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ABSTRACT 

Plants are the major source of natural fiber, which are greatly supporting the 

livelihood of Indigenous Peoples and Local Communities (IPLCs) of Nepal. 

Girardinia diversifolia (Link) Friis, a fiber yielding wild plant species, belonging to 

Family Urticaceae is commonly known as Himalayan giant nettle and locally as 

‘Allo’ in Nepal. The plant is erect, 1.5- 3m tall, perennial herb, its leaves, and stems 

are covered with stinging hairs. G. diversifolia is widespread in South Africa and 

Madagascar. In Asia, the plant is widely distributed from subtropical to temperate 

regions of the Himalayas at altitudes of 1,000 m to 3,000 m above sea level. 

Morpho-geographical studies were carried out in the samples collected from western, 

central, and eastern regions of Nepal. The study showed that G. diversifolia has an 

ample number of variations in leaf lobes and trichome numbers within individuals or 

among the populations with multiple synonyms that emphasized to conduct genetic 

variation analysis. However, G. diversifolia found in Panchthar District are tallest 

having cylindrical stems with small diameters and are considered in terms of good 

fiber quality. Morphologically this research also revealed the presence of two 

subspecies of G. diversifolia in Nepal: G. diversifolia subsp. diversifolia (having 

diagnostic features: leaves blade variable, 1-7 lobes, ovate with serrate margins, 

stipules 10-20 mm) and G. diversifolia subsp. suborbiculata (having diagnostic 

features: leaves blade unlobed, suborbicular or ovate-suborbicular with dentate 

margins, stipules 4-7 mm). Presence of G. diversifolia subsp. suborbiculata is 

probably a new record for Nepal and Bhutan. 

Genetic variation was studied in samples collected from western, central, and eastern 

regions of Nepal. Genomic DNA was extracted using Doyle and Doyle (1987) with 

modifications which removed the high concentration of polyphenols and secondary 

metabolites contained in G. diversifolia that inhibit Polymerase Chain Reaction (PCR) 

amplification. Genetic variation analysis was performed using Inter Simple Sequence 

Repeat (ISSR) method. Out of sixteen primers of University of British Columbia 

(UBC), ten primers were screened for the ISSR analysis that produced 131 clear 

bands, of which 98.09% were found polymorphic. The mean effective number of 

alleles (ne), Nei’s gene diversity (H), and Shannon’s information index (I) were found 
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1.598, 0.349, and 0.523, respectively. The total genetic diversity Ht (0.350±0.049), 

low intrapopulation genetic diversity Hs (0.141±0.03), and low estimated gene flow 

Nm (0.355±0.11), reflected high genetic differentiation among population Gst 

(0.594±0.08). The analysis of genetic variance showed that among the population was 

found 60% whereas within the population was 40%. DNA sequencing has been done 

for phylogenetic study using matK, ITS, rbcL, and trnL-F primers. Among these 

markers, matK only divided G. diversifolia into two clades. Molecular marker matK 

has placed the populations from Darchula District and Panchthar District in one clade 

and the population of Kathmandu District in another clade.  

Different parts of G. diversifolia have been traditionally used by IPLCs like Rai, 

Magar, and Gurung communities of Nepal. The plant is used in traditional medicine 

for the treatment of gastritis, joint pain, and headache. The fiber of this plant is one of 

the livelihood options for the IPLCs from which clothes, bags, coats, and many other 

textile products are prepared. Due to its multipurpose uses, we have further evaluated 

the retting processes and uses of this plant in Nepal. 

In this study, sodium hydroxide, a commercial pectinase enzyme, and a partially 

purified enzyme extracted from papaya were used for fiber retting of G. diversifolia 

using the spray enzyme retting (SER) method. After the retting process,  

morphological and change in fiber composition were investigated using optical 

microscope, fourier transform infrared spectroscopy, change in the fiber crystallinity 

using X-ray powder diffraction, mass-related tensile strength, and mass-related elastic 

modulus were measured. The results showed that tensile strength (2.83±0.15) N 

mm/mg and elastic modulus (68.4±9.4) N mm/mg were found higher in alkali-treated 

fiber compared with commercial pectinase (2.75±0.51) N mm/mg and plant-based 

enzyme (2.79±0.86) N mm/mg. Results showed that fiber properties of G. diversifolia 

can be tailored using plant-based enzyme.The traditional fiber processing techniques, 

use of locally available materials, and medicinal value justify to conserve genetic 

diversity of G. diversifolia in Nepal.  Nevertheless, the resource stock is declining 

from its natural habitat due to changes in traditional grazing practices, and rapid 

expansion of cash crops plantation like large cardamom (Amomum subulatum) and 

Chirayito (Swertia chirayita) where G. diversifolia grows naturally. Enhancing 

cultivation and sustainable harvesting from forest areas are important to conserve and 

protect from the exploitation of this important natural fiber producing species.
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CHAPTER 1 

1. INTRODUCTION 

1.1 Background 

Genetic variation refers to the difference in DNA sequences among individuals or 

populations. Genetic variation is specific characteristic of each population because 

without it there would be no artificial selection, no genetic drift, no natural selection 

and no species adaptation to the changing environment (Flood et al., 2011). Small 

changes in genetic variation can lead to large-scale changes in the production of novel 

molecules and secondary metabolites with often unknown biological activity (Firn & 

Jones, 2000). Knowledge of the genetic variation of plant species is of great 

importance, because it contributes to the proper understanding of population of 

species, and allows for future use like selection of genotypes for conservation and 

sustainable utilization (Monfared et al., 2018).  

Genetic diversity is defined as the total number of genetic traits in a species genetic 

makeup. It ranges widely from the number of species to differences within 

(intraspecific) and between (interspecific) species (Hamrick et al., 1992; Vellend & 

Geber, 2005). Genetic diversity is controlled by the following: migration, mutation, 

selection, and drift, each of which can be compared to the level of species diversity 

(Vellend & Geber, 2005).  

Fiber is a fine slender thread that is many times longer than the width. Fiber is a 

natural or man-made substance that has been used from the beginning of human 

civilization. Natural fiber are obtained from plants, animals, insects, and man-made 

fibers are prepared through a process developed by human beings. Natural fibers are 

generally biodegradable, lightweight, neutral emitter of carbondioxide and are 

important sources of income for people living in rural areas (Fidelis et al., 2013). 

Plant fibers are natural, eco-friendly materials found in stems, leaves, fruits, and roots. 

The growing interest of consumers, industries, and scientists, in eco-friendly natural 

resources has attracted attention to the natural fibers (Silva et al., 2008).  
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More than 70 species of fiber producing plants are found in the tropical to temperate 

forests of Nepal. The main fiber plants used in Nepal are Hemp (Cannabis sativa), 

Jute (Corchorus capsularis), and Himalayan Giant Nettle (Girardinia diversifolia) 

(Singh & Shrestha, 1984). Girardinia diversifolia (Link) Friis belongs to the 

Urticaceae family. Nepal's indigenous peoples and local communities (IPLCs) have 

been using the plant for their home use since time of immemorial. Textile products 

made from the fiber of G. diversifolia are sold locally, as well as in national and 

international markets as niche product. The fiber of G. diversifolia has become an 

important source of livelihood for people living in remote rural areas of Nepal. But, 

very few studies are available on the social-ecological dynamics of this plant species. 

Along with it’s traditional use in the textile industry, currently it is used for 

manufacturing composite panels (Bajpai et al., 2013; Kumar & Das, 2017), but 

limited studies have been carried out on other properties regarding tensile strength, 

morphological and chemical alternation during fiber extraction processes. The fiber 

has the potential for high performance in applications like biocomposites and thermal 

insulation (Kumar & Das, 2017; Lanzilao et al., 2016). 

Many studies are available in use of plants as medicine (Aggarwal & Mali, 2015; 

Bhattarai et al., 2010; Kunwar et al., 2019; Pangeni et al., 2020). Social-ecological 

systems are composed of multiple subsystems, internal variables at different levels 

within these subsystems show the relationship between economic, social, and political 

settings and related ecosystems (Ostrom, 2009). Since very limited studies have been 

done on the social-ecological and medicinal uses of G. diversifolia, this study has also 

attempted to look at its various uses in Nepal.  

1.2 Taxonomy of G. diversifolia 

1.2.1 Urticaceae 

Urticaceae family comprises 54 genera and more than 2,000 species with the highest 

concentration of genera and species in tropical Asia (Friis, 1981; Kim et al., 2015; 

Wu et al., 2013). The majority of the genera and species of Urticaceae prefer to grow 

under forest canopies, streams, humid habitats, on moist soils of tropical montane 

forests at medium altitudes (Friis 1981; Friis 1993). Urticaceae includes six tribes, viz. 
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Boehmerieae Gaudich, Forsskaoleeae Gaudich., Elatostemateae Gaudich., 

Parietarieae Gaudich., Cecropieae Gaudich., & Urticeae Lam. & DC.; and are 

demonstrated to have monophyly of each tribe based on the DNA sequence analysis 

(Kim et al., 2015; Wu et al., 2013). Many genera and species of  Urticaceae show 

significant morphological diversity and include members from herbs, shrubs, and 

small trees (Wu et al., 2013). The family is characterized by a pistil with a single 

stigma and a basal orthotropous ovule, with filaments inflexed in bud, and some of the 

species are armed with stinging hairs (Chen et al., 2003). The family comprises only 

wind pollinating species (Friis, 1993).  

1.2.2 The tribe Urticeae 

Urticeae comprises 12 genera and approximately 220 species found in humid habitats 

at forest margins (Deng et al., 2013; Friis, 1993; Hadiah et al., 2008; Kim et al., 

2015). Urticeae is economically important for natural fiber and traditional medicine 

(Akbay et al., 2003; Shrestha et al., 2020). Urticeae shows diversity in habits, for 

example, from annual or perennial herbs such as Girardinia, Urtica, and Nanocnide; 

shrubs to woody climbers, and trees like Dendrocnide, Urera, and Urtica in which 

most of the species are herbaceous perennials (Friis, 1993). All Urticeae have stinging 

hairs on their stems or leaves except Poikilospernum (Kim et al., 2015). The longest 

stinging hair, i.e., more than 1 cm long hair, is the feature of Girardinia spp. (Friis, 

1981). Two types of leaf arrangements are found within Urticeae, i.e., alternate leaves 

(e.g., Dendrocnide, Laportea, Girardinia, Obetica, Nanocnide, Urera, Zhengyia), and 

opposite leaves (Hesperocnide, Urtica). Leaf lamina is variously dentate and lobed. 

Discocnide, Dendrocnide, Girardinia, Laportea, and part of Urera and Urtica have 

intrapetiolar, fused stipules. Stipule number ranges from one to four. Male flowers 

usually have four to five tepals; female flowers have four tepals, mostly having one 

pair larger than the other (Friis, 1981; Friis, 1993; Kim et al., 2015). The genera 

Dendrocnide, Girardinia, and Laportea have linear stigma. Other genera such as 

Hesperocnide, Nanocnide, Urtica, Urera and Gyrotaenia have penicillate stigma 

(Friis, 1993). The chromosome numbers in Urera are x= 10, 11, 12, 13, where 

Girardinia has x = 10 (Friis, 1993; Shrestha, 1998). Molecular studies inferred five 

clades within the Urticeae: clade A (Hesperocnide, Nanocnide, Laportea I, Urtica, 

Zhengyia); clade B (Discocnide, Dendrocnide); clade C (Girardinia); clade D 
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(Laportea II); and clade E (Poikiospermum, Urera, Obetia) (Deng et al., 2013; Kim et 

al., 2015).  

1.2.3 The genus Girardinia 

Girardinia is from Urticaceae family. The name Girardinia is in honour of Jean 

Pierre Louis Girardin (1803–1884). He was a professor in Rouen and Lille 

(Burkhardt, 2018). G. diversifolia is a wild plant that grows abundantly in the hilly 

and mountainous territories of Nepal as well as in parts of the Hindu Kush Himalayan 

(HKH) region.  

1.2.4 Description of G. diversifolia 

G. diversifolia (Link) Friis is comprises of three subspecies (Kim et al., 2015), having 

a unique twice-divided tubular perianth on the female flower (Friis, 1993; Kim et al., 

2015). Girardinia was considered to be close to Laportea but the study conducted 

shows Girardinia to be sister to Dendrocnide and Discocnide (Kim et al., 2015). 

Flora of China has documented three subspecies of G. diversifolia based on 

morphological variation in leaf: (i) subsp. diversifolia (with deeply (3-)5-7 lobed 

leaves, (ii) subsp. triloba (with 3-lobed leaves), and (iii) subsp. suborbiculata (with 

unlobed or rarely 3-lobed leaves) (Shu et al., 2003). In India, the species is comprised 

of two subspecies: (i) subsp. diversifolia (with deeply (3-)5–7-lobed leaves, and (ii) 

subsp. suborbiculata (with unlobed or rarely 3-lobed leaves) (Ambrish & Srivastava, 

2016). However, in Nepal, only G. diversifolia with many synonyms (G. heterophylla 

Decne, G. palmata (forsk) Gaudich, G. palmata Gaudich) have been reported (Hara et 

al. 1982); Polunin and Stainton, 1984). Himalayan Giant Nettle is a common name 

and ‘Allo’ is the local name of G. diversifolia in Nepal. G. diversifolia is widely 

distributed in the subtropical and temperate Himalayas (Polunin & Stainton, 1984). 

This species is reported from eastern to central China, Myanmar, Nepal, India, 

Bhutan, Indonesia, Malaysia, and East Africa including Madagascar (Polunin & 

Stainton, 1984 ). 

G. diversifolia is a tall and erect herb that reaches a length of 1.5 - 3 m high, with 

perennial root stock (Hooker, 1992; Polunin & Stainton, 1984; Malla et al., 1986  

Shrestha et al., 2022). The aerial part is covered with stinging hair up to 9 mm long 

https://en.wikipedia.org/wiki/Rouen
https://en.wikipedia.org/wiki/Lille
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(Friis, 1981). The plant surface consists of bristle and glandular hairs as well as 

punctiform cystoliths. Leaves are alternate, petiolate (3 - 15 cm), and vary in 

shape. The early leaves are undivided, and the later divided into three to seven lobes. 

The variety of leaf shapes present in plant species has led to the term polymorphic of 

the species with numerous synonyms (Friis, 1981; Friis, 1993). Leaves are 10 to 35 

cm long, broadly ovate, acuminate, coarsely dentate or serrate, three nerved, and with 

cordate base. The stipules are linearly lanceolate, grow almost up to the tip, and fall 

during the flowering period (Friis, 1981). The species is monoecious. Male flowers 

are borne in long, slender, often panicled spikes, perianth four parted with four 

stamens (Polunin & Stainton, 1984). Female flowers are panicled spikes and usually 

forming short, dense, and bristly inflorescence up to 15 cm long. Perianth is 0.25 cm 

long, tubular, 3 lobed, and splitting when the fruit ripens. The achenes are broad, 2 to 

3.05 mm long, and l.55 to 2.75 mm broad (Friis, 1981) (Figure 1).  

Diagnostic characters of G. diversifolia  

"Tepals without horn-like appendages, but the largest tepal of the female flower has a 

± developed vertical crest on the outside; leaves elliptic to ovate in outline, entire, 3-, 

5- or 7-lobed, usually less than 15 cm long, with serrate margin (sometimes doubly 

serrate, but then usually only in the lower part of the leaf); mature stems less than 2 

cm diam" (Friis, 1981). 

 

 



6 

 

 

Figure 1: G. diversifolia. A. habit, B. upper surface of leaf, C. underside of leaf, D. female flower, E. 

open male flower from top view, F. male flower from side view. Source: Friis (1981).  

 

1.3 Molecular markers for analysis of genetic variation in plants. 

A molecular marker is a DNA sequence located in the known position of the 

chromosome. Molecular markers can show genetic polymorphism, which may be 

caused by mutations or alternations of nucleotides in the genome. Genetic markers 

represent the genetic differences between individual organisms or species (Collard et 

al., 2005). Genetic diversity can be determined based on biochemical, morphological, 
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and molecular information of the plant (Mohammadi & Prasanna, 2003). The plant 

fiber properties depend on the genetic characteristics of plant (Khalil et al., 2015). 

Molecular markers can detect genetic variation at the DNA level (Erzurumlu et al., 

2018). Molecular markers show genetic variations on a much broader level without 

the intervention of environmental factors. It utilizes techniques that provide fast and 

detailed information on genetic diversity (Binneck et al., 2002; Souza et al., 2008). 

Different types of universal molecular markers are available for the study of genetic 

variation, with specific characteristics. Genetic variation within a species has three 

components: (i) genetic diversity (the amount of genetic variation); (ii) genetic 

distance (the amount of genetic variation between pairs of populations; and (iii)) 

genetic differentiation (the distribution of genetic variation among the populations) 

(Avise & Hamrick, 1996).  A single molecular marker for that reason may not 

incorporate all aspects of genetic variance. The different forms of a DNA marker (e.g. 

different sized bands on gels) are called marker ‘alleles’. Dominant marker only has 

two alleles (homozygotes). Codominant markers may have many different alleles 

(heterozygotes) (Collard et al., 2005). 

Molecular markers are commonly divided into two types:  

I.  Dominant markers- showing homozygosity eg. Inter Simple Sequence Repeat 

(ISSR), Random Amplified Polymorphic DNA (RAPD), Amplified Fragment 

Length Polymorphisms (AFLPs), DNA Amplification Fingerprinting (DAF).  

II. Co-dominant markers- showing heterozygosity eg., Single Nucleotide 

Polymorphism (SNP), Sequence Tagged Sites (STS), Restriction Fragment 

Length Polymorphism (RFLP), Expressed Sequence Tag (EST), Microsatellites 

(SSR), Sequence Characterised Amplified Regions (SCAR).  

DNA sequencing provides reproducible and informative datasets (Weising et al., 

2005). Utilizing DNA sequencing technique, DNA barcoding has shown promising 

results for identification of taxon, ecological studies, and species level identification 

tools for biodiversity assessment (Valentini et al., 2009; Yuan et al., 2015). Various 

DNA regions from chloroplast genome (e.g., matK, rbcL), intergenic regions (trnH-

psbA), and nuclear genome (e.g., ITS) have been utilized for many land plants (Dong 

et al., 2013; Kress et al., 2007). 
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1.3.1 Importance of molecular study in G. diversifolia 

Molecular tools and techniques help in solving taxonomic problems and assigning 

plant taxa in their correct taxonomic hierarchy which is important for phylogenetic 

studies (Sarwat et al., 2012). Different molecular markers are used to analyze 

variation (Mondini et al., 2009). Molecular markers identify duplicates in germplasm 

collection which helps in its validation (Negawo et al., 2018; Sarwat, 2012). DNA-

based markers have various advantages, as they are neutral and independent of 

environmental cues or development stage (Sarwat, 2012).  

Morphological variations of leaves are present in the same plant of G. diversifolia. 

However, in some areas constant monomorphic division in leaves has created 

confusion at the taxa level (Chen et al., 2003; Friis, 1981; Singh & Shrestha, 1988). 

Despite the remarkable morphological variation of G. diversifolia (Chen et al., 2003; 

Friis, 1981; Singh & Shrestha, 1988; Wu et al., 2013) subspecies level of genetic 

variation is still unknown in Nepali species. The assessment of genetic variation 

within and among the populations of G. diversifolia  present in Nepal has not yet been 

conducted at the molecular level. Thus, this study investigates the molecular variation 

in G. diversifolia which is an important species for the conservation and sustainable 

utilization of the plant genetic resources. 

1.4 Classification of plant-based fibers 

The natural fibers found in plants are lignocellulosic biomass which contains 

cellulose, hemicellulose, waxy substances, lignin, and pectin (Kumar et al., 2019). 

The schematic structure, structural organization, and chemical composition of the 

three main components of natural fiber are presented (Figure 2). Mostly classification 

of natural fiber is by botanical type. The following basic types of natural fiber are 

listed below (Rowell, 2014).   

1. Bast fibers such as jute (Corchorus sp.), flax (Linum sp.), hemp (Cannabis 

sativa), Allo (Girardinia diversifolia), kenaf (Hibiscus sp.) and ramie 

(Boehmeria nivea). 

2. Leaf fibers such as banana (Musa sp.), sisal (Agave sp.). 
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3. Grass and reed fiber such as bagasse of sugarcane (Saccharum sp.), and 

bamboo (Bambusa sp.). 

4. Seed fibers such as coir (Cocos sp.), cotton (Gossypium sp.). 

5. Core fibers such as kenaf (Hibiscus sp.) and hemp (Cannabis sativa). 

1.4.1 Characterization of cellulose fiber 

Cellulose fiber 

Cellulose fibers are ethers or esters of cellulose. Cellulose fibers are plant-based 

materials, mostly present in bark, leaves or wood of plants. 

Bast fiber is a natural fiber presents around the stem in some of the dicotyledonous 

plants. Bast fibers support the conductive cells of the phloem. It provides strength to 

the stem. Some bast fibers are obtained from herbs such as flax (Linum sp.), hemp 

(Cannabis sativa), ramie (Boehmeria nivea), and stinging nettle (Urtica dioica) 

(Kozlowski et al., 2005).  Cell wall structure of natural fiber (Figure 2).  

 

Figure 2: Structure of natural fiber (Source: Célino et al., 2014) 

The section is polygon but is generally considered circular for calculating mechanical 

properties.  It consists of hollow polyhedrons in many layers. The outer wall is 

primary wall. The primary cell wall is made of pectin, hemicellulose, low crystalline 

cellulose, and less wax (Gorshkova et al., 2000). The secondary wall, occupies about 

90% of the total section. It is composed primarily of cellulose microfibrils that are 

parallel to each other and is included in the amorphous matrix composed of pectin, 
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lignin, and hemicellulose (Célino et al., 2014). The three layers differ from each other 

due to their differences in thickness and structural organization.  

Cellulose is the main structural element of bast fiber which is covered by 

hemicellulose, lignin, pectin, and waxy material (Bismarck et al., 2002). Other than 

cellulose, high proportion and amount of hemicellulose, lignin, pectin, and waxy 

materials create alternation in the quality of textiles and applications like 

biocomposites (Kozlowski, 2012). 

Bast fibers can be modified through different separation techniques; mechanical, 

chemical, enzymatic, and microbiological to produce high-quality fiber (Dreyer et al., 

2002; Kozlowski, 2012). These separation techniques change the composition and 

structure of hemicellulose, lignin, pectin, waxy material, etc. (Bismarck et al., 2002; 

Mwaikambo & Ansell, 2002). A certain degree of disruption of the fiber and other 

changes in the properties too may alter the fineness and strength of the fiber.   

Reinforcement material in polymer biocomposites is an emerging sector for the use of 

natural fibers (Aslan et al., 2011; Paridah et al., 2011). G. diversifolia fibers are used 

in the textile industry and also for the manufacturing of composite panels (Bajpai et 

al., 2013; Kumar and Das, 2017) but limited studies have been carried out regarding 

properties of the fiber of G. diversifolia. Even the basic properties like tensile 

strength, morphological, and chemical alternation during fiber extraction processes 

are still a matter of research. Despite having the potential for high performance in 

biocomposites applications, high wear-resistance, and thermal insulation (Kumar & 

Das, 2017; Lanzilao et al., 2016), very limited information is available about the 

mechanical and morphological changes during the degumming process of this fiber, 

which affects the quality of the product. Thus, the present study has been carried out 

to analyze the changes in fiber morphology, tensile strength, and elastic modulus 

during the separation process. 

1.4.2 Social-cultural value 

G. diversifolia has social and cultural values for indigenous peoples and local 

communities (IPLCs) of Nepal like Rais, Gurungs, Tamangs, Sherpas, etc. Kulung 

Rai, an ethnic community of Nepal, use clothes made of G. diversifolia in their 
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religious ceremonies. Kulung Rai community from eastern Nepal, offers cloth to god 

during Nagi Puja and presents G. diversifolia clothes to their daughters during 

wedding ceremonies (Barakoti & Shrestha, 2008). Leaf, stem, and root of the plant 

are traditionally utilized as medicine. 

The bast fiber of Urtica sp. and Girardinia sp. have been used for textile and string 

production (Friis, 1993). IPLCs of Nepal have been utilizing fiber extracted from 

stems of G. diversifolia for their domestic use. From aeons ago to the present day, the 

fiber of this plant is used to produce fishing nets, coats, bags, etc. (Deokota & Chhetri, 

2009; Singh & Shrestha 1988; Subedee et al., 2020). Products of G. diversifolia are in 

great demand in national as well as international markets (Pandey et al., 2020).  But 

very limited studies have been conducted about the socio-economic, ecological 

impacts, and genetic diversity of this plant. This study also explores the economic, 

social, cultural,  medicinal values, and traditional uses of G. diversifolia in Nepal, and 

identifies the opportunities, strengths, weaknesses, and threats of the species.  This 

research also documents the technology used to produce the market sellable products 

of this plant.  

1.5 Rationale 

G. diversifolia shows remarkable morphological variation (Chen et al., 2003; Friis, 

1981; and Wu et al., 2013). Three subspecies have been documented in the Flora of 

China. Similarly, two subspecies have been documented in India (for details see 

subsection 2.1). Including G. diversifolia, molecular phylogeny of Urticaceae from 

China were analysed on the basis of rbcL exon, trnL-F spacer, and (nrITS) (Wu et al., 

2013). Unlike that a detailed study of morphological variation as well as molecular 

phylogeny of G. diversifolia in Nepal Himalaya have not been undertaken in Nepal 

yet.  

The genetic study of plants provides extensive information about their diversity and 

the important metabolites they produce (Fernie & Klee, 2011). High-quality of DNA 

is required to evaluate genetic diversity in plants (Sá et al., 2011) for the polymerase 

chain reaction (PCR) process in which G. diversifolia presented a great challenge. 

Members of Urticaceae family produce large amounts of exudate, which interferes in 

DNA extraction (Sarrazola & Alzate, 2019). Different methods of DNA extraction 
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have been used for several species of Urticaceae (Bharmauria et al., 2009), indicating 

that modifications are needed to get good quality DNA for PCR-based analysis 

(Aboul-Maaty & Oraby, 2019). Therefore, modifications to the DNA extraction 

protocol are essential to obtain sufficient quantity and quality DNA. 

Bast fiber grows in bundles and is modified by mechanical, chemical, enzymatic, and 

microbiological separation techniques (Dreyer et al., 2002; Kozlowski, 2012). 

Different separation techniques cause different degree of impurities in hemicellulose, 

lignin, pectin, and waxy material along with structural disruption (Bismarck et al., 

2002; Mwaikambo & Ansell, 2002). Similarly, fineness and strength of the fiber are 

also affected because of the degree of disruption. Usually, for the separation of the 

natural fibers, chemical separation with NaOH and mechanical separation using steam 

explosion are involved. These processes are not sustainably feasible due to high fuel 

consumption, large variation in fiber quality, high labor cost, and longer time for 

processing (Amaducci & Gusovius 2010; Jankauskienė et al., 2015). Here, to mitigate 

these shortcomings of other processing, enzymatic processing could be an alternative. 

Though it too has issues related to cost effectiveness (Akin et al., 2002). Considering 

these factors, for this study exploring of improved enzymatic process that is cost 

effective is also essential.  

The IPLCs of Nepal have been involved in processing and product development from 

the fiber of G. diversifolia, since time immemorial (Deokota & Chhetri 2009; Singh & 

Shrestha 1988). Even though use of G. diversifolia for the production of handicraft 

stuffs in traditional way is familiar; its use in textile industry of Nepal is not 

promising yet. 

One of the reasons for that lag is the absence of social-ecological analysis regarding 

the use of the fiber. Thus, this study has investigated the economic, medicinal, social, 

and traditional usages of G. diversifolia with an attempt to identify the technological 

and policy related gaps. 
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1.6 Research questions 

Research questions 

 What are the morpho-geographical variations or characteristics of G. 

diversifolia in Nepal? 

 What are the genetic variations in G. diversifolia of Nepal at different spatial 

scale? 

 How does chemical and enzymatic retting method affect the fiber properties 

during processing of fibers from G. diversifolia? 

 What are the traditional uses and practices of G. diversifolia in Nepal? 

1.7 Objectives 

The general objectives of the present research are to analyze the morpho-geographical 

and genetic variation of G. diversifolia, its fiber processing, and document its use 

pattern in Nepal. 

1.7.1 Specific objectives 

The specific objectives are to:  

 study the morpho-geographical characters of G. diversifolia in Nepal; 

 analyze genetic variation and phylogenetic study of G. diversifolia; 

 study the effect of chemical and enzymatic retting on tensile strength, and 

elastic modulus of the fiber G. diversifolia; and  

 document social-ecological aspect of G. diversifolia in Nepal.  
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CHAPTER 2 

2. LITERATURE REVIEW 

2.1 Nomenclature and description of G. diversifolia 

Gaudichaud (1830) established the genus Girardinia and clearly states that the genus 

has more than one species. Blume (1855) published a synopsis of Girardinia and 

reinstated the name ‘Girardinia palmata Gaud’. Blume validated Latin description, 

citing Girardinia leschenaultiana Decne. as a synonym. Decaisne adopted the name 

Girardinia heterophylla for Forsskal's taxon. IB Friis (1981) again published a 

synopsis of Girardinia (Urticaceae), from the proposed name Girardinia vahlii from 

Forsskal's taxon and published specific epithet Urtica diversifolia Link and proposed 

the combination Girardinia diversifolia (Friis, 1981).  

IB Friis (1981) conducted a detailed study on the genus Girardinia and published "A 

synopsis of Girardinia (Urticaceae)". The taxonomy of the species is well covered by 

Friis 1981. 

"Tall, short-living herbaceous plants covered with long, stinging hairs, monoecious 

or dioecious by abortion. Leaves alternate, petiolate, elliptic to ovate in outline, but 

very variably divided, with various degrees of division of the leaves on the same plant, 

always with three major nerves from the base of the leaf blade. Cystoliths dot-like. 

Stipules intrapetiolar, fused almost to the apex, caducous. Flowers in unisexual, 

axillary inflorescences. Male inflorescence ± branched, slender, almost spike-like, 

with dense clusters of flowers. Female inflorescence ± branched, elongated, 

sometimes almost spike-like, sometimes contracted, with very dense cymules of 

flowers and fiercely armed with stinging hairs. Male flowers pedicellate, with 4 or 5 

tepals and the same number of stamens, a rudimentary ovary always present. Female 

flowers apparently sessile, with 3 tepals almost completely fused into a hollow 

structure ± enclosing the reflexed ovary; the fourth, free tepal is ± rudimentary or 

lacking. Staminodia absent. Ovary laterally compressed, asymmetrical, reflexed, with 

filiform stigma. Fruit a flattened, broadly ovate or subcordate achene. Seeds with 

very little endosperm, and embryo with broad cotyledons."(Friis, 1981).  
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Key to subspecies of Girardinia diversifolia following Shu et al. (2003)-  

1a. Leaf blade usually not lobed, rarely 3-lobed, margin coarsely dentate or double-

dentate, teeth gradually larger toward leaf apex; stipules 6-10 mm; male 

inflorescence unbranched, 1-2 cm; female inflorescence often in same axil as male, 2-

6 cm ....................             G. diversifolia subsp. suborbiculata  

1b. Leaf blade 3-7-lobed, rarely lowermost leaves not lobed and then margin 

regularly serrate or double-serrate, teeth gradually smaller toward leaf apex; stipules 

12-30 mm; inflorescences not as above, often more than 6 cm.………..           2 

 2a. Leaf blade 3 lobed each sublobe further divided into 2 to 3 lobes, often deeply (3-

)5-7-lobed, variable in overall shape but often broadly ovate; petiole and major leaf 

veins greenish; inflorescence 10-28 cm, branched or not, rarely 2-5 cm and scorpioid 

..................................       G. diversifolia subsp. diversifolia   

2b. Leaf blade usually 3-lobed, often obovate; petiole and veins on abaxial leaf 

surface usually purplish; inflorescence unbranched, 4-8 cm.. G. diversifolia  subsp. 

triloba 

Three subspecies of G. diversifolia have been described in Flora of China. 

