAB Il for different harvest months showed
significant monthly differences in these parameters. Highest yield (actual / standardized) was
observed in June (0.50704%) while lowest yield was observed in April (0.22494%).

Keywords: Extraction, HPLC, 10-DAB Ill, Percentage purity yield

Introduction

Taxus mairei (Lemée & H. Lév.) S.Y.Hu is one of
the species of genus 7axus belonging to family
Taxaceace found in Nepal. According to Bhatta,
Poudel, Pandey and Basnet (2017), three
morphologically, genetically and ecologically
distinct species occurring in Nepal. Taxus contorta
Griffith, a west Himalayan temperate species, is
distributed from Darchula district of Western Nepal
to northern belt of Gorkha district in Central Nepal.
Taxus mairei (Lemée & H. Lév.) S. Y. Hu is found
scattered in relatively low lying areas of
Kavrepalanchok, Makawanpur and Sindhuli districts
of Central Nepal, while Taxus wallichiana Zucc.,
being an east Himalayan species, covers the
temperate regions of Eastern to Central Nepal
extending from Taplejung to the south east part of
Baglung district to west (Bhatta et al., 2017). The
leaves and fruits of 7axus are antispasmodic,
aphrodisiac, emmenagogue and sedative. The leaves
are used in the treatment of asthma, bronchitis,
hiccough, epilepsy and indigestion (Chopra, Nayar
& Chopra, 1986). T. wallachiana, commonly known
as Himalayan yew, is traditionally used as various
preparations and parts of the plant have specific uses.
Leafjuice is used to treat cancer and bronchitis; bark
and leaf juice is used for asthma, bronchitis and
cancer, whereas dried leaves are considered to be

useful for asthma, bronchitis, hiccough, epilepsy,
diarrhea and headache (Kunwar, Shrestha &
Bussman, 2010). A tincture made from the young
shoots is used for treatment of feeble and falling
pulse, coldness of extremities, headache, giddiness,
diarrhea and severe biliousness. Decoctions prepared
from the bark is used in the management of pain
associated with muscles, joints and rheumatism,;
from the leaves is used for treating liver problems;
from the bark, filtered and mixed with jaggary (a
sweetener) is used for hysteria and from the stem is
taken early in the morning to treat tuberculosis. Some
written evidence suggested antirheumatic,
anticatarrhal, insecticidal and wound-healing
properties to Himalayan yew and recommend the
use of the drug in powder form for treatment of
several disorders including vitiated blood, tumors,
dermatosis and helminthiasis. Himalayan yew is also
an important ingredient of several Ayurvedic
formulations such as lavanbhaskar churna, talisadi
vati, and sudarshan churna (Sharma & Garg, 2015)

As Taxus spp. are the natural sources for paclitaxel,
a compound with high market value, extensive
phytochemical studies on Taxus spp. have been
carried out during the last two decades (Wani, Taylor,
Wall, Coggon & Mc Phail., 1971; Yukimune, Tabata,
Higashi & Hara, 1996; Croteau, Ketchum, Long,
Kaspera & Wildung, 2006). Around 160 compounds
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have been isolated from 7. mairei. Most of these
compounds are taxane diterpenoids (Li, Huo, Zhang
& Shi, 2008). The other compounds mainly include
abietanes (Yang, Fang & Cheng, 1998), rearranged
abietanes (Yang, Fang & Cheng, 1996), lignans
(Ohtsuki, Miyai, Yamaguchi, Morikawa, & Okano,
2011) and phenolic compounds (Yang et al., 1998).
In addition, several volatile components were
identified in the leaves of 7. mairei, which could be
used as natural and supplementary reagents for the
treatment of hypertension (Yang, Zhao, Wang, Yu
& Liang, 2012). Polyprenols, which are natural lipids
with potential efficacy in the treatment of liver
fibrosis, were also isolated from 7. mairei (Yu et al.,
2012).

Paclitaxel is naturally present in small amounts in
the bark of the species of genus Taxus which are
very slow growing plants. To tackle the problems
encountered obtaining paclitaxel from natural
source, enormous efforts have been given to develop
a more sustainable source of paclitaxel including
total and semi-synthetic  approaches,
biotechnological and bioprocess engineering
methodologies (Kim, 2004; Jeon, Mun & Kim, 2006;
Khosroushahi et al., 2006). One of the common ways
to obtain paclitaxel is its semi-synthesis from a
precursor, named 10-deacetylbaccatin II1 (10-DAB
IIT) which is present in larger amounts in the same
plants and is mainly located in the needles. Also 10-
DAB III has been used in the semi-synthesis of
taxotere which is twice as active as paclitaxel as an
antitumor agent (Dziedzic, Vesely & Cordova,
2008). The removal of the leaves from the tree has
no effect on the “health” of the tree and the leaves
are regenerated relatively quickly, so it is
unnecessary to cut down the trees to obtain the bark.
The conversion of 10-DAB III to Taxol is thus an
excellent option for the large scale and economic
synthesis of Taxol (Paclitaxel) (Nautiyal, 2014). This
study was carried out to compare the amount of 10-
DAB III in leaf samples of 7. mairei harvested in
different months of a year in order to identify the
best suited harvest month for maximum yield of 10-
DAB IILI.
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Materials and Methods

Chemicals and Reagents

Acetonitrile, Ethyl acetate, Distilled water, Calcium
carbonate, Sodium sulphate, filter papers and
Standard 10-deacetylbaccatin I1I.

Sample collection and processing

Leaves of T mairei were collected once a month for
12-months-duration starting from August 2015 to
July 2016 from the Utilisation and Pilot Plant Section
of Department of Plant Resources located at
Godawari, Lalitpur, Nepal (27.58922 N, 85.38138
E, 1528 m asl). The samples were identified by
National Herbarium and Plant Laboratories,
Godavari, Nepal. The collected samples were dried
in shade for 30 days and powered by grinding.
Extraction was carried out in each month samples.

Extraction of 10-deacetylbaccatin 111 (10 —-DAB
11l)

To 125 ml distilled water, 25 g of powdered sample
was added. The mixture was sonicated for 1 hour
then filtered. The filtrate was extracted with 90 ml
of ethyl acetate for three times. The combined
organic phases were washed with 0.1M sodium
carbonate solution then with demineralized water
and finally dried over sodium sulphate. The
combined organic extract was concentrated in rotary
vacuum evaporator to obtain a dried extract which
was dissolved in acetonitrile. The extract dissolved
in acetonitrile was kept overnight at 4°C in a
refrigerator. The crystalline precipitate, so obtained
was separated by filtration. The physical yield was
measured by weighing the crystalline precipitate
(Margraff, 1995). The percentage physical yield was
calculated using the following formula:

physical yield
weight of sample i.e. 25 g

x100%

Percentage physical yield=

Estimation of percentage purity of the extracted
10-DAB III by HPLC method (High Performance
Liquid Chromatography)

The percentage purity of extracted 10-
deacetylbaccatin III (10-DAB III) in the physical
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yield was estimated using C18 column with water/
acetonitrile (70:30 v/v) at flow rate of 1 mL.min"!
and detection wavelength of 227 nm with PDA
detector system (Ghassempour et al., 2010), using
as the reference standard,10-DAB III manufactured
by Tokyo Chemical Industry Co. Ltd 4-10-1
Nihonbashi, Chuo-ku, Tokyo 103-0023, Japan
(purity 99.7 %, Lot no 4U7XH).

Calculation of Standardized/Actual Percentage
yield of 10-DAB I11

The standardized percentage yield of 10-DAB III
from the monthly harvests were calculated using the
following formula:

Standardized/actual percentage yield of 10 — DAB III

_ Percentage physical yield x Percentage purity from HPLC o
- 0
100

Statistical analysis

The physical yields, percentage purities and
standardized/actual percentage yields of 10-DAB III
for harvest months were statistically analyzed and
compared using SPSS 20.0

Results and Discussion

The results of the extraction of 10-deacetylbaccatin
III (10-DAB III) from leaves samples of 7.mairei in
the monthly basis are given in Table 1. Statistical
analyses indicated that there were significant
differences between percentage physical yields,
percentage purities and standardized/actual
percentage yields for different harvest months at
p<0.05 level of significance [for percentage physical
yields F(11,24)= 394.926, p=0.000; for purity
percentages F(11,24)= 185.991, p=0.000; for
standardized/actual percentage yields F(11,24)=
503.221, p=0.000]. The percentage physical yield
of 10-DAB III crystals from the samples harvested
in the month of July was the highest, in the month
of June was the second highest while the least
percentage physical yield was observed in the month
of October (Table 1, Figure 5). However, when the
percentage purities of 10-DAB III crystals extracted
from monthly harvests were determined by
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comparison with the standard 10-DAB III using
HPLC method, the crystals extracted from August
harvest showed the highest purity of 76.74549%,
while the least purity of 35.31482% was observed
in the crystals extracted from July harvest (Table 1,
Figure 4). Hence, on calculating standardized/actual
percentage yield of 10-DAB III for each month, the
highest value was observed for the June harvest
(0.50704%) while the lowest value was observed
for April harvest (0.22494%) (Table 1, Figure 5)

Calibration curve of standard 10-DAB III is given
in Figure 1 with R*>value 0f 0.9998. Chromatograms
of 10-DAB III of standard and sample (extracted 10-
DAB III) are given in Figure 2 and Figure 3
respectively. Retention time of 10-DAB III was
observed to be 4.2 minutes. In the chromatogram of
sample 10-DAB III, other two peaks were also
observed. The identification of those compounds was
not under scope of this study. Nevertheless, they
contribute as impurities in extracted sample. The
variation in the percentage purity of extracted 10—
DAB III seems to be due to these impurities. Mean
percentage purity yield of extracted 10-DAB III with
months is plotted in bar graph in Figure 4. Mean
percentage physical yield and mean standardized/
actual percentage yield with month is plotted in line
graph which shows clear comparison of these
parameters for the extracted 10-deacetylbaccatin II1
in Figure 5.

In this study, the standardized/actual percentage yield
of 10-DAB III for June harvest is about 0.50704%
w/w which is the maximum percentage yield in
overall months without considering the amount of
10-DAB III lost in the mother liquor. The percentage
yield in this study was determined by considering
only the precipitated (crystallized) 10-DAB III. The
limitation of the study is not being able to estimate
the 10-DAB III in the mother liquor which may
ultimately contribute to the increase in the yield of
the 10-DAB II1.

Margraff (1995) reported that the percentage yield
of 10-DAB III content in 7axus baccata L. by HPLC
was 0.08% (that is 400mg of 10-DAB III in 500g of
foliage) including the estimation of 10-DAB III in
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the mother liquor. During this study, when the
method developed by Margaff (1995) was applied
for extraction of 10-DAB III from leaf samples of
another species of Taxus, i.e .T.mairei collected from
Godawari, Lalitpur, Nepal (27.58922 N, 85.38138
E, 1528 m asl), the maximum percentage yield of
10-DAB III was found to be 0.50704% while
minimum percentage yield was found to be
0.22494%. Hence, the leaf samples of 7. mairei
analyzed during this study yielded more 10-DAB
IIT in comparison to 7. baccata when extracted and
analyzed by the same method. It can be concluded
that 10-DAB III content varies with species of Taxus.
According to Mroczekand Glowniak (2001) ,
relatively high concentration of 10-DAB III (i.e about
0.06%) in comparison to other taxoids from T
baccata var. elegantissima and T. baccata var aurea
by Solid Phase Extraction-High Performance Liquid
Chromatography (SPE-HPLC) method with mobile
phase consisting of acetonitrile and water in gradient
elution. Zarek and Waligorski (2009) determined 10-
DAB III concentration in 7. baccata needles
collected from four different population of southern
Poland by wusing micellar electrokinetic
chromatography method and found that mean
concentrations of 10-DAB III in the samples
collected from Cisy w Nowej Wsi, Cisowa Gora,
Zadni Gaj and Cisynad Liswart' were 0.135 mg.g"
'd.w. (0.0135 %), 0.185 mg.g'd.w. (0.0185%), 0.143
mg.g'd.w.(0.0143 %) and 0.150 mg.g'd.w.(0.0150
%)) respectively. Wianowska et al. (2009) used four
types of solvent extraction methods (ultrasound and
microwave assisted extraction, pressurized liquid
extraction, and extraction in the Soxhlet apparatus)
for paclitaxel, cephalomannine, and 10-
deacetylbaccatin from 7. baccata twigs and reported
pressurized liquid extraction (PLE) as the most
effective extraction method for taxoids. HPLC was
used for the analysis of the extracts. The greatest
yields were obtained by multiple PLE, in which the
yield in methanol as solvent was 0.1470 mg.g™' dry
wt of sample (0.01470%) and in ethyl acetate as
solvent was 0.0742 mg.g"' dry wt of sample
(0.00742%). This suggests that solvent and
extraction process also contribute in the yield of 10-
DABIIIL.
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Glowniak, Mrocze and Hajnos (1999) used different
combined methods including LLE/TLC/HPLC, SPE/
TLC/HPLC and SPE/HPLC for the determination
of common taxoids (10-deacetylbaccatin III,
paclitaxel, baccatin III and cephalomannine) in
different Taxus species including 7. baccata and its
varieties (var. aurea, var. elegantissima), T. media
var hicksii, T. cuspidata and T. brevifolia and
concluded that the quantities of taxoids were
dependent on plant origin, type of plant organs and
also on vegetative period. Glowniak, Mroczek and
Zobel (1999) studied seasonal concentrations of four
taxoids in fresh needles and stems of 7. baccata
during late autumn-spring period (November to
April) and concluded that epigenetic factors - date
of collection (and thus phylogenesis) and kind of
plant tissue determine taxoid levels.

