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INTRODUCTION 

 

Background 

 

Nepal, a Himalayan landlocked country lies between 26°22'-30°27' N and 

80°40'-88°12' E. The unique vegetation of Nepal is classified into tropical (below 1000 

masl.), subtropical (1000-2000 masl.), temperate (2000-3000 masl.), sub-alpine (3000-

4000 masl.) and alpine (above 4000 masl.) zones. Each zone is characterized by distinct 

climatic and altitudinal variations that make the country one of the richest countries in the 

world in term of biodiversity. A total of 6,973 species of angiosperm have been reported 

in Nepal, which represents 3.2% of total world flora (MFSC, 2014).  Nepal’s position 

between Palearctic region in the north and Indo-Malayan region in the south has made the 

country a distinctive hotspot for species from both regions (MFSC, 2014). 

 

Government of Nepal, Ministry of Forest and Soil Conservation, Nepal 

has enumerated 118 ecosystems including 75 vegetation types in Nepal, ranging from 

tropical monsoon forests to alpine meadows (MFSC, 2014). According to the same 

report, the middle mountains of the country are among the richest concerning ecosystem 

diversity (53 ecosystems) compared with high mountains (38 ecosystems), and Tarai and 

Siwalik, which contribute 14 and 12 ecosystems, respectively. Moreover, Nepal has 35 

natural forest types and about 99% of them are naturally regenerated in the country 

(USAID/NEPAL, 2010).  

 

Habitat destruction, over manipulation of biological resources, human 

intentional management as well as climate change effects are becoming current major 

threats to the native vegetation and plant communities worldwide including Nepal 

(Chaudhary, 2000; Dirzo and Raven, 2003; Panta et al., 2008). On the other hand, alien 

species invasion has been taken as a serious and major challenge in conservation and 

management of natural ecosystems due to having its antagonistically negative impacts on 
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natural habitats, native species, ecosystem functioning and community characteristics 

(Gordon, 1998; Stohlgren et al., 1999; Ehrenfeld, 2003; Vila et al., 2011).  

 

Invasive alien species  

 

Any species introduced outside from its natural place of distribution and 

any part, gametes, seeds, or propagules of the species survive and reproduce 

magnificently is called alien species (Tiwari et al., 2005). They can be introduced into 

their non-native ranges as agricultural crops; horticulture, medicinal and ornamental 

purposes purposefully by people. Others can be introduced inadvertently through various 

media such as transport, travel, trade or by natural means of dispersal.  

 

Some of alien species introduced into a new area may have rather high 

dispersion ability and adaptability to colonize a new habitat/ecosystem. In that area they 

may cause ecological, economic or health related problems. Such species are called 

invasive alien species (McNeely, 2001). Invasive plant species can be defined as “the 

naturalized plants species that produce offspring in large numbers, at considerable 

distances from parent plants which have the prospective to spread over a extensive area” 

(Richardson et al., 2000). 

 

Common characteristics of invasive alien plant species are strong vegetative 

growth including abundant seed production ability. They may have high seed germination 

rate and rapid growth of their seedlings (Grotkopp and Rejmánek, 2007). In several 

species, their seeds are small and light, which allows seeds to travel a long distance by 

wind or other media (Sakai et al., 2001). They are also characterized by phenotypic 

flexibility and have the capability to survive on various types of habitat and environmental 

condition (Tiwari et al., 2005). They may also compete with native species as they have no 

natural predator in novel geographic areas and cause ecological havoc (Mack et al., 2000). 

Changes in morphology, behavior and genetic characteristics may occur in many invasive 
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alien species to develop characteristics beneficial to grow, survive and develop in new 

area (Suarez and Tsutsui, 2008).  

 

Invasive alien species in Nepal 

 

Nepal, having extensive variation in climate and geography, has provided 

suitable environment for the introduction of a number of alien species. There are about 

218 alien plant species in Nepal representing 53 families of angiosperms (Tiwari et al., 

2005; Siwakoti and Shrestha, 2014). Family Asteraceae has the highest number of alien 

species (34 species) followed by Solanaceae (23 species) and Fabaceae (20 species) 

(Siwakoti and Shrestha, 2014). Among them 21 species have been listed as the most 

problematic invasive alien species in Nepal (Tiwari et al., 2005).  

 

Tiwari et al. (2005) categorized problematic invasive alien species in 

Nepal into: highly invasive, medium threat, low threat and non-significant threat. The 

species Ageratina adenophora (Spreng.) R.M. King & H. Rob. (Asteraceae), 

Chromolaena odorata (L.) King & Robinson (Asteraceae), Eichhornia crassipes Solms 

(Pontenderiaceae), Ipomoea carnea ssp. Fistulosa Jacq. (Convolvulaceae), Lantana 

camara L. (Verbenaceae) and Mikania micrantha Kunth (Asteraceae) are considered as 

highly invasive members. The medium threat members are Alternanthera philoxeroides 

Griseb. (Amaranthaceae), Myriophyllum aquaticum (Vell.) Verdc. (Haloragaceae) and 

Parthenium hysterophorus L. (Asteraceae) and low threat species are Ageratum 

conyzoides L. (Asteraceae), Amaranthus spinosus L. (Amaranthaceae), Argemone 

mexicana L. (Papaveraceae), Senna tora (L.) Roxb. (Fabaceae), Hyptis suaveolens (L.) 

Poit. (Lamiaceae), Leersia hexandra Sw. (Poaceae) and Pistia stratiotes L. (Araceae). 