2.1.1 G. diversifolia (Link) Friis subsp. diversifolia 

Herbs perennial, monoecious, stipules oblong-ovate, leaf blade elliptic, oblate or 

ovate, base subtruncate, 3, 5, or 7-lobed, regularly or doubly serrate at leaf base. Male 

inflorescences: cymose-racemose, 5-11 cm; female inflorescences, 10-28 cm, 2.5-3 

mm in diameter (Shu et al. 2003) (Figure 3). 
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Figure 3: G. diversifolia (Link) Friis subsp. diversifolia. (Source: PE Herbarium, China). 

 

2.1.2 G. diversifolia (Link) Friis subsp. suborbiculata (C. J. Chen) C. J. Chen & 

Friis 

Herbs monoecious, suborbicular leaf blade, rarely 3-lobed, base truncate or rounded, 

margin dentate. Male inflorescences: spicate, 1-2 cm. Female inflorescences: 1-6 cm 

(Figure 4). 
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Figure 4: G. diversifolia subsp. suborbiculata (C. J. Chen) C. J. Chen & Friis (Chen, 2003.) (Source: 

PE Herbarium, China). 

2.1.3 Girardinia diversifolia (Link) Friis subsp. triloba (C. J. Chen) C. J. Chen & 

Friis. 

Herbs monoecious, leaf blade broadly ovate, often 3-lobed, triangular lobes, regularly 

dentate, petiole and veins on abaxial leaf mostly purplish. Male   inflorescences: 

spicate, 1-2 cm. Female inflorescences: 1-6 cm. (Shu et al. 2003) (Figure 5).  
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Figure 5: G. diversifolia subsp. triloba (C. J. Chen) C. J. Chen & Friis (Chen, 2003) (Source: PE 

Herbarium, China). 

2.2 Distribution 

2.2.1 Global distribution 

G. diversifolia is widespread in tropical Africa, Southern Sudan, Ethiopia, Angola, 

South Africa, Zimbabwe, and in Madagascar (Brink, 2009). In Asia, natural habitat of 

G. diversifolia is distributed in subtropical and temperate Himalayas from Kashmir to 

Sikkim, in Assam and Khasi Hills to Burma, Nepal, Bhutan, Srilanka, Indonesia, and 

China (Hara et al. 1982; Hooker, 1992; Polunin & Stainton, 1984) (Figure 6). Its 

distribution also extends from Marwar, central India, Travancore, and Ceylon 

(Hooker, 1992). 

 

Figure 6: Global distribution of G. diversifolia (Source: gbif.org; accessed on 10th December, 2021) 
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2.2.2 Distribution of G. diversifolia in Nepal 

In Nepal G. diversifolia is distributed from eastern to far-western region at altitudes 

ranges from 1,000 to 3,000 meter above sea level (Hooker, 1992; Polunin & Stainton, 

1984).  

G. diversifolia has been documented from eastern region to far-western region of 

following districts of Nepal: Taplejung (Bhandari et al., 2021), Panchthar, Therathum, 

Illam (Singh & Shrestha 1988), Dhankuta, Solukhumbhu,  Sankhuwasabha (Deokota 

& Chhetri 2009), Dolakha (Singh & Shrestha 1988),  Ramechhap (Sigdel et al., 

2013), Sindulpalchok, Sindhuli, Kavre, Makawanpur, Rasuwa, Dhading, Chitwan, 

Gorkha, Lamjung, Kaski,  Baglung, Myagdi, Parbat, Sallyan, Jajarkot, Pyuthan, 

Rukum, Jumla, Surkhet, Rolpa, Jumla, Dailekh, Kalikot, Mugu, Achham, Surkhet, 

Doti, Dadeldhura, Darchula  in National Herbarium and Plant Laboratories 

(NHPL)/KATH as shown in the (Figure 7).  

The potential forest areas and estimated production capacity of G. diversifolia in 

Nepal are given in the map provided by the Department of Small and Cottage Industry 

of Nepal (Figure 7).  

 

Figure 7: Distribution and estimation of potential forest area with tentative production capacity of fiber 

of G. diversifolia in Nepal. Source: The Department of Small and Cottage Industry. 
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According to the Department of Cottage and Small Industries of Nepal, the 

abundancy of G. diversifolia ranges from high to low in the given order: mid-western 

region (31%), far-western region (21%), western region (18%), eastern region (17%) 

and central region (13%). The total ‘Allo’ potential forest area of Nepal is 26,170 sq 

km where as estimated ‘Allo’ production area is 6,543 sq km. The total estimated 

production of Allo fiber in Nepal is 275 tons per year (Figure 7). 

2.3 Morphological variation in leaf 

The most striking variation was found in the leaf morphology of G. diversifolia as 

shown in (Figure 8). Leaf serrates are uniformly found in the specimens from the 

Himalayas (Friis, 1981), but at the same time, very deep incisions were found in the  

same areas of leaf (12, 13, 15, 22). 

 

Figure 8: Variations in leaf morphology of G. diversifolia. Source: Friis (1981) 

2.4 Cytological studies in G. diversifolia 

Karyomorphological and micromorphological studies were performed on samples of 

G. diversifolia collected from Kathmandu and Dolakha Districts of Nepal (Shrestha, 
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1998). The study was based on two collections (0099K and 00999J) deposited at 

National Herbarium and Plant Laboratories (KATH). 

Collection no: 0099K. In this sample, the chromosome number was 0n = 20, 

similarly, the karyotype formula was used 2n = 20 = M8 + M8 + sm 2 + st2. 

Karyotype of this taxon comprised four types of chromosomes and chromosome 

length ranges from 0.7 to 7.1  μm and absolute length was 0.9  μm. 

Collection no: 00999J also had the same chromosome number 0n = 20. The karyotype 

formula of this was 2n = 20 = M 4 + m14 + sm2. Here three types of chromosomes 

were observed. In this sample the chromosome length varied from 9.0 μm to 3.1  μm  

and absolute length was 0.0  μm. A karyomorphological and micromorphological 

study of these two collections showed that G. diversifolia has two different ecotypes 

(Shrestha, 1998). 

2.5 Genetic variation using Inter-Simple Sequence Repeat (ISSR) 

Molecular markers are the most effective, efficient, and accurate tools and techniques 

capable of detecting genetic variation in plants and animals (Marwal & Gaur, 2020). 

ISSR is a commonly used molecular marker, however,  such marker has not been used 

in G. diversifolia. 

ISSR markers detect genomic polymorphisms and provide high ability to resolve the 

intra-specific and inter-specific levels of variation in a wide range of organisms 

(Zietkiewicz et al., 1994). ISSR uses 16–25 bp long microsatellite core unit bearing 

oligonucleotide primers, anchored or non-anchored at the 5’ or 3’ prime site with 1–4 

nucleotides.  The ISSR technique is fast, cost-efficient, and does not require initial 

sequence knowledge. ISSR markers are dominant markers and are inherited in simple 

Mendelian fashion (Ratnaparkhe et al., 1998). ISSRs are polymorphic and highly 

reproducible than RAPDs because, they use longer semiarbitrary SSR primers at 

stringency PCR conditions (Reddy et al., 2002). Genetic variations are studied in 

many plants including Urtica dioica (Haghpanah et al., 2016); Balanites aegyptiaca 

(Abdelaziz et al., 2020) by calculating different parameters such as: (i) Polymorphic 

information content (Nagy et al., 2012; Roldan et al., 2000); (ii) Primer resolving 

power (Prevost & Wilkinson, 1999); (iii) Marker Index (Varshney et al., 2007); (iv) 

Similarity and dissimilarity indices; (v) Nei’s genetic diversity (Nei and li, 1979); (vi) 
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Shannon's diversity index (Shannon, 1948); and (vii) Analysis of molecular variance 

(Excoffier, Smouse & Quattro, 1992).   

2.6 Genetic marker using sequencing technique 

The barcoding method has been very useful in species identification, biodiversity 

studies, and phylogenetics. DNA barcoding detects taxonomic uncertainty and 

determines the erroneous taxonomy (Surya & Hari, 2017). It follows the basic 

principle of taxonomic practice, which is associated with a specific reference 

collection in conjunction with species concepts. This is a tool to be used to construct 

phylogenies and for species identification purposes (Kress et al., 2005). Since this 

barcoding method has not been used anywhere in G. diversifolia present in the 

Himalayan region, thus the use of DNA barcoding is important. 

2.6.1 Internal transcribed spacer 

Internal transcribed spacer (ITS) of nuclear ribosomal DNA is often used as DNA 

markers in plant phylogenetic reconstructions at the species level or even below. ITS1 

or ITS2 are the important markers in evolution and molecular systematics that show 

significant sequence variability at the species level or provide accuracy in the 

reconstruction of phylogenetic trees (Keller et al., 2010). The selected ITS region or a 

part of it was suitable for over 95% of most plant groups, such as angiosperms, 

gymnosperms, etc. (Cheng et al., 2016). Due to its high resolution and inter- and 

intra-specific relationships, ITS region is mostly used DNA fragments in plant 

molecular systems at the generic and species levels (Álvarez et al., 2003). ITS1 and 

ITS2 exhibited high universality 82.2% to 91.7% in angiosperms, gymnosperms, and 

bryophytes (Cheng et al., 2016, Liu et al., 2014). The markers ITS1–5.8S–ITS2, were 

used where phylogeny was well resolved in the Urtica sp. (Grosse-Veldmann et al., 

2016). ITS region for species of all genera of Urticeae was used in order to assess 

monophyly and generic relationships within Urticeae (Kim et al., 2015; Wu et al., 

2013).  
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2.6.2 Chloroplast maturase K  (matK) gene 

The chloroplast maturase K  (matK) gene is a highly variable coding gene that has 

been suggested for barcoding and distinguishing land plant species. The matK gene is 

the most promising marker for identifying or distinguishing plant species. The length 

of  matK gene is about 1570 bp and  codes for a maturase protein. It is located within 

an intron of the chloroplast trnK gene (Yu et al., 2011). MatK gene has higher 

evolutionary rate, so it is used to study phylogenetic reconstructions at high 

taxonomic levels, such as Order, Family also for Genus or Species (Chase et al., 

2007; and Yu et al., 2011). The universality of this primer pair showed a strong 

amplification (93.1%) and sequencing (92.6%) successes in the 58 species from 47 

families of angiosperm plants (Yu et al., 2011). 

2.6.3 rbcL gene 

The rbcL gene encodes a large subunit of ribulose- 1, 5-bisphosphate carboxylase / 

oxygenase (RUBISCO).  The rbcL has been sequenced from many plant taxa, such as 

19 Saxifragales and Saxifragales related taxa (Chase et al., 1993; Dong et al., 2013). 

Kim et al. (2015) comprised data set for species of all genera of Urticeae in order to 

assess monophyly and generic relationships within Tribe Urticeae.  

2.6.4 Molecular phylogenetic relationships of Urticaceae  

The phylogenetic relationships and morphological evolution of twelve genera based 

on the analysis of two plastid DNA regions (trnL-F spacer, rbcL exon) and (nrITS) of 

Urticaceae has been investigated by Kim et al. (2015).  Inferred phylogeny five clades 

in Urticaceae are namely: clade A Urtica (with Hesperocnide), Laportea I, Zhengyia, 

and Nanocnide; clade B Discocnide and Dendrocnide; clade C consisting only 

Girardinia; clade D consisting Laportea II; and clade E consisting Obetia, 

Poikilospermum and Urera I, II, III, as illustrated in (Figure 9).  



24 

 

 

Figure 9 : Strict consensus of the 70 most parsimonious trees Source: (Kim et al., 2015). 
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Urticaceae has been divided into four clades by Wu et al. 2013. According to Wu et 

al., Clade III comprises eleven genera, which is largely consistent with Friis’s (1993) 

tribe Urticeae. Among the five subclades, the three genera (Nanocnide, Laportea, 

Girardinia) consist of one monophyletic genus where each one contains two sister 

genera (Dendrocnide with Discocnide). Morphologically, stinging hairs are mostly 

present in Urticaceae, usually unisexual flowers may be both monoecious and 

dioecious, the leaves are often entire and bear stipules. Urticaceae are wind pollinated 

and spread their pollens as the stamens mature (Wu et al., 2015). 

 

Figure 10: Maximum parsimony analysis of fifteen selected morphological characters in Urticaceae. 

(Source: Wu et al., 2015) 
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By mapping the character of 19 traits, the phylogenetic tree was made by Wu et al., 

2015 including: habit, stipule presence, stigma form, phyllotaxis, cystolith form 

stipule fusion, perianth presence, stipule position, achene symmetry, types of palmate 

venation, leaf venation apparentness, external morphology of achene, number of 

stamens, presence of stinging hair and filament. 

Capitate stigmas arose at least once in each of Clades I, II and III.  Synapomorphy of 

two genera: Laportea, and Girardinia appeared. Oblique achenes are also a 

synapomorphy in Clade III, within which three reversals to the straight state have 

occurred, i.e., Poikilospermum, Touchardia, and the common ancestor of Urtica and 

Nanocnide.  

Since many overlapping morphological variations have been found in G. diversifolia, 

Kim et al., (2015) and Wu et al., (2013) suggested for further molecular studies on 

this plant. 

2.7 Biochemistry of natural fiber containing cellulose 

Natural fibers are made up of lignin, cellulose, and hemicellulose (Mohanty et al., 

2001). Some chemical compositions from different natural fibers are shown in (Table 

1). The physical properties of some natural fibers are presented in (Table 2).  

Table 1: Chemical compositions of some natural fiber 

 Cellulose % Hemicullose% Lignin % Ash% Pectin% Wax% References 

Hemp 70.2-74.4 17.9-22.4 3.7-5.7 2.6 0.9 0.8 Srinivasa et al., 2011 

Kenaf 31-39 15-19 21.5 4.7 - - Srinivasa et al., 2011 

Jute 61-71.5 13.6-20.4 12-13 - 0.2 0.5 Srinivasa et al., 2011 

Flax 71-78.5 18.6-20.6 2.2 1.5 2.2 1.7 Srinivasa et al., 2011 

Cotton 82.7 5.7 - - - 0.6 Srinivasa et al., 2011 

Sisal 67-78 10-14.2 8-11 - 10 2.0 Srinivasa et al., 2011 

Coir 36-43 0.15-0.25 41-45 - 3-4 - Srinivasa et al., 2011 

Allo 68.10 14.12 10.45 3.90 2.12 1.31 Sett et al., 2016 

The quantity of cellulose found in natural fibers can vary depending on the age and 

species of the plant. Cellulose consists of linear chain of 1,4-β-bonded 

anhydroglucose units having alcoholic hydroxyl groups (Figure 11). 
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Figure 11: Cellulose structure. Source: Bledzki et al., 1996 

 

Figure 12: Hydrogen bonding in natural fiber (Source: Bledzki et al., 1996). 

Hydroxyl groups form intramolecular hydrogen bonds inside the macromolecule. 

Intermolecular hydrogen bonds form among other cellulose macromolecules. They 

also form Hydroxyl groups from the air (Figure 12). Natural fibers have moisture 

content from 8% to 12.6% (Bledzki et al., 1996).  
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Table 2: Physical properties of some natural fibers 

 Fiber 
Density (g/cm3) 

 

Strain break 

(%) 

Tensile strength 

(Mpa) 

Young's 

Modulus (Mpa) 

Hemp 1.48 1.6 550-900 70 

Flax 1.4 - 1.5 1.2 - 3.2 345 – 1500 27.6 - 80 

Kenaf 1.2 2.7 - 6.9 295 – 930 22 - 60 

Ramie 1.5 2-3.8 220-938 44-128 

Jute 1.3 - 1.46 1.5 - 1.8 393 – 900 10 - 30 

Nettle 1.51 1.7 650 38 

Banana 1.35 5 – 6 529 – 914 27 - 32 

Coir 1.2 15 – 30 175 – 220 4 - 6 

Sisal 1.33 - 1.5 2 – 14 400  - 700 9 - 38 

Abaca 1.5 2.9 430-813 33.1-33.6 

Pineapple 1.5 1 – 3 170 – 1627 60 - 82 

Cotton 1.21 3 – 10 287 – 597 5.5 - 12.6 

Bamboo 0.6 - 1.1 1.3 – 8 140 – 441 Nov - 36 

Source: Koohestani, 2019; Lanzilao et al., 2016; Papadopoulou et al., 2015. 

2.7.1 Fiber of G. diversifolia 

The average length of the fiber is 350 mm - 483.5 mm and diameter is 70 µm. In fresh 

weight, the minimum fiber yield per plant was 1.58% and maximum yield was 2.8%. 

The minimum yield on dryweight form was 3.49% and maximum yield was 13.18% 

(Lanzilao et al., 2016; Sethmann, 2001; Singh & Shrestha. 1988).  Simplified diagram 

of stem section is shown in (Figure 13).  
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Figure 13: (A) Simplified diagram of stem section, (B) Stem section (a part enlarged) of G. 

diversifolia (Source: Sethmann, & Dreyling, 2001). 

2.7.2 Fiber properties of G. diversifolia 

Lanziola et al. (2016), studied about morphological characters and physical properties 

of G. diversifolia. The study compared morphological characters and physical 

properties with (Urtica dioica L.) fiber. The average length of G. diversifolia was 

found to be longer than that of U. dioica. It was reported that G. diversifolia fiber is 

the longest fiber among other natural bast fibers studied. G. diversifolia showed 

greatest strain at failure during tensile test (Lanziola et al., 2016).  

Tensile test of G. diversifolia was compared to that of U. dioica which showed that 

tensile strength of G. diversifolia fiber is greater than that of other common bast fibers 

(Lanziola et al., 2016). Tensile strength of U. dioica was about three times that of flax 

and eight times that of cotton. The tensile strength values calculated according to 

lanziola (5099.8 MPa) were higher than those of some industrial fibers such as S – 

glass (4570 MPa) and carbon (4000 MPa) (Hargitai et al., 2008). Young’s modulus of 
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G. diversifolia has (73 GPA) is generally higher than that of common bast fiber due to 

its extensibility (Lanziola et al., 2016).  

2.8 Fiber processing 

2.8.1 Mercerisation 

Mercerisation is a treatment of fiber containing cellulose, the treatment improves dye 

uptake ,  reduces fabric shrinkage, tear strength, and provides a silk-like luster. This 

procedure was devised in 1844 by John Mercer.  John Mercer treated cotton by 

washing it with a solution at sodium hydroxide (20–30%) at 55–65 ° C temperature. 

The most important chemical treatment for the good properties of bast fiber is 

treatment with alkali. The effect of treating bast fiber with sodium hydroxide varies 

from fiber to fiber, but usually, the fiber becomes swollen, increasing the 

consumption of dyes. The fibers with a high lignin content increased crystallinity due 

to the removal of lignin (Kozlowski et al., 2012).  

2.8.2 Alkali treatment in natural fibers 

Alkaline treatment in natural fiber disrupts hydrogen bonding in the network structure 

and enhances the roughness of the surface. Alkaline treatment removes some of the 

lignin, wax and oil covering the outer surface of the fiber cell wall (Kozlowski et al., 

2012). 

During alkali treatment, when hemicelluloses are removed, the inter fibrillar region 

becomes less dense, less likely to harden, and thus enables the fibrils to rearrange in 

the direction of tensile deformation. Alkaline treatment changes the crystallization of 

natural fiber (Mohanty et al., 2001). 

An increase in the percentage of crystallinity index of alkali treated fibers indicates 

the removal of cementing materials, which shows the better packing of the cellulose 

chains. Sodium hydroxide treatment leads to an increase in molecular orientation and 

decrease in spiral angle. The elastic modulus of natural fibers is expected to increase 

with an increasing degree of molecular orientation. A high alkali concentration may 

depolymerize the native cellulose. It also delignifies the fiber excessively, which can 

unfavorably affect the strength of the fiber. 

https://en.wikipedia.org/wiki/Cellulose
https://en.wikipedia.org/wiki/Dyeing
https://en.wikipedia.org/wiki/Dyeing
https://en.wikipedia.org/wiki/Shrinkage_(fabric)
https://en.wikipedia.org/wiki/Tear_strength
https://en.wikipedia.org/wiki/Silk
https://en.wikipedia.org/wiki/John_Mercer_(scientist)
https://en.wikipedia.org/wiki/John_Mercer_(scientist)
https://en.wikipedia.org/wiki/Sodium_hydroxide
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Figure 14: Schematic representation of raw and alkali-treated natural fiber (Source: Mohanty et al., 

2001) 

The crystalline structure of cellulose changes after the treatment with alkali at a lower 

concentration of NaOH, breaking the intermolecular hydrogen bonds between 

neighboring cellulose chains. By increasing the concentration of NaOH, 

intramolecular hydrogen bonds within individual cellulose chains break down. The 

hydrogen bonds reform the fiber to form Cellulose II and this treatment causes 

changes in the molecular structure of cellulose which leads to differences in 

mechanical performance and shape.  

2.8.3 Enzymatic treatment of natural fiber 

Natural fibers are mostly processed by chemical separation with NaOH and steam 

explosion, but these processes are not sustainable due to high fuel consumption, large 

variation in fiber quality, high labor cost, and longer fiber processing time (Amaducci 

& Gusovius, 2010; Jankauskienė et al., 2015). Among these processes, the enzymatic 

process tends to be more sustainable due to its less energy consumption (Kozlowski, 

2012). 
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Enzyme plays an important role in degumming of bast fiber, improving cleanliness, 

homogeneity, fineness, and softness. They are used for retting of natural fiber, 

degumming decorticated fibers and in finishing textile products. For this reason, it is 

important to choose appropriate enzyme for bast fiber (Kozlowski, 2012). 

Enzyme mixtures with chelators enhance the efficiency of enzyme retting of natural 

fiber. Chelators such as ethylenediaminetetraaceticacid (EDTA) remove Ca 2+ from 

pectin bridges and destabilize structure of cell wall (Adamsen et al., 2002; Akin et al., 

2002). 

One of the limiting factors of enzyme treatment is the cost. Cost is a major obstacle to 

commercial processing. So, it is a challenge to decrease the amount of enzyme in 

retting process. Spray Enzyme Retting (SER) was developed that uses smaller 

amounts of the enzyme (Akin et al., 2000). 

Different types of enzymes used in treatment of bast fibers are cellulases, catalases, α-

amylase, pectinase, proteases, and laccase. Among the enzymes, pectinase enzymes 

are the most used enzymes for retting of bast fiber. Pectinase enzymes contribute to 

the break down of pectic contents. Pectinolytic enzymes are used in the retting and 

extraction of bast fibrous plants, such as hemp, kenaf,  jute, ramie and flax,  

(Bruhlmann et al., 1994). 

2.9. Use of G. diversifolia in Nepal 

2.9.1 G. diversifolia and enterprise development 

The livelihood of the highland Nepali people could be improved by developing 

microenterprises having their own traditional skills (Dunsmore, 1998). In the eastern 

Hills from 3009 to 3006, a program called Koshi Hill Area Rural Development 

Programme (KHARDEP) was implemented, which was based on G. diversifolia 

related activities. The project established G. diversifolia weaver club in Sisuwatar of 

Sankhuwasabha District. According to Dunsmore (1998), skilled craftspeople living 

in the highlands are good at knitting, basketry, and developing products that can 

compete in the international market. Dunsmore (1998) emphasized that inorder to 

drive this sector forward; training programs with new skills should be conducted from 
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time to time. Market identification needs to be done and suitable labour saving 

equipments should be used to improve the socio-economic situation (Dunsmore, 

1998). 

2.9.2 Medicinal use and traditional practice of G. diversifolia in Nepal 

Indigenous peoples and local communities of Nepal use different parts of G. 

diversifolia as herbal medicine. They commonly use G. diversifolia for joint pain, 

headache, treating gastritis, and tuberculosis.  Some of its medicinal uses and practice 

are listed as follows (Table 3).  

Table 3: Medicinal uses of G. diversifolia 

Parts used Traditional uses 

Root Juice of roots about 6 teaspoons twice a day is taken orally for remedy of 

gastritis, stomach ache, and constipation (Manandhar, 2002). In case of joint 

pain and swelling, root paste is applied. For the treatment of gastritis, the juice 

of the root is mixed with the plant Ghodtapre (Centella asiatica) and boiled for 

10 minutes, strained and the liquid (about 4 teaspoons) is served twice a day.  

Leaf The leaf juice is used in the treatment of headaches, joint pains, and 

tuberculosis. Leaf is also used as vegetable (Barakoti 2008; Gurung et al., 

2012; Malla et al., 2014). 

Stem To treat a fractured bone, stems are heated and wrapped around the leg or arm 

(Pandey et al., 2007).  

Inflorescence Inflorescence is used as soup and vegetable for its high nutritional value (Malla 

et al., 2014). 

 

G. diversifolia has traditional veterinary uses by Gujjar and Bakarwal tribes of 

Poonch, Jammu & Kashmir of India, where the root powder is dried and given along 

with milk to cattle to treat retention of the placenta (Dutta et al., 2021). In 

Uttarakhand, its root paste is used for the treatment of pimples and boils in domestic 

animals (Dutta et al., 2021). G. diversifolia has ultraviolet protection properties and 

thus can be utilized to protect the skin from UV radiation (Pargai & Gahlot, 2020). 
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2.9.3 Cultural use of G. diversifolia 

An extensive study has been conducted in Sisuwa, Bala, Mangtewa, and Tamku 

VDCs of Sankhuwasabha District of Nepal (Dunsmore, 1998) where a commercial 

enterprise of this species was established in 1999 using traditional knowledge. Kulung 

Rai community uses G. diversifolia in their religious ceremonies and offer its cloth to 

God in their Nagi Puja (Barakoti & Shrestha, 2008; Subedee et al., 2017).  

Traditional knowledge related to G. diversifolia has been documented in other places 

of Nepal such as Bhedetar of Sunsari District where indigenous peoples (Rai, Magar, 

and Tamang) use G. diversifolia traditionally. G. diversifolia is used for food, fodder, 

and medicinal purpose. People use G. diversifolia fabric to make sacks, bags, coarse 

clothes, fish nets, etc. (Deokota & Chhetri, 2009).  

Traditional knowledge of processing and use of G. diversifolia among Gurung, 

Magar, Rai, and Tamang communities of Sikles, Kaski District has been documented 

by Gurung et al. (2012). The study explored the processing methods and practices in 

Sikles Village for the production of mats, sacks, traditional dresses, etc. The study 

also observed the market network and showed that incentives or subsidies from 

government and donor agencies are needed to promote G. diversifolia as an income 

source.  

2.9.4 Fiber extraction from G. diversifolia 

The primary cell wall of G. diversifolia is called 'Allo lokta' (Chanysi, 2010).  Allo’s 

lokta is processed by different methods in different parts of Nepal. First outer layer of 

the stem are peeled out, and tied up in bundles to set sun dry. The sun-dried bark is 

soaked into water for one or two nights.  Then it is cooked in wood ash or caustic 

soda (Chanysi, 2010; Deokota & Chhetri, 2009; Singh & Shrestha 1988; Subedee et 

al., 2020) for 3 to 4 hours and then washed in running water (Gurung et al., 2012). 

The washed raw fiber is mixed well in whitish  clay "Kamero Maato" and dried in the 

sun for 7 to 8 days (Chanysi, 2010) that softens the Allo fibers as well as makes 

spinning easier. During fiber spinning process dried white clay as a form of dust is 

removed. Fiber processing by this method takes a lot of time and firewood for 

cooking therefore, the development of new technologies is deemed necessary 
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(Chanysi, 2010; Deokota & Chhetri, 2009; Singh & Shrestha 1988; Subedee et al., 

2020).  

2.9.5 Chemical constituents of G. diversifolia 

Many bioactive compounds are present in G. diversifolia such as; 7- 

hydroxysitosterol, 3-hydroxystigmast-5-en-7-one and β-sitosterol (Njogu et al., 

2011); β-sitosterol, sitostanol, campestrol, fucosterol, phytol, 5-0-feruloylquinic acid, 

ascorbic acid, trans syringin, linolenic and linoleic acid (Shrestha et al., 2020).  

2.9.6 Challenges and threats to the natural resources 

A study in eastern hills of Nepal that was based mostly in Tamku, Sisuwa, Bala and 

Mangtewa VDCs of Sankhuwasabha District indicated the decline of Allo populations 

from the natural forests.  The study suggested for the cultivation of Allo for its 

sustainable availability in its natural habitat. The study recommended the exploration 

of the different types/varieties of this plant and its potential fiber yield.   The study 

prioritized the use of appropriate technology which requires less fuel and 

environmental friendly to increase the income generation of rural communities 

(Barakoti & Shrestha, 2008). 

A study conducted in Bhedetar (Sunsari District) urged the importance of maintaining 

the constant fiber quality stating it as an essential step for long term sustainability of 

Allo sectors (Deokota & Chhetri, 2009). 
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CHAPTER 3 

3. MATERIALS AND METHODS 

3.1 Study area 

Nepal is a Himalayan country in South Asia bordering India to the south, east, west 

and China to the North. It is located parallel to the Himalayan ranges and extends 800 

km from 80°05ʹ to 88°10ʹE, with an average width of about 180 km, with latitudes 

ranging from 26° 20ʹN in the east to 30° 25ʹN in the west. Collection sites were 

selected on the basis of uniform distribution of G. diversifolia in selected districts: 

eastern, central, and western regions of Nepal, where G. diversifolia is found in 

abundance in the forest. 

 

Figure 15: Map of Nepal showing sample locations sites from eastern to western region: Panchthar 

District, Dolakha District, Kathmandu District, Kaski District, and Darchula District.      

3.1.1 Field survey and data collection 

In this study, three regions of Nepal (western, central, and eastern) were selected for 

collecting samples and social-ecological study. Field visit was conducted in different 

seasons from 2017 to 2020 AD.  
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3.1.1.1 Material collection  

Plant materials   

Plant materials were collected for morpho-geographical study. A total of forty-five 

germplasm were collected from the population of G. diversifolia ranging from 1,000 

m asl (above sea level) to 2,700 m asl elevation. These forty-five samples represent 

five different populations of the G. diversifolia collected from different districts of 

Nepal representing three regions: western region (Darchula District); central region 

(Kaski District, Kathmandu District, and Dolakha District); and eastern region 

(Panchthar District) (Table 4). Rhizomes, and bast fibers were also collected for 

plantation and fiber study.   

Table 4: Sample summary of G. diversifolia collected from eastern, central, and western Nepal. 