ID# 1

Name : 10-DAB

Quantitative Method . External Standard

Function ; f{x)=3.36535e+007*x+216030

Rr1=0.9999165 Rr2=0..9998330 RS5=4.215464¢+009

MeanRF: 3.567720e+007 RFSD: 1.135424¢+006 RFRSD: 3.182493

FitType
ZeroThrough
Weighted Regression
Detector Name

Area
[*1076}

: Linear

: Not Through
: None

:PDA

9.0
80
70
6.0
50
40
30
20 o
10

-

0.0
0.0 0.5

1.0 1.5 2.0 2.5
Conc. [*107-1]

Figure 1: Calibration curve of 10-deacetylbaccatin III

standard
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Figure 3: Chromatogram of sample 10-deacetylbaccatin III
Table 1: Monthly variation of yield of 10-deacetylbaccatin III
Percentage Physical Percentage Purity of Standardized/Actual
. Extacted .
Yield of extracted . Percentage yield of
Months . 10-deacetylbaccatin III .
10-deacetylbaccatinIII from HPLC 10-deacetylbaccatin III
(Mean+SEM) (w/w) (Mean=SEM) (w/w) (MeanxSEM) (w/w)
August 2015 (Shrawon) 0.47263+0.00333°% 76.74549+0.92353" 0.36266+0.00182°
September 2015 (Bhadra) 0.51303+0.01293°" 70.65153+1.09137% 0.36219+0.00365°
October 2015 (Ashoj) 0.398107+0.00659" 74.2736+0.77285 0.29559+0.00221"
November 2015 (Kartik) 0.712759+0.009518 61.28112+1.12199° 0.43660+0.00423"
December 2015 (Mansir) 0.507867+0.01059° 71.66805+0.84269% 0.36380+0.00351°
January 2016 (Poush) 0.428213+0.00059* 71.72553+0.99970% 0.30713+0.00408°
February 2016 (Magh) 0.450989+0.00447"7 69.06962+0.36334" 0.3115120.00407°
March 2016 (Falgun) 0.538699+0.00993" 62.75801+0.92168° 0.33791+0.00287°
April 2016 (Chaitra) 0.416335+0.00814 54.06496+0.96140" 0.22494+0.00066"
May 2016 (Baisakh) 0.478567+0.00577% 58.8223140.30380° 0.28153+0.00462°
June 2016 (Jestha) 0.838936+0.01305" 60.46008+0.73560° 0.50704+0.003118
July 2016 (Ashad) 1.015855+0.01744' 35.3148240.46464° 0.35859+0.00196°

The values in each column followed by different superscripts are significantly different at 5% level of significance as shown
by ANOVA test followed with Tukey HSD test.
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Conclusion

The reported method based on aqueous extraction
followed by liquid-liquid extraction was used for
the extraction of 10-deacetylbaccatin III (10-DAB
IIT) from leaf samples of 7. mairei. Aqueous
extraction was performed successfully followed by
estimation of 10-DAB III in the extracted samples
using High Performance Liquid Chromatography
(HPLC) method. Chromatogram of the sample
showed three distinct peaks in which the major peak
was of 10-DAB III and other peaks were of unknown
compounds. These unknown compounds were not
identified and contributed to the impurities in the
isolated 10-DAB III.

The results obtained from this study indicate that
10-deacetylbaccatin III (10-DAB III) content of 7.
mairei leaves vary significantly with harvest months
of a year. The most suitable month for the collection
of samples for 10-DAB III was found to be June
showing highest percentage yield. Similarly,
November, showing second highest percentage yield,
may also be suitable for the harvest of 7. mairei
leaves for 10-DAB III extraction. Further researches
are necessary to compare extraction methods for the
identification of high yielding methods and to
compare the 10-DAB IIl yield from different species
of Taxus indigenous to Nepal.
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Abstract

Methanolic bark extract of Berberis asiatica Roxb. Ex DC. and Myrica esculenta Buch.-Ham Ex D.
Don was obtained by soxhlet extraction. Yield of crude methanolic extract of bark of Berberis
asiatica Roxb. Ex DC. and Myrica esculenta Buch.-Ham Ex D. Don were found 6.8% and 31.4% by
dry weight. Extract of this plants were evaluated for antimicrobial activity against four Gram
positive bacteria (Bacillus subtilis, Enterococcus faecalis, Staphylococcus aureus and Methicillin
Resistant S. aureus), six Gram negative bacteria (Escherichia coli, Klebsiella pneumonia,
Pseudomonas aeruginosa, Proteus vulgaris, Salmonella enterica subsp. enterica pv typhi and
Shigella dysenteriae) and two fungus (Candida albicans and Saccharomyces cerevisiae). Berberis
asiatica was found more active against Saccharomyces cerevisiae and Staphylococcus aureus.
Maximum zone of inhibition (ZOI) values were 25mm and 24mm. respectively. Similarly Minimum
Inhibitory Concentration (MIC) values were 0.78125mg.ml'and 0.1953125mg.ml"of bark extract
of B. asiatica against S. cerevisiae and S. aureus respectively. Phytochemical screening showed
the presence of alkaloids, flavonoids, reducing sugar and steroids in the both bark samples.

Keywords: Extraction, Medicinal plants. Microorganism, Minimum Inhibitory concentration (MIC), Zone

of inhibition (ZOl)

Introduction

An antimicrobial agent is the physical or chemical
agents that kill or inhibit the growth of micro-
organisms such as bacteria, fungi, protozoa. Plant
diversity serves the humankind as renewable natural
resources for a variety of biologically active
chemicals. These chemicals bear a variety of
properties viz antibacterial, antifungal, antiviral,
antihelmintic, anticancer, sedative, laxative,
cardiotonic, diuretic and others (Parajuli et al., 1998).
Medicinal plants represent a rich source of
antimicrobial agents (Abi beaulah et al., 2011).

Berberis asiatica Roxb. Ex DC. belongs to
Bereridaceae family. Plant body is much branched,
evergreen shrub, 1-4 m tall, yellow bark, leaves;
simple, alternate, thick, rigid with 2-5 spiny teeth,
flowers are pale yellow in flat topped clustered
racemes with ovoid, 8 distinct persistent styles and
occurring at 1200-2500 m elevation east to west of
Nepal. The wood, root bark and the plant extract are
alterative, deobstruent, astringent, antiperiodic and

diaphoretic (DPR, 2016). The genus Berberis is well
known for its diversity and pharmacological uses in
traditional medicine system since ancient time
(Bhardwaj & Kaushik, 2013). Berberis asiatica is a
very common substitute for B. aristata in having a
similar percentage of active compounds which is
used in Ayurvedic system of medicine (Srivastava,
2004). B. asiatica is used to cure ophthalmological
problem and to cure fever and headache by Tamang
community of Rasuwa district, Nepal (Uprety et al.,
2010).

Mpyrica esculenta Buch.-Ham. Ex D.Don is a plant
species belonging to Myricaceae family. It is
moderate sized tree attaining 3-15 m tall, leaves
simple, lanceolae, oblong-obovate, crowded towards
the branches, 7.5-12-5 cm long and 2.5-5 ¢cm broad
with minute resinous dots beneath. Flower small,
unisexual in axillary spikes, fruits ellipsoid or ovoid
drup, fleshy red when ripe. Bark is astringent,
carminative and antiseptic. The decoction of bark is
useful in asthma, lungs affections, chronic bronchitis,
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diarrhea and dysentery (DPR, 2016). Bark is
vertically wrinkled and brownish in color. The bark
of M. esculenta is said to possess many medicinal
properties. /t is useful in catarrhal fever, cough, throat
infection, asthma, urinary discharges, bronchitis,
anemia, cholera, ulcers and is used in many other
diseases. The fruits are used to heal ulcer (Kirtikar
and Basu, 1999; Kundal et al., 2013). According to
Rokaya et al. (2014) bark of 152 plant species were
used to cure gastrointestinal disorder in Nepal.
According to Thapa et al. (2014), endangered ethnic
Raji tribe of Nepal used traditionally M. esculenta
for medicinal purpose.

Materials and Methods

Collection and processing of samples

The bark samples of B. asiatica Roxb. Ex DC and
M. esculenta Buch.-Ham. Ex D. Don were collected
from Godawari, Lalitpur, Nepal. The bark samples
were collected from the branch in strips of 3 inches
randomly along the length of the tree taking
precaution to avoid girdling. Bark was washed
thoroughly, chopped into small pieces, dried in hot
air oven at 60°C for 24 hours and made powder.

Extraction of Plant Materials

Known weight (26.2 gm and 67.6 gm) powder of
bark of B. asiatica and M. esculenta were loaded
for the soxhlet extraction with methanol for 72 hours
till the colored solvent appeared in the siphon to
obtain crude methanol extract of respective plants.
After complete extraction, solvent i.e. methanol was
evaporated with the help of rotary vacuum
evaporator using the water bath below 65°C or below
the boiling point of solvent. Solvent was completely
evaporated and condensed solvent was collected in
the separate round bottom flask (Eloff, 1998; Wang
et al., 2006; Tiwari et al., 2011).

Percentage yield of the extract was calculated by
using the following formula:

nitial weight of the sample - final weight of the sample
Initial weight of the sample

Percentage yield= ! x100%
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Antimicrobial Activity

Test Organisms: Bacillus subtilis, Enterococcus
faecalis, Staphylococcus aureus, Methilicin
Resistant S. aureus, Escherichia coli, Klebsiella
pneumonia, Proteus vulgaris, Pseudomonas
aeruginosa, Salmonella typhii, Shigella dysenteriae,
Candida albicans, Saccharomyces cerevisiae were
used as test organisms.

Preparations of the working solution: Sterilized
screw-capped tubes were calibrated and marked for
10ml. Extract about 1gm were transferred in
calibrated screw capped tubes. Methanol (solvent
used for extraction) was added in the tube up to line
marked of 10ml. Mixture was homogenized by
vortexing.

Preparation of Standard Culture Inoculums:
Required numbers of colonies of freshly cultured
(within 18-24 hours) test organisms were inoculated
aseptically to a tube containing 5 ml of sterilized
nutrient broth. The test solution was homogenized
by vortexing. The solution was compared with
turbidity of 0.5 Mc Farland Nephelometer standard
recommended by (WHO, 1991) for antimicrobial
susceptibility test.

Screening and Evaluation of Antimicrobial
Activity: The extract samples were screened for
antimicrobial activity using agar well diffusion
methods as described by Perez et al., 1990. A sterile
swab was used to evenly distribute bacterial or fungal
culture drawn from the respective inoculums
equivalent to 0.5 Mc Farland standard of turbidity
over the appropriate medium Muller-Hinton Agar
(MHA) for bacteria and Muller-Hinton Agar with
Glucose and Methylene Blue (MHA.GMB) for
fungi. The plate was rotated through an angle of 60°
after each swabbing. The swabbing was done three
times. The inoculated plates were allowed to dry for
maximum 15 minutes. Four wells were of 6 mm
diameter were created in the inoculated plates using
the sterile cork borer (three well for test samples
and one well for the solvent as negative control).
Micropipettes were used to dispense 50ul of the test
solution of the extract samples and solvent as
negative into each of the four wells. The plates were
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left in the upright condition with lids closed for half
an hour so that the test solutions diffused into the
media. The inoculated plates were then incubated
in inverted position at suitable temperature (35+2°C
for bacteria and 25+2°C for fungi). After proper
incubation (18-24 hours for bacteria, 24-48 hrs for
fungi) the plates were examined for zone of
inhibition (ZOI) around the well which is suggested
by clear area with no growth of organisms. Diameter
of each ZOI was measured using digital Vernier
Caliper to the nearest whole millimeter (Rana et al.,
2017).