Five species: Bidens pilosa L. (Asteraceae), Senna occidentalis (L.) Roxb. (Fabaceae), 

Mimosa pudica L. (Fabaceae), Xanthium strumarium L. (Asteraceae) and Oxalis latifolia 

Humb. (Oxalidaceae) have no significant threat in Nepal (Tiwari et al., 2005) 

 

http://www.ipni.org/ipni/idPlantNameSearch.do;jsessionid=D20DD9B14B143EEAA80DE4508878A4B8?id=94233-3&back_page=%2Fipni%2FeditSimplePlantNameSearch.do%3Bjsessionid%3DD20DD9B14B143EEAA80DE4508878A4B8%3Ffind_wholeName%3DAgeratina%2Badenophora%2B%26output_format%3Dnormal
http://www.ipni.org/ipni/idPlantNameSearch.do;jsessionid=D20DD9B14B143EEAA80DE4508878A4B8?id=57443-2&back_page=%2Fipni%2FeditSimplePlantNameSearch.do%3Bjsessionid%3DD20DD9B14B143EEAA80DE4508878A4B8%3Ffind_wholeName%3DChromolaena%2Bodorata%2B%26output_format%3Dnormal
http://www.ipni.org/ipni/idPlantNameSearch.do;jsessionid=D20DD9B14B143EEAA80DE4508878A4B8?id=698036-1&back_page=%2Fipni%2FeditSimplePlantNameSearch.do%3Bjsessionid%3DD20DD9B14B143EEAA80DE4508878A4B8%3Ffind_wholeName%3DEichhornia%2Bcrassipes%26output_format%3Dnormal
http://www.ipni.org/ipni/idPlantNameSearch.do;jsessionid=D20DD9B14B143EEAA80DE4508878A4B8?id=106669-3&back_page=%2Fipni%2FeditSimplePlantNameSearch.do%3Bjsessionid%3DD20DD9B14B143EEAA80DE4508878A4B8%3Ffind_wholeName%3DAlternanthera%2Bphiloxeroides%26output_format%3Dnormal
http://www.efloras.org/florataxon.aspx?flora_id=110&taxon_id=242348611
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Recently, additional four alien species Ageratum houstonianum Mill. 

(Asteraceae), Erigeron karvinskianus DC. (Asteraceae), Galinsoga quadriradiata Ruiz & 

Pav. (Asteraceae) and Spermacoce alata Aubl (Rubiaceae) have also been proposed as 

invasive members in Nepal (Shrestha, 2016). C. odorata, A. adenophora, M. micrantha, 

L. camara and E. karvinskianus are categorized as invaders of forest ecosystems (Tiwari 

et al., 2005; Sapkota, 2007; Shrestha, 2016). Out of these five forest invaders, A. 

adenophora, L. camara and C. odorata have an ability to disrupt natural ecosystem, 

replace native species and form their pure stands in native vegetation (Tiwari et al., 2005; 

Shrestha, 2016).   

 

Impacts of invasive alien species  

 

Invasive alien plant species growing aggressively in different ecosystems 

are considered major threat to native biodiversity and natural ecosystems (Gurevitch and 

Padilla, 2004; Vilà et al., 2011). The introduced alien species for food crops have less or 

no threats to biodiversity and natural ecosystem (Pimentel et al., 2005) but other invasive 

alien species have mostly negative impacts on habitat, ecology, environment, species 

diversity and socio-economy of local communities (Pimentel et al., 2005; Thuiller et al., 

2006; Pyšek and Richardson, 2010).  

 

Invasive alien species alter invaded habitats and replace native species 

leading to a change of native diversity into homogenous stand of alien species (Denslow, 

2003; Miller and Gorchov, 2004). Habitat alteration may be caused by changes in original 

soil quality, water regime and nutrition (Ehrenfeld et al., 2001). Replacement of native 

species by alien invaders after invasion brings changes in community composition. Some 

examples of invasive species responsible to bring modification to native community 

composition are Lantana camara (Gooden et al., 2009), Eucalyptus camaldulensis (Tererai 

et al., 2013), Ageratum conyzoides (Dogra et al., 2009), Parthenium hysterophorus 

(Timsina et al., 2011) and Mikania micarantha (Yu et al., 2009) etc. The changes in 
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community composition and native diversity finally affect trophic structure of an 

ecosystem (Simberloff et al., 2013).  

 

Some aggressive invaders (e.g. C. odorata, A. adenophora, M. 

micrantha) have been reported to have an effect on native tree rejuvenation in forest 

ecosystem (Honu and Dang, 2000; Sapkota, 2007; Yu et al., 2014). One reason behind 

this is an alteration in mutualistic association between native tree seedlings and 

belowground community by invasive species (Stinson et al., 2006). Above ground 

competition between native and invasive species (for example to achieve light) is also an 

important cause for reduction in native species regeneration (Gorchov and Trisel, 2003). 

The effect of invasive species on tree regeneration may affect the succession of forest and 

alter species composition (Flory and Clay, 2010).  

 

In an introduced area chemicals released by invasive species could be 

unusual or novel for native species and may harm growth and development. Allelopathy 

(inhibitory impacts of novel chemicals) is an important attribute of invasive species to 

bring changes to community composition, native seedling recruitment and belowground 

community (Fisher, 1980; Sharma et al., 2005; Wolfe and Klironomos, 2005; Rudgers 

and Orr, 2009). A majority of aggressive invaders have impacted native species 

replacement, growth and diversity by this mechanism.   

 

Many invasive members are responsible for causing fire in the forests 

(Mooney and Hofgaard, 1998). Increase of fire occurrence may affect regeneration and 

reclamation of native species. On the other hand, if alien species are closely related to 

some native species they could interbreed with the native species resulting in changes in 

genetic make-up by hybridization which eventually affect original gene pool (Huxel, 

1999; Bossdorf et al., 2005).  
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Alien species invasion is also associated with economy, development and 

livelihood of community people (van Wilgen et al., 2001). Socio-economic impacts by 

invasive species are caused through their adverse effects on native forest diversity on 

which people depend for food, medicine and other purposes. Economic impact is related 

to loss of money to control invasive species and manage their effect such as restoration or 

recovery of ecological processes (Gordon, 1998; Pimentel et al., 2005). Human health 

impact of invasive species is another side of socio-economic impacts. An example is 

Lantana camara which provides habitat for tsetse fly which is the vector of sleeping 

sickness parasite (Syed and Guerin, 2004). Besides human health impact, L. camara and 

Parthenium hysterophorus are also poisonous for cattle and cause cattle diseases (Sharma 

et al., 1988; Timsina et al., 2011). 