SI. No 
Collection 

site 
District 

Plant samples 

code number 

Voucher 

number 
Latitude/ Longitude 

1 Siddin Panchthar Phi1 191011 27° 09'  41'' N 87° 54' 01'' E 

2 Siddin Panchthar Phi2 191012 27° 09' 25'' N 87° 53' 43'' E 

3 Siddin Panchthar Phi3 191013 27° 09'  08'' N 87° 53'  28'' E 

4 Siddin Panchthar Phi4 191014 27° 08'  47'' N 87° 53'  08'' E 

5 Siddin Panchthar Phi5 191015 27° 08'  31'' N 87° 52'  47'' E 

6 Siddin Panchthar Phi6 191016 27° 08'  19'' N 87° 52'  35'' E 

7 Prangbung Panchthar Phi7 191017 27° 10'  15'' N 87° 54'  59'' E 

8 Prangbung Panchthar Phi8 191018 27° 10'  36'' N 87° 56'  07'' E 

9 Prangbung Panchthar Phi9 191019 27° 10'  11'' N 87° 58'  15'' E 

10 Prangbung Panchthar Phi10 191020 27° 10'  01'' N 87° 58'  26'' E 

11 Jiri Dolakha Jir1 191001 27° 36'  57'' N 86° 12' 48'' E 

12 Jiri Dolakha Jir2 191002 27° 37'  03'' N 86° 12' 34'' E 

13 Jiri Dolakha Jir3 191003 27° 37'  13'' N 86° 11'  59'' E 

14 Jiri Dolakha Jir4 191004 27° 37'  36'' N 86° 11'  30'' E 

15 Jiri Dolakha Jir5 191005 27° 37'  47'' N 86° 11'  24'' E 

16 Jiri Dolakha Jir6 191006 27° 38'  06'' N 86° 11'  19'' E 

17 Malung Dolakha Jir7 191007 27° 31'  05'' N 86° 02'  56'' E 

18 Malung Dolakha Jir8 191008 27° 30'  59'' N 86° 02'  42'' E 

19 Dandakharkha Dolakha Jir9 191009 27° 31'  08'' N 86° 00'  28'' E 

20 Dandakharkha Dolakha Jir10 191010 27° 31'  10'' N 86° 00'  11'' E 

21 Machhegau Kathmandu Kat1 191026 27° 39' 22'' N  85° 14' 51'' E 

22 Machhegau Kathmandu Kat2 191027 27° 39' 21'' N 85° 14' 45'' E 
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SI. No 
Collection 

site 
District 

Plant samples 

code number 

Voucher 

number 
Latitude/ Longitude 

23 Machhegau Kathmandu Kat3 191028 27° 39' 08'' N  85° 14' 45''E 

24 Machhegau Kathmandu Kat4 191029  27° 39' 07'' N  85° 14' 34'' E 

25 Machhegau Kathmandu Kat5 191030  27° 39' 05'' N  85° 14' 23'' E 

26 Machhegau Kathmandu Kat6 191031  27° 39'  02'' N  85° 14' 22'' E 

27 Machhegau Kathmandu Kat7 191031  27°39'  02'' N  85° 14' 14'' E 

28 Nagarjun Kathmandu Kat8 190901 27° 44' 10'' N  85° 15' 56'' E 

29 Nagarjun Kathmandu Kat9 190902 27° 44' 23'' N  85° 15' 37''E 

30 Nagarjun Kathmandu Kat10 190903 27° 44' 30'' N  85° 15' 14'' E 

31 Ghandruk Kaski Kas1 191021 28° 23' 14'' N 83° 48' 45'' E 

32 Ghandruk Kaski Kas2 191022 28° 22' 31'' N 83° 48' 12'' E 

33 Ghandruk Kaski Kas3 191023 28° 22' 29'' N 83° 48' 08'' E 

34 Panchase Kaski Kas4 191024 28° 14' 03'' N 83° 49' 27'' E 

35 Panchase Kaski Kas5 191025 28° 13' 51'' N 83° 49' 08''  E 

36 Hopari,  Darchula Dar1 191101 29° 46' 4.5'' N 80° 39' 31'' E 

37 Dhulighad Darchula Dar2 191102 29° 46' 51'' N 80° 38' 40'' E 

38 Okhaldhar Darchula Dar3 191103 29° 47' 0.6'' N 80° 37' 28'' E 

39 Malephar Darchula Dar4 191104 29° 47' 13'' N 80° 37' 02'' E 

40 Godhyan Darchula Dar5 191105 29° 47' 06'' N 80° 36' 52'' E 

41 Godhyan Darchula Dar6 191106 29° 47' 12'' N 80° 36' 37'' E 

42 Pangdhunga Darchula Dar7 191107 29° 47' 17'' N 80° 36' 21'' E 

43 Pangdhunga  Darchula Dar8 191108 29° 47' 16'' N 80° 36' 11'' E 

44 
Pangdhunga 

dhar 
Darchula Dar9 191109 29° 47' 20'' N 80° 36' 08'' E 

45 
Pangdhunga 

dhar 
Darchula Dar10 191110 29° 47' 34'' N 80° 36' 23'' E 

3.1.1.2 Reagents and extraction buffer 

Chemical reagents: CTAB, Tris HCl, EDTA. NaCl, Polyvinylpyrrolidones (PVP) 

(Sigma, Sintra, Portugal), Phenol:Chloroform:Isoamyl Alcohol (25:24:1),β-

mercaptoethanol, Ammonium acetate, Tris base, Ethanol, Glacial acetic acid, dNTPs 

(Vivantis, Malaysia), Taq DNA polymerase (Vivantis, Malaysia), template DNA, 

primers (University of British Columbia, Canada), MgCl2 (Vivantis, Malaysia). 

Enzyme pectinase: (17389- 10G, Pectinase from Aspergillus niger from Sigma-

aldrich); NaOH: Fisher scientific; Ethylenediaminetetraacetic acid (EDTA): 
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Qualigens. Sodium hydroxide (NaOH), crude papaya enzyme, and distilled water. All 

the chemicals having analytical grades were used. 

TAE (Tris-Acetate-EDTA) buffers 

Stock solution of (50 X) buffer was prepared by dissolving 242 grams of tris base into 

distilled deionized water. Glacial acetic acid of 57.1 mL was added, 100 mL of 0.5 M 

EDTA (pH 8.0) solution and bringing the final volume up to 1L. The working 

solution of 1X TAE buffer was made by diluting the stock solution (50 X) in 

deionised water.  

Cetyl Trimethyl Ammonium Bromide (CTAB) 

The CTAB extraction buffer was prepared by mixing 100 mL of 1M Tris buffer at pH 

8.0 and 280 mL of 5M NaCl; 40 mL of 0.5 M EDTA and 20 gm of CTAB in sterile 

Schott bottle, the final volume was made with deionized water up to 1L (Purohit et 

al., 2012).  

1Molar Tris Buffer, pH 8.0: for 1 L 

For the preparation of 1 M  Tris buffer; 121.1 g Tris base was dissolved in 700 mL of 

distilled water. Tris base dissolved to bring 900 mL. For adjusting pH (8.0) 

concentrated HCL approximately 50 mL was added and the final volume was made 

up to 1 L (Sambrook et al., 1989) 

0.5 Molar, EDTA pH 8.0: for 1 L 

186.1 g of disodium  EDTA. 2H2O was added and dissolved into 800 ml of distilled 

water. NaOH pellets  was used to adjust  pH 8.0. Final volume the solution was made 

1L by adding distilled water, autoclaved, and stored at room temperature until needed 

(Sambrook et al., 1989) 

5 Molar NaCl: for 1 L 

For the preparation of 5 M NaCl; 292 g of NaCl was dissolved in 800 mL of H2O.  

The volume was adjusted to 1 L with addition of  H2O. NaCl solution was stored at 

room temperature (Sambrook et al., 1989).  
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7.5 Molar Ammonium acetate: for 250 mL 

Ammonium acetate was prepared for 250 mL: 144.5 g of ammonium acetate was 

dissolved in 200 mL of distilled water and a final volume of  250 mL was made with 

addition of distilled water (Sambrook et al., 1989).  

1.8%Agarose Gel 

Agarose 1.8 gm was dissolved in TAE buffer (100 mL, 1X) by heating in microwave. 

The gel was cooled approximately at 55°C and was poured into the gel casting tray 

with comb fixed in place.  Gel was further cooled at room temperature before further 

use (Sambrook et al., 1989).  

Sodium hydroxide 

Fifty grams of fiber sample was treated in 5% sodium hydroxide (NaOH) of Fisher 

scientific and immersed in 165 mL distilled water  

Enzyme pectinase 

Fifty grams of dry G. diversifolia fiber was soaked in 50 mM EDTA in 165ml 

distilled water with pH 5.0 and then 0.3% pectinase enzyme (17389- 10G, Pectinase 

from Aspergillus niger from Sigma-aldrich) was added (Akin et al., 2000).  

3.2 Methods 

3.2.1 Herbarium preparation  

Collection sites were selected on the basis of uniform distribution of the plants in 

selected districts of eastern, central and western regions of Nepal. Herbarium 

specimens were collected, kept between newspaper sheets, pressed by herbarium 

press and dried in sunlight (Forman & Bridson, 1989). The collected herbarium 

specimens were reaffirmed by descriptions given in taxonomic literatures (Hooker 

1992; Grierson & Long 1983; Shu et al., 2003) as well as by comparing 

morphological characteristics of herbarium specimens deposited at National 

Herbarium and Plant Laboratories (KATH), Department of Plant Resources, Nepal.  
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3.2.2 Plantation 

Rhizomes collected from field were planted at Truffle Research Centre's orchard, 

Tribhuvan University, Kirtipur, Kathmandu, Nepal (27°40’50”N, 85°17’26.5”E). Leaf 

samples were collected from the planted plants for DNA extraction.  

3.2.3 Social-ecological aspect of G. diversifolia in Nepal 

Focus group discussions, semi-structured questionnaires, key informant interviews, 

informal meetings, and field observations were conducted as primary methods of data 

collection mainly for socioecological study using Participatory Rural Appraisal 

(PRA)/Rapid Rural Appraisal (RRA) tools and Key Informant Survey (KIS). Non-

timber forest products (NTFPs) collectors, traders, “Allo” processers, and community 

members were invited to informal meetings and focus group discussions. A total of 

110 informants (30 male, 80 female) representing various IPLCs including Gurung, 

Kulung Rai, Dhami, Manyal, Bohora, and Thagunna communities were participated 

in the discussion. 

3.2.4 Morpho-geographical study of G. diversifolia in Nepal 

Herbarium specimens of G. diversifolia deposited at KATH, Godawari was studied 

using the morpho-geographical method. Study of morphological characteristics of G. 

diversifolia was carried out by examing over 90 herbarium specimens.  Date of 

collection, specimen numbers and place of collection from Nepal were noted during 

the study (Appendix 7). Information about distribution, habit, habitat, vegetative 

(stem, leaf, trichome) and reproductive (flowering, and fruiting) characters were 

studied from herbarium specimens. Herbarium specimens data confirmed consistency 

in morphological characters of leaf such as: number of trichomes at adaxial surface of 

leaf (cm2); average length of trichome at adaxial surface of leaf (mm); leaf shape, leaf 

margin,  number of trichomes at abaxial surface on the vein of leaf (cm2); average 

length of trichome at abaxial surface of leaf (mm); average length of leaf (cm); 

average breadth of leaf (cm); and number of leaf lobes, stamens, and seeds. Carl Zeiss 

Binocular Microscope, Primostar magnification 10×, 40× and 100× and USB 
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microscope magnification 20× to 800× were used to examine the stem, leaf, and 

flowers of G. diversifolia. 

3.2.5 Plant DNA extraction  

Young, fresh and healthy leaf tissues were preferred to extract DNA. About five to ten 

young leaves per individual (up to 1 g) was gathered, labelled, air dried, and stored 

separately. All the samples were packed with silica gel into air-tight zip-lock bags for 

drying and interim storage. 

G. diversifolia leaf samples were taken and evenly powdered in liquid nitrogen and 

then genomic DNA was extracted following the modification of Doyle and Doyle 

(1987) protocol. 

3.2.5.1 Modification of Doyle and Doyle (1987) protocol. 

Prior to DNA extraction, 5% β-mercaptoethanol and 5% PVP (Polyvinlypyrrolidone) 

were added to the CTAB buffer. Leaf samples of G. diversifolia were grinded in 

liquid nitrogen in a pre-chilled mortar and pestle. About 100 mg of grinded leaf 

powdered was taken into pre-chilled 2 mL centrifuge tube and added 500 µL of 

CTAB buffer then mixed well by vortexing. Tubes were incubated at 55°C for an 

hour in heating block with shaking at an interval of 10 min. The tubes were 

centrifuged at 13,000 rpm for 10 minutes at room temperature and transferred the 

supernatant into new fresh tubes.  500 µl of Phenol:Chloroform:Isoamyl Alcohol 

(25:24:1) was added and mixed well.  The tube was centrifuged at 13000 rpm for 10 

minutes at room temperature. The top supernatant containing DNA was transferred 

into a new labeled 1.5 mL tube. The Phenol:Chloroform:Isoamyl Alcohol (25:24:1) 

step was repeated for twice. The volume of the aqueous phase was estimated 

approximately 350 µl and 0.08 volume of cold 7.5 M Ammonium acetate was added 

which was approximately 28 µl. 0.54 volumes of cold isopropanol which was 

approximately 204 µl was added and mixed well. The tube was set in freezer at -20 °C 

for an hour and centrifuged for 3 minutes at 14,000 rpm. The supernatant was 

decanted carefully without disturbing the resultant DNA pellet and washed with 700 

µl of 70% ice cold ethanol by inverting the tubes few seconds to mix and centrifuged 

at 14,000 rpm for 1 minute at maximum speed. This step is repeated twice. The 

ethanol was decanted and DNA pellet was air-dried at a clean beanch for 5 minutes to 
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evaporate remaining ethanol in the tube. Finally, the DNA pellet was resuspended in 

100 μL of TE buffer (Cullings, 1992; Doyle & Dickson, 1987; Doyle & Doyle 1987)  

 

The yield of extracted DNA was measured at 260 nm on a nanospectrometer (Bio-

spec nano, SHIMADZU, Japan). The purity of DNA was measured by estimating the 

absorbance ratio from 260 nm to 280 nm.   

3.2.6 Polymerase chain reaction optimization 

PCR was performed using PCR Master Mix (5X PCR Master Mix) of New England 

Biolab and separate Taq polymerase, dNTPs,  from VIVANTIS, Malaysia. 

Gradient PCR reaction was performed to determine the optimal annealing temperature 

on a DNA thermocycler (Biorad T100). A total volume of 15 μl PCR reaction mixture 

was prepared containing 1X buffer, (1.5-4) mM MgCl2, (0.1-0.6) mM dNTPs, (0.1-

0.6) unit Taq polymerase, (0.1-0.9) μM primer, and (25-100) ng of DNA template. 

Optimized PCR program was as follows:  93°C for 3 min, followed by 45 cycles of 

denaturing at 93°C for 30 s, annealing of primers at (45-52°C) for 45 s, extension at 

72°C for 2 min, final extension at 72°C for 10 min and holding temperature at 4°C. 

Electrophoresis of the PCR products was performed in 1.8% agarose prepared in 1X 

TAE buffer with added 10 mg/ml of ethidium bromide. PCR products were loaded in 

pre-cast wells of a gel submerged in 1X TAE buffer, 80V electric current was applied 

for 1 hour. A DNA ladder of 100 base pair was used to determine the molecular 

weight. The DNA bands were observed and analysed using Unified Gel 

Documentation System, (WiseDoc WGD-30, DAIHAN South Korea). 

3.2.7 Genetic diversity assessment based on PCR profiling 

Samples from the eastern, central and western regions of Nepal were used for ISSR 

analysis. Clear bands were used for scoring purposes, while vague bands were 

discarded. 

An absence (0) and presence (1) binary matrix were generated in excel sheet. The 

total number of bands obtained for ISSR marker, primer banding characteristics 

namely, number of polymorphic bands and percentage of polymorphic (P%), 

resolving power (Rp), band informativeness (IB), for each of the primers were 
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calculated utilizing Microsoft office excel 2007. In addition, the effectiveness of 

different primers for ISSR was calculated by using different indices, such as- 

Polymorphism Information Content (PIC).  

𝑃𝐼𝐶 = 2𝑓i(1- 𝑓i) 

PICi is the PIC of the marker i.  frequency of the amplified allele fi , and (1 − fi) was 

the frequency of the null allele. Average heterozygosity is obtained by averaging the 

PIC value obtained for all the markers and was calculated as follows: 

𝐻𝑎𝑣 = ∑[2𝑓i(1 −  𝑓i]/ 𝑁 

For the dominant marker the PIC value less than 0.25 indicates lower polymorphism. 

0.5 is the maximum value of PIC for dominant marker, since two alleles per locus are 

considered and are affected by number and frequency (Nagy et al., 2012). 

Primer resolving power (RP) 

Resolving power (Rp) demonstrates the ability of the most informative primers to 

detect differences between genotypes (Prevost &Wilkinson, 1999). 

Rp was calculated by using: Rp = ∑ Ib 

Ib is the band informativeness with Ib =1 - [2 x (0.5-p)], p is the proportion of clones 

containing the band. 

Multiplex Ratio (MR) 

Total number of loci analyzed per assay is multiplex ratio (MR). MR is calculated by 

dividing total number of amplified bands by total number of primers used in a 

particular marker system (Bhatt et al., 2017). 

Multiplex ratio was calculated by using (MR) = TB/TP 

TB is total number of amplified bands and TP is total number of primers used.  
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Marker Index (MI) 

Marker Index (MI) is a product of two functions of each primer - polymorphic 

information content (PIC) and effective multiplex ratio (EMR) (Varshney et al., 

2007).  

Marker index was calculated by using MI = PIC × EMR. 

3.2.8 Genetic diversity analysis using similarity matrices and phenograms 

The binary data matrix created for bands obtained from the ISSR-PCR profiles 

generated by 10 primers and 45 samples were analyzed using Numerical Taxonomy 

and multivariate system (NTSYS-PC, version 2.02i, Exeter software, Setauket, 

Newyork, USA). DNA bands were scored as 0 for absence and 1 for presence 

(Transue et al., 1994). Similarity indices were calculated using (Similarity for 

Qualitative Data) SIMQUAL computational algorithm based on the similarity 

matrices. Sequential, Agglomerative, Hierarchial and Nested (SAHN) clustering was 

performed using the Unweighted Pair Group Method of Arithmetic Average 

(UPGMA) algorithm. Similarity estimates were calculated based on three measures: 

1. Simple Matching coefficient (SM) (Sokal & Michener, 1958) calculated as 

Sij =
𝑎 + 𝑑

𝑎 + 𝑏 + 𝑐 + 𝑑
 

2. Dice's coefficient of similarity (D) (Dice, 1945; Nei and li, 1979) calculated as 

Sij =
2𝑎

2𝑎 + 𝑏 + 𝑐
 

3. Jaccard's coefficient (Jaccard, 1908) calculated as 

Sij =
𝑎

𝑎 + 𝑏 + 𝑐
 

where 

Sij =  Similarity between two individuals, i and j; 

a   =  Number of bands present in both i and j; 

b  =   Number of bands present in i and absent in j; 

c  =   Number of bands present in j and absent in i  

d =   Number of bands absent from both i and j   
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NTSYS-PC was used to construct 3D-plot of the distribution of the collected samples 

of G. diversifolia. The variation was compared to phenogram using suitable similarity 

matrix with the analysis of Eigen vector.  

Principal coordinate analysis (PCoA) 

Principal Coordinate Analysis (PCoA) is a popular multivariate analysis method that 

allows the analysis of proximity matrix, regardless of whether it is a variation matrix. 

The group of the population was constructed using principal coordinate analysis 

(PCoA) based on Nei's genetic distance matrix of populations using the software 

GenALEx 6.5. 

Analysis of molecular variance (AMOVA) 

Genetic variation was evaluated using the binary data matrix created for ISSR loci by 

analysis of molecular variance (AMOVA) (Excoffier et al., 1992) using statistical 

program GENEALEx 6.5 (Peakall &Smouse, 2001).  

The AMOVA based on Eucildean metric (Excoffier et al., 1992) is given by:  

E = (ε2 xy) = n [1-2nxy/2N], 

2nxy is the number of markers shared by two individuals (X and Y) and n is the total 

number of polymorphic markers (Tsuda et al., 2004). Molecular variances within the 

population were calculated as an indicator of intra-population genetic variation. Using 

the GENALEx program, based on 999 random permutations, the significance of the 

variance components was tested by calculating their probabilities (Peakall and 

Smouse, 2001). 

3.2.9 DNA sequencing 

Polymerase chain reaction (PCR) amplification was carried out using the universal 

marker that includes ITS, matK, rbcL, and trnl-F regions for DNA barcoding. The 

DNA barcoding - sequencing has become a standardized and largely used molecular 

approach for sample identification and species differentiation (Hebert et al., 2004). 

The PCR profile for matK, trnH-psbA, ITS, rbcL, trnL-trnF were included initial step 
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at 94 0C for 2 min was conducted, followed by 40 cycles of 30sec at 94 0C, 30 Sec 52 

0C and 72 0C for 1min and final extension for 720 C for 5 min.  

Selected primers for the amplification of genomic regions are presented in (Table 5). 

Table 5: Primers used in the amplification of matK, trnH-psbA, ITS, rbcL, tranL-trnF regions of G. 

diversifolia 

Locus 
Primer 

name 
Primer sequence (5'-3') References 

matK 
matK472F 5'- CCCRTYCATCTGGAAATCTTGGTTC -3' Yu et al., 2011 

matK1248R 5'- GCTRTRATAATGAGAAAGATTTCTGC -3' Yu et al., 2011 

ITS 

ITS-p5 5′- AAG TCGTAACAAGGTTTCCGTAG-3′ Kollipara et al., 1997 

ITS-u4 5'- RGTTTCTTTTCCTCCGCTTA -3' Cheng et al., 2016 

ITS-u1 5'- GGAAGKARAAGTCGTAACAAGG -3' Cheng et al., 2016 

rbcL 
CPG03F 5'- ATGTCACCACAAACAGAGACTAAAGC-3' Dong et al., 2013 

Cp063R 5'- TTCCATACTTCACAAGCAGCAGCTAG -3' Dong et al., 2013 

Trnl-F 

trnL-c 5′- CGAAATCGGTAGACGCTACG -3′ Taberlet et al., 1991 

Cp054R 
5'- CTGCTCTACCAGCTGAGCTATCCCGAC -

3' 
Dong et al., 2013 

trnH-

psbA 

trnH 5'- ACTGCCTTGATCCACTTGGC -3' Kress et al., 2007 

psbA 5'- CGAAGCTCCATCTACAAATGG -3' Kress et al., 2007 

Confirmed PCR products were purified and sent to Beijing Genomic Institute (BGI; 

Shenzhen, China) for sequencing. Sequences were analyzed by Sequencher 4.7 (Gene 

Codes, Ann, MI, USA). 

3.3 Data analysis of DNA sequencing 

Maximum parsimony (MP) analyses were conducted using PAUPv4b10 (Swofford, 

2002). All characters were equally weighted, character states were treated as 

randomly, and gaps were treated as missing. The maximum likelihood (ML) analyses 

were performed using IQ-Tree 1.4.3 (Nguyen et al., 2015), with 1000 replicates of 

ultrafast likelihood bootstrap (Minh et al., 2013) to obtain bootstrap branch support 

values. Bayesian inference (BI) was conducted with Mrbayes v3.2 (Ronquist et al., 

2011). Trees were sampled at every 1,000 generations with the first 25% discarded as 

burn-in. The remaining trees were used to build a 50% majority-rule consensus tree.  
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The DNA sequences were assembled using SeqMan tool in the DNASTARLasergene 

v.7.1 and aligned using CLUSTAL W (Thompson et al., 1994) implemented in 

MEGAX (Kumar et al., 2018).  

The matK gene (736 bp) sequences were used for establishing the phylogenetic 

relationship of G. diversifolia with other species from the family Urticaceae. Two 

sequences, each representing one haplotype from Nepal’s population of the species 

(One from Kathmandu and the other from Panchthar District) were used for testing 

phylogenetic relationship. Homologous sequences from other species were accessed 

from the GenBank (Table 6). The corresponding sequences of Urera caracasana was 

downloaded from NCBI GenBank and used as the outgroup for phylogenetic 

analyses. The phylogenetic analysis was performed using the maximum-likelihood 

(ML) algorithm in RAxML v.8.2.11 (Stamatakis, 2014). The ML analysis was 

conducted with 1000 bootstrap replicates using the best partition scheme (DNA, P1 = 

1-736\3, 2-736\3; P2 = 3-736\3) determined by using the GTR+Γevolutionary model 

and Bayesian Information Criterion (BIC) in Partition Finder v.1.0.1 (Lanfear et al., 

2012). The phylogenetic tree was annotated and visualized in the software 

FigTreev.1.4.3 (Rambaut, 2014).  

Table 6: GenBank accession numbers of the matK sequences used in the phylogenetic analysis 

S.N. Species Accession Number (NCBI) 

1 G.  diversifolia  This study 

2 G.  diversifolia  This study 

3 G. diversifolia subsp. diversifolia MK931205 

4 G. diversifolia subsp. diversifolia KF138001 

5 G. diversifolia subsp. triloba KF138006 

6 G. diversifolia subsp. triloba MK931208. 

7 G. diversifolia subsp. suborbiculata KF138003 

8 G. diversifolia subsp. suborbiculata MK931207 

9 Discocnide Mexicana MK931199 

10 Dendrocnide meyeniana MK931202 

11 Laportea sp. MK931215 

12 Urera caracasana  MH358024 

 

https://www.ncbi.nlm.nih.gov/nucleotide/KF138006.1?report=genbank&log$=nucltop&blast_rank=5&RID=GW18DSDG013
https://www.ncbi.nlm.nih.gov/nucleotide/MK931208.1?report=genbank&log$=nucltop&blast_rank=4&RID=GW18DSDG013
https://www.ncbi.nlm.nih.gov/nucleotide/KF138003.1?report=genbank&log$=nucltop&blast_rank=7&RID=GW18DSDG013
https://www.ncbi.nlm.nih.gov/nucleotide/MK931207.1?report=genbank&log$=nucltop&blast_rank=8&RID=GW18DSDG013
https://www.ncbi.nlm.nih.gov/nucleotide/MK931199.1?report=genbank&log$=nucltop&blast_rank=10&RID=GW18DSDG013
https://www.ncbi.nlm.nih.gov/nucleotide/MK931202.1?report=genbank&log$=nucltop&blast_rank=11&RID=GW18DSDG013
https://www.ncbi.nlm.nih.gov/nucleotide/MK931215.1?report=genbank&log$=nucltop&blast_rank=25&RID=GW18DSDG013
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3.4 Fiber processing 

3.4.1 Sample preparation and treatment 

Stem fiber from G. diversifolia was harvested from the samples of Darchula District, 

far-western region of Nepal (29° 47’ 34.9” N, 80° 36’ 23.5” E) in September, 2019. 

Extracted fiber was dried in safe shade for a week, chopped into about 30 cm 

segments and stored inside the room.  Sodium hydroxide (NaOH), crude papaya 

enzyme, Ethylenediaminetetraacetic acid (EDTA) plus Pectinase enzyme, Pectinase 

enzyme (Akin et al., 2000) were used for the treatment as follows.  

Table 7: Symbols of the samples and their treatment conditions. 

Symbols Chemical constituents and conditions 

NAT Natural fiber without retting  

NaOH Sodium hydroxide 

ENZ Pectinase enzyme only 

ENZ/CH Pectinase enzyme+ Ethylenediaminetetraacetic acid  

PENZ/ CH 
Enzyme extracted from papaya pericarp + Ethylene diamine tetra-

acetic acid 

 

3.4.1.1 Enzyme treatment 

Manually chopped 30 cm fibers of G. diversifolia were sprayed with enzyme 

formulation 0.3% pectinase enzyme (17389-10G, pectinase from Aspergillus niger 

from Sigma-Aldrich) at a ratio of  165 mL per 50- gram  fiber with hand-held sprayer 

Enzyme treated G. diversifolia fibers were  soaked for 60 seconds, drained for 30 

seconds excess liquid was removed, sealed in a plastic bag. Incubated at 40° C for 24 

hrs for retting, and rinsed for 60 seconds under running water (Akin et al., 2000). Air 

dried fiber was hand carded and FTIR, XRD and tensile strength measurement were 

performed.  

3.4.1.2 NaOH treatment 

The fiber was chopped about 30cm long and was sprayed with 5% sodium hydroxide 

(NaOH) at a ratio of 165 ml per fifty-gram fiber with a hand-held sprayer. Sodium 

hydroxide treated G. diversifolia fibers were soaked for 60 seconds, drained for 30 

seconds.  Sealed in a plastic bag. Incubated at 40° C for 24 hrs for retting. The retted 
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material, after incubation was immersed in water for 60 seconds, rinsed for 60 

seconds under running water and dried in air. Air dried fiber was hand carded. Fiber 

properties were analyzed using FTIR, XRD, microscopy, and tensile strength test.  

3.4.1.3 Enzyme plus EDTA treatment  

Fibers of G. diversifolia (30 cm) were sprayed with enzyme formulation 0.3% 

pectinase enzyme (17389-10G, pectinase from Aspergillus niger from Sigma-Aldrich 

and 50 mmol EDTA as a chelator) 165 mL per 50-gram fiber with a hand-held 

sprayer. Enzyme treated G. diversifolia fibers were soaked for 60 seconds, drained for 

30 seconds, sealed in a plastic bag. Incubated at 40° C for 24 hrs for retting, and rinsed 

for 60 seconds under running water. Air dried fiber was hand-carded and FTIR, XRD 

and tensile strength measurement were performed.  

3.4.1.4 EDTA plus Crude papaya extract treatment  

Fifty grams of ripened papaya pericarp was ground in a 50 ml NaCl solution of 0.9% 

(w / v) using a blender. The homogenate concoction was subjected to sonication (4° 

C) using a bandelin sonoplus HD 2200 for 10 min at 50-60 Hz frequency and then 

centrifuged at 10,000 rpm for 30 min at 4°C. (Martial et al., 2017). The supernatant 

was filtered from cotton wool, refrigerated, and was used as the crude extract. 

Chopped fibers of G. diversifolia were sprayed  with enzyme formulation (crude 

papaya extract and 50 mmol EDTA as a chelator) at a ratio of 165 mL per 50-gram 

fiber with hand-held sprayer. Enzyme treated G. diversifolia fibers were soaked for 60 

seconds, drained for 30 seconds excess liquid was removed. Sealed in a plastic bag.  

Incubated at 40° C for 24 hrs for retting, and washed for 60 seconds under running 

water. Air dried fiber was hand-carded and FTIR, XRD, and tensile strength 

measurements were performed.  
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Figure 16: Spray retting method for processing fibers (Akin et al., 2000; Adamsen et al., 2002; Kumar 

et al., 2017; Sawpan et al., 2011). 

3.5 Fourier transform infrared spectroscopy 

Fourier transform infrared spectroscopy (FTIR) was performed on treated and 

untreated fibers.  The FTIR analysis was carried out using SHIMADZU IR Affinity-

1S model transmission spectrometer with KBr pellet method over the range of 4000 -

500 cm-1 at Department of Customs, Kathmandu, Nepal.  

3.6 X-ray diffraction 

Powder X-ray diffraction (XRD) technique (Bruker 2, Germany) was used to 

determine crystallinity of untreated and treated fiber samples with Cu Kα radiation (λ 

= 0.15418 nm) at a scanning speed of 0.020/s, 2θ mode between 10° and 80° at 

National Academy of Science and Technology (NAST), Lalitpur, Nepal. Segal 

equation was used for rapid analysis of crystallinity index (CI) of fiber (Segal et al., 

1959).  

CI(%) =
(𝐼002 − Iamp)

I002
× 100 

3.7 Microscopy and tensile testing 

Macrophotography and optical microscopy were done by using a stereomicroscope 

Stemi 2000-C (Zeiss, Germany). For uniaxial tensile testing five fiber bundles of the 

given length L1 of 50 mm were cut from each fiber type and the mass m of these fiber 
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bundles was measured using a precision balance CP124S-OCE from company 

Sartorius. The fiber bundles were glued on rectangular frames (sizes: 40×40 mm2) 

made of paper (free length of the fiber bundles: 20 mm). The uniaxial tensile testing 

was conducted at room temperature (23° C), a universal testing machine (Zwicki Z2.5 

from ZwickRoell GmbH & Co. KG, Ulm/Germany; see Figure 17) equipped with 500 

N load cell was used (crosshead speed: 50 mm/min, span L0: 25 mm, preload: 0.5 N). 

The rectangular frames including the fiber bundles were clamped as shown in (Figure 

17). Before the testing, the paper was scissor-cut so that the fiber bundles are 

freestanding. From the raw data, i.e., the load (F in N) vs. length (L in mm) diagrams 

(measured by traverse), the mass-related load (in N mm/mg) vs. strain (in %) 

diagrams were calculated:  

Mass related load =
F. 𝐿1

m
 and strain =  

L

𝐿0
× 100%. 

