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CHAPTER 1: INTRODUCTION 

 1.1 Background 

Nepal, nestled in the heart of the Himalayas, boasts a diverse array of plant species that 

contribute to its rich biodiversity. The country's flora includes a mix of native plants that 

have evolved over millennia to thrive in its varied landscapes, alongside invasive alien 

species that pose a threat to the delicate ecological balance. Understanding the dynamics 

between native and invasive plants in Nepal is crucial for conservation efforts and the 

preservation of the country's unique natural heritage.  

The significance of plants, however, outweighs all else. People in rural areas often use 

many more species, and even city dwellers employ a diverse range of plants for different 

purposes. A wide variety of wild plant foods play important roles in traditional medicine, 

and they also help with nutrition and food security. In addition, plants provide the three-

dimensional framework for animal movement and survival, as well as the bulk of the food 

that most terrestrial ecosystems rely on (Corlett, 2016). Moreover, Plants play a crucial 

role in soil ecosystems by providing organic matter and energy, which in turn promote 

microbial activity (Sofo et al., 2014). It is also found that without relying on tillage 

techniques, plants also the composition of the microbial community (Vezzani et al., 2018). 

The decline in native biodiversity and loss of ecosystem services are primarily due to 

biological invasion (Kohli et al., (2004); Pejchar and Mooney (2009)). According to 

Richardson and Pysek (2006), biological invasion refers to the process of invasive species 

being introduced, established, and spread next to their native environment. Due to its 

diverse and varied elevation gradient and topography, Nepal offers adequate habitats and 

climatic conditions for species from every part of the world. There are a minimum of 219 

non-native species of flowering plants that have been established in Nepal, according to 

research conducted by Tiwari et al. in 2005, Siwakoti in 2012, and Sukhorukov in 2014. 

IUCN Nepal conducted an assessment of invasive alien plant species (IAPS) in 2002-2003 

and identified 21 naturalized flowering plant species that have established self-sustaining 

populations and are considered invasive in Nepal (Tiwari et al., 2005). They aren't the only 

naturalized species that have been discovered to be invasive in rangelands and agro-

ecosystems; four more include Erigeron karvinskianus, Spermacoce alata Aubl, 

Galinsoga quadriradiata, and Ageratum conyzoides (Shrestha, 2016) as invasive alien 

plant species (IAPS) in Nepal. According to Shrestha and Shrestha 2021, about 27 alien 
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plant species have been reported as in invasive in Nepal.  The four invasive plant species 

that are listed among the 100 worst invasive species in the world are Chromolaena 

odorata, Eichhornia crassipes, Lantana camara, and Mikania micrantha (Lowe et al., 

2000). 

According to Rajbhandary et al. (2017), a total of 5309 plant species have been recorded 

belonging to 5309 genera and 193 families in our country.  The primary sources of plant 

resources for humans are cultivated areas, common lands, marshes, and woods. Plant 

resources are collected and put to a variety of uses, such as fodder essential oils, medicinal 

or religious purpose, fuel, fiber, construction materials in agroindustry and household 

goods, and wild genetic resources for enhancing crop plants (Rajbhandary and Winkler, 

2015). Plant diversity conservation has been given far less priority than animal diversity 

conservation, maybe due to the fact that many animal groups find plants unappealing 

(Goettsch et al., 2015). Consequently, compared to animal conservation, plant 

conservation receives far less funding (Havens et al., 2014). 

Because of shifts in resource availability, disturbance regime, and propagule pressure 

brought about by changes in land use, ecosystems become more susceptible to biological 

invasions (Davis et al., 2000; Hobbs, 2000). As a consequence of increased international 

trade, transportation, and tourism, many developing nations are now at risk of becoming 

hosts to invasive alien plant species or receiving them from other parts of the globe. 

Furthermore, this is also true in our nation. The issue of IAPS along roadside, agricultural 

grounds (whether cultivated or fallow), and wetlands is not limited to rural regions; it is 

also affecting urban places such as Dhangadhi sub metropolitan city. Since roadsides are 

often disturbed, they provide an ideal environment for IAPS to thrive in and serve as a 

pathway for the spread of the plant. Plant invasion is rapidly becoming an issue also in 

wetland areas. 

Since, most of the studies are confined to larger landscapes like forest, the smaller areas 

with greater impacts like roadsides, fallow areas, margins of forests and wetlands are often 

neglected. Such areas are also found to be comprising an important ecosystem. So, this 

study's overarching goal is to understand the vegetation of urban areas. The results of this 

study would be useful in understanding the importance of native biodiversity, effects of 

biological invasions and could lay the groundwork for future management initiatives.  
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1.2 Justification of study 

Biodiversity being crucial component of the environment is intricately linked with   

ecosystem and human welfare. Ecosystem and biodiversity are facing major threats from 

Invasive alien plant species which needs to be managed and controlled effectively in time. 

Environment and economy of non-native areas gets highly affected due to the alien plants 

(Pysek et al., 2004). The uncontrolled spread and establishment of IAPS is a serious 

problem worldwide and in Nepal as well. Some of the alien plant species may be useful 

and cultivated for food, medicine, fuel or fodder for local communities (Roder et al., 2007) 

while other most of the IAPS have negative impacts on native vegetation, forest 

regeneration, agriculture production, cattle grazing, ecosystem and human health 

(Pimentel et al., 2000). Biological invasions at the interfaces of roadsides, forest margins, 

fallow lands, and wetland margins have become a pressing ecological concern due to their 

significant impacts on biodiversity, ecosystem functions, and socio-economic well-being. 

In a world that is becoming more and more urbanized, urban nature is essential to human 

well. Despite the great diversity of urban greenspaces, parks and the presence of trees in 

particular have received the majority of attention in prior study. Despite the fact that streets 

are essential urban constructions and provide a variety of green spaces beyond trees, 

few researches have been done on how urban dwellers perceive and value different types 

of roadside flora (Weber et al., 2014). 

Roadside vegetation varies in structure and content, ranging from artificial landscaping to 

naturally occurring plant communities, and from regularly mown grass to shrubs and trees. 

In addition to providing habitat for rare plants and animals, roadside vegetation can also 

serve as a carbon sink, a barrier against the intrusion of light and noise from traffic, a 

source of seeds for nearby landscapes, and an aesthetic enhancer for drivers (Lahoti et al., 

2020). 

The two most significant variables affecting the germination and early growth of scattered 

seeds on fallow land are water level and fertility (Gaujour et al., 2012)). Due to our great 

reliance on food and commodity imports and open border transportation, many IAPS are 

infiltrating our country from neighboring countries, primarily India. Through direct 

resource competition or indirect changes to nutrient cycling, invasive alien plant species 

can suppress or exclude native species, altering the structure and species composition of 
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ecosystems. In order to minimize the negative repercussions that come with the invasion 

of IAPS, it is necessary to build and extend them to new places. 

1.3 Objectives 

1.3.1 General objective 

General objective of the study is to enumerate native and invasive flora of different habitats 

in Dhangadhi Sub-Metropolitan City, Kailali, Far West Nepal.  

1.3.2 Specific Objectives  

The specific objectives of the study are: 

 To document the native and invasive flora of different habitats of the study site. 

 To compare and analyze the ecological parameters the native and invasive flora in 

different habitats of the study site. 

 To find out the relationship between native and invasive plants among different 

habitats in the study site. 

1.4 Limitations 

  The recording of plant species does not encompass representatives from all 

seasons, as the study was conducted solely during the pre-monsoon period.  

 The study exclusively examines plant diversity within four specific habitats: 

roadsides, fallow lands, forest margins, and wetland margins, potentially excluding 

other habitats and land use types from its analysis.  

 The study specifically targets the margins of forested areas and wetlands for 

examination, indicating that the entire forest and interior sections of the wetland 

were not included in the study's scope. 
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CHAPTER 2: LITERATURE REVIEW 

2.1 Biological invasion  

Invasive alien plant species are swiftly encroaching upon native ecosystems worldwide. 

These species, introduced to new areas through various means, are a significant driver of 

global environmental change caused by human activity. This invasion leads to substantial 

economic losses, diminishes biological diversity, and disrupts the functioning of affected 

ecosystems (Vitousek et al., 1997; Mack et al., 2000; Pimentel et al., 2001). Richardson 

and Pysek (2000) define biological invasions as the introduction, establishment, and 

spread of species beyond their native habitats. This phenomenon now operates on a global 

scale and is expected to undergo rapid increase in the coming years due to interactions 

with other global changes such as the globalization of markets, explosive rise in global 

trade, travel, tourism, expansion of road networks, and exchange of goods (Hobbs, 2000). 

Biological invasions can arise from human activities or occur naturally. Human-induced 

invasions in new habitats are rapidly increasing, driven by globalization. The impact of 

natural invasions closely resembles that of human-mediated invasions, but natural 

invasions primarily rely on the dispersal abilities of the invading plants themselves. 

Sources of natural invasions include humans, birds, animals, insects, wind, water, and 

vehicles. In essence, invasive alien plant species (IAPS) undergo three phases for 

biological invasions: introduction, colonization, and naturalization to infiltrate the host 

ecosystem (Mack et al., 2000). Successful invasions occur when species introduced 

beyond their native range through human actions establish self-sustaining populations and 

spread into new areas (Richardson et al., 2000; Richardson & Pysek, 2006). 

Biological invasion is mainly influenced by three factors; propagule pressure, biological 

traits of IAPS and invasibility (Londsale,1999). IAPS have life history traits like fitness 

homeostasis, smaller seed size and weight for efficient dispersal, allelopathy, vegetative 

reproduction as an alternative mode of reproduction, phenotypic plasticity, persistent seed 

bank and successful colonizers of disturbed habitat (Kohli et al., 2006; Grice, 2006). 

Dispersal of IAPS have major role in biological invasion and roads as dispersal corridors 

promote invasion to adjacent areas (Christen and Matlack, 2009; Sullivan et al., 2009). 

The disturbed nature of roads acts as source areas for biological invasion.  
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2.2 Origin and Distribution of IAPS 

The process of species being transported by people beyond natural barriers to dispersal is 

continuing to increase in speed. This is a consequence of globalization and the disruption 

of natural ecosystems. A number of IAPS have expanded into new regions at a rapid pace, 

impacting ecosystems and human health in major ways (Rai, 2022). 