 

Mechanism of alien species invasion 

 

There are several hypotheses proposed for successful invasion of alien 

species in non-native range. Seven major hypotheses (natural enemies, evolution of 

invasiveness, empty niche, novel weapons, disturbance, species richness and propagule 

pressure) have been described by Hierro et al. (2005). 

 

I. The natural enemies hypothesis (NEH) is one of the important 

hypotheses for alien species invasion (Hierro et al., 2005). According to 

this, the natural enemies play important role to regulate plant population. 

In a native range the enemies have less impact on alien species introduced 

than native species of that range (Colautti et al., 2004; Keane and 

Crawley, 2002). An alien species in an introduced range experiences less 

number of natural enemies, resulting in its rapid increase in distribution 

and abundance (Keane and Crawley, 2002).  
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II. The evolution of invasiveness hypothesis (EIH) states that alien 

species get experience of genetic changes due to the pressure of biotic and 

abiotic factors in a new environment (Lee, 2002). This mechanism has 

been considered as an important mechanism for biological invasions 

(Baker, 1974). Character modifications for adapting to new environment 

occurs rapidly in alien species and that is a reason they may establish 

easily, flourish and become invasive (Novak, 2007). Hybridization is an 

important phenomenon that serves as a stimulus for the evolution of 

invasiveness (Ellstrand and Schierenbeck, 2000).  

 

III. The empty niche hypothesis (ENH) alien species can utilize 

resources which have not been utilized by native species (Davis et al., 

2000; MacDougall, 2009). Empty niche helps alien species to establish 

and invade into a new environment (Gioria and Osborne, 2014). For 

example, Centaurea solstitialis L. has been reported as a successful 

invader in California grassland for utilizing unused water which was not 

utilized by native species (Hierro et al., 2005; Spencer et al., 2011).  

 

IV. The novel weapons hypothesis (NWH) has been proposed as an 

important mechanism for the success of alien invasion. It explains that 

native species in invaded area are sensitive to novel chemical compounds 

produced by invasive plant species (Callaway and Ridenour, 2004). Novel 

chemicals are helpful to protect invasive species from herbivores and the 

chemicals inhibit native plants (allelopathy) as well as affect microbial 

association (Barto et al., 2010). This mechanism may contribute to the 

ability of alien species to become dominant in invaded plant communities 

(Callaway and Ridenour, 2004).  
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V. The disturbance hypothesis assumes that community composition, 

structure and functioning of an ecosystem depend on the level of 

disturbance. Although moderate level of disturbance is considered 

beneficial for species diversity, it may also increases invasion probability 

in the community (Hobbs and Huenneke, 1992). One of the determining 

factor for invasion success and impact of alien species on native 

community is the type of disturbance (Lake and Leishman, 2004).  

 

VI. The species richness hypothesis states that the plant communities are 

susceptible for alien species invasion if they are poor in species richness. 

Species-rich communities are stable due to having an intricate system of 

checks and buffers (Elton, 1958) and a strong interaction of species in 

such communities reduces possibilities of alien invasion (Case, 1990).  

 

VII. The propagule pressure hypothesis explains that the establishment 

success of species depends on the number of propagules. Higher amount 

of propagules increases the likelihood of survival, and invasion chance is 

greater than lower amount of propagules. Therefore, high propagule 

number of alien species in a new environment increases survival rate 

whereas few number of propagules are more likely to be extinct 

(Lockwood, 2005).  

 

Research concept 

 

Relatively little is known about natural plant communities, alien species 

invasion and their impacts on native diversity in the tropical to highland vegetation of Nepal. 

A planned study from natural vegetation to threats of alien invasion in an invaded area is 

therefore beneficial for understanding the interaction between native vegetation and alien 

species, potentially invasive alien species. The current status of plant communities, degree 

of alien plant invasion and threats as well as factors associated with invasion success     
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are indispensable for Nepalese native vegetation. Such investigations are needed in order 

to maintain successive conservation of natural plant communities that contain many rare 

and vulnerable plant species.  

 

This study is based on three major concepts (Fig. 1). Identification of plant 

communities is the first action before carrying out alien species invasion study because 

different plant communities have unique characteristics in microhabitats in ecosystems. 

Second, if there is alien species invasion, the measurement of the level of invasion should 

be taken which can provide valuable information on plant community susceptible to alien 

invasion. Third, laboratory bioassays could illustrate valuable evidences for the 

understanding of mechanism of alien species invasion.  

 

Fig. 1 Concept of study 

 

This study was carried out in the central part of Nepal and selected native 

plant communities were explored to measure their species richness, composition and 

alien species invasion. In addition, exploring invasive species of these plant communities, 

measurement of their impacts in the field and understanding of potential mechanisms 

behind their negative impacts on native diversity were major themes of the study. A 

combination of field surveys and laboratory experiments was designed. The field studies 

explored plant communities and their status including the measurement of alien invasion, 

and the greenhouse experiments achieved the understanding of different modes of effects 

of selected invasive species on some native species of central Nepal.  
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Concerning different modes of invasive species effect, plant parts of them 

may have contribution to release toxic substances to the soil which ultimately affect 

native species growth and development. It was hypothesized that the invaded soil, aerial 

plant parts (mainly fresh leaves) and leaf litter of invasive species have important role to 

inhibit native seedling growth. Ecologically relevant research and selection of native 

species which are associated with invasive species are essential points to be considered. 

Test experiments such as the effects of fresh leaves and extracts from the leaves or roots 

as well as the litter of selective invasive species on seedling growth of native species can 

be useful to understand particular mechanisms of invasion on native vegetation. 