 

From these diagrams two material parameters were collected: the mass-related tensile 

strength and the mass-related elastic modulus. Fiber bundles were tested and the mass 

per fiber bundle length were measured. The load has been related to the mass per fiber 

bundle length value, designated as mass-related load. 
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Figure 17: (a) Universal testing machine for tensile tests of the fiber bundles, (b) detail of clamping, 

(c) fiber bundle fixed inside a frame made of paper. 
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CHAPTER 4 

4. RESULTS AND DISCUSSION 

4.1 Results 

4.1.1 Morpho-geographical study of G. diversifolia in Nepal  

G. diversifolia is tall and erect herb, 1.5 to 3 m high, having perennial root stock. 

Young leaves are ovate or suborbicular having one lobe and mature ones are 3-7 

lobed, petiolate, petioles 5-15 cm long with stinging trichomes, length of leaves is 10-

14 cm on average and as broad as the length, base obtuse to truncate, 3 nerved with 

bristly stinging hairs, apex in general acuminate, rarely acute, coarsely dentate to 

dentate, or serrate.  Stipules ovate, interpetiolar, about (7mm) 1 to 2 cm long. Plant is 

monoecious. Male flowers are long slender, perianth 4, stamens 4. Female flowers are 

simple dense and bristly inflorescence up to 18 cm long; perianth 0.25 cm long, 

tubular, 3 lobed, and splitting when the fruit ripens. Achenes are broad, 2 to 3 mm 

long, and 1.5 to 2.7 mm broad (Figure 18).  

 

Figure 18: Morphology of G. diversifolia. A seeds; B germination of seed ; C-E Habit before 

flowering; F Mature plant with male inflorescence; G Clumps; H Female inflorescence with fruit. 
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G. diversifolia is found in Nepal from eastern to far-western region at an altitude of 

1,000 to 3,000 meters above sea level. Based on the study of herbarium specimens 

deposited at the National Herbarium and Plant Laboratories (KATH), my own field 

study and herbarium collection during 2017 to 2021, key informants interviews with 

110, and feasibility assessment conducted by the Department of Small and Cottage 

Industry, Government of Nepal, the availability of G. diversifolia in different districts 

of Nepal is reflected in Figure 19. Dark green color represents high amount of G. 

diversifolia available in those districts, such as Taplejung, Panchthar, Therathum, 

Illam, Solukhumbhu, Sankhuwasabha, Dolakha, Ramechhap, Sindulpalchok, Kavre, 

Rasuwa, Dhading, Gorkha, Lamjung, Kaski, Baglung, Myagdi, Parbat, Salleyan, 

Jajarkot, Pyuthan, Rukum, Jumla, Surkhet, Rolpa, Dailekh, Kalikot, Achham, Doti, 

Dadeldhura, Darchula Districts; light green shows lower amount of G. diversifolia in 

the districts, such as Dhankuta, Udayapur, Sindhuli, Makwanpur, Chitwan, 

Arghakhanchi, Dang, Manang, Mustang, Dolpa, Mugu, Humla Districts); and districts 

marked with white colour such as Morang, Jhapa, Saptari,  Sunsari, Siraha, Dhanusha, 

Mahottari, Bara, Parsa, Rupandehi, Kapilbastu, Banke, Kanchanpur, Kailali  Districts 

do not have G. diversifolia.   

 

Figure 19: Distribution map showing the availability of G. diversifolia in Nepal 

Key to the infraspecies of G. diversifolia 

1a. Leaves blade unlobed, suborbicular or ovate-suborbicular with dentate margins, 

stipules 4-7 mm ………………………………………………….subsp. suborbiculata 
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1b. Leaves blade variable, 1-7 lobes, ovate with coarsely serrate rarely coarsely 

dentate or serrate margins, stipules 10-20 mm ……………………………....subsp. 

diversifolia 

4.1.1.1 Major characters of G. diversifolia subsp. diversifolia  

The study of herbarium specimens, observation from germination stage to fruiting 

stage of the plant, 16 morphological characters were selected as possible delineating 

characters: (i) height of plant (cm);  (ii) diameter of stem (mm);  (iii) leaf length (cm); 

(iv) number of leaf lobes;  (v) breadth of leaf (cm); (vi) length of trichome at abaxial 

surface (mm); (vii) number of trichome in abaxial surface per cm2 of leaf; (viii) length 

of trichome at adaxial surface (mm); (ix) number of trichome at adaxial surface per  

cm2 of leaf; (x) length of stipules (cm); (xi) length of petiole (cm); (xii) number of 

nodes; (xiii) length of male flower bud (mm); (xiv) number of stamens; (xv) Length 

female flower; and (xvi) size of seeds.  

4.1.1.2 Height of plant 

Among the plant samples collected from Nepal, the average height of G. diversifolia 

from Kathmandu District was shortest, i.e. 240 cm whereas, the tallest height was 330 

cm from Panchthar District (Figure 20). The average height of G. diversifolia from 

Darchula District, Kaski District, Dolakha District are 270cm, 285cm, 300cm 

respectively (Figure 20). Local communities involved in processing and 

manufacturing of textile products from G. diversifolia prefer smaller stem diameters 

and longer lengths of stem for quality fibers. 
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Figure 20:  Comparison of plant height (cm) of G. diversifolia from different districts of Nepal. 

4.1.1.3 Stems 

Stems sympodial, upper stem often zigzag, woody at base, straight, branched, 5-

angled, 1-3 m tall. The woody forms have white-brown bark in the stem. Stems are 

herbaceous, erect, and cylindrical, with layers in ring form in brown colour. Stems are 

pubescent with stinging hairs (Figure 21). Stems grow in clump, and each clump has 

many stems. The number of stems in a clump varied from 5 to 15. The number of 

nodes varies from 35 to 56. Stem of G. diversifolia  has five rounded bulge separated 

by furrows.  Figure 21 shows a cross-section of stem showing stinging hairs, 

epidermis, collenchyma, primary phloem fibers, seconday phloem fibers, secondary 

xylem and primary xylem.  

 

Figure 21: Transverse section of stem of G. diversifolia observed under 40×.  

Among the plant samples collected from Nepal, the average stem basal diameter of G. 

diversifolia from Kathmandu population was 37.5 mm, however, the stem of G. 

diversifolia from Panchthar District had the smallest diameter 18.5 mm (Figure 22). 

The average stem basal diameter of G. diversifolia from Darchula District, Kaski 

District, Dolakha District are 24.5mm, 25mm, 30.1mm, respectively (Figure 22). 
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Figure 22: Comparison of stem basal diameter in (mm) of G. diversifolia from different districts of 

Nepal. 

4.1.1.4 Leaves 

The leaves are alternate, petiolate (petiole 4 to 18 cm long); leaves lobed, leaf lobes 

vary from 1 to 7 lobes; in general, young leaves are undivided, and the mature ones 

are 3 to 7 lobed ovate,  10 to 14 cm long and often are as broad as the length or 

slightly smaller (Table 8; Figure 23); leaf base obtuse in populations from Darchula, 

Kaski, Dolakha and Panchthar Districts; wheras, obtuse to truncate from Kathmandu 

District (Figure 24); margin serrate from the population of Darchula, Dolakha and 

Panchthar District or coarsely serrate rarely coarsely dentate from the population of 

Kaski and Kathmandu District (Figure 24), and veins 3, with bristly stinging hairs on 

the adaxial and abaxial surface (Figure 24).  Stipules are about 1 cm long from the 

population of Darchula, Kaski, Kathmandu and Panchthar District upto 2 cm from 

populations of Dolakha District, ovate, and interpetiolar, found almost up to the tip 

and fall during the flowering period. 
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Figure 23: Difference in the number of leaf lobes found in G. diversifolia in the same plant. (A), (B), 

(C), (D). lobes with 3-7 lobes; (E). (F). lobes with single lobe; (G). (H). 2-7 lobes. 

Leaf lobes and sub-lobes: Characters of leaf lobes and sublobes vary in the leaves. 

The leaves from Darchula District have 3 lobes, each sublobe divided into 2 lobes; 

Kaski  District has 3 lobes each sub-lobes divided into 2 deeply trilobes; leaves from 

Kathmandu District are unlobed to 3(5) lobed; leaves from Dolakha District and 

Panchthar District has 3 lobes each lobe further divided into 2 to 3 sublobes  (Table 

8). Figure 24 shows the leaves of G. diversiolia  from Kathmandu, Darchula, 

Panchthar, Kaski and Dolakha District respectively.   
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Figure 24:  A and B, adaxial and abaxial surface of leaf from Kathmandu District; C and D, adaxial 

and abaxial surface of leaf from Darchula District; E and F, adaxial and abaxial surface of leaf from 

Panchthar District; G and H, adaxial and abaxial surface of leaf from Kaski District; I and J, adaxial 

and abaxial surface of leaf from Dolakha District.  
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Table 8: Morpho-geographical variation in leaf lobes of G. diversifolia 

Districts 

Leaf 

shape Number of leaf 

lobes 

Leaf 

margin 

Leaf 

base Average 

length of leaf 

(cm) 

Average 

breadth of 

leaf  

(cm) 

Darchula 

Ovate 3 lobed each sub 

lobe divided into 2 

lobes 

Serrate Obtuse 

14 14 

Kaski 

Ovate 3 lobed each 

sublobe divide into 

2 lobes deeply 

trilobed.  

Coarsely 

serrate 

Obtuse 

13 10 

Kathmandu 

Ovate 
Unlobed to 3(5) 

lobed 

Coarsely 

dentate 

Obtuse 

to 

truncate 

13 11 

Dolakha 

Ovate 3 lobed each 

sublobe further 

divided into 2 to 3 

lobes 

Serrate Obtuse 

12 12 

Panchthar 

Ovate 3 lobed each 

sublobe further 

divided into 2 to 3 

lobes 

Serrate Obtuse 

14 10 

 

The average length of stipules of G. diversifolia from Dolakha District is 2 cm, which 

is longest as compared to the samples from Darchula, Kaski, Kathmandu, and 

Panchthar Districts which is 1 cm long. 

Table 9: Average length stipules of G. diversifolia from different districts of Nepal. 

Districts  Average length of stipules (cm) 

Darchula  1 

Kaski 1  

Kathmandu 1  

Dolakha 2  

Panchthar 1  

4.1.1.5 Trichomes 

The study of trichomes at adaxial surface of leaf shows that population of G. 

diversifolia from Kaski District had highest number    i.e. 3 trichomes per cm2 of leaf. 

The number of trichomes at adaxial surface in other districts such as Darchula, 

Kathmandu and Dolakha had 1 trichomes per cm2 of leaf and population of Panchthar 
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District had 2 trichomes per cm2 of leaf, whereas number of trichomes on abaxial 

surface of Kaski District has 4 trichomes per cm2 of leaf. The number of trichomes at 

abaxial surface in other districts such as Darchula, Kathmandu and Panchthar had 2 

trichomes per cm2 of leaf and population of Dolakha District had 1 trichomes per cm2 

of leaf.  Population of G. diversifolia from Panchthar District has longest trichome 3.7 

mm at adaxial surface, and  4 mm at abaxial surface among the collected samples of 

Nepal (Table 10).  Length of trichomes at abaxial surface of leaf in other districts such 

as Darchula, Kathmandu and Dolakha Districts have 3.9, 3.6 and 1.9 mm respectively 

given in Table 10. Population of G. diversifolia from Kaski District have highest 

number of trichomes at adaxial surface compared to population from Darchula, 

Kathmandu, Dolakha and Panchthar Districts.  

Table 10: Number and length of trichomes of G. diversifolia observed in morpho-geographical study. 

Districts Number of trichomes Average length of trichome (mm) 

 Adaxial surface Abaxial surface Adaxial surface Abaxial surface 

Darchula 1 2 3.3 3.9 

Kaski 3 4 3.4 3.8 

Kathmandu 1 2 3.6 3.6 

Dolakha 1 1 2.3 1.9 

Panchthar 2 2 3.7 4 

 

4.1.1.6 Inflorescences 

Axillary cyme, panicles or spikes, both male and female flowers are found in same 

plant.  

4.1.1.7 Flowers 

Male flowers: Perianth- 4, stamens- 4 and pistilode globose and rudimentary ovary 

conspicuous (Figure 25).  
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Figure 25: Male flower of G. diversifolia 

Female flowers: 3 lobes, tubular, 2 or 3-toothed, split to base on one side, (Figure 26).  

 

Figure 26: Female flower of G. diversifolia  

4.1.1.8 Achenes 

The achenes are broad, compressed, 2 to 3.05 mm long, 1.55 to 2.75 mm broad; 

cotyledons broad, persistent stigma usually reflexed (Figure 27).  
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Figure 27: Seed of G. diversifolia 

Table 11: Comparison of main morphological traits of G. diversifolia found in different districts of 

Nepal. 

Group Samples code number Main morphological traits 

Panchthar 

Phi1, Phi2, Phi3, Phi4, 

Phi5, Phi6, Phi7, Phi8, 

Phi9, Phi10 

Smallest basal stem diameter (18.5mm), longest 

tricomes on adaxial surface (3.7mm) and abaxial 

surface (4mm). When compared with other samples, 

the height of the G. diversifolia from Panchthar 

District was the tallest (330 cm). Leaf margin serrate. 

Kathmandu 

Kat1, Kat2, Kat3, Kat4, 

Kat5, Kat6, Kat7, Kat8, 

Kat9, Kat10 

Longest diameter of the stem at the base (37.5mm) 

When compared with other samples, the height of the G. 

diversifolia from Kathmandu District was the shortest 

(240cm). Leaf margin serrate, rarely coarsely dentate.  

Dolakha 
Jir1, Jir2, Jir3, Jir4, Jir5, 

Jir6, Jir7, Jir8, Jir9, Jir10 

 The lowest number of trichomes i.e.,1 per cm2 of leaf 

on abaxial and adaxial surface of the leaf. Longest 

length of stipules 2 cm. Leaf margin serrate. 

Darchula 

Dar1, Dar2, Dar3, Dar4, 

Dar5, Dar6, Dar7, Dar8, 

Dar9, Dar10 

Moderate length of trichome at the adaxial 3.3 mm and 

abaxial surface 3.9 mm. Leaf margin serrate.  

Kaski 
Kas1, Kas2, Kas3, Kas4, 

Kas5 

Highest number of trichomes at adaxial surface (3 

trichomes per cm2 of leaf) and at abaxial surface (4 

trichomes per cm2 of leaf). Leaf margin coarsely serrate  

 

While selecting 16 morphological characters of G. diversifolia, differences were 

found in main 7 characters viz.  (i) height of plant (cm) (Figure 20); (ii) Stem 

diameter (mm) (Figure 22); (iii) length of trichome in adaxial surface (mm) (Table 

10) (iv) trichome numbers in adaxial surface per cm2 of leaf (Table 10); (v) length of 
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trichome in abaxial surface (mm) (Table 10); (vi) trichome numbers in abaxial surface 

on the vein per cm2 of leaf (Table 10); (vii) length of stipules (Table 9). A cumulative 

table of main morphological characters are given in Table 12.  

Table 12: A cumulative table of main morphological characters 

Group 

Heigh

t of 

plant 

(cm) 

Stem 

(dia

mete

r) 

mm 

Length 

of 

trichom

e in 

adaxial 

surface 

(mm) 

Length 

of 

trichome 

in 

abaxial 

surface 

(mm) 

Trichome 

numbers in 

adaxial 

surface of 

leaf 

Trichome 

numbers 

in abaxial 

surface of 

leaf 

Lengt

h of 

stipul

es 

(cm) 

Leaf 

margin 

Darchula 270 24.5 3.3 3.9 1 2 1 Serrate 

Kaski 285 25 3.4 3.8 3 4 1 
Coarsel

y serrate 

Kathmandu 240 37.5 3.6 3.6 1 2 1 

Serrate 

rarely 

Coarsel

y 

dentate 

Dolakha 300 30.1 2.3 1.9 1 1 2 Serrate 

Panchthar 330 18.5 3.7 4 2 2 1 Serrate 

 

It is remarkable to note that morpho-geographical characters of different populations 

of G. diversifolia from five different localities are  variable and overlap with each 

other in terms of leaf length (cm); number of leaf lobes; petiole (cm); number of 

clumps; number of nodes; male flower bud; perianth lobes; stamens; female flower; 

and seeds. They do not give stable conclusive distinguishing characters to separate the 

populations. However, population from Kathmandu district shows some diagnostic 

characters (see Table 12). This demands to further study G. diversifolia at the genetic 

level.   
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4.1.1.9 Girardinia diversifolia (Link) Friis subsp. suborbiculata (C.J.Chen) C.J. 

Chen & Friis (Urticaceae): probably a new record for Nepal and Bhutan 

Herb, monoecious. Stem and petioles pubescent, armed with stringent hairs. Leaf 

blade unlobed, suboricular or ovate-suborbicular, 6-7 x 5-6.5 cm, leaf base trancuate 

or rounded, apex shortly acuminate, margin dentate or double dentate, sharp stinging 

trichomes at abaxial surface, trichomes at veins at abaxial surface. Male inflorescene 

spicate. Female inflorescences axillary. 

This taxon is morphologically distinct from Girardinia diversifolia subsp. diversifolia 

in having unlobed, suborbicular or ovate-suborbicular leaves with dentate margins 

and much shorter stipules.  

Flowering:  September to October 

Habitat: Growing along the roadside at an altitude of 2,000- 2,500m 

Distribution: Nepal, India, China, Korea 

4.1.2 Genetic variation of G. diversifolia subsp. diversifolia 

Genetic variation in the species ultimately affects the sustainability of natural 

resources (Firn & Jones, 2000). This study has assessed the genetic variation within 

and among the population of G. diversifolia subsp. diversifolia collected from eastern 

region, central region and western region of Nepal. Genetic uniformity within a 

species or population is important for the uniformity and quality products of fiber 

prepared from G. diversifolia. 

4.1.2.1 Quantitative and qualitative analysis of extracted DNA 

Rich in viscous, phenolics, secondary metabolites, and compounds such as tannin 

contained in Urticaceae family inhibit high-quality genomic DNA extraction 

(Sarrazola et al., 2019). During DNA extraction from G. diversifolia subsp. 

diversifolia appeared dark and viscous substance that inhibited the production ofgood 

quality DNA and hindered PCR amplification. Therefore, modified Doyle and Doyle 

(1987) plant DNA extraction procedure was used. Before the extraction of genomic 

DNA, 5% Polyvinylpyrrolidone (PVP) and 5% β-mercaptoethanol were added to 

CTAB buffer. Mean ratio of absorbance (260/280) nm, mean ratio of absorbance 
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(260/230) nm, and mean concentration of DNA extracted from G. diversifolia subsp. 

diversifolia are presented in Table 13.   

Table 13: Quantitative and qualitative analysis of the extracted DNA 

S. 

No 
Protocol 

Mean ratio of 

absorbance 

(260/280) nm 

Mean ratio 

of 

absorbance 

(260/230) nm 

Mean 

concentration 

(ng/µL) 

Colour/ Viscosity 

1 

Doyle and 

Doyle 

(1987) 

protocol 

2.20 1.10 331.39 Dark and viscous 

2 
Modified 

protocol 
1.83 2.20 445 Clear and nonviscous 

 

The Doyle and Doyle (1987) method showed a dark and viscous DNA content 

indicating high polyphenol content in the leaf tissue, so modification was necessary. 

The modified procedure produced 445 ng/µL of genomic DNA. The purity was 

between 1.8-2.0 which indicates the minimum contamination of the secondary 

metabolites in the extracted DNA. 

The standardized conditions for DNA extraction from G. diversifolia are shown in 

Table 14.  

Table 14: The standardized condition for DNA extraction from G. diversifolia  

S. 

No 
Parameters Tested range 

Standardized 

condition 
Inference 

1 NaCl 
1M, 2M, 3M, 4M, 5M, 6M   

 
5 M 

Removed  

polysaccharides 

2 PVP 
1%, 2%, 3%, 4%, 5%,  6% 

 
5% 

Absorbed 

polyphenols 

3 β-mercaptoethanol 
1%, 2%, 3%, 4%, 5%,  6% 

 
5% 

Extracted clear DNA 

pellet 

4 Ammonium acetate 

1M, 1.5M, 2M, 2.5M, 3M, 

3.5M, 4M, 4.5M, 5M, 5.5M, 

6M, 6.5M, 7M, 7.5M, 8M, 

8.5M 

 

7.5 M 

Sugar phosphate 

backbone charges 

neutralized 
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4.1.2.2 Optimization of ISSR PCR and primers selection 

PCR optimization is important to obtain DNA bands. This research attempted two 

options using ready to use PCR Master Mix (5X PCR Master Mix) of New England 

Biolab and separate Taq polymerase, dNTPs, from VIVANTIS by using standard 

protocol. Despite several attempts, PCR was inhibited due to the presence of 

phenolics, secondary metabolites, viscous compounds in extracted DNA (Sarrazola et 

al., 2019). Diverse ranges of manipulation in DNA template concentration (25-

100)ng,  Magnesium chloride concentration (1.5-4)mM, dNTPs concentrations (0.1-

0.6) µM , Taq polymerase concentrations (0.5-3) units, and varied in annealing 

temperatures (45-52) °C were performed for the optimization of ISSR PCR (Table 

15).  

Table 15: PCR parameter testing and optimized conditions 

S. No PCR parameters Tested ranges Optimum conditions 

1 Concentration of DNA (ng) 
25, 37.5, 50, 62.5, 75, 

87.5, 100 
50 

2 
Deoxynucleotide triphosphate (dNTPs) 

(mM) 
0.1, 0.2, 0.3, 0.4, 0.5, 0.6 0.6 

3 Magnesium chloride (mM) 1.5, 2, 2.5, 3, 3.5, 4 4 

4 Primer concentration (µM) 
0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 

0.7, 0.8, 0.9 
0.7 

5 Taq DNA polymerase (Units) 0.5,1, 1.5, 2, 2.5, 3 2 

6 Annealing temperature (°C) 45-52 45 

The best conditions for ISSR-PCR reaction were found at 50 ng of DNA, 0.6 mM 

dNTPs, 4 mM MgCl2, 2 units Taq polymerase, 0.7 µM primer concentrations, and 

45°C annealing temperature in total 15 µL PCR reaction volumes. Agarose gel 

electrophoresis shows reproducible clear bands in (Figure 28).  
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 A B 

    

C  D 

     

Figure 28: Optimization of DNA samples of G. diversifolia using the ISSR primer 

 Gel pictures of ISSR-PCR for the selection of MgCl2, Taq polymerase, primer, dNTPs concentration 

using UBC 817 primer. Lane M- marker (100 bp); (A) Each lane is marked with the respective 

concentration of MgCl2 (1.5mM to 4mM); (B) Each lane is marked with the respective concentration of 

Taq polymerase (0.5U to 3U); (C) Each lane is marked with the respective concentration of primer (0.1 

µM to 0.9 µM); (D) Each lane is marked with the respective concentration of dNTPs (0.1mM to 0.6 

mM). 
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Figure 29: 16 ISSR primers test to optimize PCR condition for G. diversifolia subsp. diversifolia 

M-marker (100 bp, Lane 1 UBC 808; Lane 2: UBC 809; Lane 3UBC 811; Lane 4 UBC 812; Lane 5 

UBC 815; Lane 6 UBC 817; Lane 7 UBC 820; Lane 8- UBC 823; Lane 9-UBC 824; Lane 10-UBC 

826; Lane 11 UBC 827; Lane 12 UBC 828; Lane 13 UBC 834; Lane 14 ATC(6T); Lane 15 ATC(6C); 

Lane 16 GA(9C) 

Of the sixteen screened ISSR primers, ten ISSR primers showed clear reproducible 

bands (Table 16). These experiments were repeated twice (Figure 29). The best ISSR-

PCR conditions were utilized to study genetic variation in G. diversifolia. 

4.1.2.3 ISSR profiling and genetic diversity assessment 

In this study, sixteen ISSR primers were taken based on PCR amplification as shown 

in Urtica dioica  of Urticaceae family (Haghpanah et al., 2016). The gradient PCR 

program was performed to select the primer for best amplification (Table 15). Out of 

the sixteen primers  ten UBC primers were selected to study the genetic variation of 

G. diversifolia that showed clear bands (Table 16). A total of 131 ISSR loci were 

amplified with an average amplification of thirteen bands per primer across 45 

samples of G. diversifolia, 98.09% of amplified bands were found to be polymorphic 

(Table 16). 
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Table 16: Number of amplified DNA bands and percentage of polymorphism. 

S.No Primers Primer sequence (3'-5') 

Annealing 

temperature 

(°C) 

TNB NPB P% 

1 UBC 834 (AG)8YT 45 18 18 100 

2 UBC 812 (GA)8A 52 18 18 100 

3 UBC 808 (AG)8C 45 14 14 100 

4 UBC 824 (TC)8G 45 12 12 100 

5 UBC 811 (GA)8C 48 14 14 100 

6 UBC 828 (TG)8A 45 15 15 100 

7 UBC 826 (AC)8C 50 11 10 90.91 

8 UBC 817 (CA)8A 52 11 11 100 

9 ISSR-18 (ATC)6T 45 8 8 100 

10 ISSR-19 (ATC)6C 45 10 9 90 

 Total   131 129 98.09 

 

NPB= number of polymorphic bands; TNB= total number of bands; P%= 

polymorphism percentage 

The result of 45 samples of G. diversifolia using UBC 824 primer for ISSR 

amplification is shown in Figure 30.  
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A 

 

B 

 

Figure 30: Primer UBC824 and ISSR amplification results (A, B) of 45 samples of G. diversifolia. 

A, Lane M= DNA markers 100bp, the bands represent 100 bp to 1500 bp from top to bottom. Lane1-

lane10 (D1 to D10: Samples from Darchula District); Lane 11- Lane 22 (KT1-KT10: Samples from 

Kathmandu District); Lane 23- Lane 24 (Ks1 to Ks3: Samples from Kaski District). B, Lane M= DNA 

markers 100bp, Lane1-lane10 (J1 to J10: Samples from Dolakha District); Lane 11- Lane 22 (P1 to 

P10: Samples from Panchthar District); Lane 23- Lane 24 (Ks4- Ks5: Samples from Kaski District).  
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Polymorphism information content (PIC) is measured based on the number of alleles 

and their distribution in the population. Ten primers selected in this study showed 

relatively reasonable distribution in the population of G. diversifolia. The average PIC 

value of the primer in this study was found to be 0.350.  

Table 17: Assessment of PIC, IB, and Rp of selected  ISSR primers  

S.N. Primers PIC IB range IB average Rp 

1 UBC 812 0.266 0.08-1.8 0.454 8.177 

2 UBC 834 0.252 0.04-1.7 0.429 7.733 

3 UBC 808 0.381 0.2-1.5 0.663 9.288 

4 UBC 824 0.414 0.3-1.4 0.770 9.244 

5 UBC 811 0.396 0.3-1.7 0.742 10.400 

6 UBC 828 0.428 0.2-1.6 0.794 11.911 

7 UBC 826 0.272 0-2 0.892 9.822 

8 UBC 817 0.388 0.4-1.9 0.913 10.044 

9 ISSR-18 0.409 0.3-1.6 1.088 8.711 

10 ISSR-19 0.295 0.04-1.7 0.951 9.511 

 Mean 0.350 - 0.770 9.484 
 

4.1.2.4 Similarity coefficient, cluster analysis and construction of UPGMA based 

dendrogram 

Using binary matrix, obtained bands from gel electrophoresis, different similarity 

matrices were generated using binary data based on presence and absence of ISSR 

loci from SimQual computational algorithm of NTSYS-PC, version2.02i, Exeter 

software, Setauket, Newyork, USA (Rohlf, 1997). Jaccard's (J) similarity indices were 

obtained with range of 0.24-1.   

The genetic similarity was calculated from 45 samples of G. diversifolia that were 

collected from Darchula to Panchthar Districts. Jaccard's coefficient produced five 

major clusters (i.e A, B, C, D, E) and had a similarity of 0.50.  Cluster A comprised 

samples from Darchula District, Cluster B comprised samples from Kathmandu, 

Cluster C comprised samples from Dolakha, Cluster D comprised samples from Kaski 

and Cluster E comprised samples from Panchthar District. Cluster A (samples from 

Darchula District were further sub-clustered at the similarity coefficient level of 0.74 

and 0.90); Cluster B (samples from Kathmandu District were further sub-clustered at 

0.75 and 0.89); Cluster C (samples from Dolakha District were further sub-clustered 
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at 0.56 and 0.83), Cluster D (samples from Kaski District were further sub-clustered 

at 0.75 and 0.74); and Cluster E (samples from Panchthar District were further sub-

clustered at 0.61 and 0.53) (Figure 31). 

 

Figure 31: UPGMA cluster analysis using Jaccard's coefficient based dendrogram showing the genetic 

relationship among 45 samples of G. diversifolia using 10 ISSR primers. The clusters are labeled as A, 

B, C, D, E. (D1-D10) Darchula; (Kt1-Kt10) Kathmandu; (Ji1-Ji10) Dolakha; (K1-k5) Kaski; (P1-P10) 

Panchthar District. 

4.1.2.5 Mantel test 

The correlation values were obtained from the comparison of original matrix by 

applying Mantel test. The correlation between Dice (D) similarity and Jaccard (J) 

matrices has shown the highest significance (0.9909) when compared with Simple 

matching (SM) and J (0.96536), SM and D (0.96213), suggesting that Dice or Jaccard 

matrix are suitable for simple matching coefficient (Table 18). 

Table 18: Correlation coefficient (2 way) from the Mantel test of original matrices. 

 Simple matching Jaccard Dice 

Simple matching ***** - - 

Jaccard 0.96536 *****  

Dice 0.96213 0.99094 ***** 
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4.1.2.6 3D plot  

The construction of 3D plot was conducted with an analysis of Eigen vector using 

NTSYS-PC 2.02i for all the samples of G. diversifolia using Dice similarity matrix 

(Figure 32). Comparable dispersion and scatterness were shown from different 

regions of Nepal.  

 

Figure 32: The 3D plot was made using NTSYS- PC (version 2.02i) to evaluate the dispersion of all 

collected samples representing Phi (Panchthar District), Kas (Kaski District); Jiri (Dolakha District); 

Ktm (Kathmandu District); Dar (Darchula District). 

The plant samples from Dolakha District and Panchthar District have the highest 

genetic identity between the population (0.7489) and the shortest genetic distance 

(0.2891). The maximum genetic distance between the population from Darchula 
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District and Panchthar District was (0.4561) with minimum genetic identity was 

(0.6338). 

4.1.2.7 Genetic variation within different populations of G. diversifolia 

Out of selected populations, the samples from Dolakha District have the highest 

variation in population, with Nei's genetic diversity being 0.1928 and Shannon's 

information index being 0.2852. Samples of Darchula District had the lowest degree 

of variation in population with Nei's genetic diversity 0.110 and Shannon's 

information index 0.1629 (Table 19). 

Table 19: Genetic variability within the population shown by POPGENE ver 1.32 

Population 
Sample 

size 

Number of 

polymorphic 

bands 

Percentage of 

polymorphic 

bands (PPB) 

Nei's gene 

diversity (H) 

Shannon's 

information 

index (I) 

Panchthar 10 62 47.33 0.1536 0.2323 

Dolakha 10 68 51.91 0.1928 0.2852 

Kathmandu 10 44 33.59 0.1267 0.1872 

Kaski 5 45 34.35 0.1255 0.1863 

Darchula 10 38 29.01 0.1110 0.1629 

Percentage of polymorphic bands (PPB); Nei's gene diversity (H); Shannon's 

information index (I).  

4.1.2.8 Total genetic differentiation 

Heterozygosity within the population (Hs) was in the range of 0.094 to 0.182 with the 

average of 0.141. Total heterozygosity (Ht) ranged from 0.265 to 0.408. The mean 

genetic differentiation (Gst) between populations over all loci was 0.594 and the 

average gene flow (Nm) was 0.355 (Table 20). 
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Table 20: Genetic variation within and between the G. diversifolia populations. 