The degree to which a country's economy is open and the specific trade channels it engages 

in can increase the susceptibility of nations to biological invasions (Perrings et al., 2002). 

In recent years, numerous established and developing countries have emerged as potential 

origins and destinations for International Aquatic Pathway Species (IAPS) from various 

countries worldwide. Asian countries such as China, India, Nepal, Bangladesh, and 

Pakistan are particularly vulnerable to biological invasions (Weber and Li 2008). Several 

invasive alien plant species (IAPS) have been introduced in Nepal by diverse means in 

various ecosystems such as wetlands, forests, grasslands, rangelands, crops, and highways. 

The majority of the IAPS (Invasive Alien Plant Species) in Nepal are unintentionally 

brought in from the next nation, India, due to the presence of an open border, direct road 

connections, and a high reliance on basic necessities (Tiwari et al., 2005). The majority of 

the IAPS (Introduced Alien Plant Species) in Nepal have their origins in the neo-tropical 

region, specifically South America (Bhattarai et al., 2014). IAPS has made its debut into 

India through many channels throughout the course of time. The plant introduction in India 

can be attributed to its colonial history and historical trading links with many countries 

such as British, Portuguese, Spanish, French, as well as countries from the Middle East 

and Central Asia (Khuroo et al., 2012). Out of the 225 IAPS in India, a majority (52%) are 

from South America, while the rest are from Africa (16%), Asia (16%), Europe (9%), 

North America (4%), and Australia (2%), with a small percentage (1%) being of unknown 

origin (cryptogenic) (Khuroo et al., 2011). In recent decades, India's growing economy has 

led to the implementation of large-scale infrastructure development projects. 

Unfortunately, these initiatives have resulted in the destruction of natural habitats and the 

creation of disturbance corridors. As a consequence, this has facilitated the spread and 

establishment of numerous invasive alien plant species (Sharma et al., 2005). 

2.3 Community Invasibility 

The ability of a habitat to support the colonization and establishment of new non-native or 

alien species is known as invasiveness. According to Davis et al. (2000), it can be 
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measured as the likelihood of establishment for each arriving propagule. The invasibility 

of a community differs between species and throughout time. The presence of resources 

(Davis et al., 2000) and other site characteristics of the new environment, such as the 

presence or absence of specific predators and pathogens (Shea and Chesson, 2002), as well 

as the degree to which the physical conditions of the native environment and the new 

environment match (Kolar and Lodge, 2001), all affect colonizers' capacity to establish 

themselves in a new community. Ecosystems vary in their natural susceptibility to 

invasion. Urban-industrial areas, habitats suffering from periodic disturbance, harbors, 

lagoons, estuaries and the fringes of water bodies, where the effects of natural and 

anthropogenic disturbances are often linked, are also particularly vulnerable to invasions 

(Kaur and Arora, 2013).  

Disturbance mediated susceptibility to invasion seems particularly pronounced in 

fertile/eutrophic environments (Burke and Grime, 1996). Deserts, semi-deserts, tropical 

dry forests and woodlands, artic systems and pelagic marine systems appear to be least 

susceptible to invasions while mixed island systems, road networks, lake, river, canals and 

nearshore marine systems appear to be most susceptible to invasions (Heywood, 1995). 

Similarly, systems with low natural diversity (especially if they are without existing 

predators or competitors) seem to be more vulnerable to invasion than with high natural 

diversity (Rejmanek, 2000). But susceptibility also depends on land use type, disturbance 

level, travel and tourism activities etc. Disturbance caused by any natural or human-

mediated events can provide the opportunity for IAPS to colonize new habitat.  

A community's susceptibility to invasion is increased by habitat fragmentation, habitat 

modification, and agricultural disturbance (Williamson, 1999). Building roads makes it 

easier for IAPS to invade nearby towns. While Thompson et al., (2001) acknowledge that 

invasibility is a byproduct of changes in resource availability, either through increase or 

reduction of resources, Davis et al. (2000) theorize that invasibility is a result of variations 

in resource availability. 

2.4 Dispersal of IAPS 

There are many different ways that invasive alien species might enter a region; these 

methods and channels are referred to as invasion pathways, these routes of invasion act as 

conduits for the dispersion of IAPS throughout the world using a variety of vectors 

(Lemke, et al., 2021).  A species might be unintentionally or purposely introduced to a 
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new area in a variety of ways. According to Hulme (2009), accidental transportation of 

species includes the movement of species as contaminants within commercial products. 

Intentional movement of species includes a wide range of vectors, such as the importation 

of ornamental plants, crop species, biocontrol, medicinal plants, fodder, etc. Plant 

distributions are significantly influenced by seed dispersal (Chen et al., 2020). Invasive 

plant species spread their numbers over large areas after becoming naturalized. Many 

vectors, including people, cars, wind, water, insects, animals, and others, allow invasive 

plants to spread into uninfected areas (Sorenson, 1986). The transfer of seeds away from 

their parent plants by a variety of physical means is referred to as dispersal. For a plant to 

be a successful invader, it must be able to spread out of the area of introduction into new 

areas (Singh et al., 2008). Plants can spread through seed dispersal or vegetative 

propagation. Long-distance dispersal of plant seeds, especially those of invasive alien 

species, is mostly caused by humans, animals, water, birds, wind, etc. While both natural 

processes and human activities contribute to the subsequent dispersal of naturalized 

species, human activities are the sole cause of alien species introduction. 

The spread of IAPS can be facilitated by various additional vectors. Vehicles, birds, 

insects, water, and wind are all examples of such things. Depending on the habitat or type 

of IAPS blooms or seeds, the medium could change at times (Shrestha, 2016). The spread 

of IAPS throughout several ecosystems has significantly risen due to the acceleration of 

human trade, transportation, and travel (Vitousek et al., 1997; Mack, 2003). An imported 

plant's ability to successfully invade a new area may be influenced by the quantity of seeds 

it produces; a larger seed bank means more opportunities for colonisation, which increases 

the likelihood of successful establishment and expansion. By eliminating native species 

and supplying fresh soil layers that are conducive to invasion, road construction and 

maintenance provide safe spaces where IAPS can sprout and establish (Londsale and Lane, 

1994). Through the introduction or dispersal of seeds and other viable plant materials, 

routine building and maintenance operations along transportation corridors can also 

significantly contribute to the spread of invasive plants. IAPS find that the dense native 

vegetation along roadsides provides a low-competitive environment, and they typically 

receive more sunlight, moisture, and soil nutrients that encourage invasion (Parendes and 

Jones 2000). 
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CHAPTER 3:  MATERIALS AND METHODS 

3.1 Study area 

The present study was carried out in Dhangadhi Sub-Metropolitan city of Kailali district 

in Province-7, Nepal. The district covers an area of 3, 23,500 ha with an altitude ranging 

from 109 to 1950 m (DFO, 2021/2022). Around 2, 05,724 hectares of land is covered by 

forest and 43.38% has been referred to as community forest (DFO, 2021/2022). The study 

was conducted in four habitats within the sub-metropolitan city which forest margin, 

wetland margin, fallow lands and roadsides. 

Forest margin: The forest margin was a part of Laljhadi - Mohana forest corridor which 

is linked to Dudhwa National Park, India. The Mohana river separates Nepal and India. 

The forest is facing human encroachment and deforestation which is highly disturbed.    

Wetland margin: The wetland margin is of Jokhar lake which occupies an area of 13.49 

ha. It is an oxbow-perennial lake. Most portion of the lake is covered by Eichhorina 

crassipies during rainy season. Surrounding vegetation and lake is also disturbed by 

visitors. The Tharu community inhabits nearby. 

Fallow lands: The fallow lands were abandoned for more than 15 years and seemed mostly 

covered by Parthenium hysterophorus. They are situated in between the residential areas. 

In some fallow lands grazing cattle can be seen. 

Roadsides: The roads for the study were away from the highway that connected inner 

urban areas. The roads of this study included secondary roads that has access to 

communities.  
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Figure 1: Map of the study area; ( A) map of Nepal with districts; (B)  Kailali district 

;(C) Dhangadhi Sub-Metropolitan City with different land use types (C) 

3.2 Climate 

The monthly average maximum and minimum temperature of Dhangadhi were 30.60°C 

and 13.75°C respectively (average data of 22 years) (Figure 2). The highest monthly 

rainfall was in July (537.24 mm), and the lowest was in November (1.9 mm), with a mean 

annual rainfall of 1892.88 mm. It experiences a warm summer and a very cold winter with 

high rainfall in summer and low in winter. 
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Figure 2: Twenty-two years (2000-2022) monthly average data of average temperature 

and rainfall recorded at Attariya Station of Kailali district. (Source: Department of 

Hydrology & Meteorological, Kathmandu). 

3.3 Experimental Design 

The sampling in the study area differed according to habitats. Total 120 plots of size 1m 

x1m were sampled in which 30 plots for each habitat. With some modification the roadside 

sampling was taken from Rahman et al. (2015). So, for roadsides, systematic sampling 

with zigzag plots were taken to maintain variation. Each plot was at distance of 150 m 

each. While in fallow lands random sampling was done. Along the forest margin and 

wetland margin a distance of 100 m was maintained between each plot. 

3.4 Quantitative analysis  

The ecological characteristics, abundance, frequency (%), cover (%), were quantified in 

accordance with Zobel et al. (1987). Abundance (A) refers to the sum total of individuals 

of a given species within a given unit area. The formula to calculate Abundance is given 

by 

 Abundance (A) = 
𝑡𝑜𝑡𝑎𝑙 𝑛𝑜.  𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙  𝑜𝑓 𝑎 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝑖𝑛 𝑎𝑙𝑙 𝑞𝑢𝑎𝑑𝑟𝑎𝑡𝑠  

𝑁𝑜.𝑜𝑓 𝑞𝑢𝑎𝑑𝑟𝑎𝑡𝑠 𝑖𝑛 𝑤ℎ𝑖𝑐ℎ 𝑡ℎ𝑒 𝑠𝑝𝑒𝑖𝑒𝑠 𝑜𝑐𝑐𝑢𝑟𝑒𝑑
 

Relative Abundance (RA) is the percent composition of species relative to total number of 

individuals in the area and is given by following formula. 
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 RA (%) =
𝑎𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒 𝑜𝑓 𝑎 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙 𝑠𝑝𝑒𝑐𝑖𝑒𝑠

𝑠𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑎𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒 𝑜𝑓 𝑎𝑙𝑙 𝑠𝑝𝑒𝑐𝑖𝑒𝑠
𝑥100 

Frequency (F) describes the degree of dispersion of a specific species within a community. 