Moreover, as density-dependent growth inhibition is the key characteristic of chemical 

interference (Weidenhamer et al., 1989; Sinkkonen, 2001, 2003, 2007) it could add 

additional information to understand native plant responses towards invasion toxicity at 

different densities and useful to propose whether soil-based phytotoxins from invasive 

species contribute to invasion or not. 

 

Methods 

 

Study sites 

 

Two different study sites that represented different major types of natural 

vegetation in Nepal were selected for field study: one from the tropical (Tarai) region and 

the other from sub-tropical (lower montane) region in central Nepal. The study site in the 

tropical region was located at Panchakanya community forest in Chitwan district (170-

216 masl., 27°38′ N and 84°29′ E) where the study on the impacts on native vegetation 

and seedling recruitments of Shorea robusta C.F. Gaertn. (“Sal” tree) by invasive 

Chromolaena odorata (L.) King & Robinson was carried out.  

 

The other site was in the sub-tropical region located at Champadevi hill 

forest (altitude range between 1300-2400 masl.) in the south-western part of Kathmandu 
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valley (27˚42ʹ N and 85˚19ʹ E) where plant communities, alien species invasion, impacts 

of A. adenophora on native vegetation and factors associated with invasion were 

explored (Fig. 2). The greenhouse experiments were conducted to achieve different 

modes of impacts on native species by invasive alien species at the Central Department of 

Botany, Tribhuvan University, Kirtipur, Kathmandu, Nepal. All the studies were carried 

out at the selected sites from April 2014 to September 2015. 

 

Fig. 2 Nepal map showing study sites 

 

Test species 

 

Test species were selected on the basis of field observations. Invasive 

species that aggressively colonizes native vegetation was selected as “donor species”. On 

the other hand, native dominant species that are supposed to be affected by the invasive 

colonizer were selected as target species in the physiological studies as follows:  
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Invasive species: Ageratina adenophora (Spreng.) R.M. King & H. Rob. 

(Asteraceae) was selected as an invasive donor species. It is a perennial 

aggressive shrubby herb in lower montane vegetation in the Schima-Alnus 

plant community (see Paper I). Biological characters of A. adenophora 

and a brief account of chemicals isolated or identified from aerial parts of 

A. adenophora, which are generally considered as allelochemicals, were 

reviewed in papers III, IV and V. 

 

Native species: Native plant species selected for physiological 

experiments were Schima wallichii (DC.) Korth and Alnus nepalensis 

D.Don due to the fact that both species are very common species (medium 

to large sized trees) and dominant in lower montane Champadevi hill 

forest (invaded by A. adenophora) at the study sites described in Paper I 

and Paper III. The distribution and important characters such as habitat, 

flowering, fruiting and seed biology of S. wallichii were provided in paper 

III and paper V while those of A. nepalensis were described in paper V. 

 

The details of methods used in the study are given in method section of each paper. 
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RESEARCH QUESTIONS AND OBJECTIVES 

 

Research questions 

 

Main research question of the study was “what are the impacts of invasive 

alien plant species on the native plant communities in central Nepal?”  

The main research question was divided into specific questions as follows: 

1. What is the status of some selected plant communities in Nepal? 

2. What is the invasion status of aggressive alien species in those plant 

communities? 

3. Which factors influence the alien species invasion in the natural plant 

communities? 

4. What are the potential adverse impacts of invasive alien species on the 

native plant species? 

 

Research objectives 

 

1. To identify vulnerable plant communities to alien species invasion. 

2. To measure the degree of alien species invasion in the invaded plant 

communities. 

3. To understand the impacts of invasive alien species on species 

richness, community composition and seedling recruitment of the 

native species. 

4. To understand different inhibition mechanisms by invasive alien 

species on selected native species. 
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RESULTS AND DISCUSSION 

 

Paper I 

 

Plant communities, natural recovery of conserved forest, altitude as factors affecting 

species richness and Ageratina adenophora invasion 

 

This paper includes results obtained in a vegetation study conducted in the 

Champadevi hill forest, central Nepal in 2014. The results incorporated the number of 

total plant species reported from the study site with information of different plant groups. 

The information of native, alien and invasive alien species in the forest are provided. A. 

adenophora was reported as one of the most frequent and aggressively growing invasive 

species. Five types of plant communities, i.e. Schima-Alnus-mixed community; Schima-

Alnus-herbaceous community; pine-mixed community; transitional community and 

Quercus community are identified by cluster analysis and Sørensen dissimilarity index. 

They are illustrated and described in detail with information on species richness, 

composition and structure. The second part of the results reveals associations of species 

richness and A. adenophora cover with altitude by regression and correlation analyses. 

The regression result and negative association of A. adenophora coverage with increasing 

altitude are illustrated in the paper.  

 

Possible influencing factors determining plant communities, such as 

altitudinal gradient, physical setting of habitats and anthropogenic disturbance are 

discussed. Natural recovery of the forest without intended human activities is described. 

It is discussed utilizing data on Schima-Alnus-mixed plant community compared with 

pine-mixed plant community. On the basis of nature and frequency or dominance, the A. 

nepalensis and S. wallichii are proposed as important pioneering elements for natural 

vegetation recovery process in the lower-montane vegetation. The transitional community 

is explained as an ecotone between Schima-Alnus-mixed and Quercus community. In the 
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lower altitude, two plant communities viz. Schima-Alnus-mixed and Schima-Alnus-

herbaceous communities were found highly invaded by A. adenophora and potential 

impacts of its invasion in these communities are described in the discussion. 

Anthropogenic disturbances, tree canopy cover and other environmental factors are 

anticipated as factors affecting A. adenophora cover in the plant communities. The paper 

can be beneficial for understanding natural recovery of disturbed forests, plant 

communities and alien species status in the forests in lower montane vegetation region of 

central Nepal. 
 