S.No Primers Ne H I Ht Hs Gst Nm 

1 UBC 812 1.406 0.265 0.423 0.265 0.142 0.462 0.581 

2 UBC 834 1.387 0.252 0.404 0.266 0.094 0.646 0.273 

3 UBC 808 1.649 0.381 0.565 0.37 0.164 0.559 0.393 

4 UBC 824 1.713 0.405 0.592 0.397 0.112 0.718 0.195 

5 UBC 811 1.648 0.385 0.571 0.384 0.182 0.524 0.453 

6 UBC 828 1.642 0.378 0.561 0.364 0.136 0.625 0.299 

7 UBC 826 1.559 0.322 0.484 0.332 0.101 0.695 0.218 

8 UBC 817 1.649 0.364 0.536 0.363 0.170 0.531 0.440 

9 ISSR- 18 1.744 0.416 0.603 0.408 0.180 0.558 0.395 

10 ISSR-19 1.581 0.327 0.489 0.347 0.130 0.623 0.302 

 Mean 1.598 0.349 0.523 0.350 0.141 0.594 0.355 

 SD 0.118 0.056 0.069 0.049 0.032 0.080 0.119 

H= Nei’s (1973) gene diversity; I=Shannon’s information index; ne= effective number of alleles; Ht= 

Total heterozygosity/diversity; Hs=mean heterozygosity/gene diversity within population; Gst=genetic 

differentiation between population; Nm=gene flow.  

4.1.2.9 Analysis of molecular variance of G. diversifolia 

The partitioning of variations within and among populations of G. diversifolia was 

analyzed by AMOVA, which revealed that 60% of the total genetic variation was 

among the populations and 40% of the total genetic variation was within the 

populations. The P value <0.001 was statistically significant for the difference within 

and among the populations (Table 21). 

Table 21: Analysis of molecular variance (AMOVA) 

Variation 

Degree of 

freedom 

(DF) 

Sum of 

Square (SS) 

Mean sum of 

square (MS) 

Estimated 

variance 

Total 

variance 

P 

value  

Among 

population 
4 593.856 148.464 15.540 60% < 0.001 

Within 

population 
40 413.300 10.333 10.333 40% <0.001 

Total 44 1007.156 - 25.872 100%  

Sum of Square (SS), Degree of freedom (DF), Mean sum of square (MS), Estimated 

variance, percentage of variation and significance based on permutation across the full 

data set. 
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4.1.2.10 Principal coordinate analysis (PCoA) 

The data obtained using ten ISSR primers were used in principal coordinate analysis 

(PCoA) using Jaccard's coefficient of similarity. The first PC1, PC2, PC3 described a 

total variation of 52.73 with 22.07, 17.28, and 13.38 variations respectively. The 

group of individuals using two coordinates are shown in Figure 33. PCoA analysis 

classified genotypes into four different groups. 

Principal coordinate analysis (PCoA) confirmed the clustering of 45 G. diversifolia 

accessions into clearly distinguishable five main populations using 10 ISSR primers 

Table 22. Five distinguishable populations are from: Dar (Darchula District), Jiri 

(Dolakha District), Kath (Kathmandu District), Phi (Panchthar District), Kas (Kaski 

District).  

Table 22: Principal Coordinate Analysis (PCoA) using ISSR markers 

Axis 1 2 3 

Percentage 22.07 17.28 13.38 

Cumulative percentage  22.07 39.36 52.73 

 

Figure 33: Principal coordinates analysis (PCoA) among 45 G. diversifolia samples using 10 ISSR 

primers: Dar (Darchula); Kas (Kaski); Kath (Kathmandu); Jiri (Dolakha); Phi (Panchthar) 
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4.1.3 DNA sequencing and phylogenetic study 

The samples to be sequenced were selected based on the intensity of DNA band 

observed. The accessions after decoding from 1234...., (Pan1, Pan2, Pan3, Pan4, 

Pan5) were selected from Panchthar District, Ktm1, Ktm2, Ktm3, Ktm4, Ktm5 were 

selected from Kathmandu District, and Dar1, Dar2, Dar3, Dar4, Dar5 from Darchula 

District (Figure 34).  

 

(A) Amplifying matK, ITS, rbcL, trnL-F markers for 24 samples 

 

 (B) ITS and trnL-F genes for samples of G. diversifolia. 

Figure 34: (A) Amplifying matK, ITS, rbcL, trnlF markers for 24 DNA samples of G. diversifolia, (B) 

Amplifying ITS and trnL-F genes.  
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4.1.3.1 BLAST results 

All sequenced samples were performed using Basic Local Alignment Search 

Tool (BLAST) to obtain sequences that produce the significant alignments. Sequences 

samples showed 98% to 99% identification with G. diversifolia subsp. diversifolia 

voucher GZ160713-6 with the total score value ranging from 1158 to 2290 and E 

value -0. Similarly, DNA sequences of rbcL region were BLAST. Since, there were 

not any verified sequence databases of rbcL gene of G. diversifolia.  

DNA sequence of ITS showed 98% identification with G. diversifolia voucher 

GZ160713-6, accession no KY425766.1. Similarly, matK sequence showed 100% 

identification with G. diversifolia subsp. diversifolia isolate Dt_096 maturase K 

(matK) gene, accession no MK931205.1. DNA sequences of trnL-F region showed 

100% identification with G. diversifolia subsp. diversifolia isolate G31 tRNA-Leu 

(trnL) gene with total score of 1559 and E-value O (Table 23). 

Table 23: BLAST results obtained from consensus sequences for identification 

DNA 

region 
Query samples Identity with 

Total 

score 

Query 

Cover 

% 

E-

Value 

Identify 

% 
Accession no 

ITS 

Dar1, Dar5  

G .diversifolia 

voucher 

GZ160713-6  

1166 100 0 98.07 KY425766.1 

Ktm1, Ktm2, Ktm 3, 

Ktm4, , Ktm5 

 G.  diversifolia 

voucher 

GZ160713-6 

1164 100 0 98.07 KY425766.1 

Pan1, Pan2, Pan3, Pan 

4, Pan 5 

G. diversifolia 

voucher 

GZ160713-6 

1164 100 0 98.07 KY425766.1 

matK 

Dar1, Dar2, Dar3, Dar 

4, Dar5, Ktm1, Ktm2, 

Ktm3, Ktm4, Pan1 , 

Pan2, Pan 3, Pan 4, 

Pan 5 

G. diversifolia 

subsp. 

diversifolia 

isolate Dt_096 

maturase K 

(matK) gene 

1360 100 0 100.00 MK931205.1 

trnl F 

Dar1, Dar2, Dar3, Dar 

4, Dar5, Ktm1, Ktm2, 

Ktm3, Ktm4, Pan 1 , 

Pan 2, Pan2, Pan 3, 

Pan 4,Pan 5 

G. diversifolia 

subsp. 

diversifolia 

isolate G31 

tRNA-Leu (trnL) 

gene, 

1559 99 0 100.00 KF138336.1 

 

https://www.ncbi.nlm.nih.gov/nucleotide/KY425766.1?report=genbank&log$=nucltop&blast_rank=1&RID=FFRYWWHN016
https://www.ncbi.nlm.nih.gov/nucleotide/MK931205.1?report=genbank&log$=nucltop&blast_rank=1&RID=FG0UV6B901N
https://www.ncbi.nlm.nih.gov/nucleotide/KY425766.1?report=genbank&log$=nucltop&blast_rank=1&RID=FFRYWWHN016
https://www.ncbi.nlm.nih.gov/nucleotide/KY425766.1?report=genbank&log$=nucltop&blast_rank=1&RID=FFZKJBZF016
https://www.ncbi.nlm.nih.gov/nucleotide/KY425766.1?report=genbank&log$=nucltop&blast_rank=1&RID=FFYZGY0E01N
https://www.ncbi.nlm.nih.gov/nucleotide/MK931205.1?report=genbank&log$=nucltop&blast_rank=1&RID=FG0UV6B901N
https://www.ncbi.nlm.nih.gov/nucleotide/KF138336.1?report=genbank&log$=nucltop&blast_rank=1&RID=FG1BJT05016
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4.1.3.2 Phylogenetic analysis 

4.1.3.2.1 Selection of the best fit model of nucleotide substitution 

Before the construction of phylogenetic trees generated from sequences of G. 

diversifolia accessions of different populations from Nepal, the best fit model of 

nucleotide substitution was selected for ITS, matK, rbcL, trnL-F sequences using 

Jmodel test 2.1.4 (Darriba et al., 2012). 

The lowest BIC score was found to be 6069.153 for T92+G (Tamura 3 parameter) for 

ITS sequences-based tree construction. Likewise, matK sequences-based tree 

construction showed the lowest BIC score i.e. 4051.263 for T92 parameter. For rbcL 

based tree construction BIC score was found to be 5479.45 for T92+G parameter. 

Similarly, trnL-F sequences-based tree construction showed the lowest BIC as 

5389.145 T92 (Table 24). Therefore, Tamura 3 parameter was selected as the best 

model of nucleotide substitution.  

Table 24: Best fit model of nucleotide substitution for sequences of four different DNA regions 

 ITS matK rbcL trnL-F 

Best model T92+G(6069.15) T92(4051.26) T92+G(5479.45) T92(5389.14) 

Where, T92 = Tamura 3parameter 

+G = Gamma distribution 

4.1.3.2.2 Phylogenetic tree construction 

MatK gene segment was highly conserved, there was a single substitution mutation 

(A-T). Samples from Kathmandu had ‘T’ (Thymine) instead of ‘A’ (Adenine) from 

the rest of the samples (Figure 35).  

Sequences from NCBI and sequences from our study showed the sequences under the 

Genus Girardinia formed three clades (Figure 36). The G. diversifolia sequences 

from Kathmandu and Panchthar of Nepal formed a clade with the subspecies G. 

diversifolia subsp. diversifolia. Another clade was formed from the sequences of 

subspecies G. diversifolia subsp triloba, whereas the third clade was formed from 

sequences of G. diversifolia subsp. suborbiculata.  
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Figure 35: Variable sites of MatK region among the samples of G. diversifolia using multiple sequence 

alignment.  

 

Figure 36: Maximum likelihood (ML) tree for matK gene (736 bp). Node values represent RAxML 

percentage bootstrap probability. 

4.1.4 Fiber processing 

Spray retting method (SRM) was used to extract fiber from the bark of G. diversifolia. 

There was no need for steam treatment and high temperature boiling and fiber 

cooking, which ultimately saved fuel. Foulk (2001) has suggested that normal 

atmospheric conditions in SRM are conducive to enzyme penetration and fiber retting. 

Using the spray retting method (SRM), the effects of various chemical and enzymatic 

retting agents on the fiber were studied, the results of which are described below. 
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4.1.4.1 Spectroscopic characterization using fourier transform infrared 

spectroscopy (FTIR).   

The FTIR spectra of treated and untreated fiber of G. diversifolia, position and 

probable assignments using different retting agents are given in Figure 37 and Table 

25.   

The peak at 3313 cm-1 shows hydroxy group, H- bonded, O-H stretch which is the 

characteristics of hydroxy compound group frequencies and alcohol (Coates 2000 & 

Kumar et al., 2017). The peak at 2927 cm-1 is due to aliphatic alkane or alkyl group 

frequencies showing methyl/methylene C-H stretching and bending vibration of 

cellulose and hemicellulose constituents of the fiber (Kale et al., 2018). The peak at 

1647 cm-1 corresponds to alkenyl C=C stretch, primary, secondary amine NH bend.  

Peak at 1558 cm-1 corresponds to carboxylic acid groups of hemicellulose, aliphatic 

nitro compounds. The peak at 1319 cm-1 corresponds to aromatic primary, secondary, 

and tertiary amine C-N stretch. The peak at 1026 cm-1 corresponds to cyclohexane 

ring vibrations, C-F stretch, aliphatic phosphates (-P-O-C-) stretch, and primary 

secondary C-N stretch. The peak at 894 cm-1 corresponds aromatic C-H out-of-plane 

bend, 1,3-disubstitution (meta), aromatic phosphate (-P-O-C) stretch, β-glucosidic 

linkages in hemicelluloses, cellulose and =C–H bending alkenes (Kumar et al., 2017). 

The peak at 779 cm-1 corresponds aromatic C-H out-of-plane bend. The peak at 667 

cm-1 shows aromatic C-H out-of-plane bend, aliphatic bromo compounds, C-Br 

stretch, thioethers, and alcohol. Infrared transmittance peaks (frequency number cm-1) 

of fiber constituents obtained after treatment with given chemical are given in Figure 

37 and Table 25.  

The reduction of the peak intensity at 1650- 1640 cm-1 in NaOH and ENZ/CH treated 

fiber indicates that hemicellulose component is reduced by alkalization and enzyme/ 

chelator. The peak at 1647 cm-1 in untreated fiber showed hemicellulose constitutes 

the bonded water. Peak disappearance in ENZ/CH and NaOH treated fibers and 

shifting of peak at lower number in PENZ/CH indicates removal of bonded water 

from hemicellulose. The peak at 1319 cm-1 showed that in all the treated fibers 

except NaOH treated fiber, hemicellulose can be reduced using alkali in this fiber 

(Sim et al., 2012).  

The wavenumber of the peak positions for different functional groups is presented in 

Figure 37 representing untreated natural fiber (NAT), NaOH treated (NaOH), 
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pectinase enzyme treated (ENZ), pectinase enzyme with chelator (ENZ/CH) and 

crude papaya enzyme with chelator (PENZ/CH) respectively.  
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Figure 37: FTIR spectra of untreated (NAT); Sodium hydroxide (NaOH); Pectinase enzyme (ENZ); 

Pectinase/EDTA (ENZ/CH); and enzyme from papaya pericarp/EDTA (PENZ/CH) treated fiber. 

Table 25: Infrared transmittance peaks of fiber constituents (frequency number cm-1) 

Functional 

group  

NAT 
ENZ/CH NaOH PENZ/CH ENZ 

-OH 
3313 

3332 3329 3325 3332 

C-H  
2927 

2897 2900 2916 2920 

C=C  
1647 

- - 1620 1620 

C-C, N-0  
1558 

1423 1419 1419 1419 

C-F, C-N  
1026 

1026 1018 1022 1022 

=C-H  
 

898 894 894 894 

-OH  555 - 667 667 
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4.1.4.2 XRD analysis of untreated and treated nettle fiber 

Structure of cellulose in fiber can be determined by observing crystalline and 

amorphous regions using XRD (Mwaikambo & Ansell 2002, Zhao et al., 2007). The 

use of XRD has mostly been used to evaluate fiber containing cellulose as a major 

component (Park et al., 2010). X -ray diffractograms of treated and untreated nettle 

fiber are shown in (Figure 38). All the samples showed characteristics peak of 

cellulose I ( 22≥ 2θ ≤ 23) which corresponded to cryst Allographic plane 002 

(Sawpan et al., 2011); another peak at 15.3 corresponded to cryst Allographic plane 

101 (Cao & Tan, 2005). The measured crystallinity index (CI) showed the highest 

crystallinity in NAT (91%). Among the treatments, PENZ/CH (87%) treatment was 

observed to have highest CI followed by NaOH (84%), ENZ (84%), ENZ/CH (79%). 

The highest CI observed was that of NAT, followed by all the treatments. (Figure 38). 
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Figure 38: X-ray diffractogram of untreated and treated G. diversifolia. 

4.1.4.3 Optical Microscopy 

Photographic documentation of the fibers was summarized using macro-photographic 

images and micrographs by means of optical microscopy in the figures (Figure 39 and 
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Figure 40). The clear differences in shape (see Figure 39, A) untreated  fiber, colour 

(Figure 39, B) and overall fineness between the differently treated fiber (see Figure 

39, B,C,D,E).  The fineness can be assessed in more detailed by optical micrographs 

in Figure 40. Few samples (sample B, D, E) were characterized by fine morphology 

where most fibers were separated (see Figure 40). The qualitative assessment of the 

morphology of samples are: A, very coarse; B, most fiber separated; C, fibers partly 

separated; D, most fiber separated; E, fibers partly separated.  The fiber treated with 

NaOH and ENZ/CH are mostly separated than ENZ and PENZ/CH treated fiber. 

A          B 

    

 

C D 

    

E 

 

Figure 39: Macroscopic pictures of differently treated fiber; the scale of the raster is 

1 cm × 1 cm A: NAT; B: NaOH, C: ENZ, D ENZ/CH, E: PENZ/CH) 
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A    B 

  

C         D 

  

E 

 

Figure 40: Micrographs of fibers retting in sodium hydroxide, pectinase only, pectinase/chelator, 

Papaya extract/chelator. A: NAT; B: NaOH, C: ENZ, D ENZ/CH, E: PENZ/CH) 

4.1.4.4 Uniaxial tensile testing 

The mass- related load vs. strain diagrams of the collected samples are  summarized 

in (Figure 41). As typical for irregular natural fibers the shape and size of the 

diagrams scatter to a high degree which may  mask possible relationships between the 

mechanical properties and the morphology of the fibers and fiber preparation (Figure 

41). Mass-related load vs. strain diagrams from uniaxial tensile testing treated with 

NaOH (Figure 41B) showed less scattered graph.  This means fiber treated with 

NaOH showed relatively regular tensile strength than other treated fibers.   

Mass of fiber bundles is summarized below (Table 26). The average mass of ENZ/CH 

treated fiber was found highest 39.14 mg than fiber treated with ENZ (30.84 mg), 

NaOH (30.72 mg), PENZ/CH (23.8 mg) and NAT (19.64 mg).     
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A          B 

     

C         D 

     

E 

 

Figure 41: Mass-related load vs. strain diagrams from uniaxial tensile testing. A: NAT; B: NaOH, C: 

ENZ, D ENZ/CH, E: PENZ/CH) 

Two parameters were collected from the mass-related load vs. strain diagrams as 

summarized in Figure 42. The mass-related tensile strength is related to the maximum 

load and the mass-related elastic modulus is calculated as the maximum slope of the 

mass related load vs. strain diagrams before passing through the maximum. The mean 

values are given in Table 27.  
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Table 26:  Mass of the fiber bundles 

No. 
Mass (mg) 

NAT NaOH ENZ ENZ/CH PENZ/CH 

1 9.1 32.5 30.5 43.6 24.9 

2 12.8 33.1 37.0 44.5 16.1 

3 11.9 28.7 23.8 36.5 20.1 

4 34.6 29.9 30.6 27.9 31.4 

5 29.8 29.4 32.3 43.2 26.5 

Average 19.64 30.72 30.84 39.14 23.8 

 

From Figure 42 A, it is clear that most single tensile strength modulus data points are 

located in well-defined scatter band. Furthermore, as shown in Figure 42 A and Table 

27, the mean data of most fibers are scattered in a narrow range close to 2.77 N 

mm/mg for the mass-related tensile strength and 62.8 N mm/mg for mass-related 

elastic modulus respectively. The average tensile strength 2.83±0.15 (N mm/mg) and 

elastic modulus  68.4±9.4 (N mm/mg) of NaOH treated fiber showed highest (Figure 

42 B), compared with other treatments such as enzyme with chelator D, (ENZ/CH); 

A, (NAT); C, Enzyme only (ENZ);  and crude papaya enzyme with chelator 

(PENZ/CH). This means NaOH treated fiber possesses highest tensile strength than 

other treated fiber. 

A       B 

                 

Figure 42: Uniaxial tensile testing (A) scatter band, (B) Mass-related tensile strength N mm/mg, and 

mass related-elastic modulus N mm/mg. 
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Table 27: Mean measurement of mass-related tensile strength and mass related elastic modulus. 

Symbols 
Mass-related tensile strength                     

(N mm/mg) 
Mass related elastic modulus (N mm/mg) 

NAT 2.75±1.01 88.0±35.0 

NaOH 2.83±0.15 68.4±9.4 

ENZ 2.75±0.51 64.0±12.4 

ENZ/CH 2.07±0.57 46.4±23.4 

PENZ/CH 2.79±0.86 60.4±4.8 

4.1.5 Use pattern of G. diversifolia 

4.1.5.1 Cultural use of G. diversifolia by indigenous peoples of Nepal 

Rai community particularly Kulung Rai firmly believes that G. diversifolia is 

associated with the creation of the world. They do have a distinct use of clothes 

prepared from G. diversifolia in different occasions. Like in the rite for god "Nagi" 

they offer the cloth made from G. diversifolia (Dougal, 1973). In the marriage 

ceremony, at the time of entering groom’s house and in the funeral ceremony too G. 

diversifolia cloth is one of the essential items. The traditional green and red colour 

stripped G. diversifolia fabric called “lalachaar” or “lukspa” is used by Shaman’s 

during rituals (Figure 43). During funeral rites of Kulung Rai, dyed G. diversifolia 

cloth is the important requirement. 

 

The materials required for dyeing G. diversifolia cloth are known only to a few older 

people, who maintain purity during funerals. Even if the corpse is wrapped after 

dyeing the cloth, the cloth should be taken out before cremation. Natural dye 

materials for textiles can also provide market opportunities for natural fibers. Rai 

communities use G. diversifolia as fodder for livestock. 
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Figure 43: Fabric of naturally dyed G. diversifolia  

Fiber of G. diversifolia has also been found to be used in weaving in other parts of 

Nepal e.g., Gurung community living in the Annapurna Conservation Area (ACA) 

prepares "Bhangra" using fiber of G. diversifolia. There are two types of bhangra 

locally made by local community in this area, such as "masino kuldu" which is soft in 

texture and "gardu kuldu" which is coarse in texture (Gurung et al., 2012). Festivals 

like "Tamu Losar" of Gurung community, men wear soft bhangras and white shirts, 

which are also used to carry luggage. They use coarse bhangras as sacks for 

harvesting crops, collecting firewood and gathering grass (Gurung et al., 2012). 

Chhantyal communities living in Baglung and Myagdi Districts of Nepal, exchange 

G. diversifolia cloth with surrounding villagers to develop social relations called 

Gharpati (house owner) and Sangina (guest). Therefore, G. diversifolia cloth is used 

as gift and is believed to bring good luck to the family (Pun, 2011). 

4.1.5.2 Traditional use and processing of G. diversifolia 

Various parts of G. diversifolia like roots, stems, leaves, and inflorescences are used 

by local healers (Vaidhya). Local ethnic communities such as Thagunna, Dhami and 

Bohora living in Darchula District use G. diversifolia to treat joint pain, gastritis, 

headache, asthma, and tuberculosis. 
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Table 28: Use of G. diversifolia by local communities in Nepal. 

Parts used Traditional use 

Root 
Root juice is used in the treatment of gastritis. The root paste is used as a 

medicine to treat dog bites and to reduce joint pain. 

Bark 

Bark of the plant is used to make various items such as “Namlo” (porter strap), 

bags, fishing nets, jackets, sacks and carpets. Cloth made from G. diversifolia is 

believed to have an anti-allergic effect on the skin.  

Leaf 
The leaf juice is used in the treatment of headaches, tuberculosis, and joint pain. 

It is also used as a vegetable. 

Stem 
To heal a broken bone, the stalks are heated and wrapped around the legs and 

arms. 

Inflorescence Used as vegetable. 

 

A      B       C 

           

D      E       F  

           

Figure 44: Traditional technique used to extract fiber from the bark of G. diversifolia, and knitting 

equipment used in Nepal. (A) Harvest from the forest. (B) Cooking of G. diversifolia fiber in iron 

drum. (C) Drying of fiber. (D) Spinning of fiber. (E) Weaving technique in wooden loom. (F) Finished 

products (Source: Subedee et al., 2020) 

People of Nepal use locally available material to extract fiber from the stem of G. 

diversifolia. The processing practices and equipment used are listed in Table 29.  
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Table 29: Traditional processing equipment, materials, and technologies for G. diversifolia fiber used 

by the local communities of Nepal. 

Harvesting  

 

G. diversifolia is harvested from community forests and national forests using a 

variety of iron sickles (Hasiya, Khurpa, Khukuri). Porter straps (namlo) made from 

G. diversifolia are used by the locals to carry heavy loads. 

Wrapping cloth  
Inoperative clothes are used to remove the bark from G. diversifolia due to the 

presence of stinging hairs. 

Cooking drum  

 

Iron drums are used to boil the bark of G. diversifolia. Aluminum containers should 

not be used because caustic soda or sodium hydroxide (NaOH) and wood ash may 

react with aluminum containers. 

Cooking stove  
The traditional three-stone stove is used to boil the bark of G.diversifolia, which 

consumes a large amount of firewood. 

Wood ash 

 

Bark soaked in water for 24 hours is mixed with wood ash and boiled for 3 to 4 

hours. 

Caustic soda  

The bark of G. diversifolia is strongly bound to the pectin molecule. This non-

fibrous part is difficult to remove. Caustic soda is used to remove the non-fibrous 

substances of the bark, about two grams of caustic soda is used in1 kg of bark. 

Wooden 

hammer  

"Mungro" the traditional wooden hammer is used to remove the non-fibrous 

substances of the bark. 

White clay, talc 

(Kamero) 

White clay called "kamero" is often used to soften fibers. This white clay helps in 

removing the non-fibrous part. 

Hand spindle 

(Katuwa) 

The hand spindle "Katuwa" is used for spinning fiber because it is portable and can 

be used while walking.   

Handloom 
Locally available species of  Prunus cerasoides, Pinus wallichiana,  

Dendrocalamus species and Quercus lanata,  are used to make handlooms. 

 

4.1.5.3 Harvesting 

Every year from October to December the local communities harvest G. diversifolia 

from the forest. Knife and hand gloves are used to remove bark (Figure 44). In some 

parts of far-western Nepal, people take stem from the forest to their homes, but in 

eastern Nepal, most of the people in Sankhuwasabha District take only bark of G. 

diversifolia from the forest. 

4.1.5.4 Income generation from G. diversifolia 

G. diversifolia is an alternative source of income for people living in 

Shankhuwashbha District and Darchula District.  Primarily, women are involved in 

harvesting, processing and product design. The women sell bark, spinned fiber, bags, 

jackets and garments made from G. diversifolia in national markets (Adhikari et al., 

2018; Subedee et al., 2017). Study conducted by ICIMOD (2015), Adhikari et al., 

(2018) and Subedee et al., (2017) showed that the annual income of working women 

in Allo sector of Darchula District was about NRs 35,000 which helped women to 

meet their household expenses. 
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4.1.5.5 Cost and benefit analysis during harvesting and processing of G. 

diversifolia 

Costs and benefits were analyzed in 2017 in consultation with entrepreneurs and Allo 

workers of Khar VDC in Darchula District. Detailed cost analysis from harvesting to 

making goods from G. diversifolia is given in Table 30, the study showed less profit 

in selling dry Allo bark, about 20.45 percent loss in the selling of spinned yarn, and 

64 percent more profit in selling woven Allo cloth. 

 

Table 30: Cost analysis of G. diversifolia during processing, and weaving in Darchula District. 

Steps  Activities  Weight (kg)  Day/man  
Cost 

NRs  

Selling 

price per 

kg) 

Selling 

price 

(NRs ) 

Profit 

% 
Loss% 

1. 

Green, fresh bark 

collection from 

forest 

25 1  400     

2 
Drying Allo 

Bark 

An average of 5 kg 

dry bark remains 

after drying.  

 

  

Dried 

bark 

NRs 

100/kg 

500 25  

3 
Firewood for 

cooking “Allo 
50 kg  400     

4 

Cooking, beating, 

washing, and 

mixing with 

Kamero (soil) 

4 kg of wool 

produced 

(1 kg gets wasted 

while beating) 

2 800     

5 Spinning yarn 

Average of 3.5 kg 

remains (0.5 gm get 

wasted while 

spinning) 

7 

2800 + 

1600 = 

4400 

1000/kg 3500  20.45 

6 
Preparation of 

Loom 
 1 400     

7 
Weaving of Allo 

Cloth 

3.5 kg yarn ( From 1 

kg yarn 

3m cloth can be 

produced) 

4 

1600 + 

4800 = 

6400 

1000/m 10,500 64  

 Total  15  12,800  14,500 13  
 

4.1.5.6 G. diversifolia in natural habitat of Nepal 

Focus group discussions, key informant interviews, and semi-structured 

questionnaires were used to collect the information regarding the status of G. 
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diversifolia in its natural habitat. G. diversifolia fiber processers, fiber collectors, and 

traders were invited to focus group discussions and informal meetings.   Out of total 

of 110 respondents, 89% responded that the natural habitat of G. diversifolia was 

disturbed. Due to natural habitat destruction, the growth of plant species was found to 

be declining. Detailed analysis is given in Figure 45.   

 

Figure 45: Causes of declining natural habitat of G. diversifolia. 

Sheep farming is one of the alternative sources of income for the people of Darchula 

District. It is also the source of meat (food), wool, and manure. Sheep excrement is a 

good source of manure for G. diversifolia. G. diversifolia seed stuck to the sheep's 

wool during grazing helps in spreading seeds in forest and thus enhances plant 

regeneration. Sheep are still used for transportation of goods in some of the VDCs of 

Darchula District. Many traditional routes pass through the forests. Nowadays CFUGs 

do not allow sheep grazing in community forests; Thus, the lack of access to 

traditional grazing areas in the forest has affected sheep farming, and it had a major 

impact on the natural resurgence of G. diversifolia. Approximately 23% of 

respondents reported that the loss of G. diversifolia in natural habitat is due to the 

decrease in sheep numbers. Approximately 27% of the respondents mentioned that the 

loss of natural habitat of G. diversifolia is due to the decrease in traditional practice of 

cattle shifting. Approximately 20% of the respondents said that G. diversifolia habitat 

damage was caused by the increase in cultivation of large cardamom (Amomum 

subulatum) and Chirayito (Swertia chirayita) in previously G. diversifolia growing 

lands in eastern region of Nepal. About 10% of respondents reported that 

deforestation was the cause of the G. diversifolia population decline. G. diversifolia 
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grows in wet, damp and shady places; therefore, disruption of natural habitat affects 

the regeneration of the plant. Approximately 7% responded that the removal of the 

entire G. diversifolia plant to support the regeneration of fodder grass for domestic 

animals contributes to the loss of G. diversifolia, while about 8% responded no effect 

on the natural habitat. Only 5% realized the destruction is caused by the harvest of 

plants before seed maturation. 

4.1.5.7 Community practice of resources distribution 

Kulung community of Sankuwasabha District is following the calendar while 

harvesting G. diversifolia. They harvest G. diversifolia on special days in special 

months of a year. The Kulung community has formed a collection and processing 

group of G. diversifolia. Every year on the 1st day of Mangsir (mid-November) the 

Kulung community collects G. diversifolia from forest. They collect G. diversifolia 

from the forest for a week. According to collectors, the main reason for harvesting in 

mid-November is seed maturation, which helps in regeneration after mature seeds 

spread around the soil. They distribute the collected bark of G. diversifolia evenly to 

their members. However, no such community management practices have been found 

for G. diversifolia in the far west and central regions of Nepal. Disorganized 

collection of G. diversifolia has led to the degradation of natural habitat.  

4.1.5.8 SWOT analysis 

As the products made from Allo are likely to become popular in the national and 

international markets and create employment opportunities for rural people, it is 

important to know the strengths, weakness, opportunities, and threats of Allo value 

chain of Nepal, this research has done SWOT analysis. SWOT analysis showed that 

traditional knowledge on use of locally available material for Allo processing is a 

strength and immature collection, use of old equipments, use of caustic soda are some 

weakness and threats. The overall strength, weaknesses, opportunities, and threats for 

G. diversifolia in Nepal are listed below (Table 31). 
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Table 31: Strength, weakness, opportunity, and threat of Allo value chain present in Nepal. 

 Strength Weakness Opportunity Threat 

Input/Equipment 

Supply 

 Locally available resources 

(water, fire wood, and Ash) 

for Allo processing.  

 Handmade Charkhas 

(spinning wheels) and 

weaving machines made of 

strong wood can be 

manufactured locally. 

 Immature 

collection from 

Allo's natural 

habitat.  

 Lack of awareness 

in farming practices 

and irregular 

collection from 

natural habitats. 

 

Locally available 

natural dyeing 

materials for Allo's 

products.  

 Extreme use of 

caustic soda. 