Determination of Minimum Inhibitory
Concentration (MIC) and Minimum Microbicidal
Concentration (MMC): MIC was determined by
observing the visible growth of the test
microorganism in two-fold serial diluted
antimicrobial substances in broth culture medium
while MBC was determined by sub culturing the
MIC cultures on suitable agar plates (Forbes et al.,
2007).

The crude extract of medicinal plants, which showed
zone of inhibition (ZOI) were subjected to two fold
serial dilution method to determine the MIC and
further MMC. A set of 12 screw capped vials each
containing 1 ml MHB for one bacterium and SDB
for one fungus were prepared. The vials were labeled
as positive control as 0 and contain only extract
solution, negative control labeled as 11 contain only
organism suspension and number. 1 to 10 labelled
vials contain extract solution in two fold serial
dilution. The 1* tube contains 1 ml of broth and 1
ml of extract. After complete homogenization 1 ml
of its content was transferred aseptically to 2™ tube,
similarly 1 ml of 2™ tube was transferred into 3™
tubes. In the same way, two fold serial dilution was
done up to the 10" vial. From the 10™ tube 1 ml of
the content was discarded hence all the tubes from
negative control to number 10 contain equal volume
i.e. 1 ml with gradually decreasing concentration.
Now with the help of micropipette, 20ul of
inoculums (a 1:100 dilution of a suspension of
turbidity equal volume to McFarland Standard 0.5
supposed to have organism 1.5 x 10° CFU/ml) was
added to all tubes except the one which was labeled
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by positive control. i.e. positive control contains only
extract no broth and no organisms; negative control
contains broth plus organisms but not medicinal
extract while vials 1 to 10 contains all the three i.e.
medicinal extract. All the tubes were incubated at
37+2°C for 18-24 hours for bacteria and 25+2°C for
24-48 hrs for fungi.

MIC is the lowest concentration of antimicrobial
agent for the inhibition of the growth of organisms
as detected by visible turbidity of the tubes
containing two fold serial dilution and tubes were
sub-cultured on nutrient agar plates 35+2°C for 18-
24 hrs (for bacteria) or potato dextrose agar plates
25+2°C for 24-48 hrs. Then plates were examined
for the growth of microorganisms. The tubes with
minimum concentration of extract in which the
growth was completely checked was noted as the
MBC of the plant extract.

Results and Discussion

Extraction

Mpyrica esculenta Buch.-Ham. Ex D. Don has 31.4%
and Berberis asiatica has 6.8% yield of extraction
by dry weight (Table-1).

Zone of inhibition

Methanolic bark extract of B. asiatica Roxb. Ex DC
showed zone of inhibition to five test organisms and
of M. esculenta Buch.-Ham. Ex D. Don to four test
organisms out of 12 test organisms. Bark extract of
B. asiatica had highest Zone of inhibition (ZOTI)
value 24 mm against S. aureus that is followed by
23 mm, 22 mm, 10 mm against MRSA, Bacillus
subtilis, Enterococcus faecalis (Table 2). S. aureus
and E. faecalis were observed sensitive to crude
aqueous extract of B. asiatica stem bark at 1mg/disk
concentration. However, P.auriginosa had 16mm
and C. albicans had 8mm zone of inhibition
(Bhandari et al., 2000). Antimicrobial activity of
plant extract of B. aristata stem were found sensitive
against C. albicans, S. typhii, P. aeruginosa and E.
coli, while it didn’t show any activity against K.
pneumonia, S. aureus (Lamichhane et al., 2014).
Aqueous ethanolic extract at 250 pg/ml
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Table 1: Percentage yield of bark extract of plants

Vol.17, No. 1

Total thimble weight with sample
Parts Sample Before after Percentage
S.N. Plants used weight Extraction | Extraction Weight of yield %
(gm) extract
(gm) (gm)
1 Berberis asiatica Roxb.ex DC. Bark 26.2 26.5 24.7 1.8 6.8
Myrica esculenta Buch.-Ham. Bark 67.6 67.8 46.6 21.2 314
Ex D. Don

Table 2: Zone of inhibition (ZOI) obtained by bark extract of plants (mm)

Name of microorganism

Zone of inhibition (ZOI) obtained by bark extract of plants (mm)

Berberis asiatica Roxb. Ex DC

Mpyrica esculenta Buch.-Ham. Ex D. Don

Bacillus subtilis 22 12
Enterococcus faecalis 10 0

Staphylococcus aureus 24 12
Methicillin Resistant S. aureus 23 10
Escherichia coli 0 0

Klebsiella pneumoniae 0 0

Pseudomonas aeruginosa 0 0

Proteus vulgaris 0 15
Salmonella enterica subsp. 0 0

enterica Typhi

Shigella dysenteriae 0 0

Candida albicans 0 0

Saccharomyces cerevisiae 25 0

Table 3: Minimum microbicidal concentration of methanolic bark extract of plants

Minimum Microbicidal Concentration (mg.ml’l)
S.N. Plants Bacillus | Enterococcus | Staphylococcus Me'th1c1llln Proteus | Saccharomyces
subtilis Jfaecalis aureus Resistant S. vulgaris cerevisiae
aureus
1 Berberis asiatica 12.5 ND 0.78125 3.125 ND 0.1953125
Roxb. Ex DC
2 Myrica esculenta 3.125 12.5 1.5625 1.5625 6.25 ND
Buch.-Ham. Ex D.
Don
ND= not done due to 0 Zone of Inhibition
Table 4: Phytochemical screening
Volatile . . . . . . Reducing . .
Plants oils Alkaloids | Terpenoids | Flavonoids | Tannins | Saponins | glycosides sugar Steroids | Protein
Berberis - + - + - - + + n _
asiatica
Roxb. Ex
DC
Myrica - + + + + + + + + -
esculenta
Buch.-
Ham. Ex
D. Don

Note: + Indicate Presence, - Indicate absence, = indicate may or may not
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concentration of B. aristata stem (Nepal) exhibited
Z0OI 14.4 mm for S. aureus, 18.7 mm for
S.epidermidis, 8.21 mm for B.subtilis, 8mm for
A.niger but fail to show ZOI to P. aeruginosa and E.
coli.

Bark extract of M. esculenta showed ZOI value 12
mm, 12 mm, and 10 mm against B. subtilis, S.
aureus, and Methicillin Resistant S. aureus (MRSA)
respectively but did not show zone of inhibition to
E. faecalis (Table 2). Zone of inhibition of
methanolic bark extract of M. esculenta was 19mm
for E. coli, Tmm for S. typhimurium and
Enterobacter salazakii, 9mm for Staphyloccocus
epidermidis, 8 mm for Enterobacter gergoviae,
Bacillus cereus, Klebsiella pneumonia but negative
for Candida albicans at 200 pg/ml concentration
(Kundal et al., 2013).

Among Gram negative bacteria, B. asiatica did not
show zone of inhibition against any gram negative
bacteria, only M. esculenta was able to show zone
of inhibition 15 mm against P. vulgaris (Table 2). B.
asiatica showed 25 mm zone of inhibition against
fungal test organism Myrica esculenta could not
show zone of inhibition against any of fungal
organism (Table 2).

Minimum microbicidal concentration (MMC)

Minimum microbicidal concentration (MMC) value
of bark extract of B. asiatica was found 0.1953125
mg.ml ! against S. cerevisiae and that is followed by
0.78125 mg.ml", 3.125 mg.ml", 12.5 mg.ml"' against
S. aureus, Methillicin Resistant S. aureus, and B.
subtilis. Methanolic stem bark extract at png/ml
concentration exhibited MIC value 9.78ug/ml for
E. faecalis and C. albicans. Similarly minimum
inhibitory concentration for S. aureus was 312.5 ng/
ml but best inhibition was found 78.12 pg/ml by
berberine iodide (Bhandari et al., 2000).
Antimicrobial Studies of Stem of Different Berberis
species was done by Singh et al. 2009, resulted the
extracts with the strongest antibacterial activity was
obtained from B. /ycium followed by B. aristata, B.
asiatica and B. chitria. The MMC value of M.
esculenta were found 1.5625 mg.ml™"' against to S.
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aureus and Methillicin Resistant S. aureus and 3.125
mg.ml', 6.25 mg.ml', 12.5 mg.ml"" MMC value
were found to B. subtilis, P. vulgaris and E. faecalis.

Phytochemical screening

Phytochemical screening of bark extract of B.
asiatica and M. esculenta showed the presence of
alkaloids, flavonoids, reducing sugar and steroids
whereas volatile oils and protein were absent.
Terpenoids, tannins and saponins were found only
in M. esculenta. According to Lamichhane et al.
(2014), phytochemical screening of Berberis aristata
stem exhibited the presence of alkaloids, coumarin,
flavonoids, glycosides, polyphenol, reducing sugar,
saponin, steroids, tanin, tri terpenoids. Phytochemical
study root and stem extract of B. aristata exhibited
almost similar characteristic that presence of
alkaloids, flavonoids, saponins, terpenoids,
glycosides and reducing sugars, being absence of
tannins but leaf extract exhibited presence of all
those like root and stem except alkaloids, tannins
and steroids (Rizwan et al., 2017).

Conclusion

Zone of Inhibition indicated that the bark sample of
plant species have capacity to inhibit the growth of
microorganism. MMC value indicates the lowest
concentration of antimicrobial agent that can kill the
microorganisms. From this study it can be concluded
that phytoconstituents of B.asiatica is active against
S. aureus and S. cerevisiae. This indicated that B.
asiatica contained important phytochemicals which
are responsible for antimicrobial activity. M.
esculenta showed antimicrobial activity against S.
aureus and MRSA. In conclusion the study
suggested that methanolic extract of bark of B.
asiatica, M. esculenta contained important
phytochemicals which are responsible for the
antimicrobial activity. Identification and isolation of
such phytochemicals from extract sample plays
crucial role in development of new biological active
compound. In future research can be continued to
isolate and identify the phytochemicals which are
active against disease causing organisms.
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Abstract

Limonium sinuatum L. Mill. (Statice), a rosulate plant with showy inflorescences is characterized
by its high ornamental value as a cut flower for both fresh and dry-flower arrangements with its
increasing demand in the international markets. Nepalese farmers are dependent on Indian market
for ornamental plants with a huge investment but are not able to get quality plants.This research
work is focused to develop the protocol for in vitro mass propagation of Statice so as to provide
the farmers with quality plants. Shoot tips were excised from the mother plant and were surface
sterilized with freshly prepared 0.1% w/v aqueous solution of HgCl, for 5 minutes. The explants
were cultured in Murashige & Shook (1962) medium supplemented with different concentrations
and combinations of BAP, KIN, NAA and IBA. During in vitro establishment of explants,
concentration of BAP at 1.0 mg/L and NAA at 0.1 mg/L gave the best results of shoot induction
and proliferation. About 94% of explants were established on MS medium enriched with BAP and
NAA. Rooting was best induced on MS medium containing NAA 1mg/L. Thick and fibrous roots
were developed within 30-35 days. Regenerated plantlets were acclimatized for 10 to 15 days in
greenhouse at 20+52C. Plantlets were successfully established in sterile sand and were transferred
into poly bag containing a mixture of garden soil, organic matter and sand in 1:1:1 ratio. Plantlets

survival percentage was 100% in open field condition.