Paper II 
 

Chromolaena odorata changes native species richness, alters community composition 

and impacts Shorea robusta seedling recruitment 

 

This paper documented the impacts of C. odorata on species richness, 

species composition and S. robusta seedling recruitment in Panchakanya community 

forest as a representative of the tropical “Sal” forest of central Nepal. The results of this 

paper comprise a list of species recorded during the field study and contain information 

on the native and invasive alien species. Effects of C. odorata invasion on species 

composition, richness (total species count per plot) and S. robusta seedling density are 

illustrated with explanation. The data were analyzed using CCA (Canonical 

Correspondence Analysis) and the results indicated that the impacts on all parameters 

studied were significant.  

 

The discussion includes important baseline data on the impacts of C. odorata 

on the species richness, composition and seedling recruitment of the dominant native species 

S. robusta (“Sal” tree) in the Sal forest of central Nepal. It is expected that the paper is 

useful for future comparisons, establishing and monitoring conservation or restoration 

efforts in tropical “Sal” forest in Nepal. Moreover, an effort was made in order to relate 

the current findings with those in previous studies, e.g. how possible the invasion of 

C. odorata affects native vegetation. Future or long-term impacts of C. odorata invasion 
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on the dynamics of Sal forest are also extrapolated. Expected future consequences are 

discussed in this paper. There can be severe changes in soil ecology, eradication of 

important species, reduced number of S. robusta seedlings and the establishment of pure 

stand of C. odorata in the Sal forest if the level of C. odorata invasion is higher.  

 

Paper III 

 

Ageratina adenophora invaded soil and litter inhibit native Schima wallichii seedling 

growth, and higher native plant density reduces A. adenophora litter toxicity  

 

This paper includes the results obtained from analyzing the data of two 

physiological experiments using ANOVA (one-way and two-way ANOVA). The first 

experiment considers soil and A. adenophora litter property and the other studies how 

native plant density affect toxic effect of A. adenophora litter. The first experiment 

resulted in an observation that soil invaded by A. adenophora and its litter were toxic to 

the seedlings of S. wallichii. Invaded soil inhibited root and/or shoot length, root dry 

weight as well as shoot:root ratio of S. wallichii seedlings. A. adenophora litter was also 

toxic to the root of S. wallichii. The results of the second experiment, the density-

response experiment elucidated that S. wallichii seedlings exposed to A. adenophora litter 

had smaller roots than those in the control treatment at low plant densities while the 

inhibition disappeared at high plant densities. Moreover, the root length and the dry 

weight of the control treatment decreased gradually at increasing plant densities. This 

suggested that the toxin effect was diluted at high plant densities, and that plants 

competed for soil nutrients. The detailed pattern of an effect of the litter thickness (0, 0.5, 

1.0 and 1.5 cm) on different plant densities (1, 3, 6 and 12 plants/pot) is explained with 

illustrations in this paper.   

 

In the discussion part, sensitivity of S. wallichii roots to both A. adenophora 

invaded soil and its litter, and promising complications in the natural condition are 

discussed. The results were compared with the earlier finding (e.g. Inderjit et al. 2011). 
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Possible mechanisms of inhibition by litter are described, i.e. the volatiles produced from 

the thick litter layer during litter decomposition might be trapped by the seedlings. 

Moreover, the results are in accordance with the hypothesis that soluble compounds from 

the litter and non-volatile toxins might inhibit S. wallichii growth. The hard survival of S. 

wallichii seedlings at lower densities is expected to occur in nature during the dry season 

due to the toxic effect of litter to their roots. The recommendation on conservation 

aspects is that S. wallichii seedling density can be managed to overcome the deleterious 

effects of A. adenophora. The low pH in the invaded soil was also expected as one of the 

factors inhibiting S. wallichii seedling growth. As the litter of A. adenophora was rich in 

nutrients (from the soil analysis), it was considered a contributing factor to the fast 

growth rate of S. wallichii seedlings at higher plant density. In any case, an application of 

density response bioassay in the context of plant invasiveness is highlighted. Possible 

interactions of several other factors such as moisture, temperature, soil aeration and soil 

microbe effects on plant growth and development are commented in the discussion. 

 

Paper IV 

 

Schima wallichii seed germination is inhibited by the air-borne effect of Ageratina 

adenophora leaf litter, S. wallichii seedling growth slows down in invaded soil, and 

forest tree canopy cover is negatively correlated with A. adenophora cover 

 

Paper IV has combined the results of the field experiments carried out 

along A. adenophora invaded and non-invaded sites at Champadevi hill forest, 

Kathmandu, Nepal, together with physiological experiment, conducted at the Central 

Department of Botany, Tribhuvan University, Kirtipur, Kathmandu, Nepal. Considering 

the field experiment, it showed that tree canopy coverage was negatively correlated with 

A. adenophora cover, i.e. higher tree canopy coverage reduced A. adenophora cover 

significantly. Comparing native species richness and total plant density between invaded 

and non-invaded sites, A. adenophora (invaded plots) is associated with lower values of 
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both parameters. The analysis was done using t-test and non-parametric correlation in 

SPSS program (version 20). 

 

The physiological experiment was conducted to understand an airborne 

effect of A. adenophora litter on S. wallichii growth using both invaded and non-invaded 

soils. The results obtained from this experiment was illustrated as an important finding. 

The air-borne effect of A. adenophora litter was inhibitory to the rate of S. wallichii seed 

germination. Moreover, it showed that the shoots of S. wallichii seedlings were shorter in 

chambers containing leaf litter, while the root growth was reduced in the invaded soil but 

not by the litter. Interestingly, the accumulation of shoot and root dry weight was 

inhibited by both the invaded soil and litter. 

 

It is proposed here that maintaining high tree canopy coverage can be an 

economically feasible practice in order to reduce A. adenophora invasion on the basis of 

the inversed relation of A. adenophora to the forest canopy cover. A novel finding from 

the physiological experiment, i.e. the air-borne inhibitory effect of A. adenophora leaf 

litter on native tree species has been discussed. In addition, the belowground effect of soil 

has been highlighted for its strong impact on the establishment of S. wallichii seedlings. 