Immature 

collection.  

Production 

 Sufficient availability of raw 

material in both national and 

community forests.  

 Women find opportunities to 

work on Allo related 

activities 

 Allo is being 

harvested directly 

from the forest and 

its availability has 

also declined due 

to lack of 

cultivation 

practices.  

 Can be cultivated 

on barren and 

private land. It is 

also possible to 

generate income. 

 

 Immature and 

over-

exploited. 

 There is a 

possibility 

that the plant 

itself will be 

affected when 

it is collected 

indiscriminate

ly. 

Processing 

 Knowledge of processing is 

traditionally available.  

 Easy availability of water 

and fuel wood. 

 Old equipments, 

lack of 

maintenance. 

 Lack of knowledge 

on proper use of 

caustic soda. 

 Job creation and 

potential to develop 

entrepreneurship. 

 Deforestation, 

forest fire, 

grass were 

saved for 

livestock but 

Allo plants 

were uprooted 

 

Trade  Demand  for Allo's products 

has grown significantly 

 Lack of quality and 

quantity of 

products to meet 

local and export 

markets. 

 

 Allo products are 

getting popular in 

national and 

international 

markets.  

 Processing 

techniques that 

are difficult to 

operate and 

time 

consuming. 

 The market 

price of Allo's 

products is 

very expensive. 

 

4.2 Discussion 

In the first part, the morpho-geographical analysis of G. diversifolia from Nepal has 

been discussed. In Nepal, two subspecies of G. diversifolia occur, these are G. 

diversifolia subsp. diversifolia and G. diversifolia subsp. suborbiculata (C.J. Chen) 

C.J. Chen & Friis; the later taxon is probably a new record for Nepal. The taxon is 

also probably a new record for Bhutan. Further, in the second part, genetic variation 
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of G. diversifolia subsp. diversifolia collected from the five populations representing 

eastern, central, and western regions of Nepal has been assessed. The five populations 

of G. diversifolia show a moderate degree of morphological and geographical 

divergence that are discussed below.   

4.2.1 Morpho-geographical study of G. diversifolia in Nepal 

During the course of scrutinizing the herbarium specimens of Girardinia diversifolia 

collected from Nepal and deposited at KATH, most of the specimens are identified as 

G. diversifolia subsp. diversifolia which has wide range of distribution ( Chapter 

4:4.1). However, one of the specimens of G. diversifolia was found interesting. The 

detailed critical study of the specimen after matching the specimen with published 

literatures Ambrish & Srivastava (2016); Shu et al. (2003), and matching with the 

protologue revealed that the specimen named as G. heterophylla belonged to an allied 

subspecies, i.e. G. diversifolia (Link.) Friis subsp. suborbiculata (C.J. Chen) C.J. 

Chen & Friis. Further, during a transboundary Kangchenjunga Landscape 

collaborative programme, I visited some parts of Bhutan and collected herbarium 

specimens of Girardinia diversifolia. The specimens were also identified as G. 

diversifolia (Link.) Friis subsp. suborbiculata (C.J. Chen) C.J. Chen & Friis.  

In the previous studies from Nepal (Rajbhandari et al., 2019; and Shrestha et al., 

2022); and Bhutan (Grierson & Long, 1983), only G. diversifolia subsp. diversifolia 

has been recorded. Therefore, G. diversifolia (Link.) Friis subsp. suborbiculata (C.J. 

Chen) C.J. Chen & Friis is probably a new record for Nepal and Bhutan, and 

publication based on new record of G. diversifolia subsp. suborbiculata is on pipeline. 

The study also confirms that characters of leaves, i.e. leaf shape, leaf lobes, leaf base, 

and leaf margin are good taxonomic characters to delimit the taxa into subspecies 

level.     

It is remarkable to note that morpho-geographical characters of different populations 

of G. diversifolia subsp. diversifolia from five different localities of Nepal are 

variable and overlap with each other in terms of height and diameter of stems, leaf 

length (cm); number of leaf lobes; male flower bud; stamens; female flower; and 

seeds. They do not give stable conclusive distinguishing characters to separate the 

populations. However, population from Kathmandu District shows some diagnostic 
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characters, such as height of plant, diameter of stem and coarsely dentate leaf margin 

(see Table 12). This demands to further study G. diversifolia at the genetic level.   

The average height of G. diversifolia is 150 cm to 300 cm (Lanzilao et al., 2016; 

Singh & Shrestha, 1988). In the present study, the G. diversifolia collected from the 

Panchthar District has the tallest height i.e., 330 cm, and the population of the 

Kathmandu District having shortest height i.e., 240 cm.  

Stems are herbaceous, erect, and cylindrical, woody at base, straight, branched, 5-

angled, and range from 100 cm to 300 cm tall. Stem surfaces are covered with 

stinging hairs (Friis, 1989). There are very few studies on the stem morphology of G. 

diversifolia. Sethmann, (2004) cultivated seeds from Sankhuwasabha District of 

Nepal in  Hamburg, Germany, and studied the stem anatomy where stems are divided 

into five equal segments in length.  A comparative study of the stem diameter from 

different places in Nepal is lacking. This study compared the basal diameter of the 

mature stem. The average stem basal diameter of G. diversifolia subsp. diversifolia 

from the Kathmandu District was the highest, 37.5 mm, and the stem basal diameter 

of G. diversifolia subsp. diversifolia from the Panchthar District had the lowest 

diameter, i.e. 18.5 mm. Local communities involved in the processing and 

manufacturing of textile products from G. diversifolia prefer as well as consider that 

smaller stem diameters and longer lengths of stem yield for best quality of fibers. 

However, from our study, basal diameter and length of stem seem to be a poor 

predictors for population/ecotypes delimitation of G. diversifolia subsp. diversifolia.   

The G. diversifolia has tremendous variation in leaf morphology. This has led to 

distinguish G. diversifolia into different subspecies (Friis, 1989; Shu et al., 2003). The 

plant has various degrees of division in the leaf (Friis, 1981). G. diversifolia subsp. 

suborbiculata has leaves suborbicular, base rounded or truncate, leaf blades not lobed, 

or rarely 3-lobed, margin dentate or doubly dentate; G. diversifolia subsp. diversifolia 

has leaves ovate, leaf base subtruncate, 3, 5, or 7-lobed, margin regularly serrate or 

doubly serrate at leaf base; and  G. diversifolia subsp. triloba  has leaves broadly 

ovate to obovate, often 3-lobed, lobes triangular, terminal one 3-7 cm, lateral lobes 

1.5-3 cm, base truncate or cordate, margin regularly dentate or doubly dentate margin 

(Shu et al., 2003). These results confirm previous findings by Friis (1981), Shu et al., 

(2003), Ambrish & Srivastava (2016).  
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Among the three subspecies of G. diversifolia, G. diversifolia subsp. diversifolia 

seems a polymorphic species with variations in the morphology of leaves. These 

morphological variations in leaves, in particular leaf margin, have led taxonomists to 

describe different taxa, and more than a dozen of synonyms have been established. 

Some of the common synonyms include Urtica diversifolia Link, Enum. Hort. Berol. 

2: 385. 1822; Girardinia chingiana Chien; G. condensata (Steudel) Weddell; G. 

cuspidata Weddell subsp. grammata C. J. Chen; G. diversifolia subsp. ciliata (C. J. 

Chen) H. W. Li; G. formosana Hayata; G. heterophylla (Vahl) Decaisne; G. 

leschenaultiana Decaisne; G. longispica Handel-Mazzetti; G. longispica subsp. 

conferta C. J. Chen; G. palmata Blume; G. palmata subsp. ciliata C. J. Chen; G. 

suborbiculata subsp. grammata (C. J. Chen) C. J. Chen; G. vitifolia Franchet; U. 

buraei H. Léveillé; U. condensata Steudel; U. heterophylla D. Don; U. lobotifolia S. 

S. Ying; U. palmata Forsskål (Shu et al., 2003).      

The population study of G. diversifolia subsp. diversifolia shows leaf blades ovate, to 

oblate in outline, base cordate, or subtruncate. But, leaf lobes vary from 1 to 7 lobes; 

in general, young leaves are undivided, and the mature ones are 3 to 7 lobed,  10 to 14 

cm long, and often are as broad as the length or slightly smaller leaf base obtuse in 

populations from Darchula, Kaski, Dolakha and Panchthar Districts; whereas, obtuse 

to truncate from Kathmandu District; margin serrate from the population of Darchula, 

Dolakha and Panchthar Districts or coarsely serrate, rarely coarsely dentate from the 

population of Kaski and Kathmandu Districts. The average length of stipules of G. 

diversifolia from Dolakha District is 2 cm, which is the longest as compared to the 

samples from Darchula, Kaski, Kathmandu, and Panchthar Districts which were 1 cm 

long. Despite of the above distinguishing characters, the leaves of G. diversifolia 

subsp. diversifolia are very variably divided, with various degrees of divisions of the 

leaves on the same plant, and are always with three major nerves from the base of the 

leaf blade. The variations in leaf characters collected from different populations do 

not allow to keep them as distinct varieties. However, some diagnostic characters 

among the populations from different localities have been observed where 

intermediary forms (such as leaf base obtuse from Darchula, Kaski, Dolakha, and 

Panchthar District or obtuse to truncate from Kathmandu District; leaf margin serrate 

from Darchula, Dolakha and Panchthar District or coarsely serrate from Kaski District 

or coarsely dentate from Kathmandu District) have also been observed. So, we 
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consider G. diversifolia subsp. diversifolia as one polymorphic taxon with no further 

intraspecific taxa.    

Some species of the Urticaceae family only contain the pustulate trichomes in veins at 

the abaxial surface of the leaf such as Urtica thunbergiana (Fu et al. 2003).  The 

trichomes of G. diversifolia are found in both the adaxial and veins of the abaxial 

surface. Fu et al. (2003) recorded the longest trichomes of G. diversifolia 5.62 mm 

compared with the trichomes of Dendrocnide meyeniana, Urtica thunbergiana, 0.37 

mm, and 2.65 mm respectively. From the present study, the longest length of 

trichomes of G. diversifolia is from Panchthar District i.e., 3.7 mm and 4 mm at the 

adaxial and  abaxial surface respectively among the collected samples from Nepal. A 

number of trichomes per cm2, however, varies. For example, number of trichomes at 

adaxial surface is 3 per cm2 from Kaski District. Despite, some differences in the 

number of trichomes, this does not provide good indicator to delineate the populations 

into further infraspecific taxa.  

This study also resembles with the male flower having perianth 4, stamens 4, and 

rudimentary ovary conspicuous; female flowers 3 lobes, tubular. The achenes are 

broad, compressed, 2 to 3.05 mm long, and 1.55 to 2.75 mm broad; cotyledons broad, 

persistent stigma usually reflexed (Friis, 1981; Friis, 1993; Kim et al., 2015, Shu et 

al., 2003). 

G. diversifolia is found in 55 districts of Nepal (Bhandari, 2019), especially in hilly 

areas having high humidity and cold weather. The result of the distribution pattern of 

G. diversifolia of Nepal agrees with previous results, for example, the taxon is widely 

distributed in tropical Africa to Madagascar (Brink, 2009), subtropical and temperate 

Asia (Polunin & Stainton, 1984).  

 Various studies mention that G. diversifolia subsp. diversifolia is found at an altitude 

of 3,999 m to 1, 999 m above sea level (Lanzilao et al., 2016; Hara et al. 1982; 

Hooker, 1992; Polunin & Stainton, 1984) and 1,200 m to 3,000 m (Barakoti & 

Shrestha, 2008; Shrestha et al. 2020). Geographical distribution seems fairly a good 

predictor of the infraspecific relationship within G. diversifolia, and this result is in 

contrast to Urtica thunbergiana (Große-Veldmann, 2017).  In China, three subspecies 

of G. diversifolia have somewhat distinct as well as superimposed distribution 



102 

 

patterns. For example, G. diversifolia subsp. diversifolia occurs in between 1,500-

2,800 m; G. diversifolia subsp. suborbiculata between (?100)400-800 m; and G. 

diversifolia subsp. triloba between 300-1800 m (Shu et al., 2003). Two subspecies of 

Girardinia diversifolia have been reported from India; the first one G. diversifolia 

subsp. diversifolia is widely distributed; and the second one is G. diversifolia subsp. 

suborbiculata which is reported a new record of subspecies for India from Western 

Himalaya (Garhwal), Uttrakhanda collected at an altitude of 1,800-2,500m (Ambrish 

& Srivastava, 2016). In Bhutan, only G. diversifolia subsp. diversifolia occurs 

(Grierson & Long, 1983). However, during the course of study, we have collected 

herbarium specimens from Bhutan which belongs to G. diversifolia subsp. 

suborbiculata; this subspecies is probably a new record for Bhutan, and the 

publication of the new record is on pipeline.  

In the present study, the samples collected from Nepal ranged from 099 m to 0,099 m 

above sea level. This shows that G. diversifolia subsp. diversifolia in Nepal has wide 

geographical range compared to China and India where the taxon is distributed from 

1,500 to 2,800 m (Shu et al., 2003) This may be attributed to adaptation in local 

environmental conditions (Große-Veldmann, 2017); however, populations of G. 

diversifolia subsp. diversifolia fail to diverge from the common gene pool nor do they 

develop any isolation mechanisms. These findings are in consistent with the findings 

of Urtica dioica, another species from Urticaceae where morphologically similar 

populations do not develop isolation mechanism (Große-Veldmann, 2017). Further 

study requires study of trait variation of G. diversifoilia subsp. diversifolia along 

elevation gradients or variation of phenotypic plasticity among different populations.  

4.2.2 Genetic Variation in G. diversifolia 

4.2.2.1 DNA extraction and method modified 

Using the standard protocol of Doyle and Doyle (1987), several attempts were made 

to isolate genomic DNA from G. diversifolia. Many barriers were faced from the very 

first stage of DNA extraction, including cell lysis and DNA elution.  Due to the 

presence of various polyphenols and secondary metabolites in G. diversifolia, the 

Doyle and Doyle (1987) protocol could not produce good quality DNA, and 

ultimately inhibited the PCR amplification. According to Khanuja et al. (1999), the 



103 

 

biochemical components in the plant tissue of different species differ, thus standard 

protocol may not provide optimal DNA yield, and closely related species also may 

require different methods.  According to Porebski et al. (1997) increased 

concentration of PVP and β-mercaptoethanol in the extraction buffer plays an 

important role in neutralizing the oxidation of tannins, polyphenols, and secondary 

metabolites. Thus, procedure described by Doyle and Doyle (1987) was modified by 

increasing the concentration of β-mercaptoethanol (2% to 5%), increasing the 

concentration of NaCl from 2 M to 5 M, addition of Phenol:Chloroform:Isoamyl 

Alcohol for deproteinization process and increasing the concentration of PVP (1% to 

5%). Similarly, by modifying the CTAB protocol of Doyle & Doyle in Tridax 

procumbens, Aloe barbadensis, Cissus quadrangularis, Catharanthus roseus, 

Tinospora cordifolia and Dracaena cambodiana, quality genomic DNA was extracted 

from the plants (Aboul-Maaty et al., 2019, Tiwari et al., 2012). 

According to Arruda et al. (2017) the ratio of absorbance at A260 / A280 nm range 

are recommended from 1.8-2.0, and the ratio of absorbance at A260 / 230 nm are 

recommended from 2.0-2.22, for impure free DNA. Absorbance above 2.0 indicates 

the contamination of phenol in extracted DNA, while low absorbance indicates the 

presence of protein. The modified protocol showed average value of 1.83 which 

confirmed the extraction of pure DNA in the A260 / A280 and A260 / A230 ratios. 

The optimized method showed an average value of 400 ng / µl DNA extracted from 

the leaves of G. diversifolia. 

Polysaccharide in the isolated DNA of G. diversifolia was effectively removed by 

using 5 M NaCl (Table 14). Studies conducted in other plant species such as 

Capsicum sp., Mangifera indica,  Eclipta alba, and Aegle marmelos have shown that 

this modification effectively removed polysaccharides ( Chandran, 2010; Devi et al., 

2018;  Kit & Chandra et al., 2010; Kumar et al., 2018; Shukla et al., 2018). Similarly, 

5 M NaCl concentration removed  polysaccharide contamination and reduced 

polyphenols from the leaves of Grewia  asiatica ( Shukla et al., 2018).  

During genomic DNA extraction process, high concentration of PVP in the extraction 

buffer improves DNA quality by removing secondary metabolites (Osena et al., 

2017). Similarly, Some studies suggested using  5% PVP in CTAB buffer such as in 

Vigna sp. (Choudhary et al., 2008); Mimosa tenuiflora (Arruda et al., 2017) to obtain 
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good quality DNA pellet. Therefore 5% PVP was mixed in 2% CTAB buffer which 

removed polyphenols. 

Proteins are reduced by β-mercaptoethanol (Tiwari et al., 2012). According to Arruda 

et al. (2017), high concentrations of β-mercaptoethanol is essential for the reduction 

of polyphenols during the extraction of genomic DNA from plants. The modified 

protocol contains 5% β-mercaptoethanol instead of the 2% used by Doyle and Doyle, 

(1987), which was useful to reduce gray DNA pellet and clear DNA pellet was 

obtained. Similarly, a study in Litchi chinensis (Arruda et al., 2017; Puchooa, 2004) 

showed that increased concentration of β-mercaptoethanol helped produce clear DNA 

pellet. Phenol:Chloroform:Isoamyl Alcohol is used to remove polyphenols (Anerao et 

al., 2016). Polyphenols often damage genomic DNA, therefore, Phenol: 

Chloroform:Isoamyl Alcohol was used which removed polyphenols, and thus pure 

genomic DNA was extracted.  

4.2.2.2 ISSR- PCR optimization and primers selection 

ISSR is a molecular technique that involves the use of microsatellite sequences as a 

primer and is used to study genetic variations in plant species. It depends on the 

quantity and quality of extracted DNA.  The selection of primer is another important 

factor because the same primer may perform different PCR amplification results in 

different species (Khanuja et al., 1999). 

Optimization of ISSR-PCR is important to obtain the desirable reproducible DNA 

band pattern for genetic variation analysis (Amiteye, 2021). The sensitive reaction 

parameters which need to be optimized are purity and concentration of template 

DNA, Mgcl2 concentration, primer concentration, dNTPs concentration, Taq 

polymerase concentration, and PCR cycling conditions (Mohamad et al., 2017). After 

genomic DNA was extracted from G. diversifolia, PCR was performed using Master 

Mix (New England Biolab). PCR master mix failed to show the result therefore, 

separate Taq polymerase, dNTPs, from VIVANTIS (Malaysia) were used ISSR-PCR 

was optimized using genomic DNA extracted from G. diversifolia. Five main factors; 

dNTPs, MgCl2, Taq DNA polymerase, template DNA, primers (University of British 

Columbia, Canada), and their concentrations were optimized.  The universal ISSR 

primer of University of British Columbia (UBC) was used to optimize PCR 
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amplification. Thermocycler was programmed by testing various conditions using 

gradient PCR.  

The genomic DNA concentration of 50 ng, 4 mM Mgcl2, 0.6 mM dNTPs, 0.7 µM 

primer, 2 units Taq DNA polymerase, and annealing temperature of 45°C were found 

optimum for ISSR-PCR amplification. The clear reproducible bands have been 

obtained using the optimized condition. Finally, optimized PCR program was as 

follows:  93°C for 3 min, followed by 45 cycles of denaturing at 93°C for 30 s, 

annealing of primers at (45-52°C) for 45 s, extension at 72°C for 2 min, final 

extension at 72°C for 10 min and holding temperature at 4°C. Based on the literature 

review this is the first study focused on G. diversifolia using ISSR PCR reaction, but 

similar optimization process was also performed on Oryza sativa, Nothapodytes 

nimmoniana (Mohamad et al., 2017; Sane et al., 2012).  

Sixteen screened ISSR primers were selected based on previous research on Urtica 

dioica of Urticaceae Family (Haghpanah et al., 2016). Out of sixteen ISSR primers 

the ten ISSR primers were selected in this study (Table 16) indicated the existence of 

microsatellite regions of (GA)n, (TC)n, (AT)n, (AC)n in G. diversifolia which were 

also found in Urtica dioica (Haghpanah et al., 2016) and Boehmeria nivea (Liu et al., 

2009). Genetic polymorphism observed from 10 ISSR markers for G. diversifolia is 

higher (98.09 %) in comparison to the results observed for Urtica dioica (68%) 

(Haghpanah et al., 2016), and Boehmeria species (96.3%) (Zhang et al., 2014).  

4.2.2.3 Genetic variation in the population of G. diversifolia from Nepal using 

ISSR markers. 

ISSR markers are reproducible and sensitive markers (Zietkiewicz et al., 1994). Very 

limited studies have been performed to investigate the variation in G. diversifolia.   

Polymorphism information content (PIC) is a widely used metric of the use of 

molecular markers calculated based on the number of alleles and their distribution in 

population (Anderson et al., 1993; Botstein et al., 1980; Nagy et al., 2012). The 

maximum value of PIC in dominant marker is 0.5 (Chesnokov & Artemyeva, 2015). 

In this study, the average value of PIC of the primer was found to be 0.350. Sixteen 

ISSR primers were selected based on previous research on Urtica dioica of Urticaceae 
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family (Haghpanah et al., 2016). Out of the sixteen ISSR primers, ten ISSR primers 

showed clear, reproducible bands in G. diversifolia. The ten primers selected in this 

study had relatively proper distribution in population of G. diversifolia. UBC primer 

828 gave relatively high 0.428 PIC value in the study. A study conducted on the 

highly used natural fiber producing plant Linum usitatissimum showed the PIC value 

of 0.367 (Kumari et al., 2017).  

ISSR markers system assessed the genetic variation and similarities among and within 

the five populations of G. diversifolia from eastern, central and western Nepal.  The 

results of the similarity coefficient show that the genetic variation ranged from 0.16. 

to 0.98. High level of genetic variations were recorded from the population of 

Dolakha (PPB 51.91%, H (0.1928), I (0.2852) and lower level was recorded from the 

population of Darchula PPB (29.01%), H (0.1110), I (0.1629) (Table 20).  

The study obtained the effective number of alleles (1.38-1.74). Nei (1978) classified 

genetic differentiation between population (Gst) into three classes: low (Gst<0.05), 

moderate (0.05< Gst<0.15) and high (Gst>0.15). The genetic structure obtained in the 

study suggested that the genetic differentiation (Gst 0.594) is higher than the average 

(Table 20). The Shannon's index varies from 0 to 1 and the values closer to zero 

represent lower genetic diversity (Monfared et al., 2018). The Shannon’s diversity 

index obtained in the study was in an average of 0.523.  The Shannon’s diversity 

index from Dolakha (0.2852) was the most diverse population compared to Panchthar 

(0.2323), Kathmandu (0.1872), Kaski (0.1863), and Darchula (0.1629). High genetic 

differentiation in this species suggested that the individual populations are fairly 

isolated to reproduce and there is little current gene flow between them. The value of 

Nm was found 0.355. The value of gene flow (Nm) < 1 which denotes less than one 

migrant per generation into a population is the threshold value at which the 

differentiation occurs in population in a significant amount (Slatkin, 1985). Less than 

one Nm showed that the diversity maintained in the population is prone to genetic 

drift (Wright, 1949). 

The highest genetic identity was 0.756, which was found in the populations of 

Dolakha and Panchthar, with least genetic distance (0.278). The population of 

Darchula and Panchthar, which have a lowest genetic identity of 0.638, have a highest 

genetic distance of 0.4481 (Table 32).   
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Table 32: Nei's unbiased measure of genetic identity (above diagonal) and genetic distance (below 

diagonal) 

Population Darchula Dolakha Kathmandu 
Panc 

hthar 
Kaski 

Darchula ****     0.728     0.721     0.638     0.697     

Dolakha 0.316       **** 0.714     0.756     0.746    

Kathmandu 0.326    0.335       **** 0.682     0.714     

Panchthar 0.448     0.278     0.382       **** 0.731     

Kaski 0.360     0.292     0.336     0.312       **** 

In General, it is agreed that plant genetic variation changes with time and distance 

(Loveless, 1984). The extent and distribution of genetic diversity in a plant species 

depend on time and frequency with various factors such as its ecological and 

geographical factors, evolution and breeding system, and human factors (Rao et al., 

2002). 

Analysis of molecular variance (AMOVA) of G. diversifolia showed that higher 

distribution of genetic variation is present among the populations (60%) compared to 

within the populations (40%) with a significance value of p <0.001. The genetic 

diversity is closely correlated with different factors like effective population size, 

breeding system, natural selection, and life history traits (including life form, 

ecological tolerance, seed dispersal, and gene flow) (Slatkin, 1985). For G. 

diversifolia, the plant harbors shady moist habitat, commonly found in high altitudes 

above 1,000 m to 2,700 m in the mountain gorges. The similar analysis was observed 

in Stylosanthes scabra (Costa et al., 2018), Zingiber officinale (Das et al., 2017), 

Oryza granulata (Qian & Hong et al., 2001) and Cypripedium japonicum (Tian et al., 

2018). The study showed that there is clear association between geographical origin 

and genetic similarity among populations distributed in different regions.  

The present study also revealed that high level of genetic differentiation is present 

among populations from Darchula District and Panchthar District and genetic 

variation increased with an increase in geographical distance. The Gst value of 0.594 

also strengthened the result of the study. The Nm value less than 1, Gst value more 

than 0.15, and clear cluster formation depending upon geographic distance suggested 

that high level of genetic variance is present among the population of G. diversifolia.  
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4.2.3 Phylogenetic analysis 

Girardina was found to be a sister to Dendrocnide (Kim et al., 2015). The 

phylogenetic relationship between Girardina and Dendrocnide-Discocnide was 

indicated using DNA sequence data (Wu et al., 2013). Where, within G. diversifolia, 

three subspecies were recognized globally based on the number of lobes of leaf blades 

(Chen et al., 2003): subsp. diversifolia, subsp. triloba (C. J. Chen) C. J. Chen & Friis, 

and subsp. suborbiculata (C. J. Chen) C. J. Chen & Friis. However, from the 

morphological and phylogenetic study conducted from the collected samples of 

Nepal, the results indicated the presence of subspecies i.e G. diversifolia subsp. 

diversifolia. Study of microsatellite region by ISSR showed genetic variation in G. 

diversifolia. Since ISSR is a dominant marker, it appears that specific co-dominant 

markers may be required for further detail studies. 

4.2.3.1 Characteristics of ITS, rbcL, matK, trnH-psbA, trnl-F 

The study of morphological characteristics was not sufficient to identify the 

homologous variations in G. diversifolia, thus molecular study was selected. This 

study has selected several universal molecular markers such as matK, ITS, rbcL, trnL-

F. These markers are successfully used to study other genera from Urticaceae Family 

(Runqing et al., 2015). Among the selected markers, matK gene only divided G. 

diversifolia into two clades (Figure 36). Molecular marker matK has placed the 

population of Darchula District and Panchthar District in one clade and the population 

of Kathmandu in another clade. From this result it can be referred that G. diversifolia 

from Kathmandu District has genetic variation on the basis of maturase gene (Figure 

35). This type of variation is new for G. diversifolia. It is known that the variability in 

the ITS, rbcL, trnL-F is relatively lower compared to the matK region (Yang et al., 

2012). Our data also agreed with the claim that there are no variable sites found in the 

ITS, rbcL, and trnL-F gene. ISSR study showed high diversity among the populations 

and low diversity within the populations from Panchthar, Kathmandu, and Darchula 

Districts. ISSR study indicated variation in the microsatellite region of G. diversifolia 

and DNA sequences mostly matK gene indicated variation in maturase gene. 
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4.2.4 Fiber processing 

Matrix degrading chemicals and enzymes with chelators in the spray enzyme retting 

(SER) method make the retting process extremely easy (Akin et al., 2000; Akin et al., 

2002). Ethylenediaminetetraacetic Acid (EDTA) is an effective chelator at pH 5.0 

which sequesters calcium ions from the fiber matrix solution (Adamsen et al., 2002). 

Enzymatic retting method extracts quality fiber in less time than other methods, but it 

is also a very expensive technology (Paridah et al., 2011). Enzymatic treatment 

facilitates the swelling of natural fiber shown in the study of jute yarn, hydrophilicity 

can be improved by treatment of pectinase by removal of hydrophobic pectin 

(Dhiman & Battan, 2008). According to Martial et al. (2017), papaya pericarp 

extracted pectinase could be a potential source for degrading pectin due to their broad 

substrate specificity with high stability. This study also showed that pectinase enzyme 

from papaya pericarp has the potential to be used for retting of natural fiber. Alkaline 

and enzymatic retting process have saved the fuel than the traditional dew retting, 

steam explosion and high temperature boiling technique (Dreyer et al., 2002). 

4.2.4.1 Spectroscopic characterization  

The reduction of the peak intensity found at around 1650- 1640 cm-1 in NaOH and 

ENZ/CH treated fiber indicates the reaction of the C=O bonds of hemicelluloses 

(Figure 37). This reaction indicates that hemicellulose component of this fiber can be 

reduced by alkalization and enzyme with a chelator. The peak observed in 1647 cm-1 

in untreated fiber showed the bonded water in hemicellulose. Disapperance of this 

peak in ENZ/CH and NaOH treated fibers, shifted of peak at lower number in 

PENZ/CH indicates removal of bonded water from hemicellulose (Kabir et al., 2013). 

The characteristic peak at 1319 cm-1 was abundantly present in all the treated fibers 

except NaOH treated fiber indicating that hemicellulose can be reduced using alkali in 

this fiber (Sim et al., 2012).  

The peak at 2920 cm-1 of untreated fiber shifted to 2897 cm-1  in ENZ/CH, 2900 cm-1 

in NaOH and 2926 cm-1  in PENZ/CH which indicates the removal of lignin 

constituents (Kabir et al., 2013). There was lowering of peak intensity at 1419 cm-1 in 

ENZ/CH, PENZ/CH, NaOH, and ENZ treated fiber, C-C stretch in aromatic and CH2 

bending in lignin are considered (Figure 37). It shows that treated fiber helps to 

remove some amount of lignin from fiber (Kumar et al., 2017). The characteristic 



110 

 

peak at 1026 cm-1 is almost similar to NAT and ENZ/CH but shifts to 1018 cm-1 in 

NaOH treated fiber. The shifts observed indicate that few amounts of lignin is 

removed from the NaOH treated fiber but an insignificant effect was seen in 

PENZ/CH, ENZ treated fibers. 

Reduction in the intensity of peak at 894 cm-1 in ENZ/CH treated fibers was observed 

in C-H bonding of amorphous and crystalline cellulose (Kabir et al., 2013).  

The above analysis showed that NaOH, ENZ/CH, and PENZ/CH treatments have a 

degree of reactivity in removing lignin as well as hemicellulose components of the 

fiber. However, ENZ showed much less reactivity on the fiber component because 

there are very few changes in FTIR spectra compared to untreated NAT fiber. 

4.2.4.2   XRD analysis of treated and untreated fiber 

The XRD analysis of treated and untreated fiber samples showed characteristics peak 

of cellulose I ( 22≥ 2θ ≤ 23) which corresponded to cryst Allographic plane 002 

(Sawpan et al., 2011); and another peak at 15.3 corresponded to cryst Allographic 

plane 101 (Cao and Tan, 2005). The measured crystallinity index (CI) showed 

following order: NAT (91%)> PENZ/CH (87%)> NaOH (84%)> ENZ (84%)> 

ENZ/CH (79%). The Highest CI observed was that of NAT, followed by all the 

treatments. Among the treatments, PENZ/CH treatment was observed to have highest 

CI followed by NaOH treatment (Figure 38). The increased CI after PENZ/CH and 

NaOH treatments indicated improvements in the structure of cellulose. 

4.2.4.3 Optical Microscopy and Uniaxial tensile testing  

 In Figure 39 and 40 the photographical documentation of the fiber is summarized 

using macro-photographic images and micrographs by means of optical microscopy. 