Keywords: Acclimatization, Explants, Micropropagation, Murashige & Skoog (MS), Tissue culture

Introduction

Limonium sinuatum L. Mill. (Statice), a beautiful
ornamental plant commonly known as “sea
lavender” which belongs to Plumbaginaceae family
(Kunitake et al., 1995), comprises 150 wild species
(Morgan et al., 1998; Aly et al., 2002; Lledo et al.,
2003). L. sinuatum, a perennial herb is native to the
eastern Mediterranean are grown commercially
around the world as a cut flower for both fresh and
dry-flower arrangements (Cohen et al., 1995). There
are about 15 to 20 horticulturally cultivated species,
involving L. sinuatum, L. bonduelli, L. dregeanum,
L. sinense, L. latifolium, L. psylliostachys, L.
bellidifolium, L. gmelinii and L. perezii (Jeong et
al.,2001). These species were grown in borders and
rock gardens in European countries, a decade ago.
Gradually, they have been produced as a cut flower
in Japan and the Netherlands with an advancement
of mass-propagation techniques using plant tissue
culture (Kunitake, et al., 1995; Rout et al., 2006;
Bose et al., 2017). Statice has become a popular
ornamental flower crop in recent years and are highly

stress-tolerant angiosperm (Aly et al., 2002). The
excellent agronomic character such as flower color,
vigor and long-lasting quality makes it an ideal
flower in floriculture industry. Growers are involved
in hybridization with breeding efforts, extending the
variations in color and shape of flower (Henny &
Chen, 2004). Among the cut flower grown in the
country, Statice is currently in high demand by new
investors for a large scale production owing to its
easy plant care requirement and good selling price
in the auction market (Mellesse et al., 2013).
Ethiopian Statice flower exported to the global
market have increased five-fold between 2006 and
2008. In 2008 alone, Ethiopia earned 114 million
dollars from the floriculture industry (Mellesse et
al., 2013). In context of Nepal, with the increasing
number of nurseries, the number of floriculture
shops/retailers are also increasing. The floriculture
businesses are growing by 10-15% per year. The
floriculture sector has already fetched investment
over NRs. 375 million in infrastructure and planting
materials. Nepal has already started exporting floral
products just a few years back such as cut flowers
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and flower buds suitable for bouquets or for
ornamental purposes, dried, dyed, bleached,
impregnated to India, USA, Japan, the Netherlands,
Norway, Australia, Taiwan, Italy, Germany and some
of the Gulf countries (Gauchen et al., 2009). Nepal
is giving hand on bulb, tubers, tuberous roots, corms,
crowns and rhimzomes, in growth or in flower,
chicory plants and roots, unrooted cuttings and slips
(Thapa & Dhimal, 2017). Nepal is mainly dealing
with cut flower crops including Roses (Rosa
hybrida), Gypsophila or Baby’s Breath (Gypsophila
paniculata), Carnations (Dianthus caryophyllus) and
Chrysanthemum (Chrysanthemum spp.) (Gauchen
et al., 2009). Among them, Statice (Limonium spp.)
is widely commercially produced cut flower grown
in high altitude (Getu, 2009). It is one of the most
popular cut flowers used both as cut flower and
potted plant. With the increasing number of
horticulture business in Nepal, the demand for
Statice plants has also increased (Gauchan et al.,
2009, Thapa & Dhimal, 2017). Farmers are
dependent on Indian market for plants with heavy
investment but are not able to get quality plants. This
research is focused in developing the protocol for in
vitro mass propagation of Statice that could
overcome the problem by producing quality plants.

Materials and Methods

Plant material collection

The plant materials were collected from Bhaisipati,
Kathmandu on April, 2018, cultivated in green house
of local farmer.

Surface Sterilization

Shoot tips were excised from the mother plant and
were washed under running tap water for about 1
hour with few drops of liquid detergent Tween 20.
The explants were thoroughly rinsed with distilled
water for 4-5 times The explants were surface
sterilized with freshly prepared 0.1% w/v aqueous
solution of HgCl, for 4, 4.5, 5, 5.5 and 6 minutes
respectively to standardize the appropriate time and
were thoroughly rinsed for 4-5 times with sterilized
water.
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Culture media and inoculation of explants

Shoots (clumps each having two to three leafy
microshoots) were inoculated in MS basal medium
supplemented with different concentration of plant
growth regulator (BAP+NAA, KIN+NAA,
BAP+IBA and KIN+IBA) in various combination
and concentration. Sucrose 3% were used as a carbon
sources and media was adjusted to pH 5.8 using
sodium hydroxide before autoclaving. Agar, plant
tissue culture grade, Merck (0.8%) were used to
solidify the media and was autoclaved at 121°C for
15 minutes. The cultures were incubated at 16 h
photoperiod with light intensity of 3000 lux using
fluorescent tube lights and temperature of 25+ 2°C
for 4 weeks (Rana et al., 2018).

In-vitro shoots proliferation

After successful initiation of the shoot, newly formed
shoots were excised and sub-cultured on the MS
medium supplemented with different hormonal
concentration: BAP (0.5mg/L, 1.0mg/L, 2.0mg/L,
2.5mg/L, 3.0mg/L) and Kinetin (0.5mg/L, 1.0mg/
L,2.0mg/L,2.5mg/L, 3.0mg/L) with 0.1 mg/L NAA
aswell as BAP (0.5mg/L, 1.0mg/L, 2.0mg/L, 2.5mg/
L, 3.0mg/L), Kinetin (0.5mg/L, 1.0mg/L, 2.0mg/L,
2.5mg/L, 3.0mg/L) with 0.1 mg/L IBA. For each
treatment, 15 explants were used and each
experiment were repeated three times.

In-vitro rooting of microshoots of Statice

MS medium with either NAA or IBA or IAA had
profound effect on inducing early rooting. In-vitro
rooting of micro shoots of Statice were observed on
MS medium supplemented with different
concentration of auxins: IBA (1.0 mg/L and 0.5 mg/
L), NAA (1.0 mg/L and 0.5mg/L), IAA (1.0mg/L
and 0.5mg/L), according to Echeverrigaray et al.,
2005. Among MS medium supplemented with
auxins IBA, IAA or NAA, the prominent root growth
was recorded on MS medium supplemented with 1
mg/L NAA.

Sand rooting and Hardening

After 4 to 5 successive in vitro shoot proliferation
of explants, the cultured bottles were moved to green
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house for 10 to 15 days for acclimatization. The
plantlets were removed from bottles with the help
of sterile forceps and washed with distilled water to
remove media from the plantlets. Then, the plantlets
were inserted into sand trays and covered with
polythene hood to maintain moisture. The
temperature and humidity of the greenhouse was
maintained at 20+5°C and 80% respectively. Plants
were assessed for rooting at 3-4 weeks. After six
weeks of transplantation, rooted plantlets were
transferred to nursery polybags containing garden
soil, organic matter and sand (1:1:1).

Results and Discussion

Surface sterilization

As we know tissue culture techniques are often
considered to be free from microorganisms, bacterial
contamination has been a problem for both research
and commercial production of plant tissue cultures
(Idowu et al., 2009). Endophytic bacteria are
especially troublesome because these
microorganisms cannot be eliminated by external
sterilization (Pierik, 1988), and their presence in
cultured plantlets frequently can be recognized only
after prolonged subculture (Leifert etal., 1991; Reed
etal., 1995). Since internal infection by bacteria may
cause poor growth and a decrease in the proliferation
rate of cultured plantlets (Pierik, 1988), it was
considered that leaf-tip necrosis of statice plantlets
might be associated with endophytic bacteria (Liu
et al., 2005). Therefore, in order to reduce such
problems, in this study, we have described the
micropropagation of the statice plant using tissue
culture technique in four stages. Firstly, shoot tips
explants are taken from a mother plant, sterilized
and aseptically cultured in vitro to establish culture.
Secondly, the microshoots are grown to form a clump

Table 1: Results of sterilization of Statice shoots using HgCl,
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of shoots which are further subdivided into several
small clumps and is propagated for several
generations in a multiplying medium at the
“multiplication stage.” Thirdly, an individual shoot
from the clump is placed in a rooting medium. The
rooted plantlets are transferred to greenhouse for
acclimatization and finally, were transplanted into
the field.

Surface sterilization of explants were done using
0.1% concentration of HgCl,. Treatment time varied
from 4 to 6 minutes. Surface sterilization by 0.1%
HgCl, at 5 minutes was found to be suitable for
Statice.

The effect of growth hormone on the shoot
multiplication

The addition of sugar in the medium as a carbon
source is a requisite for plant growth. Cytokinins
such as 6-benzylaminopurine (BA), kinetin (KN) are
a class of plant hormones which plays an essential
role in plant morphogenesis and influences on the
formation of shoots and their relative growth rate
(Debi et al., 2005). This study is also concern to
investigate the effects of BA concentration, the type
of supporting material as well as other hormones on
growth and multiplication of Statice plantlets
cultured and to assess the possibility of shoot
multiplication of Statice plantlets grown on MS
medium. The effect of the different concentration
of BAP and NAA is shown in table 2. The efficacy
of combination of growth hormones was assessed
based on number of shoots and the height of the shoot
induced after inoculation. Shoot formation on
explants cultured on MS medium supplemented with
BAP 1.0 mg/mL + NAA 0.1 mg/L gave rise to
luxuriantly growing shoots within 2-3 weeks.
Number of shoots/explant was 21.8+£0.663 and

Concentration Treatment of Number of Number of Number of Number of
time (minute) shoot treated browning shoot aseptic shoot contaminated shoot
4 7 - N 7
4.5 7 - 1 6
0.1% 5 7 N 7 .
5.5 7 2 5 -
6 7 7 - -
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Table 2: The effect of growth hormones (BAP+NAA) on the shoot multiplication
S.N BAP+NAA No. of culture No. of weeks for shoot No. of shoot/ Average height of

o mg/L bottle proliferation explants* shoot (cm)*

1 0.5+0.1 5 6-8 17 £1.224 6.74 +£0.132

2 1.0+0.1 5 6-8 21.8+0.663 7.4 £0.040

3 1.5+0.1 5 6-8 15.8 +£1.157 6.36 +£0.128

4 2.0+0.1 5 6-8 13.4 +1.886 7.04 £0.050

5 2.5+0.1 5 6-8 15 +1.581 6.7 £0.126

* Average number of shoot and average height of shoots were given as mean+standard error

(A)

©

Figure 1: (A) Explant establishment on MS medium, (B) & (C) Induction of Statice shoots on MS medium supplemented with
Img/L concentration of BAP and 0.1 mg/L NAA at 16 hrs. photoperiod with light intensity of 3000 lux and temperature of 25+

2°C for 4 weeks (A) and 8 weeks (B)

maximum average height of shoots was 7.4+0.040
cm as shown in table 2. MS medium supplemented
with BAP 2.5mg/L+0.1mg/L IBA gave rise to
alternatively high number of shoots 21.2 +0.374 but
considerably shorter height of shoots 5.7+0.141 as
shown in table 4.

Data represented in table 2, 3, 4 and 5 showed that
MS media with different concentration of BAP
(0.5mg/L, 1.0mg/L, 2.0mg/L, 2.5mg/L, 3.0mg/L)
and Kinetin (0.5mg/L, 1.0mg/L, 2.0mg/L, 2.5mg/L,
3.0mg/L) with 0.1 mg/L NAA as well as BAP
(0.5mg/L, 1.0mg/L, 2.0mg/L, 2.5mg/L, 3.0mg/L),

Kinetin (0.5mg/L, 1.0mg/L, 2.0mg/L, 2.5mg/L,
3.0mg/L) with 0.1 mg/L IBA. This variation may
have resulted from the different requirements of
shoot proliferation in lab such as light intensity and
temperature given, pH measurement of media etc.
Moreover, differences in stimulation of shoot
proliferation may be related to differences in
macronutrients (Matt & Jehle, 2005, Liu & Pijut,
2008, Ruzic &Vujovic, 2008). Increase and decrease
in the concentration of BAP and Kinetin along with
variation of IBA and NAA on MS medium is essence
to observe.