Two important issues from the results, (i) S. wallichii germination could be inhibited by 

the air-borne effect of A. adenophora leaf litter and (ii) S. wallichii seedling growth could 

be slowed down in the invaded soil, were focused in the discussion part. Possible causes 

behind the inhibition, i.e. soil feedback mechanism and the allelopathic inhibition as well 

as the comparison of the current finding with previous work have also been included in 

the discussion of this paper.  

 

Paper V 

 

Fresh leaves of Ageratina adenophora inhibits native species (Schima wallichii and 

Alnus nepalensis) growth and development 
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Paper V included results obtained from a physiological experiment in 

which the seedling growth of two native tree species (S. wallichii and A. nepalensis) was 

altered using A. adenophora fresh leaves and fresh leaf and root extracts. The data of 

native seedling growth parameters were analyzed by one-way ANOVA using the 

software SPSS program (version 20). A. adenophora fresh leaves and fresh leaf extract 

decreased S. wallichii shoot and root length as well as its dry weight. In case of A. 

nepalensis, both the fresh leaves and the leaf extract of A. adenophora were inhibitory to 

the shoot and root length as well as its dry weight. The results have been explained with 

illustrations in the result part of Paper V.  

 

The inhibitory effect of A. adenophora extracts on the seedling growth of 

both native test species is explained in the discussion part. Sensitivity of native seedlings 

to A. adenophora contaminated soil from the early age of the development and the 

pattern of inhibition to the native species root and shoot growth with the possible 

mechanisms are described. Some allelochemicals identified and isolated from the aerial 

parts of A. adenophora are listed with explanation of their possible roles to contaminated 

natural soil and have effect on the native species seedlings. Moreover, it is also 

anticipated and discussed that there might be an indirect effect of allelochemicals on the 

growth of native seedlings through changes in soil quality or soil microbial communities. 

Discussion of ecological relevance of the bioassay of this experiment such as the use of 

fresh leaves of invasive species, extraction by soaking invasive species plant parts and the 

selection of genuine native species were elaborated. The habitat similarities of both test 

species with the alien species (A. adenophora) was also compared and expected future 

impacts of A. adenophora on the survival and growth of the native species were 

summarized in the discussion of this paper. 
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CONCLUDING REMARKS 

 

In conclusion, the subtropical Schima-Alnus forest and tropical Sal forest 

in the central part of Nepal have been greatly invaded and impacted by the invasion of A. 

adenophora and C. odorata respectively. The plant communities in lower montane 

Champadevi forest are characteristic in terms of species richness, composition and 

structure but Schima-Alnus plant community particularly have higher level of A. 

adenophora invasion. These plant communities are diverse as they are naturally 

recovered without human activities and show good examples of natural recovery of lower 

montane forest in Nepal after the forest has been kept undisturbed. Considering the forest 

recovery process, two dominant native elements, i.e. S. wallichii and A. nepalensis play 

important roles (Paper I).  

 

C. odorata has negative impacts on native species richness, community 

composition and S. robusta seedling recruitment in the tropical Sal forests of Nepal. C. 

odorata replace native species and threats the natural regeneration of the Sal trees. The 

degree of C. odorata invasion could be expected to be more severe in the future, 

therefore, appropriate measures should be implemented for the control and management 

of C. odorata in the native sal forest ecosystems in Nepal (Paper II).  

 

A. adenophora invaded soil and its litter are capable to inhibit native S. 

wallichii seedling growth. The inhibitory effect of A. adenophora litter is high at low 

densities of S. wallichii and the primary impact is on their roots, whereas the effect would 

be disappearing at high plant densities. It is suggested that the increase of native plant 

seeding density in the A. adenophora invaded habitats could reduce deteriorate effect of 

A. adenophora leaf litter and this might be an economically practicable approach of 

management against alien species invasion (Paper III).  
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Higher tree canopy coverage reduces A. adenophora invasion. Field 

studies revealed that native species richness and density are reduced by A. adenophora 

invasion in Schima-Alnus plant community of Champadevi hill forest, central Nepal. Air-

borne effect of A. adenophora leaf litter inhibits the germination of S. wallichii. In 

addition, the air-borne effect shortens the shoot of S. wallichii seedlings but root length is 

not affected. The accumulation of shoot and root dry weight is inhibited by both the A. 

adenophora invaded soil and the air-borne effect of its litter (Paper IV). A. adenophora 

extracts from aerial part contribute to natural soil contamination which has an adverse 

effect on the growth of seedlings of native trees (S. wallichii and A. nepalensis). Fresh 

leaves of A. adenophora and extracts of fresh leaves are toxic to the seedling growth of 

both native trees (Paper V). The findings of the field impacts of A. adenophora on native 

species (Paper IV) is supported by the results obtained from physiological experiments 

(Paper III, IV and V). 

 

Density response bioassay to study the ecological significance of chemical 

interference in the context of plant invasiveness and air-borne bioassay to show that the 

simultaneous air-borne as well as the belowground effects on the native species by the 

alien species were important novel cases in invasion ecology. It is proposed that the air-

borne effect of A. adenophora litter and soil-based phytotoxins contribute to A. 

adenophora invasion. Field tests to find out seedling performance against invasion 

toxicity, maintenance of tree canopy and further ecologically relevant study are 

recommended.  
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Abstract 

Ageratina adenophora is considered one of the most problematic invasive species 

spreading worldwide replacing native vegetation. There is hardly any information on its 

effect on native, dominant tree species. A more severe problem is that previous tests have 

typically used crushed or grinded leaves that may contain compounds that do not exist on 

soil surface. To avoid these drawbacks, we used entire leaves and two native trees 

(Schima wallichii and Alnus nepalensis) as target species. Our pot experiment was 

designed to simulate soaking of A. adenophora leaves in rainwater as it happens in nature 

at times of native seed germination in Nepal. Seedling growth (length and dry weight) of 

the target species was inhibited by A. adenophora fresh leaves and leaf extract. Inhibition 

was shown after seedling exposure and the effect remained permanent. In conclusion, A. 

adenophora leaves can suppress the growth of native tree species. This may create 

problems in the establishment and survival of native seedlings in invaded areas.  