Already by naked eyes clear differences in shape (see fiber NaOH ), colour (see fiber  

ENZ/CH)  (Figure 39) and overall fineness between the different fibers types have 

been recognized. Especially the overall fineness can be assessed in more detail by the 

optical micrographs (Figure 40). 

Natural fibers often show a high degree of variability in their fiber properties (Hearle 

& Morton, 0990). Fiber properties of G. diversifolia depend on various parameters 

such as stem section, growth conditions (location, fertilizer), air humidity and 

temperature (Sethman, 0999). According to Shrestha (1998) G. diversifolia stem 
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harvesting time showed differences in fiber quality. The tensile strength of G. 

diversifolia fiber has been shown to range from 300 MPA to 999 MPA while the 

Young's modulus has been shown to range from 9.8 to 00.5 GPA (Sethmann, 0999). 

G. diversifolia is the longest fiber among any bast fiber (Lanzilao et al., 2016). 

Several studies have concluded that alkali treatment conditions are conducive to an 

increase in the tensile properties of bast fiber. However, some studies have indicated a 

decrease in tensile properties, thus uniformity between the tensile properties of bast 

fibers and the alkali treatment conditions is not known. Kumar et al., (2017) used 5% 

to 10% NaOH concentrations in the fiber of G. diversifolia and showed increase in the 

tensile strength. The present work has also shown that tensile strength is 2.83±0.15 (N 

mm/mg) which is higher than that of natural untreated fiber 2.75±1.01 (N mm/mg), 

while 5% NaOH has been taken as the base. Similarly, fiber tensile strength increased 

by 81% in ramie, and 56% in coir after alkali treatment (Suriaman et al., 2021). 

Likewise, the application of pectinase enzyme has been found to increase fiber tensile 

strength in some studies and decrease fiber tensile strength in others. Saleem et al., 

(2008) in a study on reinforced thermoplastic composites using hemp fiber showed a 

decrease in tensile strength when treated with pectinase enzyme. Li & Pickering 

(2008) demonstrated an improvement of 19% in the tensile strength of hemp fiber 

composite materials when using pectinase enzyme with chelating agents. Akin et al., 

(2000) observed weaker strength of flax fiber due to enzyme treatment, similarly, our 

experiment also showed a weaker tensile strength of G. diversifolia fiber, but the 

crystallinity index of the fiber was found to be better. 

Mass-related elastic modulus with NaOH-treated G. diversifolia fiber showed 68.4 ± 

9.4 (N mm/mg) which is lower than natural untreated fiber 88.0±35.0 (N mm/mg) but 

showed much higher mass-related elastic modulus than other tested fibers. 

Sequentially, the mass-related tensile test showed a pattern of NaOH (2.83 ± 0.15)> 

PENZ / CH (2.79 ± 0.86)> ENZ (2.75 ± 0.51)> ENZ / CH (2.07 ± 0.57) while mass-

related elastic modulus showed the pattern of NaOH (68.4 ± 9.4)> ENZ (64.0 ± 

12.4)> PENZ / CH (60.4 ± 4.8)> ENZ / CH (46.4 ± 23.4) (Table 27). From this 

observation, it can be said that NaOH can retain fiber using the Spray Retting Method. 

The use of plant-based enzymes (crude papaya pericarp extract) has shown good 

results in enzymatic rettings, thus highlighting the importance of future studies for 

extraction of natural fiber using enzymatic method.  



112 

 

4.2.5 Traditional use and processing of G.  diversifolia 

G. diversifolia is used in traditional medicine to reduce disorders such as constipation 

(Thapa, 2012; Gurung et al., 2012), for smooth delivery of babies (Pande et al., 

2007), to treat headache, joint pain (Manandhar, 2002), and fever. Root powder is 

taken with hot water to treat headache, joint pain, tuberculosis (Gurung et al., 2012; 

Subedee et al., 2020), internal injuries and blood purification (Rokaya et al., 2010). 

Due to the many uses of G. diversifolia, it is considered to be an important valuable 

plant. 

Previously, G. diversifolia was traditionally processed only using white wood ash. But 

recently, caustic soda has been used instead of traditional processing method. Here, 

caustic soda can replace waxy material of fiber faster than wood ash, but it pollutes 

the water (Gurung 2012; Deokota & Chhetri 2009; Adhikari et al., 2018; Subedee et 

al., 2020). Due to which the use of caustic soda cannot be considered sustainable. 

Indigenous peoples and local communities of Nepal mostly use traditional three-stone 

stove for boiling the bark of G. diversifolia (Subedee et al., 2017). The traditional 

three-stone stove is less effective for boiling purposes because it consumes more 

firewood and emits more smoke (Specht et al., 2015). Therefore, rocket stove 

technology may be an alternative option to reduce these problems (Subedee et al., 

2017). Likewise, white clay (Kamero) is important for softening the fiber. Since, 

Kamero is a locally available material and cheaper, it is requisite to study the effect of 

different concentrations and properties of Kamero in the future. 

Katuwa (hand spindle) is a portable yarn spinning tool but produces very little 

spinned fiber. Therefore, modern spinning machines (motorized spinning wheels) can 

be an alternative device that allows fiber spinners to produce large amount of spinned 

fiber. Wooden handlooms are still used in weaving, it is difficult to operate and only 

three meters of fabric can be produced per day. Wooden handlooms can be replaced 

by metal handlooms.  

According to the analysis of cost and benefits of G. diversifolia during processing, 

and weaving (Table 30), it was found that selling woven cloth is more profitable than 

selling yarn. Therefore, people working in G. diversifolia are advised  to sell woven 

clothees. Sweaters woven from the fibers of G. diversifolia by local women are in 
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high demand in national and international markets (MEDEP, 2010). In this way, off 

farm employment and extra income for women is increased. However, regular 

training is important to enhance their skills and techniques for processing and knitting 

the fibers. 

Indigenous peoples and local communities are harvesting G. diversifolia from the 

forest areas. They have to travel long distances to collect G. diversifolia and have to 

spend at least a week in the forest. Another issue is massive plantation of large 

cardamom (Amomum subulatum) and Chirayito (Swertia chirayita) at the natural 

habitat of G. diversifolia in eastern Nepal. Large cardamom and Chirayito may be a 

source of high income but massive cultivation of these species replaces the natural 

habitat of G. diversifolia which may affect the ecosysterm in the long run.  Therefore, 

it seems necessary to conserve the natural habitat of G. diversifolia. 

Many stakeholders (farmers, collectors, traders and entrepreneurs) involved in 

activities related to G. diversifolia reported that various tax policies were not clear 

when raw bark and its finished marketable products were brought from village to 

national and international markets.  
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CHAPTER 5 

5. CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

The morpho-geographical and molecular studies conducted on the samples collected 

from Nepal have shown significant variations in G. diversifolia. In Nepal, two 

subspecies of G. diversifolia occur these are G. diversifolia subsp. diversifolia and G. 

diversifolia subsp. suborbiculata (C.J. Chen) C.J. Chen & Friis; the later taxon is 

probably a new record for Nepal. The taxon is also probably a new record for Bhutan. 

Morpho-geographical studies of the five populations studied have shown that G. 

diversifolia subsp. diversifolia is a polymorphic species with variations in the 

morphology of leaves. The study also confirms that characters of leaves, i.e. leaf 

shape, leaf lobes, leaf base, and leaf margin are good taxonomic characters to delimit 

the taxa into subspecies level.     

G. diversifolia is rich in polyphenols, secondary metabolities and viscous compounds 

which inhibited high quality genomic DNA extraction. Therefore, the Doyle and 

Doyle (1987) protocol was modified. The modified protocol includes 5% β-

mercaptoethanol, 5% PVP, and 5M NaCl in DNA extraction buffer. The modified 

Doyle and Doyle (1987) protocol successfully isolated high quality genomic DNA 

from G. diversifolia  Clear and amenable DNA bands were obtained from the 

extracted DNA after optimizing ISSR-PCR. The results confirmed that the modified 

protocol is suitable for extracting genomic DNA from G. diversifolia and can be 

applied to other plant species having high concentrations of secondary metabolites. 

DNA sequencing have been done from the universal molecular markers such as matK, 

ITS, rbcL, trnL-F. Among the selected markers, matK only divided G. diversifolia in 

two clades. Molecular marker matK has placed the population of Darchula District 

and Panchthar District in one clade and the population of Kathmandu in another clade. 

The research may be useful in the future for the analysis of molecular 

characterization, genetic diversity analysis of allied taxa. 

The ISSR markers allowed determination of the genetic variability in G. diversifolia 

by grouping them in terms of their geographical locations. Comprehensive molecular 
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analysis revealed that G. diversifolia has low variation within population and high 

genetic differentiation among different populations. Because of this variability, 

sustainable harvesting and cultivation of this plant can be a viable option for its 

conservation.   

Lack of technological know-how is a big limiting factor for the effective extration of 

fiber from G. diversifolia. The study inferred that sodium hydroxide and plant- based 

enzyme can retain strong fiber from G. diversifolia using the Spray Retting Method. 

Retting process with NaOH and plant-based enzymes have shown some increase in 

tensile strength compared to untreated fibers of G. diversifolia. The research also 

showed the possibilites of plant based enzymatic retting would be one of the 

ecofriendly retting methods and further study of the plant-based enzyme is needed.  

G. diversifolia has medicinal, economic, and cultural importance for the indigenous 

peoples and local communities of Nepal. Traditional and cultural beliefs are the main 

factors to conserve the populations in its natural habitat. In terms of economic 

opportunity and medicinal values, G. diversifolia is one of the alternative livelihood 

options to the people of Nepal.  

5.2 Recommendations 

1. Future studies should be directed at high-resolution molecular markers to identify 

infraspecific relationships in G. diversifolia subsp. diversifolia and G. diversifolia 

subsp. suborbiculata.  

2. Research and development in cultivation, and sustainable harvesting is important 

for the stakeholders involved in G. diversifola related activities as a source of 

income in Nepal. 

3. Allo is the identity of various indigenous peoples and local communities of Nepal 

and has the potential to create off farm employment for the rural people of Nepal. 

Therefore, further long term plans for sustainable harvesting and conservation of 

the species are needed. 

4. Resource inventory of Allo must be carried out periodically in community 

managed and government managed forests, because it provides the baseline data 

on the total available resources of Allo in Nepal. 
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5. There is a need to create a database to document the communities, stakeholders, 

individuals involved in Allo related works, which make easier to solve their 

existing problems. 

6. For sustainable income generation it is nececssary to focus on the long- term 

results related with presence of Allo in the wild rather than being allured by short 

term monetary value generated with the cultivation of large cardamom.   

7. Enzyme retting process may be an alternative to chemical retting method because 

use of NaOH effects environment as well as the Allo workers.   
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CHAPTER 6 

6. SUMMARY  

This thesis explored the morpho-geographical, genetic variation, the effects of 

chemicals and enzymes on fiber, and social-ecological perspectives of G. diversifolia 

in Nepal. The thesis consists of six different chapters and a reference section.   

The first chapter provides a general introduction to the Urticaceae family, tribe, 

species, fiber, and the uses of this plant. Indigenous peoples and local communities of 

Nepal have used this plant for traditional uses and economic purposes but showed 

lack of research from social-ecological perspectives. Although there are many 

morphological variations in G. diversifolia found in Nepal, there is no comprehensive 

study undertaken that represents the whole of Nepal and the use of molecular tools 

and techniques has been used to study its genetic variation. The fiber produced from 

this plant has been processed in Nepal in the inefficient way; therefore the use of 

chemical and enzymatic retting process and its effects have been shown. 

The second chapter describes about the relevant literature reviewed. This chapter 

described about the nomenclature complexity of G. diversifolia and its subspecies: G. 

diversifolia subsp. diversifolia; G. diversifolia subsp. suborbiculata; G. diversifolia 

subsp. triloba. Brief global distribution of this plant has been provided where this 

plant is present in South Africa, Ethiopia, southward to Zimbabwe, Angola, and 

Madagascar, in Asia: from Kashmir to Sikkim, Burma, Nepal, Bhutan, Srilanka, 

Indonesia and China. Medicinal, cultural and economic values have been reviewed 

from the published articles about this plant. Morphological variation, cytological 

studies, molecular phylogenetic relationships have also been reviewed. The 

importance of ISSR, ITS, matK, trnlF, rbcl markers have been reviewed. Various 

fiber properties including physical properties, morphological characteristics, fiber 

processing using alkali and enzymatic treatments and the tensile strength and elastic 

modulus have been reviewed. 

The third chapter describes the materials and methods. This chapter shows the method 

of collecting samples collected from different altitudes of 1,000-3,000 meter above 

sea level from the far western, central and eastern regions of Nepal. Rapid Rural 
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Appraisal (RRA)/ Participatory rural appraisal (PRA), key informant survey, 

herbarium specimen preparation, and morpho-geographical study have been described 

for documenting traditional knowledge, morphological variation and fiber processing 

practices. The protocol of Doyle and Doyle (1984) has been modified for DNA 

isolation. ISSR markers have been used to study genetic variation. Molecular markers 

such as rbcL, matK, trnL-F have been used for phylogenetic studies. FTIR, Xray 

diffraction, microscopy and tensile testing methods have been used to test the fiber 

properties of this plant using commercial enzymes, plant-based enzymes and NaOH. 

The fourth chapter described about the results and discussion. Based on the study, two 

subspecies of G. diversifolia occur in Nepal, these are G. diversifolia subsp. 

diversifolia and G. diversifolia subsp. suborbiculate (C.J. Chen) C.J. Chen & Friis; 

the later taxon is probalby a new record for the Flora of Nepal. The taxon is also 

probably a new record for the Flora of Bhutan. The new record of the taxon is in 

process of publication. G. diversifolia is found in 55 districts of Nepal, especially in 

hilly areas having high humidity and cold weather. Out of these 55 districts of Nepal, 

Solukhumbu and Sankhuwasabha Districts of eastern Nepal are the main districts in 

terms of availability of G. diversifolia. Similarly, Nuwakot, Ramechhap, 

Sindhupalchowk and Dolakha Districts are from the central Nepal, while Parbat, 

Myagdi Districts from western Nepal and Rukum, Rolpa, Dolpa, Humla, Jumla, 

Dailekh and Pyuthan are from the midwestern Nepal. Similarly, Dadeldhura, Bajhang 

and Darchula Districts from the far west are ahead in terms of availability of G. 

diversifolia.  The morpho-geographical study showed that G. diversifolia found in 

Dolakha District has lower number of trichomes on the abaxial surface than plants 

found in Darchula, Kaski, Kathmandu and Panchthar Districts. However, G. 

diversifolia found in Panchthar District are tall having cylindrical stem and small 

diameter with long internodes and are considered in terms of excellent fiber quality. 

Molecular studies were done on the plant samples collected from different parts of 

Nepal. The main task for molecular studies is DNA extraction from the collected 

samples. Due to the presence of various polyphenols and secondary metabolites in G. 

diversifolia, the Doyle and Doyle (1987) protocol is modified to produce good quality 

DNA Pure and clear DNA. The modified Doyle and Doyle method produced 445 

ng/μL of DNA, and the purity ranged from 1.8-2.0 indicating the minimum 
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contamination of metabolites. The genomic DNA concentration 50 ng, 4 mM Mgcl2, 

0.6 mM dNTPS, 0.7 µM primer, 2 units Taq DNA polymerase and annealing 

temperature 45°C were found optimum for ISSR-PCR amplification. The clear 

reproducible bands have been obtained using the optimized condition. Finally, 

optimized PCR program was as follows:  93°C for 3 min, followed by 45 cycles of 

denaturing at 93°C for 30 s, annealing of primers at (45-52°C) for 45 s, extension at 

72°C for 2 min, final extension at 72°C for 10 min and holding temperature at 4°C. 

The modified technique was found to be suitable for isolation of genomic DNA of G. 

diversifolia. 

The ISSR markers system evaluated genetic diversity and similarities among and 

within the five populations of G. diversifolia from western, central and eastern Nepal. 

Obtained results from the similarity coefficient indicated that genetic variation ranged 

from 0.98 to 0.16. High level of genetic diversity was recorded from the population of 

Dolakha PPB (51.91%, H (0.1928), I (0.2852) and lower level was recorded from the 

population of Darchula PPB (29.01%), H (0.1110), I (0.1629). The effective number 

of  alleles was (ne) 1.38 to1.74. The genetic structure obtained in the study suggested 

that the differentiation coefficients (Gst 0.594) is higher than the average coefficients. 

The Shannon’s diversity index obtained in the study was in the average of 0.523.  The 

Shannon’s diversity index from Dolakha (0.285) showed the most diverse population 

compared to Panchthar (0.232), Kathmandu (0.1872), Kaski (0.186) and Darchula 

(0.162) Districts. High genetic differentiation in this species suggested that the 

individual populations have been reproductively isolated and has little current gene 

flow between them. The value of gene flow (Nm) was 0.355. The Nm less than one 

suggested that the diversity maintained in the population is prone to genetic drift. 

Analysis of molecular variance (AMOVA) of G. diversifolia showed that higher 

distribution of genetic variation is present among the populations (60%) compared to 

within the populations (40%) with the significance value of p <0.001. 

This study has selected several universal molecular markers such as matK, ITS, rbcL, 

trnL-F. These markers are successfully used to study other genera from Urticaceae 

Family (Runqing et al., 2015). Among the selected markers, matK gene only divided 

G. diversifolia in two clades. Molecular marker matK has placed the population of 

Darchula District and Panchthar District in one clade and the population of 
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Kathmandu in another clade. From this result it can be referred that G. diversifolia 

from Kathmandu District has genetic variation on the basis of maturase gene. This 

type of variation is new for G. diversifolia. It is known that the variability in the ITS, 

rbcL, trnL-F is relatively lower compared to the matK region. Our own data has 

agreed with the claim that there is no variable sites were found in ITS, rbcL and trnL-

F gene.  

The fiber of this plant was extracted in traditional way which was cumbersome and 

time consuming. But chemical and enzymatic methods have been used in this 

research. A study of the effects of this enzyme and NaOH on fiber yielded the 

following results: tensile strength has been found 2.83±0.15 which is higher than 

natural untreated fiber 2.75±1.01, while 5% NaOH has been taken as the base. Mass-

related elastic modulus with NaOH-treated G. diversifolia fiber showed 68.4 ± 9.4 

which is lower than natural untreated fiber but with much higher mass-related elastic 

modulus than other tested fibers. Sequentially, the mass-related tensile test showed a 

pattern of NaOH (2.83 ± 0.15)> PENZ / CH (2.79 ± 0.86)> ENZ (2.75 ± 0.51)> ENZ 

/ CH (2.07 ± 0.57) while mass-related elastic modulus showed the pattern of NaOH 

(68.4 ± 9.4)> ENZ (64.0 ± 12.4)> PENZ / CH (60.4 ± 4.8)> ENZ / CH (46.4 ± 23.4). 

From this observation, it can be said that NaOH can retain strong fiber using the 

Spray Retting Method. The plant based enzyme (crude papaya pericarp extract) has 

also shown good results in the enzymatic retting used, so the research highlighted the 

importance to conduct in-depth study of the papaya based enzymatic retting in the 

future. 

Fifth chapter shows the conclusion of the study. The result of morpho-geographical 

study revealed the presence of two subspecies of G. diversifolia in Nepal and Bhutan. 

Molecular study indicated that variations in G. diversifolia subsp. diversifolia are not 

uniform and is not sufficient to distinguish different subspecies thus it can be 

concluded that the samples collected during the study from different places of Nepal 

is G. diversifolia  subsp. diversifolia. The ISSR markers allowed determination of the 

genetic variability in G. diversifolia by grouping them in terms of their geographical 

locations. Morpho-geographical study showed that in G. diversifolia there are many 

differences in trichomes and leaf length but these differences are not homologous and 

their structure also differs within the same species. Comprehensive molecular analysis 
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revealed that G. diversifolia has low genetic diversity within population and high 

genetic differentiation among the population. G. diversifolia has medicinal, economic, 

and cultural importance for the indigenous peoples and local communities of Nepal. 

Traditional and cultural beliefs are the important factors to conserve natural 

population of G. diversifolia. In terms of economic opportunity and medicinal value, 

G. diversifolia is an alternative source of income for people living in rural Nepal. 

Chapter six summarizes the thesis writing 
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APPENDICES 

Appendix 1 

 

CLUSTAL W of matk  sequences from G.diversifolia 
Phi1 G C C T C T T C T T T G C A T T T A T T A G G G C T T T T T C T T C A T A A G T A T T A T A A T T G T A A T C G T T T T A T T A G T A C A A A A A A A T T T C C [80]

Phi2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [80]

Phi3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [80]

Phi4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [80]

Phi5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [80]

Ktm1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T . . . . . . . . [80]

Ktm2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T . . . . . . . . [80]

Ktm3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T . . . . . . . . [80]

Ktm4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T . . . . . . . . [80]

Ktm5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T . . . . . . . . [80]

Dar1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [80]

Dar2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [80]

Dar3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [80]

Dar4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [80]

Dar5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [80]

Phi1 A A A T A A A T C T A T T A C T T T T T T T T C A A A G A G T A A T C C A A G A T T T T T C T T G T T C C T G T A T A A T T A T C A T G T T T G T G G A T A C G [160]

Phi2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [160]

Phi3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [160]
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Ktm1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [160]

Ktm2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [160]
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Dar1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [160]

Dar2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [160]
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Dar3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [640]

Dar4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [640]

Dar5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [640]

Phi1 A A T T T T G T A A C G T A T T A G G G C A T C C C A T T A G T A A G T C G A C C T G G G C A G A T T C A T C A G A T T T T G A T A T T A T T G A C C G A T T T [720]

Phi2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [720]

Phi3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [720]

Phi4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [720]

Phi5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [720]

Ktm1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [720]

Ktm2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [720]

Ktm3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [720]

Ktm4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [720]

Ktm5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [720]

Dar1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [720]

Dar2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [720]

Dar3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [720]

Dar4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [720]

Dar5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [720]

Phi1 G C G C G T A T A T G C A G A A [736]

Phi2 . . . . . . . . . . . . . . . . [736]

Phi3 . . . . . . . . . . . . . . . . [736]

Phi4 . . . . . . . . . . . . . . . . [736]

Phi5 . . . . . . . . . . . . . . . . [736]

Ktm1 . . . . . . . . . . . . . . . . [736]

Ktm2 . . . . . . . . . . . . . . . . [736]

Ktm3 . . . . . . . . . . . . . . . . [736]

Ktm4 . . . . . . . . . . . . . . . . [736]

Ktm5 . . . . . . . . . . . . . . . . [736]

Dar1 . . . . . . . . . . . . . . . . [736]

Dar2 . . . . . . . . . . . . . . . . [736]

Dar3 . . . . . . . . . . . . . . . . [736]

Dar4 . . . . . . . . . . . . . . . . [736]

Dar5 . . . . . . . . . . . . . . . . [736]

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 J1 J2 J3 J4 J5 J6 J7 J8 J9 J10 k1 k2 k3 k4 k5 k6 k7 k8 k9 k10 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 k1 k2 k3 k4 k5

D1 1.00

D2 0.96 1.00

D3 0.90 0.90 1.00

D4 0.83 0.82 0.89 1.00

D5 0.87 0.87 0.90 0.86 1.00

D6 0.82 0.80 0.85 0.80 0.84 1.00

D7 0.83 0.81 0.86 0.79 0.85 0.97 1.00

D8 0.80 0.78 0.85 0.79 0.83 0.95 0.98 1.00

D9 0.81 0.79 0.84 0.80 0.82 0.94 0.95 0.97 1.00

D10 0.81 0.79 0.86 0.75 0.82 0.92 0.93 0.95 0.96 1.00

J1 0.49 0.51 0.56 0.56 0.57 0.55 0.54 0.53 0.52 0.52 1.00

J2 0.47 0.47 0.55 0.54 0.54 0.53 0.53 0.52 0.51 0.51 0.89 1.00

J3 0.43 0.43 0.47 0.48 0.53 0.48 0.47 0.44 0.43 0.43 0.83 0.81 1.00

J4 0.38 0.40 0.46 0.48 0.49 0.47 0.46 0.45 0.44 0.44 0.77 0.76 0.75 1.00

J5 0.42 0.46 0.46 0.53 0.51 0.45 0.45 0.45 0.44 0.39 0.63 0.67 0.72 0.91 1.00

J6 0.45 0.45 0.53 0.47 0.50 0.50 0.49 0.46 0.44 0.48 0.72 0.75 0.73 0.73 0.57 1.00

J7 0.45 0.45 0.53 0.47 0.50 0.50 0.49 0.46 0.44 0.48 0.72 0.75 0.73 0.73 0.57 1.00 1.00

J8 0.44 0.46 0.54 0.48 0.49 0.53 0.52 0.51 0.49 0.54 0.78 0.74 0.65 0.77 0.63 0.81 0.81 1.00

J9 0.46 0.51 0.55 0.53 0.55 0.54 0.54 0.51 0.50 0.53 0.77 0.71 0.65 0.74 0.65 0.80 0.80 0.90 1.00

J10 0.45 0.49 0.54 0.51 0.53 0.53 0.52 0.50 0.48 0.52 0.76 0.70 0.63 0.73 0.65 0.80 0.80 0.91 0.99 1.00

k1 0.51 0.52 0.52 0.40 0.54 0.56 0.57 0.56 0.55 0.59 0.49 0.45 0.40 0.48 0.47 0.47 0.47 0.51 0.48 0.49 1.00

k2 0.51 0.53 0.52 0.40 0.54 0.52 0.53 0.52 0.51 0.55 0.52 0.48 0.43 0.51 0.50 0.52 0.52 0.51 0.49 0.49 0.94 1.00

k3 0.57 0.57 0.58 0.43 0.59 0.55 0.56 0.55 0.54 0.58 0.51 0.47 0.43 0.52 0.56 0.49 0.49 0.50 0.50 0.51 0.90 0.94 1.00

k4 0.55 0.53 0.54 0.39 0.55 0.53 0.54 0.53 0.52 0.56 0.51 0.47 0.43 0.51 0.44 0.45 0.45 0.44 0.44 0.43 0.87 0.91 0.88 1.00

k5 0.57 0.55 0.55 0.41 0.57 0.54 0.56 0.55 0.53 0.57 0.51 0.49 0.45 0.52 0.49 0.45 0.45 0.46 0.46 0.44 0.84 0.83 0.85 0.93 1.00

k6 0.49 0.47 0.46 0.35 0.48 0.46 0.47 0.46 0.46 0.48 0.39 0.38 0.37 0.49 0.43 0.42 0.42 0.38 0.39 0.39 0.67 0.68 0.72 0.72 0.76 1.00

k7 0.55 0.53 0.52 0.41 0.53 0.51 0.52 0.51 0.52 0.54 0.43 0.41 0.39 0.51 0.42 0.43 0.43 0.42 0.42 0.43 0.70 0.71 0.74 0.76 0.79 0.95 1.00

k8 0.52 0.50 0.49 0.38 0.50 0.48 0.50 0.48 0.49 0.51 0.40 0.38 0.38 0.47 0.42 0.40 0.40 0.39 0.39 0.40 0.70 0.68 0.71 0.73 0.76 0.95 0.98 1.00

k9 0.54 0.52 0.49 0.38 0.52 0.50 0.50 0.49 0.49 0.51 0.40 0.38 0.40 0.50 0.41 0.42 0.42 0.39 0.40 0.40 0.67 0.68 0.72 0.74 0.77 0.95 0.96 0.94 1.00

k10 0.54 0.52 0.51 0.40 0.52 0.50 0.51 0.51 0.51 0.53 0.42 0.38 0.36 0.49 0.43 0.40 0.40 0.41 0.41 0.42 0.71 0.71 0.75 0.77 0.80 0.93 0.96 0.94 0.94 1.00

P1 0.32 0.30 0.40 0.36 0.34 0.35 0.35 0.34 0.32 0.34 0.46 0.44 0.42 0.43 0.22 0.44 0.44 0.38 0.39 0.39 0.37 0.37 0.43 0.37 0.34 0.42 0.39 0.40 0.38 0.40 1.00

P2 0.32 0.29 0.40 0.36 0.34 0.35 0.35 0.33 0.32 0.34 0.47 0.46 0.46 0.45 0.27 0.46 0.46 0.42 0.38 0.39 0.39 0.39 0.42 0.39 0.36 0.39 0.37 0.37 0.36 0.37 0.94 1.00

P3 0.33 0.31 0.42 0.40 0.36 0.41 0.40 0.39 0.38 0.40 0.55 0.56 0.55 0.59 0.39 0.56 0.56 0.53 0.48 0.49 0.49 0.47 0.48 0.45 0.46 0.45 0.45 0.46 0.44 0.46 0.75 0.79 1.00

P4 0.35 0.35 0.41 0.39 0.41 0.42 0.44 0.42 0.39 0.39 0.50 0.51 0.51 0.45 0.37 0.48 0.48 0.43 0.45 0.46 0.34 0.35 0.37 0.33 0.35 0.42 0.40 0.40 0.39 0.40 0.58 0.62 0.70 1.00

P5 0.30 0.27 0.37 0.36 0.30 0.34 0.36 0.34 0.30 0.32 0.47 0.48 0.48 0.42 0.33 0.48 0.48 0.41 0.42 0.42 0.29 0.29 0.29 0.31 0.30 0.33 0.31 0.31 0.30 0.31 0.58 0.63 0.69 0.77 1.00

P6 0.34 0.31 0.39 0.36 0.33 0.36 0.40 0.39 0.35 0.37 0.47 0.45 0.48 0.40 0.33 0.40 0.40 0.36 0.37 0.37 0.35 0.36 0.34 0.38 0.37 0.38 0.40 0.41 0.37 0.41 0.57 0.59 0.67 0.68 0.82 1.00

P7 0.34 0.30 0.41 0.35 0.35 0.36 0.40 0.38 0.34 0.37 0.51 0.49 0.49 0.41 0.29 0.44 0.44 0.41 0.41 0.42 0.32 0.33 0.36 0.40 0.39 0.40 0.40 0.40 0.39 0.43 0.64 0.67 0.71 0.72 0.82 0.90 1.00

P8 0.31 0.28 0.37 0.35 0.31 0.32 0.36 0.35 0.31 0.33 0.52 0.50 0.53 0.44 0.34 0.45 0.45 0.42 0.42 0.43 0.34 0.35 0.33 0.36 0.36 0.36 0.38 0.39 0.35 0.39 0.63 0.67 0.73 0.69 0.82 0.92 0.95 1.00

P9 0.35 0.33 0.38 0.39 0.33 0.30 0.34 0.33 0.31 0.31 0.43 0.39 0.42 0.33 0.34 0.34 0.34 0.33 0.33 0.34 0.31 0.32 0.28 0.31 0.31 0.37 0.39 0.40 0.38 0.40 0.47 0.51 0.61 0.62 0.71 0.86 0.82 0.84 1.00