It is the percentage of sampling units in a specific area that contains a species. It is also 

used to describe how species are distributed throughout a community. It was calculated by 

the following formula. 

F (%) = 
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑙𝑜𝑡𝑠 𝑖𝑛 𝑤ℎ𝑖𝑐ℎ 𝑡ℎ𝑒 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝑜𝑐𝑐𝑢𝑟𝑒𝑑  

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑞𝑢𝑎𝑑𝑟𝑎𝑡𝑠 𝑠𝑡𝑢𝑑𝑖𝑒𝑑
 𝑥 100 

The term "relative frequency" (RF) describes the degree of dispersion of a specific species 

in a given area in relation to the overall number of species that occurred, and it was 

calculated using the following formula. 

RF (%) = 
𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙 𝑠𝑝𝑒𝑐𝑖𝑒𝑠

𝑠𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑖𝑒𝑠
𝑥 100  

Density (D) refers to the number of distinct species in each area. It displays the species' 

relative population size within the community. It is calculated by the following formula. 

D = 
𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑙𝑎𝑛𝑡𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑡𝑢𝑑𝑖𝑒𝑑 𝑝𝑙𝑜𝑡𝑠 

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑙𝑜𝑡𝑠 𝑠𝑡𝑢𝑑𝑖𝑒𝑠 𝑥 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑝𝑙𝑜𝑡 (𝑚2)
 

Similarly, Relative density (RD) refers to the numerical strength of a species in relation to 

the total number of individuals of all the species and it was calculated using the following 

formula. 

RD (%) = 
𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑎 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 

𝑠𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑑𝑒𝑛𝑠𝑖𝑡𝑖𝑒𝑠
𝑥100 

Importance Value index (IVI) is the sum of the relative values of the density, frequency, 

and abundance. It is used to determine the overall importance of each species in the 

community structure. IVI was calculated by using the following formula: 

IVI = RA +RF+RD 

Moreover, scatter plot was created for abundance of native and invasive plants and similar 

for their as well. The regression was performed to know the relation between the 

abundance of invasive plants and native plants. Similarly, the relation between the cover 

of invasive and native plants was also performed through regression. 



13 

 

3.5 Plant identification and herbarium preparation  

When I was out in the field collecting samples, I asked people to help us identify the plants 

by their common names. Nevertheless, plants that could not be recognized were collected, 

labelled, and compacted using newspapers. Unidentified species were identified using the 

following methods: herbarium was prepared in accordance with Lawrence (1951), 

taxonomic specialists were consulted, and references such as "Plant Resources of Kailali, 

West Nepal" (DPR, 2016) and works by Rajbhandari and Rai (2017) were consulted. 

Online resources such as the Annotated checklist of flowering plants of Nepal 

(www.efloras.org),www.gbif.org, and www.theplantlist.org were utilized to verify the 

most current and widely recognized scientific names, families of the plants and their 

distribution   that had been identified (Press et al., 2000). Also matched with the herbarium 

specimens were those from the National Herbarium and Plant Laboratories in Godawari 

(KATH). The Ascol Herbarium in Kathmandu, Nepal, is where the specimens were placed 

for preservation. 

3.6 Statistical analysis 

All the ecological parameters were quantitatively analyzed in Microsoft Office Excel 

program 2019. All the statistical analysis was performed in IBM SPSS 4.0.3. One way 

analysis of variance (ANOVA), followed by multiple comparisons using Tukey's test. One-

way ANOVA was performed to observe the significant difference of invasive cover and 

native cover as well as native abundance and invasive plant abundance.  
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CHAPTER 4: RESULTS 

4.1 Species richness 

In the study area, a total of 74 species belonging to 68 genera were identified, distributed 

across 31 families and 17 orders. Notably, the Asteraceae family exhibited the highest 

species richness with 11 species, followed by Malvaceae with 8 species, Fabaceae with 6 

species, Amaranthaceae with 5 species, and Poaceae with 5 species (refer to Figure 3). 

Among these species, 64 were dicots while 10 were monocots, as illustrated in figure 4. 

Additionally, the study revealed a composition of 49 herb species, 24 shrub species, and 

one climber species, as depicted in figure 5. 

 

Figure 3: Dominant plant families in the study site 
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Figure 4: Dicots and Monocots 

 

Figure 5: Habit of plants in the study area 

When comparing sites, the roadside exhibited the highest diversity, hosting 54 species 

(p>0.05) across 30 families and multiple genera. In contrast, fallow land supported 33 

species spanning 18 families. Similarly, the forest margin area harbored 28 species from 

13 families, while the wetland margin contained 34 species belonging to 17 families. 

 

14%

86%

Monocot

Dicot

66%

33%

1%

Herb

Shrub

Climber



16 

Figure 6: Number of plants in different habitats 

Among the four habitats studied, the roadside exhibited the greatest species richness, 

followed by the wetland margin, forest margin, and fallow lands, in descending order. 

However, the differences in species richness among these habitats were not statistically 

significant (p > 0.05). Interestingly, the mean species richness of the wetland margin, forest 

margin, and fallow land significantly differed from that of the roadside. Nevertheless, there 

was no significant distinction in species richness among the wetland margin, forest margin, 

and fallow land, as illustrated in figure 7. 

Figure 7: Mean species richness in different habitats (p > 0.05) 
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4.2 Native and invasive flora 

In the four study sites, roadside exhibited the highest number of invasive alien plant species 

(13), whereas the forest margin had the fewest (5). Fallow land contained 9 invasive alien 

plant species, while the wetland margin had 8. Notably, Xanthium strumarium and 

Ageratum houstonianum were observed in all four habitats surveyed. Bidens pilosa, 

Ageratum conyzoides and Galinsoga quadriradiata were observed only in roadsides 

(Table 2). 

Similarly, the distribution of native plant species across the surveyed habitats varied: 

roadside supported 8 native species, forest margin had 7, fallow land contained 3, and 

wetland margin harbored 4. On the other hand, naturalized species were most abundant in 

the roadside habitat (32), followed by wetland margin (22), fallow land (21), and forest 

margin (16) as illustrated in table 1 and figure 8. 

Table 1: Number of naturalized, native and invasive species 

Roadside Fallow land Forest margin Wetland margin 

Naturalized 32 21 16 22 

Invasive 13 9 5 8 

Native 8 3 7 4 

Figure: 8: Number of species according to their distribution in different habitats. 
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Table 2: List of IAPS found in different habitats 

S.N Name of IAPS Habitat 

1 Alternanthera philexeroides R, FL, WM 

2 Amaranthus spinosus R, FL, WM 

3 Argemone Mexicana R, FL 

4 Bidens Pilosa R 

5 Ipomea carnea R, WM 

6 Oxalis latiflolia R, WM 

7 Parthenium hysterophorus R, FL, FM, 

8 Xanthium stumarium R, FL, FM, WM 

9 Lantana camara R, FL, FM 

10 Eichhornia crassipies FL 

11 Ageratum haustonianum R, FL, FM, WM 

12 Galinsoga quadriradiata R 

13 Ageratum conyzoides R 

14 Senna tora FL, FM, WM 

15 Mimosa pudica WM 

R-Roadside, FL- Fallow land, FM- Forest margin, WM- Wetland margin 

4.3 Frequency and cover 

Along the roadside, Cannabis sativa dominated with a frequency of 96.67%, closely trailed 

by Parthenium hysterophorus at 93.33%. Conversely, in fallow lands, Parthenium 

hysterophorus exhibited the highest frequency at 83.33%, followed by Cannabis sativa at 

76.67% and Ageratum houstonianum at 66.67%.  

In forest margins, Senna tora stood out with a frequency of 86.67%, followed by Murraya 

koenigii at 76.67%. Senna tora also claimed the highest cover at 18.33%. At the wetland 

margins, Cyperus haspan and Euphorbia hirta shared the highest frequency at 73.33%, 

followed by Ageratum houstonianum at 60% and Xanthium strumarium at 53.33%. 
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Notably, Xanthium strumarium, an invasive alien plant species, occupied the highest 

cover. 

Figure 9: Frequency and cover of dominant plant species at roadside (Full name of 

plants are given in Appendix 5).

Figure 10: Frequency and Cover of dominant plant species at Fallow lands (Full name of 

plants are given in Appendix 3). 
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Figure 11: Frequency and Cover of first 15 plant species at forest margin (Full name of 

plants are given in Appendix 4). 

Figure: 12: Frequency and Cover of dominant plant species at wetlands ((Full name of 

plants are given in Appendix 1). 

4.3.1 Frequency of IAPS 

At roadside, among the 13 IAPS, Parthenium hysterophorus showed the highest frequency 

(93.33%) followed by Amaranthus spinosus (76.67%), Senna tora (66.67%), 

Alternanthera philoxeroides (63.33%) and Lantana camara (46.67%) as well.  While the 

most frequent species in fallow land and wetland margin was Ageratum haustonianum 
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with (66.67%) and (60%) respectively but in the forest margin Senna tora (86.67%) was 

the most frequent species.  Following figures show the frequencies of IAPS in different 

habitats (Figure 13 to Figure 16). 

Figure 13: Frequency of IAPS at roadside (full name of plant species are given in 

Appendix 6). 

Figure 14: Frequency of IAPS at forest margin(full name of plant species are given in 

Appendix 6). 
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Figure 15: Frequency of IAPS at wetland margin (full name of plant species are given in 

Appendix 6). 

Figure 16: Frequency of IAPS at fallow land (full name of plant species are given in 

Appendix 6). 
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not statistically significant (p > 0.05). There is no significant difference between the mean 

invasive cover of fallow land, wetland margin and forest margin but the mean invasive 

cover of roadside differs from other three habitats (Figure 17). 

Figure 17: Mean cover of IAPS (%) in different habitats. The vertical bars represent 

error bars. Mean values were compared by ANOVA followed by Tukey test. 