Table 3: The effect of growth hormones (KIN+NAA) on the shoot multiplication

SN KIN+NAA No. of culture No. of weeks for No. of shoot/ Average height of shoot
T mg/L bottle shoot proliferation explants* (cm)*
1 0.5+0.1 5 6-8 15.4 £0.400 5.84 +0.074
2 1.0+0.1 5 6-8 16.8 +0.583 5.64 £0.146
3 1.5+0.1 5 6-8 19.240.489 6.38 +£0.058
4 2.0+0.1 5 6-8 19 £0.547 6.28 £0.058
5 2.5+0.1 5 6-8 20 +0.547 6.36 +£0.092

* Average number of shoot and average height of shoots were given as mean+standard error
* Culture condition: 16 hrs. photoperiod with light intensity of 3000 lux and temperature of 25+ 2°C for 8 weeks.
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Table 4: The effect of growth hormones (BAP+IBA) on the shoot multiplication

S.N BAP+IBA No. of culture No. of weeks for No. of shoot/ Average height of shoot
o mg/L bottle shoot proliferation explants* (cm)*
1 0.5+0.1 5 6-8 16.4+0.812 5.2+0.070
2 1.0+0.1 5 6-8 17.4+0.400 5.62+0.162
3 1.5+0.1 5 6-8 19.4+0.400 5.82+0.111
4 2.0+0.1 5 6-8 19.4+0.400 5.98+0.66
5 2.5+0.1 5 6-8 21.2 +0.374 5.7+0.141

* Average number of shoot and average height of shoots were given as mean+tstandard error
* Culture condition: 16 hrs photoperiod with light intensity of 3000 lux and temperature of 25+ 2°C for 8 weeks.

Table 5: The effect of growth hormones (KIN+IBA) on the shoot multiplication

S.N KIN+IBA No. of culture No. of weeks for No. of shoot/ Average height of shoot
U mg/L bottle shoot proliferation explants* (cm)*
1 0.5+0.1 5 6-8 11.8+0.800 5.444+0.169
2 1.0+0.1 5 6-8 14.4+0.400 5.64+0.146
3 1.5+0.1 5 6-8 16.6+0.509 6.16+0.120
4 2.0+0.1 5 6-8 19.2+0.583 5.86+0.120
5 2.5+0.1 5 6-8 20+0.547 6.14+0.150

* Average number of shoot and average height of shoots were given as meantstandard error
* Culture condition: 16 hrs. photoperiod with light intensity of 3000 lux and temperature of 25+ 2°C for 8s weeks.

Rooting of microshoots of Statice and survival of
plantlets in polybag

Induction of healthy root system from the
regenerated shoots is an essential part of successful
development of plantlets. The concentration and
source of auxin (IBA/IAA/NAA) also has a
significant influence on root initiation and
development. Here, for root induction, regenerated
shoots were cultured on MS medium supplemented
with different concentration of IBA, IAA and NAA
according to Echeverrigaray et al., 2005. MS
medium enriched with NAA Img/L shows 100% of
shoot forming roots. Roots were initiated at 15-20
days and were developed into thick and fibrous
within 30-35 days as shown in figure 2 (A). Among

Table 6: Effect of different auxins on root formation in Statice

MS medium supplemented with auxins IBA, IAA
or NAA, the good root growth was recorded on MS
medium supplemented with 1 mg/L NAA in table 6.

Plantlets were acclimatized for 10 to 15 days in
greenhouse at 20+5°C. Plantlets with established
roots were successfully established in sterile sand
(98%) in figure 2 (B & C) and were transferred in
poly bag containing a mixture of garden soil, organic
matter and sand in 1:1:1 ratio in figure 3 (A & B).
After 2 months, field trial of plantlets was done in
the garden of Department of Plant Resources in
figure 3 (C). Plantlets survival percentage was 100%
in open field condition. For recommendation, routine
observation of the environmental condition should
be noted until inflorescence.

Growth regulators % of shoots forming D.a)ts.to .root Days to root Nature of the roots

(mg/L) roots initiation development

IBA(0.5) 55 20-25 40-45 Thick &fibrous
IBAO(1) 65 20-25 40-45 Thick &fibrous
TAA(0.5) 35 20-25 40-45 Thick &fibrous
TAA(1) 45 20-25 40-45 Thick &fibrous

NAA(0.5) 65 15-20 30-35 Thick &fibrous
NAA(1) 100 15-20 30-35 Thick &fibrous
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(A) (B)
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Figure 2: Hardening, acclimatization and sand rooting of plantlets (A) The roots of statice shoots cultured on MS medium
supplemented with NAA (1mg/L), (B) Statice plantlets transferred to the sand, (C) Statice plantlets with developed roots.

(A)

(B) ©

Figure 3: Statice plantlets transferred on polybags after 2 weeks (A) Plantlets of Statice after 4 weeks at 20+5°C temp and 80%
humidity (B) Plantlets of Statice after 2 months at 20+5°C temp and 80% humidity, (C) Open field trial on the garden of department

of plant resources.

Conclusion

The sterilization of shoot tips with 0.1%
concentration of HgCl, for 5 minutes was the ideal
condition for the surface sterilization of the explant.
MS medium supplemented with 1.0 mg/L BAP plus
0.1 mg/L NAA, was suitable condition for maximum
number of shoot proliferation. Tissue culture technique
of the Statice was established (94%) on MS medium
enriched with BAP and NAA. Thick and fibrous
roots were observed on MS medium enriched with
NAA Img/L within 30-35 days. Plantlets were
successfully established in sterile sand and were
adapted ex vitro with surviving rate up to 98% in
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greenhouse at 20+£5°C. Plantlets were successfully
grown in the garden of Department of Plant
Resources and the survival percentage was 100%.
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Abstract

Current research work has been undertaken in Mityal, Nisdi Rural Municipality-4, Palpa district.
This study compares traditional knowledge on the use of medicinal plants among three age
groups in the study area. Altogether, 94 plants of medicinal values belonging to 83 genera and 45
families have been recorded to heal 51 ailments like diarrhea, skin diseases, stomach problem,
gastric, fever, cough and cold, headache, etc. The eldery people were found to have more

knowledge on plant use.

Keywords: Ailment, Elderly people, Medicinal plant, Traditional knowledge

Introduction

Ethnobotany deals with the study of the interaction
between people and plants (Martin, 1995). People
are utilizing plant and plant products for their daily
needs and also as medicine. However, the indigenous
knowledge is declining due to changing perception
of the local people, commercialization and socio
economic transformation of all over the world
(Kunwar & Adhikari, 2005). In Nepal, the concept
of ethnomedicine has been developed since the late
19" century. The first book “Chandra-Nighantu
regarding medical plants was published by the Royal
Nepal Academy in 1969 (2025 B.S.). Later, a number
of ethnobotanical studies on different ethnic groups
of Nepal have been carried out by different workers
(Pandey, 1964; Malla & Shakya, 1968; Adhikari &
Shakya, 1977; Malla & Shakya, 1984-1985; Manandhar,
1985, 1990, 1994; Joshi & Joshi, 2000; Shrestha et
al., 2003; Joshi, 2007; Shrestha et al., 2014).

Ethno-medicine is a set of empirical local practices
on the basis of indigenous knowledge of a social
group often transmitted orally from generation to
generation. Due to the lack of scientific harvesting,
proper management techniques and lack of
conservation awareness, the number of ethno-
medicinal plants is decreasing (Kunwar & Duwadee,
2003). Allopathic medicine and health centre are not
easily available throughout Nepal. Thus, about 80%
of the population in Nepal relies on traditional
medicine (Manandhar, 2002). Medicinal plants

contribute at least 25% in modern drug industry
(Rawat & Karki, 2004). There is no reliable figure
for the total number of medicinal plants on earth
but an estimate of about 50,000 species (10-18% of
the global flora) have medicinal value (Schippmann
et al., 2002). Globally, the two countries with the
highest numbers of medicinal plants are China with
10,027 species (41% of its angiosperm flora) and
India with 7500 species (44% of its vascular flora)
(Shiva, 1996, Xiao & Peng, 1998). It is estimated
1700 species of plants in Nepal have medicinal
properties (Shrestha et al., 2000, Rawal, 2004,
Sharma & Das, 2004, Baral & Kurmi, 2006).

Materials and Method

Present research work was carried out in Mityal,
Nisdi Rural Municipality-4, Palpa to assess the
traditional ethnomedicinal knowledge based on age
group. The study area was visited from January to
July 2017. The study area is dominated by Magar
people constituting 93.81% and followed by Kami
(3.97%), Damai/Dholi (0.86%), Brahmin (0.45%)
and others (0.91%) (CBS, 2014). Survey and
inventory technique (Martin, 1995; Cunningham,
2001) were applied for collection of ethnomedicinal
information. In survey technique, individual and in
depth interviews and focus group discussion were
conducted among the local plant users, community
members and traditional faith healers. In inventory
technique, different plant specimens were collected
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from the study area and their local names were
identified with part(s) used and purpose of use etc.
with the participation of knowledgeable key
interviewees/people as well as by transect walk
(survey) and also participating in different cultural
programs and regular meeting of local people.

Plant specimens collected from study area were
identified with the help of various literatures
(Hooker, 1872-1897, Polunin & Stainton, 1984,
DMP, 1986, Stainton, 1988, Shrestha, 1998) and
deposited at Department of Botany, Tribhuvan
Multiple Campus, Tansen, Palpa.

Results and Discussion

Medicinal Plant Distribution and Species
Composition

In Present study, total 94 plant species were found
having medicinal value belonging to 45 families and
83 genera which were used to treat 51 different
human ailments. Among 45 families, 14 families
(families having > 3 plant species) were taken for
graphical analysis. Leguminosae were found as most
dominant family having highest number of species
i.e. including 7 plant species, followed by
Euphorbiaceae (6) and Solanaceae (6), Lamiaceae
(5), Compositae (4), Zingiberaceae (4),
Amaryllidaceae (3), Anacardiaceae (3), Apocynaceae
(3), Combretaceae (3), Cucurbitaceae (3), Lauraceae
(3), Urticaceae (3) and Verbenaceae (3).

O kB N W B U OO N
! L L L L L L L )

< & J & < 9 & g & & g & & 9
& FFF S FF ST FF

N o o5 Sl i & o o o o o
FTFIFTFTFT AT TS FE S
S ETFTITSTF TSI T I
F Q)\»Q 4 & Yg‘b W <
A

Figure 1: Most dominated plant family

Thapa (2008) reported 170 plants of medicinal
values belonging to 138 genera and 64 families from
Benimanipur VDC, Nawalparasi District but present
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research shows that there are less numbers of
medicinal plants. The factors for the less number of
medicinal plants in Mityal are temperature, soil
fertility, knowledge of people about medicinal plants,
use of allopathic medicines in place of homeopathic
medicines, etc. Ale et al. (2009) reported 181 plant
species of ethnobotaqgnical use by Magar People
from Siluwa, Palpa. Acharya (2012) recorded 161
different ethnomedicinal plant species used by
Magar community in Badagaun, Gulmi. Similarly
Singh et al. (2018) documented 114 plants species
of ethnomedicinal use from five different Magar
dominating villages of Palpa district. On comparing
these with current study, it can be concluded that
the people of Mityal had comparatively less
knowledge on plant use.

Knowledge of Use of Plants Based on Age Group

This study showed that great variation in knowledge
on use pattern of plant among three different age
groups (Appendix 1). Out of 94 species, 92.55%
plants were used by people above 60 years as they
had very rich knowledge about medicinal use of
plants, 67.02% were used by people of age group
40-60 years as they have good knowledge of
medicinal plants and 50% were used by people of
age group 20-40 years as they had least knowledge

about medicinal plants.

40-60 20-40
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90 A

80 1
70 -
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Figure 2: Use of plants based on age group

Form of Medicinal Plants

The total 94 plant species were grouped into herb,
shrub, tree and climber based on their life form.
Shrub species were found most dominant which
comprised 36 (38.0%) and followed by herb 28
(30.0%), tree 22 (23.0%) and climber 8 (9.0%).
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Figure 3: Forms of medicinal plant

Most Frequent Ailment Reported

The medicinal plants in the study area are used to
heal up 51 different ailments by traditional technique.
The most frequently reported ailments are diarrhea
(16 species) followed by cut (13), cough and hotness
(10), gastritis (9), fever (8), cholera (7), headache
(6), burn (5) and jaundice (5).
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Figure 4: Highly used plants for different ailments

Diarrhea had the highest frequency of ethno-
medicinal use (16 species). The highest frequency
of diarrhea in research area may be because of unsafe
diet, polluted water and unmanaged settlement. Cuts,
gastritis, cough, hotness, fever, headache and some
other wound were other commonly reported
ailments.