 

Key words: Ageratina adenophora, native species, invasion, leaf extract, seedling 

growth 

 

Introduction 

 

Above ground parts of plants may release organic and inorganic metabolites 

in liquid form in rain, mist, dew and soil percolates (Tukey 1970; Molina et al. 1991). The 

leachate can be toxic to other plants, and they may alter soil microbial process (Molina et al. 

1991; Reigosa et al. 1999; Bais et al. 2006). A donor plant that releases chemicals can 

produce positive or negative effects on other associated members. They may be connected to 

nutrient availability or toxin effect against other plant species. Both altered nutrient 
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availability and toxin effects of invasive species on native species have been considered 

as important invasion mechanisms worldwide (Callaway and Ridenour 2004; Callaway et 

al. 2008; Ni et al. 2012; Del Fabbro et al. 2014). 

 

Ageratina adenophora (Spreng.) R.M. King and H. Rob. (Syn. 

Eupatorium adenophorum), one of the worst invasive species, has created severe 

problems in native ecosystems (Wang and Wang 2006; Dogra et al. 2010). This species 

has invaded and created severe impacts on forest ecosystem in subtropical ranges of 

Nepal (Tiwari et al. 2005; Thapa et al. 2016). Earlier studies have indicated allelopathic 

inhibition of A. adenophora on crop plants and weeds (Ming-Zhi et al. 2011; Wan et al. 

2011; Zhang et al. 2012; Kundu 2013; Bardwaj et al. 2014), native plant seedlings might 

also have been affected along the invaded patches but literature regarding the impacts of 

A. adenophora on native tree seedlings are scarce.  Several putative allelochemicals 

expected to have negative impacts on native species are isolated and identified from A. 

adenophora (Yang et al. 2011; Zhang et al. 2012; Zhang et al. 2013). However, the 

chemicals have normally been identified from plant tissues or extracts made from crushed 

plant parts, which makes it difficult to link the observed toxin effect to an ecologically 

significant phenomenon in nature. Therefore, a study that investigates the inhibitory 

effect of extracts made from entire, non-crushed leaves is crucial to mimic the situation 

happened in nature.  

 

Schima wallichii (DC.) Korth. and Alnus nepalensis D.Don. are two native 

trees distributed along the tropical to subtropical vegetation in central Nepal (Dobremez 

and Shakya 1975; Ohsawa et al. 1986). A. nepalensis is a deciduous tree growing 

commonly along streams, degraded or landslide areas at altitudinal range from 500 to 3000 

m above sea level (Orwa et al. 2009). Seeds of A. nepalensis are small and winged 

produced in large number in female cone which are dispersed by wind. S. wallichii is 

another important evergreen tree growing in a wide range of climates, habitats and soil 

types from 900 to 2000 m above sea level (Orwa et al. 2009). Its seeds are winged, light and 

are dispersed by wind when capsules rupture. In case of both species, sexual reproduction is 
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frequent and germination often starts so that the seeds soak in small puddles. The plant 

communities dominated by these natives are severely invaded by A. adenophora in lower 

montane vegetation of central Nepal (Tiwari et al. 2005; Thapa et al. 2016). A. 

adenophora invasion in Schima-Alnus plant communities has raised questions about its 

effect on native species in these plant communities.  

 

The objective of the current study is to fill the gap between field 

observations and previous laboratory tests where leaves were crushed or grinded before 

making an extract for germination and seedling growth experiments. As A. adenophora 

fresh leaves have a potential to produce toxic substances, we used extracts made of entire, 

non-crushed fresh leaves of A. adenophora. As S. wallichii and A. nepalensis are 

dominant native trees in central Nepal, we selected them as target species to measure the 

effect of A. adenophora. We hypothesized that our “soaked in rainwater” extract inhibits 

early seedling growth of these two selected native tree species. For ecological relevancy, 

our tests included a treatment where non-soaked leaves of A. adenophora were used on 

soil surface, and an A. adenophora root extract treatment. We also hypothesized that also 

these treatments inhibit early growth of the selected target species.  

 

Methods 

 

Sample collection 

Natural soil, seeds of native species, leaves and roots of A. adenophora 

were collected from Alnus-Schima forest at Champadevi hill forest, Kathmandu, Central 

Nepal (27˚42ʹ N and 85˚19ʹ E). Seeds were collected in March/April, 2014 and the soil 

was collected in June 2014. The collected seeds were air dried and stored at 5˚C in plastic 

bags until use. Leaves and roots of A. adenophora were freshly collected before 

preparation of extract each time. 
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Seedling and extract preparation 

Seeds of both native species were soaked in water and allowed to 

germinate on moist double layered filter paper in a tray. The tray was covered with a lid 

and left at room temperature (26±2˚C). After germination, 30 mm long seedlings of S. 

wallichii and 10 mm long seedlings of A. nepalensis were transferred to experimental 

pots containing natural soil collected as a composite sample from Schima-Alnus forest.  

 

Extracts were prepared in a way that resembles soaking in rainwater in the 

field during the seedling growing season of the native plant species. Freshly 10 grams 

each of collected leaves and roots of A. adenophora were soaked in 100 ml rain water at 

room temperature for 24 h without crushing or drying. Plant parts were removed and the 

liquids were used immediately. For the fresh leaf treatment, leaves were not soaked but 

collected just before use. 