4.3.2 Mean native cover 

Among the four habitats, forest margin had the highest mean native cover followed by 

wetland margin, roadside and fallow lands. The native cover (%) across these habitats was 

not statistically significant (p > 0.05).  There is no significant difference between the mean 

native cover of wetland margin and forest margin but the mean native cover of fallow land 

significantly differs from other three habitats (Figure 18). 
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Figure 18 : Mean native cover (%) in different habitats. The vertical error bars represent 

the standard errors. The mean values were compared by ANOVA followed by Tukey test. 

4.4. Relationship between native and invasive plants 

4.4.1 Relationship between abundance of native and invasive plants 

The abundance relation of native and invasive plants shows that the abundance of invasive 

plants has a linear effect on the abundance of native plants. A linear regression is obtained 

in between them. The increase in abundance of invasive species decreased the abundance 

of native species. The value of R2 indicates the goodness of fit of the regression line to the 

data. The lower value of R2 shows that’s the abundance effect of invasive plants on native 

plants is not statistically significant in all the four habitats (Figure 19.). 
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Figure 19 : Relationship between abundance of native and invasive species roadside b) 

fallow land c) forest margin d) wetland margin 

4.4.2 Relationship between cover of native and invasive plants 

The relationship between cover of native and invasive plants shows that the cover of 

invasive plants has a linear effect on the cover of native plants. A linear regression is 

obtained in between them. The increase in the cover of invasive species suppresses the 

cover of native species. Along roadsides (a), the effect of cover of invasive plants on the 

other native plants is not statistically significant. While in the other habitats the effect of 

invasive cover is statistically significant. The value of R2 suggests that approximately, 

91.57%,66.73%,78.76% of the variability in native cover can be explained by linear 

relationship with invasive cover in the habitats of fallow lands, forest margins and wetland 

margins respectively (Figure 20). 
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Figure 20: Relationship between native and invasive cover ; a) roadside b) fallow land c) 

forest margin d) wetland margin 

4.5 Importance Value Index (IVI) 

Among the four studied habitats, Parthenium hysterophorus had the highest IVI in fallow 

land and roadside while in forest margin and wetland margin Senna tora had the highest 

IVI as shown in figures (21, 22,  23, 24). 

Figure 21: IVI at roadside 
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Figure 22: IVI at fallow land 

Figure 23: IVI at forest margin 
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Figure 24: IVI at wetland margin 
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CHAPTER 5: DISCUSSION 

5.1 Species richness 

The results of the study indicate a diverse composition of plant species within the study 

area, encompassing various taxonomic groups and ecological characteristics. The findings 

highlight the significance of different plant families in contributing to the overall species 

richness and diversity. The dominance of the Asteraceae family, followed by other 

prominent families such as Malvaceae, Fabaceae, Amaranthaceae, and Poaceae, 

underscores the importance of these taxa in the local flora. This distribution of species 

richness among families is may be due to ecological significance and adaptive capabilities 

of these plant groups in the study area (Smith et al., 2017). 

Furthermore, the prevalence of dicot species over monocots suggests a potential preference 

or adaptation of dicots to the local environmental conditions. This observation aligns with 

broader ecological patterns indicating the prevalence of dicotyledonous plants in many 

terrestrial ecosystems (Friedman, 2020). The presence of a diverse array of herb, shrub, 

and climber species indicates varied habitat structures and ecological niches within the 

study area. Such diversity of growth forms contributes to the overall complexity and 

resilience of the local ecosystem (Paine et al., 1998). Overall, the results underscore the 

importance of understanding plant diversity at various taxonomic and ecological levels for 

effective conservation and management of natural ecosystems. 

The findings of the study reveal intriguing patterns of species richness across different 

habitats, shedding light on the ecological dynamics within the study area. The observed 

ranking of habitats by species richness, with roadside exhibiting the highest richness 

followed by wetland margin, forest margin, and fallow lands, suggests varying levels of 

habitat suitability and ecological heterogeneity.  

Despite the observed differences in species richness among habitats, the lack of statistical 

significance indicates that these differences may not be substantial or consistent across 

sampling locations. This could be attributed to factors such as habitat disturbance, 

historical land use patterns, or stochastic processes influencing species assemblages 

(Magurran and McGill, 2010). 

The significant difference in mean species richness between the roadside and other habitats 

highlights the importance of roadside habitats as reservoirs of biodiversity. Roadside 
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habitats often experience unique environmental conditions, such as increased light 

availability and disturbances from human activities, which can favor the establishment and 

persistence of a diverse array of plant species (Clergeau et al., 2001). 

 On the other hand, the absence of significant differences in species richness among 

wetland margin, forest margin, and fallow land suggests potential similarities in habitat 

characteristics or species composition across these habitats. This may indicate the presence 

of common ecological processes or environmental filters shaping plant community 

structure in these areas (Chiarucci et al., 2005). 

5.2 Native and invasive flora 

The findings from the study highlight the differential distribution of invasive alien plant 

species across various habitats, with implications for ecosystem management and 

conservation efforts. Roadside habitats emerged as hotspots for invasive species, hosting 

the highest number of invasive alien plant species compared to other habitats. Conversely, 

forest margins exhibited the lowest invasion intensity, with the fewest invasive species 

recorded. 

The prevalence of invasive alien species in roadside habitats could be attributed to factors 

such as human disturbance, habitat fragmentation, and the introduction of non-native 

species through human-mediated activities (McKinney, 2006). These habitats often 

experience high levels of disturbance and habitat degradation, creating favorable 

conditions for the establishment and spread of invasive species (Clergeau et al., 2001). 

Interestingly, certain invasive species, such as Xanthium strumarium and Ageratum 

houstonianum, were ubiquitous across all surveyed habitats, indicating their wide 

ecological amplitude and adaptability to diverse environmental conditions (Pysek et al., 

2008). 

In contrast, the distribution of native plant species varied among habitats, with roadside 

supporting the highest number of native species. This could be attributed to the presence 

of remnant native vegetation in roadside habitats or the availability of suitable 

microhabitats that support native plant communities (Clergeau et al., 2001). Naturalized 

species are typically found in more disturbed areas, such as grasslands and fallow lands, 

across the country and are spreading to nearby disturbed land use types. According to 

Tiwari et al. (2005), these species thrive in places like roadside grazing lands and 
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agricultural fields, where resources such as light, water, and nutrients are more abundant. 

This abundance of resources can facilitate the invasion process (Davis et al., 2000). 

Furthermore, the abundance of naturalized species followed a similar pattern to invasive 

species, with roadside habitats exhibiting the highest abundance of naturalized plants. This 

underscores the need for effective management strategies to mitigate the spread of invasive 

species and promote the conservation of native biodiversity in roadside habitats and other 

vulnerable ecosystems (Pysek et al., 2012). 

Overall, the study highlights the importance of understanding the distribution patterns of 

invasive alien, native, and naturalized plant species across different habitats for informing 

targeted conservation and management interventions. 

5.3 Frequency and cover 

Along the roadside, Cannabis sativa and Parthenium hysterophorus emerge as the 

dominant species, with high frequencies of 96.67% and 93.33%, respectively. This 

dominance reflects the ability of these species to thrive in disturbed habitats and 

outcompete native vegetation (Gelbard and Belnap, 2003). Furthermore, among the 13 

IAPS identified, Parthenium hysterophorus maintains the highest frequency, indicating its 

successful establishment and spread in roadside environments (McKinney, 2006). 

In fallow lands, Parthenium hysterophorus remains the most frequent species, followed 

by Cannabis sativa and Ageratum houstonianum. This suggests the colonization of fallow 

agricultural fields by invasive species, potentially disrupting ecosystem processes and 

reducing habitat suitability for native flora and fauna (Bogale and Tolossa, 2021). 

Forest margins are dominated by Senna tora, indicating its preference for edge habitats 

and potential encroachment into adjacent natural ecosystems. This dominance could alter 

understory vegetation dynamics and threaten native plant diversity in forest margins 

(Chitnis et al., 2019). 

At wetland margins, Cyperus haspan and Euphorbia hirta share the highest frequency, 

suggesting their adaptation to wetland habitats. However, Xanthium strumarium, an 

invasive alien species, occupies the highest cover, highlighting its potential threat to native 

wetland plant communities and ecosystem functioning (Richardson et al., 2000).  
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Overall, the distribution patterns of IAPS across different habitats underscore the 

importance of effective management strategies to control their spread and mitigate their 

ecological impacts on native biodiversity. 

5.4 Relationship between native and invasive species 

The observed relationship between the cover and abundance of invasive plants and their 

impact on native plant communities aligns with established ecological principles and has 

been documented in numerous studies. The linear effect of invasive plant cover on native 

plant cover suggests competitive interactions between invasive and native species, wherein 

an increase in the cover of invasive plants leads to a corresponding decrease in the cover 

of native plants. This phenomenon is commonly referred to as competition-mediated 

displacement, where invasive species outcompete native species for limited resources such 

as light, water, and nutrients (Levine et al., 2003). 

Similarly, the linear relationship between the abundance of invasive plants and the 

abundance of native plants further supports the notion of competitive exclusion, wherein 

invasive species negatively impact native species through resource competition, 

allelopathy, or habitat modification (Vilà et al., 2011). As the abundance of invasive plants 

increases, they can directly suppress the growth and reproduction of native plants, leading 

to declines in native plant abundance and diversity. 

These findings are consistent with broader ecological theories, such as the competitive 

exclusion principle and the niche differentiation hypothesis, which suggest that invasive 

species can alter ecosystem dynamics and community structure by displacing or 

suppressing native species (Schoener, 1983; Levine et al., 2003). 

Overall, the observed linear relationships between the cover and abundance of invasive 

plants and their impact on native plant communities highlight the importance of 

understanding and managing invasive species to mitigate their negative effects on native 

biodiversity and ecosystem functioning. 