Conclusion

Ethno-medicinal work has not been previously
carried out in this area. This may be a new work for
documenting traditional knowledge among three
different age groups from this area. All information
and finding presented here are primarily based on
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field observation, interview and group discussion
with local faith healers (lama), community leaders,
social workers and elderly people from the focused
age groups living in the research area. Being rich in
medicinal knowledge the local people also had
knowledge about multiple uses of medicinal plants.
Some elderly people and faith healers of study area
tried to keep secrete about indigenous use of
medicinal plants. It is also found that a single plant
is used in different diseases. The elderly people were
found to have more knowledge about ethnomedicinal
use of plants. The reason behind this is that there
was no facility of medicines and hospitals in the rural
areas so that most of the people were dependent on
medicinal plants for the treatment of different kinds
of diseases in past. Nowadays, there is facility of
medicines and hospitals in rural areas and so the
knowledge is declining in young generation.
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Appendix 1: Medicinal use of plants
. L. Medicinal Use Age Grou
Scientific Name Ailment Part Mode 20-40 [40-60 | >60
Acacia catechu (L. f.) Willd. gl}lltsen ry %a;k gg:;lc Gon I
Acorus calamus L. Cough Whole part Grind + + +
Gastritis Leaf Powder + +
Aegle marmelos (L.) Correa Hotness Fruit Ripen Fruit/Grind + + +
Jaundice Leaf Decoction +
. Bleeding Leaf Juice is extracted +
Ageratum conyzoides (L.) L. Cut Leaf Grind with hand n
Allium cepa L. Burn Tuber Grind +
Cholera Tuber Fresh + +
Allium sativum L. Gastritis Tuber Fresh +
Hens sickness Tuber Grind + + +
Allium wallichii Kunth Cholera Tuber Grind + + +
Aloe vera (L.) Burm. f. Burn Sticky Juice Directly applied + + +
Ananas comosus (L.) Merr Hotness Fruit Directly + + +
.. . Cut Juice Grind + + +
Artemisia dubia Wall. ex Besser Insecticide Leaf Frosh leaf n
- Energetic Tip/Root Powder + +
Asparagus officinalis L. Milk production Root Powder + +
Bauhinia vahlii Wight & Arn. Cut Bark Grind +
Bauhinia variegata L. Cut Bark Gr%nd ki hi
Fracture Bark Grind + +
Bergenia ciliata (Haw.) Sternb. Cholera Leaf Grind + +
Boehmeria nivea (Gaudich) Cut Root Grind + +
. Cut Bark Grind +
Boehmeria rugulosa Wedd. Sprain Bark Grind n
. Constipation Bark Grind +
Bombax ceiba L. Diarrhoea Root Grind +
. Diarrhoea Fruit/Bark Decoction +
Callicarpa macrophylla Vahl. Fover Bark Decoction m n
Toothache Latex + +
Calotropis gigantea (L.) Dryand. Insecticide Leaf Fresh leaf +
Sprain Latex Massage + +
Cannabis sativa L. Insompia Flower Smoke + +
Swelling Flower Massage +
Capsicum annuum L. Choler.a Fru%t G?ind hi
Hens sickness Fruit Directly + +
Carica papaya L. Jaqndif:e Fr}lit D%rectly hi
Skin disease Juice Directly + + +
Cassia fistula L. Urinary problem Fruit Break and extract sticky parts + +
Blood Clotting Leaf Juice + + +
Sennatora(L.) Roxb. Cough Seed Grind + +
Diarrhoea Fruit Decoction +
o Headche Whole part Decoction + + +
Centella asiatica (L.) Urb. Hotness Whole part Decoction + + +
Cereus repandus (L.) Mill. Burn Fruit Break + +
Cinnamomum tamala (Buch.-Ham.) | Asthma Bark Oil +
Nees & Eberm. Spices Leaf/Bark Grind + +
Cissampelos pareira L. DiaHtha Leaf Grin('i - i i
Gastritis Leaf Doction + +
Colebrookea oppositifolia Sm. gte);igglllenal pan ?;Ot B[ilcszzzgn I
Cryptolepis dubia.(Burm.l) Diarrhoea Juice Directly/Drink + + +
M.R.Almeida Wound Juice Drink +
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.. Medicinal Use Age Grou
Scientific Name Ailment Part Mode 2040 | 40-60] 60
Cucumis sativus L. Urinary problem Fruit Directly/Eat + + +
Cucurbita maxima Duch. Fever Fruit Directly/Eat + + +
Curcuma angustifolia Roxb. Ear Wound Tuber Grind + +
Curcuma longa L. Cough Tuber Powder/Decoction/Boil + + +
Cuscuta reflexa Roxb. Jaundice Whole part Powder +
Datura metel L. Antimicrobial Fruit Powder +
Desmodium oojeinense (Roxb.) H. Ohashi. | Cut Bark Grind +
Dioscorea bulbifera L. Worms Tuber Boils +
Dioscorea deltoidea Wall. ex Griseb. | Diarrhoea Tuber Boils +
Constipation Leaf Juice +
Elephantopus scaber L. Fermenter Whole part Grind + +
Fever Root Powder +
ﬁgl\e/;’ LIZ:IIZ fﬁolfohbo ra (Spreng.) Cut Leaf Grind + + +
Euphorbia heterophylla L. Conjuctivities Juice Directly + +
Euphorbia hirta L. Cataract Juice Directly + +
Insecticide Leaf Fresh leaf +
. . Jaundice Root Decoction + +
Euphorbia royleana Boiss. Worms Tuice Massage T
Wound Stem Juice applied on wound + + +
. Cholera Tip Fresh leaf +
Eurya acuminata DC. Diarrhoea Bark Decoction +
Ficus carica L. Antimicrobial Juice Decoction +
Hedychium gardnerianum Sheppard | Fever Tuber Grind + +
ex Ker Gawl. Hotness Tuber Grind + +
L Hookworm Root Grind in small parts +
Imperata cylindrica (L.)Raeusch. Snake bite Whole part Tied m m T
.. Cough Leaf Decoction + +
Justicia adhatoda L. Fover Rool Grind m m m
Bryophyllum pinnatum(Lam.) Oken | Burn Leaf Grind with hand + +
LKzgiera neesiana (Wall. Ex Ness) Animal sickness Leaf Grind + + +
Litsea doshia (Buch.-Ham. ex D. Don) | Animal sickness Leaf Directly feed + + +
Kosterm. Cholera Leaf Grind + + +
Lycopersicon esculentum Mill. Burn Fruit Grind + + +
Mangifera indica L. Diarrhoea Bark Boil +
Headche Whole part Decoction + + +
Mentha spicata L. Hotness Whole part Decoction +
Insomnia Whole part Grind +
Mimosa rubicaulis Lam. Fracture Root Grind + +
Momordica charantia L. B.P. high Fruit Grind + +
Morus serrata Roxb. Animal .mllk Leaf Direct feed + +
production
Musa paradisiaca L. Diarrhoea Juice Drink +
Asthma Bark Powder + +
Myrica esculenta Buch.-Ham. ex D. | Coryza Bark Powder +
Don. Diarrhoea Bark Grind +
Dysentry Bark Boil +
Nicotiana tabacum L. Toothache Leaf Ju%ce hi
Worms Leaf Juice +
Ocimum americanum L. Cough Seed Chew +
Opuntia monacantha (Willd.) Haw. Hotness Fruit Paste applied + + +
Origanum vulgare L. Diarrhoea Ju?ce D%rectly + +
Mud wound Juice Directly + +
Oxalis corniculata L. Abdominal pain Leaf F r§sh leaf +
Headche Whole part Grind + +
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Scientific Name Medicinal Use Age Grou
Ailment Part Mode 20-40 | 40-60 | >60
Energetic Fruit/bark Powder +
Phyllanthus emblica L. Gatritis Bark Grind + +
Hair long Fruit Grind + +
Piper longum L. Gastritis Fruit Eat + +
. Fever Whole part Grind and decoction + + +
Eﬁi(:;éemon benghalensis (Burm. f.) Headche Whole part Grind and decoction + + +
' Hotness Whole part Grind and decoction + + +
Fever Bark Grind + + +
Premna barbata Wall. ex Schauer. Headche Bark Decoction + + +
Influanza Bark Decoction +
Prunus persica (L.) Batsch. Diarrhoea Tip Directly +
Raphanus sativus L. Hotness Tuber With Bark +
Dysentr Bark Decoction + +
Rhododendron arboreum Sm. Lgy bon}e,: in throat | Flower Directly +
. . Diarrhoea Fruit Eat + + +
Brucea javanica (L.) Merr. Stomach problem | Fruit Dry m
Ricinus communis L. Constipation Seed Grind +
L Cough Tip Grind +
Rubus ellipticus Sm. Hotness Root Decoction +
Sapindus mukorossi Gaertn. Dandruff Fruit Grind + +
Falconeria insignis Royle. Fish poison Bark Grind +
Cut Bark Boil + + +
Shorea robusta Gaertn. Diarrhoea Bark Boil + + +
Dysentry Bark Boil + + +
Smilax aspera L. Cough Root Decoction +
Fever Root Powder +
Solanum aculeatissimum Jacq. Dandruff Fruit Grind + +
Spondias pinnata (L. f.) Kurz. Mud wound Leaf Grind with hand + + +
Tectaria coadunate (Wall.ex Hook. & Diarrhoea Tuber Grind and decoction + +
Grev.) C.Chr.
Terminalia alata Heyne ex. Roth. Cut Bark Grind +
Cough Bark/Fruit Decoction + +
R . Gastritis Fruit Chew + + +
Terminalia bellirica (Gaertn.) Roxb. Influanza FruiUBark Grind T
Nighblindness Fruit Chew +
- Cough Fruit/Bark Grind +
Terminalia chebula Retz. Gastritis Fruit Chew m m m
Thysanolaena latifolia (Roxb.ex Wound Root Grind n
Hornem) Kuntze.

. . . Animal Cough Tuber Dried and grind +
Tinospora sinensis (Lour.) Merr. Antimicrobial Tuber Boil T
Heynea trijuga Roxb.ex.sims Scabies Seed Grind +

Cut Root Grind + + +
Urtica dioica L. Jaundice Root Grind +
Nighblindness Tip Cook/boil + +
Viscum articulatum Burm. f. Cut Bark Grind +
Vitex negundo L. Insectici.de Le.af Plgced on storage site +
Snake bite Juice Grind + +
Abdominal pain Bark Powder +
Woodfordia fruticosa (L.) Kurz Diarrhoea Tip Chew +
Gastritis Root/Bark Grind + +
Cholera Fruit Fermentation +
Zanthoxylum armatum DC. Gastritis Fruit Decoction + +
Hotness Root Decoction +
Zingiber officinale Rosc. gglrijgl:tlvmes ?EE: éiﬁl (ziur i
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Abstract

The present work documents 80 plant species used by Gurung community of Siranchok, Gorkha
district, Central Nepal conducted in 2018. Group discussion was done with 30 respondents
including traditional healers and knowledgable persons both male and female. The information
collected includes local name, form of use, parts used and uses. Gurung community has been
using plant resources since the past and is still dependent on it for their livelihood.

Keywords: Conservation, Ethnobotany, Plant resources, Traditional healers

Introduction

Nepal is considered one of the richest countries in
terms of indigenous traditional knowledge due to
its diversified ecology, geography, and many ethnic
communities (Sharma et al., 2009). Most of the rural
people directly depend on plant and plant products
for meeting their daily requirement where access to
government health care and other facilities is lacking
(GoN/MOoFSC, 2014, Bhattarai et al., 2006). Gurung
is a ethnic group which covers 1.97 percent of total
population of Nepal (CBS, 2011). They are found
mostly in Syangja, Kaski, Manang, Mustang,
Lamjung, Parbat and Gorkha districts of Central
Nepal (Manandhar, 2002). Plants fulfill our basic
need in the form of large variety of products such as
food, fiber, fodder, vegetables, medicinal and
aromatic plants, fuelwood, timber, aesthetic and
religious. The practice of using plant resources vary
according to location, tradition, climatic conditions
and vegetation type of the place (Kunwar &
Bussmann, 2008).

Previous studies (Coburn 1984; Manandhar, 1987;
Pohle, 1990; Bhattarai et al., 2006; Gurung et al.,
2008) indicate that very few work has been
conducted relating to the utilization of plants by
Gurungs in different districts of Nepal. Study in
Gorkha district hasn’t been explored yet. Due to
changing life style, extreme secrecy of traditional
healers and negligence of youngsters, the ethnic
practice in using folk medicines is declining globally.