P10 0.35 0.32 0.37 0.36 0.33 0.31 0.36 0.34 0.32 0.32 0.42 0.40 0.43 0.33 0.29 0.36 0.36 0.32 0.33 0.33 0.29 0.29 0.29 0.33 0.33 0.36 0.35 0.36 0.37 0.39 0.53 0.58 0.64 0.67 0.81 0.90 0.87 0.87 0.91 1.00

k1 0.51 0.45 0.47 0.38 0.47 0.46 0.45 0.44 0.42 0.47 0.38 0.40 0.34 0.40 0.35 0.44 0.44 0.45 0.43 0.43 0.46 0.46 0.55 0.53 0.54 0.50 0.49 0.48 0.51 0.53 0.32 0.34 0.39 0.38 0.35 0.38 0.43 0.36 0.36 0.38 1.00

k2 0.54 0.52 0.53 0.44 0.50 0.49 0.49 0.48 0.46 0.51 0.45 0.46 0.37 0.40 0.33 0.48 0.48 0.49 0.47 0.47 0.39 0.40 0.47 0.45 0.47 0.50 0.49 0.48 0.51 0.48 0.34 0.39 0.38 0.42 0.38 0.37 0.42 0.36 0.36 0.38 0.87 1.00

k3 0.52 0.49 0.50 0.39 0.48 0.47 0.48 0.49 0.45 0.50 0.41 0.43 0.33 0.38 0.35 0.43 0.43 0.48 0.44 0.44 0.42 0.42 0.51 0.48 0.50 0.48 0.48 0.46 0.49 0.49 0.30 0.33 0.30 0.39 0.39 0.33 0.38 0.32 0.31 0.33 0.85 0.94 1.00

k4 0.45 0.48 0.47 0.40 0.47 0.43 0.45 0.44 0.40 0.42 0.49 0.47 0.44 0.42 0.34 0.47 0.47 0.49 0.48 0.48 0.36 0.37 0.40 0.38 0.40 0.35 0.35 0.33 0.36 0.36 0.37 0.39 0.46 0.56 0.46 0.40 0.48 0.46 0.42 0.46 0.60 0.72 0.70 1.00

k5 0.35 0.37 0.40 0.34 0.40 0.36 0.38 0.39 0.35 0.37 0.45 0.48 0.39 0.44 0.27 0.42 0.42 0.50 0.48 0.48 0.31 0.31 0.35 0.33 0.35 0.33 0.32 0.33 0.34 0.33 0.32 0.31 0.39 0.50 0.38 0.34 0.40 0.38 0.33 0.38 0.53 0.66 0.67 0.86 1.00
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Appendix 3 

Jaccard coefficient Similarity matrix 

 

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 J1 J2 J3 J4 J5 J6 J7 J8 J9 J10 k1 k2 k3 k4 k5 k6 k7 k8 k9 k10 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 k1 k2 k3 k4 k5

D1 1

D2 0.91 1.00

D3 0.81 0.81 1.00

D4 0.71 0.69 0.80 1.00

D5 0.77 0.77 0.81 0.75 1.00

D6 0.69 0.66 0.73 0.67 0.73 1.00

D7 0.71 0.68 0.75 0.65 0.75 0.95 1.00

D8 0.67 0.64 0.75 0.65 0.71 0.91 0.96 1.00

D9 0.68 0.66 0.73 0.66 0.70 0.89 0.91 0.94 1.00

D10 0.68 0.66 0.76 0.60 0.70 0.86 0.88 0.91 0.92 1.00

J1 0.32 0.34 0.39 0.38 0.40 0.38 0.37 0.36 0.35 0.35 1.00

J2 0.31 0.31 0.38 0.37 0.37 0.36 0.36 0.35 0.34 0.34 0.80 1.00

J3 0.28 0.28 0.31 0.31 0.36 0.32 0.31 0.28 0.27 0.27 0.70 0.69 1.00

J4 0.23 0.25 0.29 0.32 0.33 0.30 0.30 0.29 0.28 0.28 0.62 0.61 0.60 1.00

J5 0.27 0.30 0.30 0.36 0.34 0.29 0.29 0.29 0.28 0.24 0.46 0.50 0.57 0.83 1.00

J6 0.29 0.29 0.36 0.31 0.33 0.33 0.32 0.30 0.29 0.32 0.56 0.60 0.57 0.58 0.40 1.00

J7 0.29 0.29 0.36 0.31 0.33 0.33 0.32 0.30 0.29 0.32 0.56 0.60 0.57 0.58 0.40 1.00 1.00

J8 0.28 0.30 0.37 0.32 0.32 0.36 0.35 0.34 0.33 0.37 0.64 0.59 0.48 0.63 0.46 0.68 0.68 1.00

J9 0.30 0.34 0.38 0.36 0.38 0.37 0.37 0.34 0.33 0.36 0.62 0.56 0.48 0.59 0.48 0.66 0.66 0.81 1.00

J10 0.29 0.32 0.37 0.34 0.36 0.36 0.36 0.33 0.32 0.35 0.61 0.54 0.46 0.57 0.48 0.67 0.67 0.83 0.98 1.00

k1 0.34 0.35 0.35 0.25 0.37 0.38 0.40 0.39 0.38 0.42 0.32 0.29 0.25 0.32 0.31 0.31 0.31 0.34 0.32 0.32 1.00

k2 0.34 0.36 0.35 0.25 0.37 0.35 0.36 0.35 0.34 0.38 0.35 0.31 0.28 0.34 0.33 0.35 0.35 0.34 0.32 0.33 0.89 1.00

k3 0.40 0.40 0.41 0.27 0.42 0.38 0.39 0.38 0.37 0.41 0.34 0.31 0.27 0.35 0.38 0.32 0.32 0.33 0.33 0.34 0.83 0.89 1.00

k4 0.38 0.36 0.37 0.24 0.38 0.36 0.37 0.36 0.35 0.39 0.34 0.31 0.28 0.34 0.29 0.29 0.29 0.28 0.29 0.27 0.78 0.83 0.79 1.00

k5 0.40 0.38 0.38 0.26 0.39 0.37 0.39 0.38 0.36 0.40 0.34 0.32 0.29 0.35 0.32 0.29 0.29 0.30 0.30 0.29 0.73 0.71 0.75 0.87 1.00

k6 0.33 0.31 0.30 0.21 0.32 0.29 0.31 0.30 0.30 0.32 0.24 0.23 0.23 0.32 0.28 0.26 0.26 0.24 0.24 0.24 0.51 0.52 0.57 0.56 0.61 1.00

k7 0.38 0.36 0.35 0.26 0.36 0.34 0.36 0.35 0.35 0.37 0.27 0.26 0.24 0.34 0.27 0.28 0.28 0.27 0.27 0.27 0.54 0.55 0.58 0.61 0.65 0.90 1.00

k8 0.35 0.33 0.32 0.23 0.34 0.32 0.33 0.32 0.32 0.34 0.25 0.23 0.23 0.31 0.27 0.25 0.25 0.24 0.24 0.25 0.54 0.52 0.55 0.57 0.62 0.90 0.96 1.00

k9 0.37 0.35 0.32 0.24 0.35 0.33 0.33 0.32 0.32 0.34 0.25 0.24 0.25 0.33 0.26 0.27 0.27 0.24 0.25 0.25 0.51 0.52 0.56 0.59 0.63 0.90 0.92 0.88 1.00

k10 0.37 0.35 0.34 0.25 0.36 0.33 0.35 0.34 0.34 0.36 0.26 0.23 0.22 0.33 0.28 0.25 0.25 0.26 0.26 0.26 0.55 0.56 0.60 0.63 0.67 0.86 0.92 0.88 0.88 1.00

P1 0.19 0.17 0.25 0.22 0.21 0.22 0.21 0.20 0.19 0.21 0.30 0.28 0.26 0.27 0.13 0.28 0.28 0.24 0.24 0.24 0.22 0.23 0.27 0.23 0.21 0.26 0.24 0.25 0.24 0.25 1.00

P2 0.19 0.17 0.25 0.22 0.20 0.21 0.21 0.20 0.19 0.20 0.31 0.30 0.30 0.29 0.16 0.30 0.30 0.27 0.24 0.24 0.24 0.24 0.27 0.24 0.22 0.24 0.22 0.23 0.22 0.23 0.89 1.00

P3 0.20 0.18 0.26 0.25 0.22 0.26 0.25 0.24 0.23 0.25 0.38 0.39 0.38 0.42 0.24 0.39 0.39 0.36 0.32 0.32 0.32 0.31 0.32 0.29 0.30 0.29 0.29 0.30 0.28 0.30 0.60 0.65 1.00

P4 0.21 0.21 0.26 0.24 0.26 0.27 0.28 0.27 0.24 0.24 0.33 0.34 0.34 0.29 0.23 0.32 0.32 0.27 0.29 0.30 0.21 0.21 0.22 0.20 0.21 0.27 0.25 0.25 0.24 0.25 0.41 0.44 0.53 1.00

P5 0.18 0.16 0.23 0.22 0.18 0.20 0.22 0.21 0.18 0.19 0.31 0.31 0.32 0.26 0.20 0.31 0.31 0.26 0.26 0.27 0.17 0.17 0.17 0.18 0.18 0.20 0.18 0.19 0.18 0.19 0.41 0.45 0.53 0.63 1.00

P6 0.21 0.18 0.24 0.22 0.19 0.22 0.25 0.24 0.21 0.23 0.31 0.29 0.32 0.25 0.20 0.25 0.25 0.22 0.22 0.23 0.22 0.22 0.20 0.23 0.23 0.23 0.25 0.25 0.22 0.26 0.40 0.42 0.50 0.52 0.70 1.00

P7 0.21 0.18 0.26 0.21 0.21 0.22 0.25 0.24 0.21 0.22 0.34 0.32 0.33 0.26 0.17 0.29 0.29 0.26 0.26 0.26 0.19 0.19 0.22 0.25 0.24 0.25 0.25 0.25 0.24 0.27 0.47 0.51 0.55 0.56 0.70 0.83 1.00

P8 0.18 0.16 0.23 0.21 0.19 0.19 0.22 0.21 0.18 0.20 0.35 0.33 0.36 0.29 0.21 0.29 0.29 0.26 0.27 0.27 0.21 0.21 0.19 0.22 0.22 0.22 0.24 0.24 0.21 0.24 0.46 0.50 0.57 0.53 0.69 0.85 0.91 1.00

P9 0.22 0.20 0.23 0.25 0.20 0.18 0.21 0.19 0.18 0.18 0.28 0.24 0.26 0.20 0.21 0.21 0.21 0.19 0.20 0.20 0.18 0.19 0.16 0.19 0.18 0.22 0.24 0.25 0.23 0.25 0.31 0.34 0.44 0.45 0.56 0.75 0.69 0.72 1.00

P10 0.21 0.19 0.23 0.22 0.19 0.19 0.22 0.21 0.19 0.19 0.27 0.25 0.27 0.19 0.17 0.22 0.22 0.19 0.19 0.20 0.17 0.17 0.17 0.20 0.19 0.22 0.21 0.22 0.23 0.24 0.36 0.40 0.47 0.51 0.67 0.82 0.77 0.77 0.84 1.00

k1 0.34 0.29 0.31 0.24 0.31 0.30 0.29 0.28 0.27 0.31 0.23 0.25 0.21 0.25 0.21 0.29 0.29 0.29 0.28 0.28 0.30 0.30 0.38 0.36 0.37 0.33 0.33 0.32 0.34 0.36 0.19 0.20 0.24 0.23 0.21 0.23 0.27 0.22 0.22 0.23 1.00

k2 0.37 0.35 0.36 0.28 0.33 0.33 0.32 0.32 0.30 0.34 0.29 0.30 0.23 0.25 0.20 0.31 0.31 0.32 0.31 0.31 0.24 0.25 0.30 0.29 0.31 0.33 0.33 0.32 0.34 0.32 0.21 0.24 0.24 0.26 0.23 0.23 0.26 0.22 0.22 0.23 0.77 1.00

k3 0.35 0.32 0.33 0.25 0.31 0.30 0.32 0.33 0.29 0.33 0.26 0.28 0.20 0.24 0.21 0.27 0.27 0.32 0.28 0.28 0.26 0.27 0.34 0.32 0.33 0.32 0.31 0.30 0.32 0.32 0.18 0.19 0.18 0.24 0.24 0.20 0.24 0.19 0.19 0.20 0.74 0.88 1.00

k4 0.29 0.31 0.30 0.25 0.30 0.28 0.29 0.28 0.25 0.26 0.33 0.31 0.29 0.26 0.21 0.30 0.30 0.33 0.31 0.31 0.22 0.23 0.25 0.23 0.25 0.21 0.21 0.20 0.22 0.22 0.23 0.24 0.30 0.39 0.30 0.25 0.31 0.30 0.26 0.30 0.43 0.56 0.54 1.00

k5 0.21 0.23 0.25 0.21 0.25 0.22 0.24 0.24 0.21 0.23 0.29 0.31 0.25 0.29 0.15 0.27 0.27 0.33 0.32 0.32 0.18 0.18 0.21 0.19 0.21 0.19 0.19 0.20 0.20 0.20 0.19 0.18 0.24 0.33 0.23 0.21 0.25 0.24 0.20 0.23 0.36 0.49 0.50 0.75 1.00
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Appendix 4 

Simple Matching Coefficient Similarity Matrix 

 

Appendix 5 

Herbarium Specimens of G. diversifolia 

 

A        B 

Photo:  Herbarium specimens of G. diversifolia from (A) Dolakha District, (B) 

Kathmandu District

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 J1 J2 J3 J4 J5 J6 J7 J8 J9 J10 k1 k2 k3 k4 k5 k6 k7 k8 k9 k10 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 k1 k2 k3 k4 k5

D1 1.00

D2 0.97 1.00

D3 0.92 0.92 1.00

D4 0.89 0.88 0.92 1.00

D5 0.90 0.90 0.92 0.90 1.00

D6 0.86 0.85 0.88 0.86 0.87 1.00

D7 0.87 0.85 0.89 0.85 0.88 0.98 1.00

D8 0.85 0.84 0.89 0.85 0.86 0.96 0.98 1.00

D9 0.86 0.85 0.88 0.86 0.85 0.95 0.96 0.98 1.00

D10 0.86 0.85 0.89 0.83 0.85 0.94 0.95 0.96 0.97 1.00

J1 0.63 0.65 0.66 0.68 0.66 0.65 0.64 0.64 0.63 0.63 1.00

J2 0.62 0.63 0.66 0.67 0.63 0.64 0.63 0.63 0.63 0.63 0.92 1.00

J3 0.62 0.62 0.62 0.65 0.64 0.62 0.61 0.60 0.59 0.59 0.88 0.87 1.00

J4 0.55 0.56 0.58 0.63 0.59 0.58 0.57 0.57 0.56 0.56 0.82 0.82 0.82 1.00

J5 0.67 0.69 0.69 0.73 0.69 0.67 0.67 0.67 0.66 0.63 0.81 0.84 0.85 0.96 1.00

J6 0.61 0.61 0.64 0.63 0.60 0.61 0.60 0.59 0.58 0.61 0.79 0.82 0.81 0.80 0.78 1.00

J7 0.61 0.61 0.64 0.63 0.60 0.61 0.60 0.59 0.58 0.61 0.79 0.82 0.81 0.80 0.78 1.00 1.00

J8 0.61 0.63 0.66 0.64 0.60 0.64 0.63 0.63 0.63 0.66 0.84 0.82 0.76 0.83 0.81 0.86 0.86 1.00

J9 0.61 0.64 0.66 0.66 0.63 0.64 0.63 0.62 0.61 0.64 0.82 0.79 0.75 0.80 0.81 0.85 0.85 0.92 1.00

J10 0.60 0.63 0.65 0.65 0.63 0.63 0.63 0.61 0.60 0.63 0.82 0.78 0.74 0.79 0.81 0.85 0.85 0.93 0.99 1.00

k1 0.67 0.67 0.65 0.59 0.65 0.67 0.68 0.68 0.67 0.71 0.63 0.60 0.59 0.62 0.70 0.62 0.62 0.65 0.62 0.63 1.00

k2 0.67 0.68 0.66 0.59 0.66 0.65 0.66 0.66 0.65 0.68 0.65 0.63 0.62 0.64 0.73 0.66 0.66 0.66 0.63 0.63 0.96 1.00

k3 0.70 0.70 0.69 0.62 0.68 0.66 0.66 0.66 0.66 0.69 0.64 0.62 0.61 0.65 0.76 0.63 0.63 0.65 0.63 0.64 0.93 0.96 1.00

k4 0.68 0.66 0.65 0.58 0.64 0.63 0.64 0.64 0.63 0.66 0.63 0.61 0.60 0.63 0.70 0.60 0.60 0.60 0.58 0.57 0.91 0.93 0.92 1.00

k5 0.68 0.67 0.66 0.59 0.65 0.64 0.65 0.65 0.64 0.67 0.63 0.62 0.61 0.63 0.72 0.59 0.59 0.60 0.59 0.58 0.89 0.88 0.89 0.95 1.00

k6 0.64 0.63 0.60 0.56 0.59 0.58 0.59 0.59 0.60 0.61 0.55 0.54 0.56 0.62 0.69 0.57 0.57 0.56 0.54 0.55 0.77 0.78 0.80 0.79 0.82 1.00

k7 0.68 0.66 0.63 0.60 0.63 0.62 0.63 0.63 0.63 0.65 0.57 0.56 0.57 0.63 0.67 0.58 0.58 0.58 0.56 0.57 0.79 0.80 0.81 0.82 0.84 0.96 1.00

k8 0.66 0.65 0.62 0.58 0.61 0.60 0.61 0.61 0.62 0.63 0.56 0.55 0.57 0.61 0.67 0.56 0.56 0.56 0.55 0.56 0.79 0.78 0.79 0.80 0.82 0.96 0.98 1.00

k9 0.66 0.65 0.60 0.56 0.61 0.60 0.60 0.60 0.60 0.62 0.54 0.53 0.57 0.61 0.66 0.56 0.56 0.55 0.53 0.54 0.76 0.77 0.79 0.80 0.82 0.96 0.97 0.95 1.00

k10 0.68 0.66 0.63 0.60 0.63 0.62 0.63 0.63 0.63 0.65 0.57 0.55 0.56 0.63 0.69 0.56 0.56 0.58 0.56 0.57 0.80 0.80 0.82 0.83 0.85 0.95 0.97 0.95 0.95 1.00

P1 0.55 0.53 0.57 0.58 0.50 0.53 0.52 0.52 0.51 0.53 0.62 0.61 0.62 0.60 0.58 0.61 0.61 0.58 0.56 0.57 0.58 0.59 0.61 0.56 0.53 0.60 0.57 0.59 0.56 0.59 1.00

P2 0.54 0.52 0.56 0.57 0.50 0.52 0.51 0.51 0.50 0.52 0.63 0.62 0.64 0.60 0.60 0.62 0.62 0.60 0.56 0.56 0.59 0.59 0.60 0.56 0.54 0.57 0.55 0.56 0.53 0.56 0.96 1.00

P3 0.54 0.53 0.57 0.59 0.50 0.56 0.55 0.55 0.54 0.56 0.68 0.69 0.69 0.70 0.67 0.69 0.69 0.67 0.63 0.63 0.64 0.63 0.64 0.60 0.61 0.61 0.60 0.62 0.59 0.62 0.83 0.85 1.00

P4 0.54 0.54 0.56 0.58 0.53 0.56 0.56 0.56 0.54 0.54 0.63 0.64 0.66 0.60 0.64 0.63 0.63 0.60 0.60 0.60 0.54 0.54 0.55 0.51 0.52 0.58 0.56 0.57 0.54 0.57 0.71 0.73 0.79 1.00

P5 0.57 0.55 0.58 0.61 0.51 0.55 0.56 0.56 0.53 0.55 0.66 0.66 0.69 0.62 0.70 0.66 0.66 0.63 0.62 0.63 0.56 0.57 0.56 0.55 0.54 0.57 0.55 0.56 0.53 0.56 0.75 0.77 0.81 0.85 1.00

P6 0.58 0.56 0.58 0.58 0.52 0.56 0.58 0.58 0.56 0.58 0.64 0.63 0.68 0.59 0.64 0.60 0.60 0.58 0.57 0.58 0.58 0.58 0.58 0.58 0.58 0.59 0.59 0.61 0.57 0.62 0.73 0.74 0.78 0.79 0.90 1.00

P7 0.56 0.53 0.58 0.58 0.51 0.53 0.56 0.56 0.53 0.55 0.66 0.65 0.67 0.59 0.64 0.62 0.62 0.60 0.59 0.60 0.55 0.56 0.57 0.58 0.57 0.59 0.58 0.60 0.56 0.61 0.76 0.79 0.81 0.81 0.89 0.94 1.00

P8 0.55 0.53 0.56 0.58 0.50 0.52 0.54 0.54 0.52 0.53 0.67 0.66 0.70 0.62 0.66 0.63 0.63 0.62 0.60 0.61 0.56 0.57 0.56 0.56 0.56 0.57 0.58 0.60 0.55 0.60 0.76 0.79 0.82 0.79 0.89 0.95 0.97 1.00

P9 0.61 0.60 0.60 0.63 0.54 0.53 0.56 0.56 0.55 0.55 0.64 0.62 0.66 0.57 0.66 0.59 0.59 0.59 0.57 0.58 0.57 0.58 0.56 0.56 0.56 0.60 0.61 0.63 0.60 0.63 0.69 0.71 0.76 0.76 0.85 0.92 0.89 0.91 1.00

P10 0.59 0.58 0.58 0.61 0.53 0.53 0.56 0.56 0.55 0.55 0.63 0.62 0.66 0.56 0.63 0.59 0.59 0.57 0.56 0.56 0.55 0.56 0.56 0.56 0.56 0.59 0.58 0.60 0.58 0.61 0.72 0.74 0.78 0.79 0.89 0.94 0.92 0.92 0.95 1.00

k1 0.69 0.66 0.64 0.63 0.62 0.62 0.61 0.61 0.61 0.64 0.58 0.60 0.58 0.59 0.67 0.62 0.62 0.63 0.61 0.61 0.66 0.67 0.70 0.68 0.69 0.66 0.66 0.66 0.66 0.69 0.56 0.57 0.61 0.58 0.62 0.63 0.64 0.61 0.64 0.64 1.00

k2 0.68 0.67 0.66 0.63 0.62 0.63 0.62 0.62 0.61 0.64 0.61 0.62 0.58 0.57 0.64 0.63 0.63 0.65 0.62 0.63 0.59 0.60 0.63 0.61 0.62 0.65 0.64 0.64 0.64 0.64 0.56 0.59 0.58 0.60 0.62 0.61 0.62 0.59 0.62 0.62 0.92 1.00

k3 0.69 0.66 0.65 0.62 0.61 0.61 0.62 0.64 0.61 0.65 0.59 0.61 0.55 0.56 0.67 0.60 0.60 0.64 0.60 0.60 0.62 0.63 0.66 0.64 0.65 0.64 0.63 0.63 0.63 0.65 0.54 0.55 0.53 0.57 0.63 0.59 0.60 0.56 0.60 0.60 0.91 0.96 1.00

k4 0.63 0.65 0.61 0.61 0.60 0.58 0.59 0.59 0.56 0.58 0.64 0.62 0.62 0.58 0.65 0.61 0.61 0.64 0.61 0.61 0.56 0.57 0.57 0.55 0.56 0.54 0.53 0.53 0.53 0.55 0.57 0.58 0.63 0.69 0.66 0.61 0.65 0.65 0.65 0.66 0.74 0.81 0.80 1.00

k5 0.58 0.61 0.59 0.60 0.57 0.55 0.56 0.58 0.55 0.57 0.63 0.65 0.61 0.62 0.67 0.61 0.61 0.66 0.64 0.64 0.55 0.56 0.56 0.55 0.55 0.55 0.54 0.55 0.54 0.55 0.56 0.55 0.61 0.66 0.64 0.61 0.62 0.62 0.62 0.64 0.71 0.78 0.79 0.91 1.00
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Appendix 6 

List of publications  

Adhikari, L., Shrestha, A. J., Dorji, T., Lemke, E., &Subedee, B. R. (2018). 

Transforming the lives of mountain women through the Himalayan nettle value chain: 

a case study from Darchula, far west Nepal. Mountain research and 

development, 38(1): 4-13. https://doi.org/10.1659/MRD-JOURNAL-D-17-00074.1 

Singh Gaur., Uprety  Yadav., Subedee, B. R., & Chaudhary, R.P. (2019). Allo: The 

Himalayan Giant Nettle. In: Poverty Reduction through Non-Timber Forest Products. 

(Eds.: Pullanikkatil, D., & Shackleton, C. M), Springer nature Switzerland,  115-118. 

Springer, Cham. https://doi.org/10.1007/978-3-319-75580-9 

Subedee, B. R., Tripathi, G. R., Munankarmi, N. N., & Chaudhary, R. P. (2022). 

Genetic diversity in populations of Girardinia diversifolia from Nepal Himalaya 

using ISSR markers. Ecological Genetics and Genomics, 100120. 

https://doi.org/10.1016/j.egg.2022.100120 

Subedee, B. R., Tripathi, G. R., & Chaudhary, R. P. (2020). DNA isolation and 

optimization of PCR protocol for ISSR analysis of Girardinia diversifolia: A 

medicinal and economic plant species from Nepal Himalaya. African Journal of 

Biotechnology, 19(10): 747-753. https://doi.org/10.5897/AJB2020.17228 

Subedee, B. R., Chaudhary , R. P., Uprety Y & Dorji, T.(2020). Socio-ecological 

perspectives of Himalayan Giant Nettle (Girardinia diversifolia (Link) Friis) in 

Nepal, Journal of Natural Fibers, 17(1): 9-17.    

https://doi.org/10.1080/15440478.2018.1458684   

Subedee, B. R.,Chaudhary, R. P., Dorji, T., & Shrestha, A.J. (2017). 

Indigenous and local knowledge of conservation and sustainable use of Himalayan 

Giant Nettle (Girardinia diversifolia (Link) Friss) in Eastern and Far-Western 

Regions of Nepal. In: Knowing our lands and resources (Eds.: M. Karki, R. 

Hill, W. Alangui, K. Ichikawa and P. Bridgewater), United Nations Educational, 

Scientific and Cultural Organization (UNESCO), Paris,  191-198. 

 

https://doi.org/10.1659/MRD-JOURNAL-D-17-00074.1
https://doi.org/10.1080/15440478.2018.1458684
https://doi.org/10.1016/j.egg.2022.100120
https://doi.org/10.5897/AJB2020.17228
https://doi.org/10.1080/15440478.2018.1458684
https://doi.org/10.1080/15440478.2018.1458684


155 

 

Appendix 7 

Representative specimens.   

Province 1. Sankhuwasabha District: Balaute, 960m (Shakya, P. R., 9524,20 Dec 

1990; KATH 045295).  

Province 3. Dolakha District: Phedi Kharka, 2200 m (Rajbhandari, K. R., 10191, 13 

Sep 1983; KATH 044947); Jiri, 7200 ft [2194 m] (Singh, S. C. and Shrestha, R, 27 

Sep1985; KATH 045290); Singati – Manthali, 1000 m (Bhattarai, N. K. and Kattel, L. 

P., 88/225, 19 Feb 1988; KATH 045289). Sindhupalchok District: Melamchi, 2450 

m (Bhattarai, N. K, 86/382, 16 Jun 1986; KATH 045288). Ramechhap District: 

Lapchane, 2700 m (Rajbhandari, K. R. and Roy, B. 2198, 10 Aug  1977; KATH 

045283). Kathmandu District: Shiwapuri Summit 2,650 m (Suzuki, M., Maeda, T., 

Naruhashi, N., Watanabe, R., Subedi, M. N., Minaki, M., Noshiro, S. and Ikeda, H. 

8882023, 14 Sep, 1988; KATH 045282). Makwanpur District: [Makwanpur] 1700 

m, ( Pendry, C. A., Shrestha, K. K., Dahal, S., Giri, A., Miller, A. G., Pandey, N., 

Pullan, M.R., Shakya, L.R., Shrestha, S. and Siwakoti, M., DNEP2 B208, 29 Nov 

2004; KATH 044945); Torke, 1590 m ( Manandhar, N. P., 12682, 1 Dec 1988: 

KATH 045279).  Rasuwa District: Dhunche, 2000m (Joshi, N. and Shrestha, I. 

699/2001, 5 Sept 2001, KATH 045294); Rimiche, 2500m (Subedi, M.N., 400414, 30 

Sep 2000; KATH 045291); Rimiche, on the way to Lama Hotel to Syaphrubesi, 

2500m (Subedi, M.N. 400414, 30 Aug 2000; KATH 036709). Chitwan District: 

Jarwang, 1050 m (Manandhar, N. P., 13954, 16 Nov 1989; KATH 045280). 

Province 4. Myagdi District: GodepaniDeurali- Shika, 2830- 2010 m (Suzuki, 

M.,Maeda, T., Naruhashi, N., Watanabe, R., Subedi, M. N., Minaki, M., Noshiro, S. 

& Ikeda, H., 8881363, 25 Aug 1988; KATH 015474); Banthanti, 2600 m (Subedi, 

M.N, 8890809, 23 Aug 1988; KATH 045293);  Bhainse Kharka,  2600 m (Subedi, 

M.N. 8890809, 23 Aug 1988; KATH 045292); ChimKhola village, 1770 m (Metz, J. 

J. 483, 25 Oct 1986; KATH 045286); Bhakiaamlo, 1700 m (Manandhar, N. P, 1031-

91, 9 Sep 1991; KATH 045285). Gorkha District: Gyachok VDC, above G. 

VILAGE, E- Facing, 1850 m (Olsen 322, 4898, 16 Sep 1995; KATH 045276). Kaski 

District: Ghorepani 2760 m- Bainthati 2180 m - Ulleri 1950 m - Tikhe Dhunga 1470 

m- Ramghai 1200 m- Birethanti Bazar 1030 m, (Mikage, M., Fujii, N., Kajita, T., 

Kondo, N., Noshiro, S. and Yoda, K., 9460485, 28 Aug 1994; KATH 045267).  
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Province 5. Rolpa District: Kolgam-Tiha, 1,550 m (Bhattarai, N. K., 88/486, 25 Sep 

1988; KATH 004528); Salyan District: Makhantakuri, 2000 m (Kurmi, P. P, KB 

317, 8 Jul 1992; KATH 045277).  

Province 6. Jumla District: Chaurkot, 10,000 ft [3048](Polunin, O., Skyes, W. R. 

and Williams, L. H. J. 5433, 27 Sep 1952; KATH 044948). Jajarkot District: 

Dhaulakot, 2200 m (Rajbhandari, K. R. and Roy, B. 4649, 13 Aug 1979; KATH 

044939).  

Province 7. Bajura District: Birseni-Porakya, 2250m (Rajbhandari, K. R., 14822, 8 

Dec 1991; KATH 016032). Bajhang District: Gorkhali Village, 2000 m (Bhattarai, 

K. R., 90/1249, 2 Feb 1990; KATH 045153). Doti District: Ghanteswor, 2100 m 

(Rajbhandari, K. R., Regmi, P. M. and Malla, K. J., 5471, 17 Aug 1980; KATH 

044940).  
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Appendix 8                                                                                                                   

A       B 

      

 

C       D 

      

Plate 2: ISSR profiles of G. diversifolia with UBC 808. Lanes marked with 100plus DNA ladder. A 

Lanes D1-D10 (samples from Darchula District); K1- K10, (samples from Kathmandu District) Kas1- 

Kas3 (sample from Kaski District). B Lanes S1-S10 (samples from Panchthar District); J1-J10 

(samples from Dolakha District). Kas4-Kas5 (samples from Kaski District) C with UBC (ATC)6C 

Lanes D1-D10 (samples from Darchula District); K1-K10 ( samples from Kathmandu District) Kas1-

Kas3 (Kaski District). D with UBC (ATC)6C Lane J1-J10 (samples from Dolakha District); S1-S10 

(Samples from Panchthar District) Kas4-Kas5 (Sample from Kaski District.). 
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A        B 

     

 

C        D 

     

Plate 2: ISSR profiles of G. diversifolia with UBC (ATC)6T. Lanes marked with 100plus DNA 

ladder. A Lanes J1-J10 (samples from Dolakha District); S1- S10, (samples from Panchthar District) 

Kas4- Kas5 (sample from Kaski District). B UBC (ATC)6T Lanes D1-D10 (samples from Darchula 

District); K1-K10 (samples from Kathmandu District). Kas1-Kas3 (samples from Kaski District) C 

with UBC 826 Lanes D1-D10 (samples from Darchula District); K1-K10 ( samples from Kathmandu 

District) Kas1-Kas3 (Kaski District). D with UBC 826 Lane J1-J10 (samples from Dolakha District); 

S1-S10 (Samples from Panchthar District) Kas4-Kas5 (Sample from Kaski District.). 
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Appendix 9 

 

 

Figure:  Researcher with Allo workers  
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Appendix 10 

Photocopies of published journals and certificates of paper presentation 
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