5.5 Importance value Index (IVI) 

The observation that Parthenium hysterophorus exhibited the highest Importance Value 

Index (IVI) in fallow land and roadside habitats, while Senna tora had the highest IVI in 

forest margin and wetland margin habitats, provides insights into the differential habitat 

preferences and competitive abilities of these plant species. 
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Parthenium hysterophorus, commonly known as parthenium weed, is renowned for its 

aggressive invasive behavior and ability to colonize disturbed habitats such as fallow lands 

and roadsides (Evans, 1997). Its high IVI in these habitats suggests its successful 

establishment and dominance, potentially outcompeting native vegetation and altering 

ecosystem dynamics with its small sized seed with prolific seed production capacity 

(Bhattarai and Vetaas, 2006). Thapa et al. (2015) also noted that Ageratum houstonianum, 

Senna tora along with A. conyzoides, were particularly troublesome in the far-western 

region of Nepal. Conversely, Senna tora, also known as sicklepod, exhibits a preference 

for forest edge and wetland habitats, where it may have evolved to thrive in partially 

shaded environments or moist conditions (Munasinghe et al., 2020). Its high IVI in forest 

margin and wetland margin habitats suggests its ability to outcompete other species and 

dominate plant communities in these specific ecological niches. These findings underscore 

the importance of habitat-specific factors in shaping the distribution and dominance of 

plant species and highlight the ecological impacts of invasive species like Parthenium 

hysterophorus on native biodiversity and ecosystem functioning (Pyšek et al., 2012). 

Overall, the differential IVI values of Parthenium hysterophorus and Senna tora across 

different habitats reflect their niche specialization and competitive abilities, providing 

valuable insights into their ecological roles and potential impacts on native plant 

communities. 
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CHAPTER 6: CONCLUSION AND RECOMMENDATIONS 

6.1 Conclusion 

The study on plant species diversity and invasive plants in different habitats revealed 

significant insights into the distribution, richness and composition of plant species. It can 

be concluded that that there was varying diversity across habitats, with the roadside 

exhibiting the highest species richness, followed by wetland margin, forest margin, and 

fallow lands. Invasive alien plant species were most prevalent along roadsides. The notable 

IAPS species observed were Parthenium hysterophorus, Xanthium strumarium, Senna 

tora and Ageratum houstonianum observed across all habitats. The study emphasized the 

need for conservation measures to protect native biodiversity and ecosystems from the 

threats posed by invasive species. 

6.2 Recommendations 

a) Resources can be allocated and efforts should be prioritized to control and eradicate 

high risk invasive species by using mechanical, chemical or biological control 

methods tailored to each species and habitat. 

b) Certain invasive species such as Parthenium hysterophorus, Ageratum 

houstonianum, and Eichhornia crassipes can be repurposed as fertilizers, offering 

a dual benefit of aiding agriculture while managing their population growth. 

c) Biosecurity measures should be enhanced at borders to prevent the introduction and 

spread of invasive species through trade and travel. Regulations, inspections, and 

quarantine procedures should be improved to minimize the risk of accidental 

introductions. 

 

 

 

 

  



35 

 

REFERENCES 

Bhattarai, K. R., & Vetaas, O. R. (2006). Can Rapoport's rule explain tree species richness 

along the Himalayan elevation gradient, Nepal? Diversity and Distributions, 12(4), 

373-378. 

Bhattarai, K. R., Maren, I. E., & Subedi, S. C. (2014). Biodiversity and invasibility: 

distribution patterns of invasive plant species in the Himalayas, Nepal. Journal of 

Mountain Science, 11(3), 688-696. 

Bogale, G. A., & Tolossa, T. T. (2021). Climate change intensification impacts and 

challenges of invasive species and adaptation measures in Eastern Ethiopia. 

Sustainable Environment, 7(1), 1875555. 

 Burke, M. J. W., & Grime, J. P. (1996). An experimental study of plant community 

invisibility. Ecology, 77(3), 776-790. 

Chen, S. C., Poschlod, P., Antonelli, A., Liu, U., & Dickie, J. B. (2020). Trade-off between 

seed dispersal in space and time. Ecology Letters, 23(11), 1635-1642. 

Chiarucci, A., Bacaro, G., & Scheiner, S. M. (2005). Old and new challenges in using 

species diversity for assessing biodiversity. Philosophical Transactions of the 

Royal Society B: Biological Sciences, 360 (1454), 271-282. 

Chitnis, N., Choudhury, B. C., & Kumbar, S. M. (2019). Study of plant diversity along the 

forest edge to interior gradient in semi-evergreen forest of western Ghats. Journal 

of Environmental Biology, 40(6), 1155-1161. 

Christen, D. C., & Matlack, G. R. (2009). The habitat and conduit functions of roads in the 

spread of three invasive plant species. Biological Invasion, 11, 453-465. 

Clergeau, P., Jokimäki, J., & Savard, J. P. (2001). Are urban bird communities influenced 

by the bird diversity of adjacent landscapes? Journal of Applied Ecology, 38(6), 

1122-1134. 

Corlett, R. T. (2016). Plant diversity in a changing world: status, trends, and conservation 

needs. Plant diversity, 38(1), 10-16. 

Davis, M. A., Grime, P. J., & Thompson, K. (2000). Fluctuating resources in plant 

communities: a general theory of invasibility. Journal of Ecology, 88, 528-534. 



36 

Evans, H. C. (1997). Parthenium hysterophorus. a review of its weed status and the 

possibilities for biological control. Biocontrol News and information, 18, 89N-

98N. 

Friedman, J. (2020). The evolution of annual and perennial plant life histories: ecological 

correlates and genetic mechanisms. Annual Review of Ecology, Evolution, and 

Systematics, 51, 461-481. 

Gaujour, E., Amiaud, B., Mignolet, C., & Plantureux, S. (2012). Factors and processes 

affecting plant biodiversity in permanent grasslands. A review. Agronomy for 

sustainable development, 32(1), 133-160. 

Gelbard, J. L., & Belnap, J. (2003). Roads as conduits for exotic plant invasions in a 

semiarid landscape. Conservation Biology, 17(2), 420-432. 

Goettsch, B., Hilton-Taylor, C., Cruz-Piñón, G., et al. (2015). High proportion of cactus 

species threatened with extinction. Nat. Plants, 1, 15142. 

Grice, A. C. (2006). The impacts of invasive plant species on the biodiversity of Australian 

rangelands. The Rangeland Journal, 28, 1-27. 

Havens, K., Kramer, A. T., & Guerrant Jr, E. O. (2014). Getting plant conservation right 

(or not): the case of the United States. International Journal of Plant Sciences, 

175(1), 3-10. 

Heywood, V. (Ed.). (1995). Global Biodiversity Assessement. Cambridge University Press. 

Hobbs, R. J. (2000). Land use change and invasion. In H. A. Mooney & R. J. Hobbs (Eds.), 

Invasive Species in a Changing World. Island Press. 

Hulme, P. E. (2009). Trade, transport and trouble: managing invasive species pathways in 

an era of globalization. Journal of Applied Ecology, 46(1), 10-18. 

J., Dean, W. R. J., Richardson, D. M., & Proches, Ş. (2015). Roadside vegetation as a 

multifunctional resource: plant diversity, carbon storage, and the potential for 

bioenergy production. In J. M. Castro & J. E. Herrero (Eds.), Energy Landscapes: 

Perception, Planning, Management and Renewable Energy (pp. 357-377). 

Springer. 

Kaur, A., & Arora, R. (2013). Invasive insect pests in agriculture. Integrated Pest 

Management, 96. 



37 

 

Khuroo, A. A., Reshi, Z. A., Malik, A. H., Weber, E., Rashid, I., & Dar, G. H. (2012). Alien 

flora of India: taxonomic composition, invasion status and biogeographic 

affiliations. Biological Invasions, 14, 99-113. 

Khuroo, A. A., Reshi, Z. A., Rashid, I., & Dar, G. H. (2011). Towards an integrated 

research framework and policy agenda on biological invasions in the developing 

world: A case study of India. Environmental Research, 111, 999-1006. 

Kohli, R. K., Batish, D. R., Singh, H. P., & Dogra, K. S. (2006). Status, invasiveness and 

environmental threats of three tropical American weeds (Parthenium 

hysterophorus L., Ageratum conyzoides L., Lantana camara L.) in India. 

Biological Invasions, 8, 1501-1510. 

Kohli, R. K., Dogra, K. S., Batish, D. R., & Singh, H. P. (2004). Impacts of invasive plants 

on the structure and composition of natural vegetation of Northwestern Indian 

Himalayas. Weed Technology, 18, 1296-1300. 

Kolar, C. S., & Lodge, D. M. (2001). Progress in invasion biology: predicting invaders. 

Trends in Ecology and Evolution, 16, 199-204. 

Lahoti, S., Lahoti, A., Joshi, R. K., & Saito, O. (2020). Vegetation structure, species 

composition,   and carbon sink potential of urban green spaces in Nagpur 

City, India. Land, 9(4), 107. 

Lemke, A., Buchholz, S., Kowarik, I., Starfinger, U., & von der Lippe, M. (2021). 

Interaction of  traffic intensity and habitat features shape invasion 

dynamics of an invasive alien species  (Ambrosia artemisiifolia) in a 

regional road network. NeoBiota, (64). 

Levine, J. M., Adler, P. B., & Yelenik, S. G. (2003). A meta-analysis of biotic resistance to 

exotic plant invasions. Ecology Letters, 6(6), 975-989. 

Londsale, W. M. (1999). Global patterns of plant invasions and the concept of invasibility. 

Ecology, 79, 2694-2705. 

Londsale, W. M., & Lane, L. A. (1994). Tourist vehicles as vectors of weed seeds in 

Kakadu National Park, Northern Australia. Biological Conservation, 69, 277-283. 

Lowe, S., Browne, M., Boudjelas, S., & DePoorter, M. (2000). 100 of the world’s worst 

invasive alien species: a selection from the Global Invasive Species Database. The 



38 

 

Invasive Species Specialist Group (ISSG), a specialist group of the Species Survival 

Commission (SSC) of the World Conservation Union (IUCN), New Zealand. 

Mack, R. (2003). Global plant dispersal, naturalization and invasion: pathways, modes, 

and circumstances. Washington, Island Press. 

Mack, R. N., Simberloff, D., Londsale, W. M., Evans, H., Clout, M., & Bazzaz, F. A. 

(2000). Biotic invasions: causes, epidemiology, global consequences and control. 

Ecological Applications, 10, 689-710. 