This work will help in exploring the knowledge on
traditional utilization of plants from Gorkha districts
practised by Gurung community. Ethnobotanical
exploration and documentation of indigenous
knowledge needs to be continued so as to preserve
traditional knowledge, skill and practices (Kurmi &
Baral, 2004; Singh et al., 2012). These studies help
in discovering new herbal drugs, new food and
fodder, tool in economic development and in
conservation of germplasm as well as natural
resources.

The major objective is documentation of traditional
knowledge and indigenous practices of Gurung
community and exhibit the plant made materials used
by them in ethnobotanical museum of National
Botanical Garden, Godawari, Lalitpur, Nepal and
information sharing. Specific objectives are to
explore the indigenous plants and plant parts used
by people of Gurung community and document the
indigenous knowledge, skill and practices of the
Gurung people for conservation and utilization.

Materials and Methods

Study area

The study was conducted in Gurung village
Siranchok located in Gorkha District (27° 152 -
28°452 N latitude and 84°272 - 84°582 E longitude)
with an area of 2505 sq.km. This ethnic group
consists of 53,342 population of which male and
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female in the district. The climate tropical, temperate
and alpine. Rainy season extends from june to
september.

Plant species were collected from the study site. The
taxonomic characters and other necessary
information were noted down. To obtain detail
information, the plant specimens collected from the
field were displayed during group discussion with
30 respondents mostly including traditional healers
and individually to knowledgeable persons both
male and female. The information collected included
local name of plants, uses, form of use and parts
used.

Voucher specimens were collected during field visit
for herbarium preparation. They were identified
using standard literatures (Hara et al., 1978, 1982;
Hara & Williams, 1979; Press et al., 2000) and
comparing specimens at National Herbarium and
Plant Laboratories (KATH), Godawari, Lalitpur,
Nepal. The herbarium specimens are deposited in
KATH. The graphs were prepared using MS-Excel.

Results and Discussion

Altogether 80 plant species belonging to 72 genera
of 42 families were collected and their local name,
uses, parts used and form of uses were noted down
(Appendix 1). Two species of pteridophyte and
remaining 76 species were of dicots among which
25 herbs, 16 shrubs, 29 trees, 6 climbers and 2
species belong to monocots. The family Compositae
(10 species) represented the highest number of plants
followed by Euphorbiaceae (5 species), Lamiaceae
(5 species), Moraceae (5 species) and Combretaceae
(4 species).

Most of the plants species were used for medicinal
purposes (45 species), fodder (34 species) followed
by fruit edible (16 species) and others as shown in
figure 1. Some of the common medicinal uses were
in stomach problems, toothache, fever, increase
lactation, cut and wounds, eye problems etc. Three
of the plant species were used for curing animal
diseases. Several species were found to be used for
more than one purpose.
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No.of plants

Uses

Figure 1: Number of plants used by Gurung people for
various purposes

Among the different parts, leaves of most of the
plants (30 species) were used by Gurung people for
various purposes followed by fruit (16 species) and
others as shown in figure 2. The study revealed that
whole plant parts like root, rhizome, branches,
leaves, fruit, flower, bark, stem, seed, tuber, flower
and tender shoots were used for medicinal purpose.

35 -
30 A
25
20 -
15
10 A
5
0

30

No. of Plants

Leaves Fruit Tender Root Wood Whole Bark Flower Seed Stem
shoots plant

Parts used

Figure 2: Number of plant parts used by Gurung people

Gurung community fulfill their different
requirements from plants (Manandhar, 2002).
Various plant parts are consumed as food and wild
food plants are used in a variety of ways such as
vegetables, pickles, juices, beverages or in
fermentation of alcohol. Sales of these plant
resources are important source of income generation
for poor people (Rajbhandary & Winkler, 2015). Due
to these issues of accessibility and other socio-
economic and cultural factors, local people rely more
on traditional forms of medicine (Bhattarai et al.,
20006). 41 species of wild food plants documented
during this five-year research period will be an
important tool for the future bioprospecting research
in Manang (Bhattarai et al., 2009) in different
villages of Manang district. In this study we have
recorded 30 plant species used as food plants from
Gorkha district. A study by Malla et al., 2014 showed
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that 61 plant species were used by Gurung, Magar
and Majhi of Parbat district for curing various human
diseases.

Conclusion

Present study shows that people of Gurung
community still practice using wild plants for various
purposes most importantly as wild edible fruits and
for medicinal value. Though the people mostly
dependent on modern medicine but still they practice
the traditional healing methods as basic treatment
for prevalent diseases in the study area. Hence, it is
necessary to properly document the indigenous
knowledge for future record. Ex-situ and in-situ
conservation of traditionally important plants should
be promoted. Further study of other places is also
recommended.
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BOOK REVIEW:

Journal of Plant Resources

Vol.17, No. 1

Ferns and Fern-allies of Nepal Volume 2

C. R. Fraser-Jenkins and D. R. Kandel
Department of Plant Resources, Ministry of Forests and Environment, Government of Nepal, Kathmandu, Nepal,
2019, pp. 1-446.

The taxonomy of ferns and fern-allies of Nepal was much
confused. Since 1984 Christopher Roy Fraser-Jenkins
carried out the taxonomic studies of the Indian ferns in
the Natural History Museum (London). His many
important publications,
especially on Indian, Himalayan
and Nepalese ferns show how
much he is interested in bringing
out the results of his studies for
the advancement of science and
the benefit of mankind. His
revisionary works on Indian
ferns, such as Fern genera (in
1984), Dryopteris (in 1989),
Polystichum (in 1991, 1997),
and Cheilanthoid ferns (with C.
S. Dulawat, 2009), were of high
standard and accelerated further
researches on the Himalayan
ferns. Fraser-Jenkins clarified
many taxonomical problems of
the Indian and Nepalese ferns in
his many articles and books,
mainly ‘New species syndrome
in Indian Pteridology and the
ferns of Nepal’ (1997),
‘Taxonomic revision of three
hundred Indian subcontinental Pteridophytes with a
revised census-list - a new picture of fern-taxonomy and
nomenclature in the Indian subcontinent’ (2008), An
annotated checklist of Indian Pteridophytes Part-1
(Lycopodiaceae to Thelypteridaceae) (with K. N.
Gandhi, B. S. Kholia and A. Benniamin, 2017) and An
annotated checklist of Indian Pteridophytes Part-2
(Woodsiaceae to Dryopteridaceae)

(with K. N. Gandhi and B. S. Kholia, 2018). His book
‘The first botanical collectors in Nepal: The fern
collections of Hamilton, Gardner and Wallich’ (2006)
gives information on the activities of the first scientific
fern collections in Nepal by Francis Buchanan-Hamilton
in 1802-03, Edward Gardner in 1817-19 and Nathaniel
Wallich in 1820-21.

Volome 2

C.R. Frapss-lenking

Christopher Fraser-Jenkins, with two co-authors, Mr.
Dhan Raj Kandel and Ms. Sagun Pariyar, for volume
one and with Dhan Raj Kandel for volume two, has come
forward to bring out his taxonomic results of Nepalese
ferns and fern-allies in the
publications of two volumes of
‘Ferns and fern-allies of Nepal’.
Fraser-Jenkins, an English
gentleman (b. 1948), is a well
known plant taxonomist who
has dedicated his life to the study
of ferns. Dhan Raj Kandel, a
Research Officer in the National
Herbarium and Plant
Laboratories, Godawari,
Lalitpur, Nepal is looking after
the Fern Section in the
Herbarium.

The first volume of Ferns and
Fern-allies of Nepal by C. R.
Fraser-Jenkins, D. R. Kandel
and S. Pariyar was published by
the Department of Plant
Resources in 2015. This book
was reviewed by S. C. Verma
and S. P. Khullar in 2015 (Indian
Fern J. 32: 262-266). In their
review of the book Verma and Khullar have rightly
commented on the book that the book provided ‘a wealth
of taxonomic clarifications’ and offered ‘several
taxonomic problems to be pursued’. The same applies to
the volume 2 of this book. This book, although published
four years after the publication of the volume one, is
also a wealth of taxonomic information on the ferns and
fern-allies of Nepal. The book starts with the Foreword
of Mr. Sanjeev Kumar Rai, Director General of the
Department of Plant Resources. In his Foreword Rai
writes about the book, ‘this book (Volume 2) provides a
wealth of critical and carefully researched information
about the rich variety of ferns and fern-allies of Nepal,
detailing their accepted names, synonyms, misapplied
names, diagnostic characters, distribution and ecology
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of ferns. It is indented to be an authoritative base-line
value for botanists, plant lovers, researchers, foresters
and students who want to study and know the ferns of
Nepal’.

The books (Ferns and fern-allies of Nepal volume one
and volume two) were based on the herbarium specimens
collected from Nepal and deposited in the various
herbaria of the world. They included herbaria in Bhutan
(THIM), China (PE, TAIF), Germany (B, PHMR), France
(P), India (BSA, BSD, BSHC, CAL, DD, PAN), Japan
(KYO, TI, TNS), Nepal (KATH, TUCH), Switzerland
(G), UK (BM, E, K), and USA (MICH, UC). All these
places were visited by Fraser-Jenkins and studied
Nepalese ferns there, identifying and correcting the
previous identifications properly. For the second volume
of the book Fraser-Jenkins writes ‘since the appearance
of Vol. 1 (in 2015), the first author (Fraser-Jenkins) has
had the opportunity to revisit Japan and China to work
in detail through the very large and largely unstudied
Nepalese holdings at Kyoto University (KYO); at Tokyo
(T1) Hongo Campus; the large unincorporated material
at Tokyo (TI) Koisikawa Botanical Garden; and at
Tsukuba (TKB), as well as to restudy certain types in
Beijing Academy of Science Garden (PE)’. The fern
scenario in the National Herbarium of Nepal at Godawari,
Lalitpur, Nepal (KATH) has been changed now due to
the detailed examination of the specimens by both the
authors (Fraser-Jenkins and Kandel). The fern herbarium
section in KATH was initiated by the late Ms. Vidya
Laxmi Gurung five decades ago and now houses about
15000 specimens, including, as noted by the authors,
‘some interesting new records by Nepalese collectors,
particularly K. R. Rajbhandari’ all put in order. Dr.
Gurung had worked with Fraser-Jenkins for the
identification of the ferns in the National Herbarium at
Godawari. Fraser-Jenkins had started his collections of
Nepalese ferns since 1988 and was continuously
collecting until 2015. He is credited with 6000 numbers
of Nepalese herbarium collections. These specimens were
entirely revised and incorporated in China (TAIF),
Finland (H) and U. K. (BM, E). Over the last few decades
avery large number of determinations of Indo-Himalayan
species in many herbaria had been carried out by Fraser-
Jenkins.

The Ferns and fern-allies of Nepal volume one and two
and the coming volume three studied by the authors cover
32 families in the following order.