Magurran, A. E., & McGill, B. J. (2011). Biological diversity: frontiers in measurement 

and assessment. Oxford University Press. 

McKinney, M. L. (2006). Urbanization as a major cause of biotic homogenization. 

Biological Conservation, 127(3), 247-260. 

Munasinghe, M. M., Ediriweera, S., Jayawardena, R. S., & Tennakoon, K. U. (2020). 

Bioactivity of some Sri Lankan medicinal plant extracts against Callosobruchus 

maculatus (F.) (Coleoptera: Chrysomelidae: Bruchinae). Journal of Entomology 

and Zoology Studies, 8(3), 165-170. 

Paine, R. T., Tegner, M. J., & Johnson, E. A. (1998). Compounded perturbations yield 

ecological surprises. Ecosystems, 1(6), 535-545. 

Parendes, L. A., & Jones, J. A. (2000). Role of light availability and dispersal in exotic 

plant invasion along roads and streams in the HJ Andrews Experimental Forest, 

Oregon. Conservation Biology, 14(1), 64-75. 

Pejchar, L., & Mooney, H. A. (2009). Invasive species, ecosystem services and human 

well-being. Trends in Ecology and Evolution, 24, 497-504. 

Perrings, C., Mooney, H. A., & Williamson, M. (2010). Bioinvasions and Globalization: 

Ecology, Economics, Management & Policy. Oxford University Press, Oxford, 

U.K. 

Pimentel, D., McNair, S., Janecka, J., Wightman, J., Simmonds, C., O’Connell,  & 

Tsomondo, T. (2001). Economic and environmental threats of alien plant, animal, 

and microbe invasions. Agriculture, Ecosystems & Environment, 84(1), 1-20. 

Pyšek, P., Jarošík, V., Hulme, P. E., Pergl, J., Hejda, M., Schaffner, U., & Vilà, M. (2012). 

A global assessment of invasive plant impacts on resident species, communities 



39 

and ecosystems: the interaction of impact measures, invading species’ traits and 

environment. Global Change Biology, 18(5), 1725-1737. 

Pyšek, P., Richardson, D. M., & Williamson, M. (2004). Predicting and explaining plant 

invasions through analysis of source area floras: some critical considerations. 

Diversity and Distributions, 10(3), 179-187. 

Rai, P. K. (2022). Environmental degradation by invasive alien plants in the anthropocene: 

challenges and prospects for sustainable restoration. Anthropocene Science, 1(1), 

5-28. 

Rajbhandari, K. R., Rai, S. K., Bhatt, G. D., Chhetri, R., & Khatri, S. (2017). Flowering 

Plants of Nepal: An Introduction. Department of Plant Resources, Kathmandu, 

Nepal, 432 pp. 

Rajbhandary, S., & Winkler, D. (2015). Ethnobotany. In G. Miehe, C. A. Pendry, & R. 

Chaudhary (Eds.), Nepal: An Introduction to the Natural History, Ecology and 

Human Environment of the Himalayas (pp. 271-285). Edinburgh: Royal Botanic 

Garden Edinburgh. 

Rejmanek, M. (2000). Invasive plants: approaches and predictions. Australian Ecology, 

25, 497-506. 

Ricciardi, A., Neves, R. J., & Rasmussen, J. B. (1998). Impending extinction of North 

American fresh water mussels (Unionoida) following the zebra mussel (Dreissena 

polymorpha) invasion. Journal of Animal Ecology, 67, 613-619. 

Richardson, D. M., & Pyšek, P. (2006). Plant invasions: merging the concepts of species 

invasiveness and community invisibility. Progress in Physical Geography, 30(3), 

409-431. 

Richardson, D. M., Pyšek, P., Rejmánek, M., Barbour, M. G., Panetta, F. D., & West, C. J. 

(2000). Naturalization and invasion of alien plants: concepts and definitions. 

Diversity and Distributions, 6(2), 93-107. 

Roder, W., Dorji, K., & Wangdi, K. (2007). Implications of white clover introduction in 

East Himalayan grasslands. Mountain Research and Development, 268-273. 

Schoener, T. W. (1983). Field experiments on interspecific competition. The American 

Naturalist, 122(2), 240-285. 



40 

 

Sharma, G. P., Singh, J. S., & Raghubanshi, A. S. (2005). Plant invasions: emerging trends 

and future implications. Current Science, 726-734. 

Shea, K., & Chesson, P. (2002). Community ecology theory as a framework for biological 

invasions. Trends in Ecology and Evolution, 17(4), 170-17. 

Shrestha, B. B. (2016). Invasive alien plant species in Nepal. Frontiers of botany, 2016, 

269-284. 

Shrestha, B. B., & Shrestha, K. K. (2021). Invasions of alien plant species in Nepal: 

Patterns and process. Invasive alien species: Observations and issues from around 

the world, 2, 168-183. 

Shrestha, B. B., Shrestha, U. B., Sharma, K. P., Thapa-Parajuli, R. B., Devkota, A., & 

Siwakoti, M. (2019). Community perception and prioritization of invasive alien 

plants in Chitwan-Annapurna Landscape, Nepal. Journal of Environmental 

Management, 229, 38-47. 

Sibly, R. M., & Hone, J. (2002). Population growth rate and its determinants: an overview. 

Philosophical Transactions of the Royal Society of London. Series B: Biological 

Sciences, 357(1425), 1153-1170. 

Singh, J. S., Singh, S. P., & Gupta, S. R. (2008). Ecology, Environment and Resource 

Conservation. Anamaya Publishers, New Delhi. 

Siwakoti, M. (2012). Threats and opportunity of invasive alien plant species in wetland 

conservation of Nepal. In: Proceedings of International Wetland Symposium, 

November 7–9, 2012, Pokhara, Nepal. Ministry of Forest and Soil 

Conservation/Conservation and Sustainable Use of Wetlands in Nepal.  

Smith, S. A., Beaulieu, J. M., Stamatakis, A., & Donoghue, M. J. (2017). Understanding 

angiosperm diversification using small and large phylogenetic trees. American 

Journal of Botany, 104(3), 391-301. 

Sofo, A., Ciarfaglia, A., Scopa, A., Camele, I., Curci, M., Crecchio, C., ... & Palese, A. M. 

(2014). Soil microbial diversity and activity in a Mediterranean olive orchard using 

sustainable agricultural practices. Soil Use and Management, 30(1), 160-167. 

Sorensen, A. E. (1986). Seed dispersal by adhesion. Annual Review of Ecological 

Systematics, 17, 443-463. 



41 

 

Sukhorukov, A. P. (2014). Erigeron annuus (Compositae) – a new record for the flora of 

Nepal. Newsletter of Himalayan Botany No. 49 (December), 15-16. 

Sullivan, J., Williams, P., Timmins, S., & Smale, M. (2009). Distribution and spread of 

environmental weeds along New Zealand roadsides. New Zealand Journal of 

Ecology, 33, 190‐204. 

Thapa, L. B., Thapa, H., & Magar, B. G. (2015). Perception, trends and impacts of climate 

change in Kailali District, Far West Nepal. International Journal of 

Environment, 4(4), 62-76. 

Thompson, K., Hodgson, J. G., Grime, P., & Burke, M. J. W. (2001). Plant traits and 

temporal scale: evidence from a 5-year invasion experiment using native species. 

Journal of Ecology, 89, 1054-1060. 

Tiwari, S., Adhikari, B., Siwakoti, M., & Subedi, K. (2005). An Inventory and Assessment 

of Invasive Alien Plant Species of Nepal. IUCN-The World Conservation Union, 

Nepal. 

Vezzani, F. M., Anderson, C., Meenken, E., Gillespie, R., Peterson, M., & Beare, M. H. 

(2018). The importance of plants to development and maintenance of soil structure, 

microbial communities and ecosystem functions. Soil and Tillage Research, 175, 

139-149. 

Vilà, M., Espinar, J. L., Hejda, M., Hulme, P. E., Jarošík, V., Maron, J. L., ... & Pyšek, P. 

(2011). Ecological impacts of invasive alien plants: a meta-analysis of their effects 

on species, communities and ecosystems. Ecology Letters, 14(7), 702-708. 

Vitousek, P., Antonio, C., Loope, L., Rejmanek, M., & Westbrooks, R. (1997). Introduced 

species: A significant component of human-caused global change. New Zealand 

Journal of Ecology, 21, 1-16. 

Weber, E., & Li, B. (2008). Plant invasions in China: What is to be expected in the wake 

of economic development? Bioscience, 58(5), 437-444. 

Weber, F., Kowarik, I., & Säumel, I. (2014). A walk on the wild side: Perceptions of 

roadside vegetation beyond trees. Urban Forestry & Urban Greening, 13(2), 205-

212. 



42 

Williamson, M., & Fitter, A. (1996). The varying success of invaders. Ecology, 77(6), 

1661‐1666. 



I 

APPENDICES 

Appendix I. Data sheets used during sampling 

Data sheet for ecological assessment 

Size of quadrat: Establish plots of 1m × 1m Square plot. 

Quadrat no: ...................Altitude: .................... Site: ........................... 

S.N. Scientific name of plant Local name Number of 

individuals 

Cover (%) 

1 

2 

3 

4 
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Appendix 2. Density (D), relative density (RD), frequency (F), relative frequency (RF), 

average cover (C) abundance(A) relative abundance (RA) and important value index (IVI) 

of wetland margin 

S.N Name of species F A D C RF RA RD IVI 

1 Ach.asp   20.00 4.17 0.83 2.50 1.55 2.02 1.15 4.73 

2 Acm.ole   30.00 20.11 1.00 4.73 2.33 9.76 1.38 13.47 

3 Age.hau   60.00 11.83 7.33 6.00 4.66 5.74 10.15 20.56 

4 Alb.leb   33.33 1.60 0.53 1.50 2.59 0.78 0.74 4.11 

5 Alt.phi   43.33 8.15 3.53 2.20 3.37 3.96 4.89 12.21 

6 Ama.spi   33.33 2.60 0.87 1.33 2.59 1.26 1.20 5.05 

7 Cal.gig   40.00 3.33 1.33 7.00 3.11 1.62 1.85 6.57 

8 Cyp.com   33.33 6.50 2.17 2.50 2.59 3.15 3.00 8.74 

9 Cyp.has   73.33 5.23 3.83 5.83 5.70 2.54 5.31 13.54 

10 Ecl.pro   43.33 10.46 4.53 2.43 3.37 5.07 6.28 14.72 

11 Euc.ter   73.33 1.18 0.87 4.03 5.70 0.57 1.20 7.47 

12 Eup.hir   46.67 13.93 6.50 3.00 3.63 6.76 9.00 19.38 

13 Imp.cyl   20.00 3.17 0.63 2.83 1.55 1.54 0.88 3.97 

14 Ipo.car   36.67 3.36 1.23 2.00 2.85 1.63 1.71 6.19 

15 Lin.cru   30.00 11.11 3.33 1.17 2.33 5.39 4.61 12.34 

16 Mal.cor   53.33 2.06 1.10 6.37 4.15 1.00 1.52 6.67 

17 Mel.cor   53.33 2.50 1.33 4.67 4.15 1.21 1.85 7.20 

18 Mim.pud   33.33 2.40 0.80 1.73 2.59 1.16 1.11 4.86 

19 Nic.qad   33.33 4.20 1.40 3.67 2.59 2.04 1.94 6.57 

20 Oxa.cor   10.00 28.00 2.80 1.00 0.78 13.58 3.88 18.24 



III 

21 Oxa.lat 30.00 4.00 1.20 1.55 2.33 1.94 1.66 5.93 

22 Per.mit 20.00 7.00 1.40 0.77 1.55 3.40 1.94 6.89 

23 Phy.nod 23.33 2.57 0.60 1.07 1.81 1.25 0.83 3.89 

24 Sco.dul 43.33 1.46 0.63 8.50 3.37 0.71 0.88 4.95 

25 Sen.ala 53.33 2.25 1.20 9.67 4.15 1.09 1.66 6.90 

26 Sen.tor 50.00 14.40 7.20 2.47 3.89 6.98 9.97 20.84 

27 Ses.ind 23.33 7.43 1.73 1.43 1.81 3.60 2.40 7.82 

28 Sid.rho 46.67 1.00 0.47 3.07 3.63 0.49 0.65 4.76 

29 Syz.cum 46.67 1.29 0.60 2.00 3.63 0.62 0.83 5.08 

30 Tri.pro 23.33 6.29 1.47 2.00 1.81 3.05 2.03 6.89 

31 Tri.rho 16.67 2.20 0.37 1.00 1.30 1.07 0.51 2.87 

32 Ure.lob 33.33 2.10 0.70 3.33 2.59 1.02 0.97 4.58 

33 Xan.stu 53.33 6.56 3.50 14.67 4.15 3.18 4.85 12.17 

34 Ziz.juj 23.33 1.71 0.40 1.33 1.81 0.83 0.55 3.20 
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Appendix 3. Density (D), relative density (RD), frequency (F), relative frequency (RF), 

average cover (C) ,abundance(A) relative abundance (RA) and important value index (IVI) 

of fallow lands. 

S.N. Plants F A D Av. C RF RD RA IVI 

1 Aca.ind 30.00 2.00 0.60 0.97 2.80 0.75 1.02 4.56 

2 Ach.asp 43.33 9.00 3.90 8.77 4.04 4.87 4.57 13.48 

3 Acm.ole 36.67 4.64 1.70 1.17 3.42 2.12 2.35 7.90 

4 Age.hau 66.67 10.20 6.80 11.67 6.21 8.50 5.18 19.89 

5 Alt.ses 66.67 10.25 6.83 3.17 6.21 8.54 5.21 19.96 

6 Ama.spi 56.67 2.41 1.37 1.30 5.28 1.71 1.22 8.21 

7 Ani.ind 10.00 5.00 0.50 0.37 0.93 0.62 2.54 4.10 

8 Arg.mex 23.33 1.29 0.30 0.77 2.17 0.37 0.65 3.20 

9 Bid.pil 30.00 15.22 4.57 2.53 2.80 5.71 7.73 16.23 

10 Can.sat 76.67 5.78 1.73 3.70 7.14 2.17 2.93 12.24 

11 Che.alb 20.00 11.22 8.60 18.80 1.86 10.75 5.70 18.31 

12 Cle.vis 20.00 3.33 0.67 0.63 1.86 0.83 1.69 4.39 

13 Col.esc 26.67 2.83 0.57 0.47 2.48 0.71 1.44 4.63 

14 Cyp.com 33.33 5.50 1.47 1.57 3.11 1.83 2.79 7.73 

15 Eic.cra 10.00 5.50 1.83 1.00 0.93 2.29 2.79 6.02 

16 Euc.ter 16.67 2.63 0.70 3.77 1.55 0.87 1.33 3.76 

17 Eup.hir 36.67 1.80 0.30 0.33 3.42 0.37 0.91 4.71 

18 Gos.arb 13.33 6.82 2.50 0.70 1.24 3.12 3.46 7.83 

19 Imp.cyl 40.00 3.75 0.50 0.37 3.73 0.62 1.90 6.26 

20 Ipo.pur 3.33 12.92 5.17 3.93 0.31 6.46 6.56 13.33 



V 

21 Jat.cur 23.33 7.00 0.23 0.67 2.17 0.29 3.56 6.02 

22 Lan.cam 33.33 2.00 0.47 0.93 3.11 0.58 1.02 4.70 

23 Luz.syl 13.33 5.10 1.70 1.60 1.24 2.12 2.59 5.96 

24 Mal.cor 26.67 4.50 0.60 0.23 2.48 0.75 2.29 5.52 

25 Mel.cor 30.00 6.00 1.60 1.13 2.80 2.00 3.05 7.84 

26 Nic.qua 20.00 5.67 1.13 0.43 1.86 1.42 2.88 6.16 

27 Oxa.cor 50.00 9.73 4.87 3.83 4.66 6.08 4.94 15.68 

28 Par.hys 83.33 12.00 10.00 21.37 7.76 12.50 6.09 26.35 

29 Pas.con 33.33 6.10 2.03 0.73 3.11 2.54 3.10 8.74 

30 Sen.ala 10.00 2.00 0.20 0.83 0.93 0.25 1.02 2.20 

31 Sen.tor 60.00 9.72 5.83 3.90 5.59 7.29 4.94 17.82 

32 Sol.ame 13.33 2.00 0.27 0.14 1.24 0.33 1.02 2.59 

33 Xan.stu 16.67 3.00 0.50 0.73 1.55 0.62 1.52 3.70 



VI 

 

Appendix 4. Density (D), relative density (RD), frequency (F), relative frequency (RF), 

average cover (C), abundance (A) relative abundance (RA) and important value index 

(IVI) of forest margin 

S.N. Plants Av.C A F D RF RD RA IVI 

1 Age.hau 6.10 19.00 40.00 7.60 3.49 11.11 12.59 27.19 

2 Alt.ses 0.93 6.14 23.33 1.43 2.03 2.10 4.07 8.20 

3 Can.sat 2.57 5.89 30.00 1.77 2.62 2.58 3.90 9.10 

4 Chr.aci 2.77 8.12 56.67 4.60 4.94 6.73 5.38 17.05 

5 Cym.cit 0.83 3.86 23.33 0.90 2.03 1.32 2.56 5.91 

6 Dal.sis 2.97 1.38 26.67 0.37 2.33 0.54 0.91 3.77 

7 Dic.cla 0.47 6.60 16.67 1.10 1.45 1.61 4.37 7.44 

8 Eup.hir 1.23 5.67 50.00 2.83 4.36 4.14 3.76 12.26 

9 Imp.cyl 0.77 9.00 23.33 2.10 2.03 3.07 5.96 11.07 

10 Ipo.Ipo 1.20 1.88 26.67 0.50 2.33 0.73 1.24 4.30 

11 Jat.cur 2.07 1.50 33.33 0.50 2.91 0.73 0.99 4.63 

12 Lan.cam 5.80 2.92 43.33 1.27 3.78 1.85 1.94 7.57 

13 Mal.Mal 1.40 2.10 33.33 0.70 2.91 1.02 1.39 5.32 

14 Mal.Mul 9.03 3.31 53.33 1.77 4.65 2.58 2.20 9.43 

15 Mel.Mel 1.73 1.83 40.00 0.73 3.49 1.07 1.21 5.78 

16 Mur.koe 8.53 2.70 76.67 2.07 6.69 3.02 1.79 11.49 

17 Nic.qua 1.43 6.00 30.00 1.80 2.62 2.63 3.98 9.22 

18 Par.Par 2.23 3.79 46.67 1.77 4.07 2.58 2.51 9.16 

19 Sal.Sal 3.03 5.37 63.33 3.40 5.52 4.97 3.56 14.05 

20 Sen.cat 6.20 1.42 63.33 0.90 5.52 1.32 0.94 7.78 



VII 

21 Sen.tor 18.33 21.92 86.67 19.00 7.56 27.78 14.53 49.86 

22 Sol.ame 1.10 3.22 30.00 0.97 2.62 1.41 2.14 6.16 

23 Sol.tor 5.53 5.10 66.67 3.40 5.81 4.97 3.38 14.16 

24 Syz.Ske 9.33 3.25 40.00 1.30 3.49 1.90 2.15 7.54 

25 Tre.Lin 10.50 3.00 43.33 1.30 3.78 1.90 1.99 7.67 

26 Tri.pro 1.37 4.63 26.67 1.23 2.33 1.80 3.06 7.19 

27 Vit.tri 1.23 4.43 23.33 1.03 2.03 1.51 2.93 6.48 

28 Xan.Xan 2.33 6.89 30.00 2.07 2.62 3.02 4.57 10.20 



VIII 

 