The first volume (published in 2015) covered the
following 20 families
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Lycopodiaceae (3 genera, 14 species)
Huperzia (10 species)
Lycopodiella cernua
Lycopodium (3 species)

Isoetaceae (1 genus, 1 species)

Isoetes coromandelina

Selaginellaceae
Selaginella (23 species)

Equisetaceae
Equisetum (2 species, 2 subspecies)

Psilotaceae
Psilotum nudum

Ophioglossaceae
Botrychium (7 species)
Helminthostachys zeylanica
Ophioglossum (3 species)

Marattiaceae
Angiopteris (2 species)

Osmundaceae
Osmunda (2 species)

Plagiogyriaceae
Plagiogyria (2 species)

Lygodiaceae
Lygodium (4 species)

Marsileaceae
Marsilea minuta

Salviniaceae
Azolla (2 species, one adventive)

Gleicheniaceae
Dicranopteris (4 species)
Diplopterygium giganteum

Dipteridaceae
Dipteris wallichii

Hymenophyllaceae
Hymenophyllum (4 species)
Trichomanes (8 species)

Cyatheaceae
Cyathea (5 species)

Dennstaedtiaceae
Dennstaedtia (2 species)
Hypolepis polypodioides
Microlepia (10 species)
Monachosorum henryi

Pteridium revolutum

Lindsaeaceae
Lindsaea (3 species)
Odontosoria chinensis (2 subspecies)

Pteridaceae
Actiniopteris semiflabellata
Adiantum (11 species, 5 subspecies)
Aleuritopteris (15 species)

Vol.17, No. 1



2019

Anogramma reichseinii
Ceratopteris thalictroides (2 subspecies)
Cerosora microphylla
Cheilanthes (4 species)

Coniogramme (6 species)
Cryptogramma (2 species, 2 subspecies)
Doryopteris ludens
Notholaena (5 species)
Onychium (6 species, 2 subspecies)
Pellaea calomelanos
Pityrogramma calomelanos
Pteris (27 species, 7 subspecies)
Vittariaceae
Antrophyum (2 species)
Vittaria (5 species)

The second volume (published in 2019) covered the
following 6 families
Aspleniaceae
Asplenium (33 species, 17 subspecies)
Thelypteridaceae
Thelypteris (37 species)
Woodsiaceae
Acystopteris tenuisecta
Athyrium (33 species, 1 subspecies)
Cornopteris (4 species)
Cystopteris (3 species, 4 subspecies)
Deparia (7 species, 3 subspecies)
Diplazium (18 species)
Gymnocarpium (3 species)
Woodsia (6 species)
Onocleaceae
Onoclea intermedia
Blechnaceae
Blechnum orientale
Stenochlaena palustris
Woodwardia unigemmata
Dryopteridaceae
Arachniodes (8 species)
Cyrtomium (3 species)
Dryopsis (4 species)
Dryopteris (36 species, 9 subspecies)
Hypodematium crenatum (3 subspecies)
Nothoperanema (2 species)
Peranema (3 species)
Pleocnemia submembranacea
Polystichum (36 species)
Tectaria (5 species)

And the third volume (planned to publish soon) will cover
the following 6 families. The third volume will also
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include all the references mentioned in the volumes one
to three.

Elaphoglossaceae

Bilbitis (9 species)

Elaphoglossum (2 species)
Nephrolepidaceae

Nephrolepis (3 species)
Oleandraceae

Oleandra (2 species)
Davalliaceae

Araiostegiella hookeri

Davallia bullata
Davallodes (2 species)
Katoella (3 species) (new genus

described)
Leucostegia truncata
Polypodiaceae

Arthromeris (5 species)
Drynaria (4 species)

Goniophlebium argutum

Gymnogrammitis dareiformis

Lemmaphyllum (2 species)

Lepisorus (12 species)
Leptochilus (5 species)
Loxogramme (4 species)
Microsorum (2 species)
Neocheiropteris ovata
Phymatosorus cuspidatus
Pichisermollodes (9 species)
Polypodiodes (7 species)
Pyrrosia (9 species)
Selliguea (2 species)
Tricholepidium (2 species)
Grammitidaceae

Micropolypodium sikkimense

Tomophyllum donianum

‘Ferns and fern-allies of Nepal volume two’ covered
taxonomic accounts from pages 1 to 328, list of plates of
172 photographs from pages 329 to 386, Appendix —
corrections and additions to Vol. 1 and the list for Vol. 3
from pages 387 to 402 and index from pages 403 to 446.
In the book each species has short description (helpful
for identification of the plant), its distribution in Nepal,
Himalayan and other areas. The Nepalese specimens
examined are given in three zones, west, central and east
Nepal and in each zone the specimens are provided in
districts from west to east Nepal. Conservation status of
some species is provided. The specimen examined is
provided with locality, altitude, collectors and collection
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number, date of collection and the acronym of herbarium
where the specimen has been deposited. Some notes are
provided for the edible ferns. Thus for Dryopteris
cochleata the authors write ‘this species is called Jhuse
niuro (meaning caterpillar-like) and Kuthurke in Nepal
and young fronds are occasionally used as a vegetable’,
and for Diplazium esculentum they write ‘young fronds
of this species are widely and sustainably collected (given
its high reproductive rate and universal occurrence), sold
in small bundles in markets and boiled as a vegetable or
spinach (sag), niuro, or shrawanre niuro’. But, about
Thelypteris articulata, a very rare species in Nepal (only
one collection from east Nepal), which is stated to be
edible in Nepal by some authors, they write about its
very rare status and the toxicity of many Theylypteris
species.

Fraser-Jenkins analyses critically about the classification
of ferns and their genus and species concepts. Families
and genera had been used, according to the system of
Kramer & Green (1990), modified by the molecular work
of Smith et al. (2006, 2008), with further taxonomic input
from Fraser-Jenkins (2010). Verma and Khullar (2015)
in their review noted that Fraser-Jenkins was always
ready to own up a misidentification and revise his
conclusions accordingly as and when presented with
more evidence. Some corrections of the species
mentioned in the volume one (2015) are included, after
four years, in the volume two (2019). Thus, Huperzia
serrata (in volume 1, page 53) is now Huperzia javanica,
Selaginella emodi (new species described by Fraser-
Jenkins in volumel, page 67) is now Selaginella indica,
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Cheilanthes belangeri (in volune 1, page 260) is now
Oesporangium belangeri, Cheilanthes nitidula (in
volume 1, page 261) is now Oesporangium nitidula,
Cheilanthes subvillosa (in volume 1, page 262) is now
Oesporangium subvillosa, Cheilanthes tenuifolia
(volume 1, page 263) is now Oesporangium tenuifolia,
Pteris alata (in volume 1, page 306) is now Pteris
semipinnata, and Vittaria linearifolia (in volume 1, page
382) is now Vittaria mediosora.

The present book, as the former volume one, has been
successful to clarify many taxonomic problems of
Nepalese ferns and fern-allies with necessary
explanations and notifying the concerned references. The
photographs of 104 species of Nepalese ferns and fern
allies provided in the book show clearly their taxonomic
characters and are helpful for the identification of these
plants. The works done by the authors are highly
commendable. The book will be helpful to bring out the
fern accounts for the Flora of Nepal and to fulfill the
plan of the Department of Plant Resources to publish
the complete inventory of floristic diversity of Nepal. |
congratulate the authors for bringing out this very
important publication. It will be quite welcome to all the
fern researchers for solving the taxonomical problems. |
would like to thank the Department of Plant Resources
for publishing such a useful book.

Dr. Keshab Raj Rajbhandari

G. P. O. Box 9446,

Kathmandu, Nepal.

E-mail: krrajbhandari@yahoo.com
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Bryophytes are nonvascular,
seedless, pioneer plants. They play
an important role in succession,
soil formation, to control soil
erosion as well as in regulating
ecosystem services. In addition,
bryophytes have many other
important uses especially as
packaging materials as in wrapping
cut flowers, fruits, vegetables,
bulbs and tubers as they have good
water holding capacity that will
prevent commodities from
decaying and drying. Bryophytes
are naturally growing native plants
of Nepal, the best habitat of
beautiful orchids like
Bulbophyllum, Pleoine and
valuable medicinal plant
Nardostachys jatamansi (D. Don)
DC. etc. Nepal proudly has high
diversity of  Bryophytes.
Nowadays, Epipremnum sp. (Money plant), an
introduced ornamental plant, is decorated in moss
wrapping wood. Despite this, it is unfortunate that very
few care about bryophytes. People prefer to buy Money
plant not because of the moss, but for Money plant itself.
Though they have multipurpose uses, it is neglected lower
plants. They have, however, been observed to be
decreasing due to deforestation, infrastructure
development, and lack of awareness on bryophyte
conservation. Once this valuable source of biodiversity
1s lost, it is considered to be lost forever. There are still
numerous unexplored and unidentified bryophytes. For
sustainable conservation, this book brings the unexplored
bryophyte collection, identification, preservation, in situ
and ex sifu conservation.

BRYOPHYTES:
COLLECTION, PRESERVATION AND

IDENTIFICATION
(Reference to Nepal) the

ment of Mant Hesonrees

wigathinli, Kathmiandu, Sepal

The book is nicely printed. The text is clearly written
and presented in understanding language with excellent
figures and photographs. The ‘Preface’ is written by the
author with due acknowledgement to complete this book
successfully. A ‘Foreword’ is given by the Director
General of Department of Plant Resources, has focused
to carry out the gap on less explored group of lower plants
as they are important plant resources of Nepal.

The book compilation has clear and
understandable contents, and starts
with an Introduction that includes
habitat,  morphology,
gametophyte, sporophyte, season of
~ collection and life cycle of

bryophytes found in Nepal. The life
cycle of bryophyte is shown
through a figure that can easily be
understood. In the Habitat portion,
how and where bryophytes survive
in nature is described. Detailed
gametophyte and sporophyte
morphological characters are
described as well such as when is
the best season for bryophytes
collection. This is written along
with name of month.

Chapter 2 described about
collection, preservation and
identification. In collection, there
are easily understandable seasons of collection
mentioned. The equipment used and chemical required
for collection, the collection method, collected material
cleaning and remove debris, drying method are described
with photographs. The preparation of paper packet for
long term preservation and label format is likewise shown
using figures. In preservation methods, the author
concisely described two types of preservation: dry
preservation and wet preservation. Then the method of
filing and storage, care of bryophyte are mentioned along
with well illustrated figures.

Identification method is described clearly by anatomical
study with shown figures. The chemical required for
anatomical study as well as mounting media for
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temporary slide, semi permanent slide, alcohol series for
permanent slide, preparation of glycerin jelly, preparation
of Hoyer’s solution are given with chemical names and
measurement of amount required.

Of particular interest are classification of bryophytes with
class, orders, families and genera which exhibit the
evolutionary development of bryophytes from
Anothocerote or Anthocerotopsida (Hornworts),
Hepaticae or Hepaticopsida (Liverworts), Musci or
Bryopsida (Mosses). Likewise Mosses are classified on
molecular morphology whereas Liverworts and
Hornworts based on morphology and cellular structure
of gametophyte and sporophyte. Classes and
morphological characters are well described. Classes are
further divided into order, family and each of the
morphological characters are well given. The keys to
classes, orders, families and genera are described for easy
identification. Gametophyte and sporophyte morphology
character of all 16 genera such as Anthoceros L.,
Notothylas Sull., Jungermannia L., Frullania Raddi,
Porella L., Pellia Raddi, Asterella P. Beauv.,
Plagiochasma Lehm. & Lindenb., Reboulia Raddi,
Marchantia L., Riccia L., Targonia L., Dumortiera Nees,
Sphagnum L., Funaria Hedw., Polytrichum Hedw. are
described together with clear figures which makes
identification much easier. Riccia glauca L. is a newly
recorded species for Nepal and is clearly shown in Fig.
23. which is the most valuable for new addition in the
species checklist.

This book gives not only collection, preservation and
identification of bryophytes but also includes updates
and relevant thirty references.

The most important and interesting part of this book is
the glossary, in my opinion, which will be very useful
for identification of bryophytes for personnel of different
fields. Then, the Index is likewise shown, making it easy
to find the words in the text.

The last part is the beautiful, excellent color photographs
of field collection method, exposed habitats of
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bryophytes, epiphytic habitat of bryophytes and some
species. The figures and color photographs have been
well selected and presented which this reviewer has found
to be the most helpful for identification in field. However,
for botanically users, the weakness of this book is in some
missing terms in the glossary such as acrocarpus,
pleurocarpus, paroecious, gamete, biflagellate,
fertilization, hygrophilous, thalloid, endogenous,
ellipsoid and endothecium. There are some spelling
mistakes such as debris (derbies), cryptogamic
(cryptomagic) and the Index is somewhat complicated.

Despite, very few weaknesses, the book has
accomplished to serve as a field guide for the
understanding, collection, preservation and identification
of bryophytes in Nepal for sustainable conservation.

The author has been working as a bryologist in the
Natural History Museum (NHM) of Tribhuvan University
for more than three and half decades, has published
dozens of research papers on bryophytes and Checklist
of Bryophytes of Nepal. Moreover, the author has a
significant contribution to establish bryophyte section
at NHM and collected and preserved more new records
of bryophytes to the country. The author has been given
recognition by National and International awards due to
her immense contribution on plant biodiversity
identification and conservation. This is one of the most
remarkable book based on more than three decades of
field work and research by the author. As such, the author
humbly appreciates the publication of the book by the
Department of Plant Resources, Kathmandu, Nepal. |
sincerely congratulate Prof. Dr. Pradhan for her excellent
contribution.

This book will be useful for students, teachers,
researchers, floriculturist, agriculturist and natural
conservationists. Besides that, this book is necessary to
identify the current status of bryophyte diversity in the
country.

Nirmala Joshi, PhD
E-mail: nirmalaktm@gmail.com
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