Appendix 5. Density (D), relative density (RD), frequency (F), relative frequency (RF), 

average cover (C), abundance(A) relative abundance (RA) and important value index (IVI) 

of wetland margin 

S.N. Plants  F Av.C A D RF RA RD IVI 

1 Abu.gra  20.00 0.70 4.33 0.87 1.11 1.74 0.92 3.76 

2 Ach.asp  80.00 5.33 6.63 5.30 4.44 2.66 5.60 12.69 

3 Acm.ole  40.00 2.15 6.33 2.53 2.22 2.54 2.68 7.43 

4 Age.con  33.33 0.80 5.11 1.53 1.85 2.05 1.62 5.52 

5 Age.hau  40.00 4.33 6.50 2.60 2.22 2.61 2.75 7.57 

6 Alb.leb  36.67 2.67 3.82 1.40 2.03 1.53 1.48 5.04 

7 Alt.phi  63.33 6.60 8.11 5.13 3.51 3.25 5.42 12.18 

8 Alt.ses  3.33 0.17 7.00 0.23 0.18 2.81 0.25 3.24 

9 Ama.spi  76.67 3.97 4.78 3.67 4.25 1.92 3.87 10.04 

10 Ani.ind  46.67 1.70 4.50 2.10 2.59 1.80 2.22 6.61 

11 Arg.mex  30.00 2.13 5.11 1.53 1.66 2.05 1.62 5.33 

12 Bid.pil  6.67 0.39 5.00 0.33 0.37 2.00 0.35 2.73 

13 Blu.lac  3.33 0.03 3.00 0.10 0.18 1.20 0.11 1.49 

14 Boe.dif  40.00 0.97 3.42 1.37 2.22 1.37 1.44 5.03 

15 Cal.gig  46.67 0.87 3.36 1.57 2.59 1.35 1.65 5.59 

16 Can.sat  96.67 2.97 7.55 7.30 5.36 3.03 7.71 16.10 

17 Che.alb  3.33 13.43 4.00 0.13 0.18 1.60 0.14 1.93 

18 Cle.vis  10.00 0.07 6.00 0.60 0.55 2.41 0.63 3.59 

19 Com.ben  43.33 0.27 5.31 2.30 2.40 2.13 2.43 6.96 

20 Cya.dac  10.00 0.90 6.67 0.67 0.55 2.67 0.70 3.93 



IX 

21 Dic.cla 10.00 0.57 4.00 0.40 0.55 1.60 0.42 2.58 

22 Ecl.pro 43.33 0.27 0.69 0.30 2.40 0.28 0.32 3.00 

23 Eri.bon 43.33 0.27 3.15 1.37 2.40 1.26 1.44 5.11 

24 Eup.hir 33.33 0.73 6.40 2.13 1.85 2.57 2.25 6.67 

25 Fic.pal 6.67 1.10 13.00 0.87 0.37 5.21 0.92 6.50 

26 Gal.qua 33.33 0.60 1.40 0.47 1.85 0.56 0.49 2.90 

27 Gos.arb 6.67 0.30 19.50 1.30 0.37 7.82 1.37 9.56 

28 Imp.cyl 13.33 0.70 4.00 0.53 0.74 1.60 0.56 2.91 

29 Ipo.car 26.67 0.33 2.88 0.77 1.48 1.15 0.81 3.44 

30 Ipo.pur 6.67 2.33 6.00 0.40 0.37 2.41 0.42 3.20 

31 Jat.cur 46.67 0.27 0.14 0.07 2.59 0.06 0.07 2.72 

32 Lan.cam 26.67 0.03 12.13 3.23 1.48 4.86 3.41 9.75 

33 Luz.syl 83.33 6.13 0.80 0.67 4.62 0.32 0.70 5.65 

34 Mal.cor 20.00 0.43 26.83 5.37 1.11 10.76 5.67 17.53 

35 Mel.cor 33.33 4.40 2.70 0.90 1.85 1.08 0.95 3.88 

36 Mur.koe 3.33 0.70 30.00 1.00 0.18 12.03 1.06 13.27 

37 Nic.qua 26.67 3.00 0.13 0.03 1.48 0.05 0.04 1.56 

38 Oxa.cor 30.00 0.03 7.22 2.17 1.66 2.90 2.29 6.85 

39 Oxa.lat 93.33 2.07 2.57 2.40 5.18 1.03 2.53 8.74 

40 Par.hys 43.33 2.53 21.08 9.13 2.40 8.45 9.64 20.50 

41 Pas.con 53.33 22.77 4.25 2.27 2.96 1.70 2.39 7.06 

42 Pol.avi 30.00 1.27 9.33 2.80 1.66 3.74 2.96 8.36 

43 Por.ole 30.00 1.23 4.22 1.27 1.66 1.69 1.34 4.69 

44 Sal.sp. 13.33 0.83 11.25 1.50 0.74 4.51 1.58 6.83 



X 

 

45 Sco.dul  66.67 1.00 2.15 1.43 3.70 0.86 1.51 6.07 

46 Sen.tor  13.33 0.17 2.25 0.30 0.74 0.90 0.32 1.96 

47 Sid.rho  70.00 3.53 6.62 4.63 3.88 2.65 4.89 11.43 

48 Sol.ame  43.33 0.83 0.92 0.40 2.40 0.37 0.42 3.20 

49 Syz.cum  20.00 1.90 12.67 2.53 1.11 5.08 2.68 8.86 

50 Tri.pro  36.67 0.53 1.82 0.67 2.03 0.73 0.70 3.47 

51 Ure.lob  13.33 0.27 9.50 1.27 0.74 3.81 1.34 5.89 

52 Xan.stu  13.33 0.57 1.50 0.20 0.74 0.60 0.21 1.55 

53 Ziz.juj  40.00 1.53 1.67 0.67 2.22 0.67 0.70 3.59 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



XI 

Appendix 6. List of all plants found with their families and abbreviation. 

S.N. Name of plant species Abbreviation Family 

1 Abutilon grandifolium Abu.gra Malvaceae 

2 Acalypha indica Aca.ind Euphorbiaceae 

3 Achyranthes aspera Ach.asp Amaranthaceae 

4 Acmela oleracea Acm.ole Asteraceae 

5 Ageratum conyzoides Age.con Asteraceae 

6 Ageratum haustonianum Age.hau Asteraceae 

7 Albizia lebbeck Alb.leb Fabaceae 

8 Alternantera philoxeroides Alt.phi Amaranthaceae 

9 Alternanthera sessile Alt.ses Amaranthaceae 

10 Amaranthus spinosus Ama.spi Amaranthaceae 

11 Anisomeles indica Ani.ind Lamiaceae 

12 Argemone mexicana Arg.Mex Papaveraceae 

13 Bidens pilosa Bid.pil Asteraceae 

14 Blumea lacera Blu.lac Asteraceae 

15 Boerhavia diffusa Boe.dif Nyctaginaceae 

16 Calotropis gigantea Cal.gig Apocyaceae 

17 Cannabis sativa Can.sat Cannabaceae 

18 Chenopodium album Che.alb Amaranthaceae 

19 Chrysopogon aciculatus Chr.aci Poaceae 

20 Cloeme viscosa Clo.vis Cleomaceae 

21 Colocasia esculenta Col.esc Araceae 



XII 

22 Commelina benghalensis Com.ben Commelinaceae 

23 Cyanodon dactylon Cya.dac Poaceae 

24 Cymbopogon citratus Cym.cit Poaceae 

25 Cyperus compressus Cyp.com Cyperaceae 

26 Cyperus haspan Cyp.has Cyperaceae 

27 Dalbergia sisoo Dal.sis Fabaceae 

28 Dicanthelium clandestium Dic.cla Poacae 

29 Eclipta prostata Ecl.pro Asteraceae 

30 Eichhornia crassipes Eic.cra Pontederiaceae 

31 Erigeron bonareansis Eri.bon Asteraceae 

32 Eucalyptus tereticornis Euc.ter Myrtaceae 

33 Euphorbia hirta Eup.hir Euphorbiaceae 

34 Ficus palmata Fic.pal Moracae 

35 Galinsoga quadriradiata Gal.qua Asteraceae 

36 Gossypium arboreum Gos.arb Malvaceae 

37 Imperata cylindrica Imp.cyl Poaceae 

38 Ipomea purpurea Ipo.pur Convulvulacae 

39 Ipomoea carnea Ipo.car Convulvulacae 

40 Jatropha curcas Jat.cur Euphorbiaceae 

41 Lantana camara Lan.cam Verbenaceae 

42 Lindernia crustacea Lin.cru Linderniaceae 

43 Luzula sylvatica Luz.syl Juncaceae 

44 Mallotus philippensis Mal.phi Euphorbiaceae 

45 Malvastrum coromandelianum Mal.cor Malvaceae 



XIII 

 

46 Melochia corchorifolia Mel.cor Malvaceae 

47 Mimosa pudica Mim.pud Fabaceae 

48 Murraya koenigii L. Mur.koe Rutaceae 

49 Nocotiana quadrivalvis Noc.qua Solanaceae 

50 Oxalis corniculata Oxa.cor Oxalidaceae 

51 Oxalis latiflolia Oxa.lat Oxalidaceae 

52 Parthenium hysterophorus Par.hys Asteraceae 

53 Paspalum conjugatum Pas.con Poaceae 

54 Persicaria mitis Per.mit Polygonaceae 

55 Phyla nodiflora Phy.nod Verbenaceae 

56 Polygonum aviculare Pol.avi Polygonaceae 

57 Portulaca oleracea Por.ole Portulaceae 

58 Salvia sp. Sal.sp. Lamiaceae 

59 Scoparia dulcis Sco.dul Plantaginaceae 

60 Senegalia  catechu  Sen.cat Fabaceae 

61 Senna alata Sen.ala Fabaceae 

62 Senna tora Sen.tor Fabaceae 

63 Sesamum indicum Ses.ind Pedaliaceae 

64 Sida rhombifolia Sid.rho Malvaceae 

65 Solanum americanum Sol.ame Solanaceae 

66 Solanum torvum Sol.tor Solanaceae 

67 Syzygium cumini  Syz.cum Myrtaceae 

68 Trewia nudiiflora  Tre.nud Euphorbiaceae 

69 Tridex procumbens  Tri.pro Asteraceae 



XIV 

70 Triumfetta rhomboidea Tri.rho Malvaceae 

71 Urena lobata Ure.lob Malvaceae 

72 Vitex trifolia Vit.tri Malvaceae 

73 Xanthium stumarium Xan.stu Asteraceae 

74 Ziziphus jujuba Ziz.juj Rhamnaceae 



XV 

PHOTOPLATES 

3. Jakhor lake area

1. Roadside covered with

Parthenium hysterophorus 2. Lantana camara L.



XVI 

4.Cannabis sativa

5. Xanthium strumarium