 

Effect of leaf/root extract and fresh leaves on native seedling growth 

Pot experiment was conducted in a greenhouse of Central Department of 

Botany, Tribhuvan University, Kirtipur, Nepal from July to September - 2014. Seedlings 

of native species were transferred to polythene pots (8 cm diameter and 10 cm height) 

with holes at bottom containing 450 g of natural soil. Three seedlings were grown in each 

pot and 4 treatments were made: (i) Normal water (control) (ii) Leaf extract (iii) Root 

extract and (iv) Fresh leaves.  

 

Pots for the fresh leaf treatment contained 1 cm thick layer of fresh leaves 

on the surface which was changed every second day. Twenty ml of normal rain water was 

poured to the control pot and fresh leaf pots. Equal volume (20 ml) of fresh leaf or root 

extract was added in the pots. Temperature in the greenhouse varied between from 21-

38˚C. Normal day light duration was approximately 12 h and moisture content in the 

greenhouse varied between 52- 85%. The duration of the experiment was 48 days for S. 

wallichi and 84 for A. nepalensis. Shoot length was measured weekly and final 
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measurement was taken at the end of experiment. Root and shoot length was measured 

separately on the final day. Root and shoot were dried separately at 70˚C for 24 h in hot 

air oven and dry weight was measured.  

 

Data analysis 

 

Data were analyzed using one-way analysis of variance (ANOVA) and 

Tukey’s significant difference (Tukey’s HSD) tests. All statistical analyses were 

conducted using software SPSS (version 20). Statistical significance was determined at 

p≤0.05.  

 

Results 

 

Shoot and root length 

Shoots of S. wallichii were shorter in treatment with A. adenophora leaf 

extract but roots were shorter in both leaf extract and fresh leaves treatments (Fig. 1). In 

A. nepalensis, both leaf extract and fresh leaves of A. adenophora inhibited shoot length 

while there was no effect on root. Root extract did not show inhibition to shoot and root 

length of both native species.  

 

Shoot and root dry weight 

A. adenophora leaf extract and fresh leaves inhibited shoot dry weight in 

both native species while the root extract did not affect shoot dry weight (Fig. 2a). In S. 

wallichii roots were lighter by leaf extract, root extract and fresh leaves of A. 

adenophora. In A. nepalensis root extract of A. adenophora did not inhibit root dry 

weight while the weight was reduced by both leaf extract and fresh leaves (Fig 2b). 

 

Weekly growth pattern 

The inhibitory effect of A. adenophora leaf extract on shoot length of S. 

wallichii was pronounced from the third week of seedling transfer and the effect was visible 

until the end of the experiment. Other treatments did not show any inhibition to S. wallichii 
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shoot length throughout the development except in the third week there was inhibition of 

root extract (Fig. 3a). Similarly, the shoot elongation pattern in A. nepalensis showed 

inhibition by fresh leaves and leaf extract from the fourth week of seedling transfer. 

Inhibition was more pronounced at later weeks (Fig. 3b). The root extract did not show 

any effect on shoot elongation. There was continuous shoot elongation in the control 

treatment for both target species.  

 

Discussion 

 

Our results show that fresh leaves and leaf extract of A. adenophora are 

inhibit seedling growth of both test species more than root extracts (Fig. 1, 2 and 3). The 

inhibitory effect on seedling growth of both native species after the third week of 

seedling transfer demonstrates that the seedlings are affected soon after the exposure 

starts. As natural soil was used in the experiment, the results also indicate that the natural 

soil gets contaminated by chemicals in the extracts of A. adenophora, or that the 

chemicals change soil processes and properties, such as microbial activity and nutrient 

availability. Weekly growth pattern (Fig. 3) indicates that the inhibition remains 

permanent during the whole seedling development. Noticeably, the pattern of inhibition 

is different in roots and shoot growth depending on native species and extract origin (Fig. 

1 and 2). Comparatively, A. nepalensis roots showed resistance to the effect of fresh 

leaves and leaf extract of A. adenophora in terms of their length while their dry weight 

was reduced compared with other treatments (Fig. 1b and Fig 2b). Except root dry 

weight, S. wallichii shoot length, shoot dry weight and root length were not affected by 

root extract. A. adenophora plant parts and can be severely affected by A. adenophora 

leachate in the field. 

 

Normally plant parts which are selected for extract preparation are crushed 

freshly or dried plant materials are grinded to make powder from which water extracts are 

prepared to conduct extract experiments. The extract is also filtered and filtrate is applied to 

test species in several laboratory experiments. In our study, we avoided unnecessary and 
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non-natural release of chemicals from crushed tissues. We just soaked fresh leaves or 

roots of A. adenophora to imitate natural process as the rainwater soaks the plant parts in 

rainy days in nature. This design can be recommended in later studies. Our “soaked in 

rainwater” technique should be tested for possible harmful allelochemicals rather than 

using crushed parts or powder forms.  

 

Using this “soaked in rainwater” technique, we allowed S. wallichii and A. 

nepalensis seedlings to grow in natural soil collected from a Schima-Alnus forest. As 

hypothesized, heavier plants were found with longer roots and shoots in control pots. As 

weaker plants having reduced growth of root and shoot and root were found in A. 

adenophora leaf extract and fresh leaves, our results demonstrate altered quality of 

natural soil in the presence of liquid from soaked A. adenophora material. The result 

supports the hypothesis that natural soil contamination may occur through leaching of 

chemicals from A. adenophora leaves with rain water. It further suggests that the growing 

seedlings of native trees absorb harmful chemicals leached from A. adenophora through 

contaminated soil directly or the chemicals may alter soil nutrients or soil microbial 

communities that could play an important role to bring changes in seedling growth 

(Mangla and Callaway 2008; Richardson and Simpson 2011; Xu et al. 2012; van der 

Putten et al. 2013). 

 

Leaf extract of A. adenophora has earlier been found toxic to certain crop 

plants, e.g. barley, maize, rice (Ming-Zhi et al. 2011; Wan et al. 2011) and some weeds 

such as Amaranthus retroflexus (Ma et al. 2012). Various allelochemicals have been 

isolated from A. adenophora aerial parts such as quinic acid derivatives, 5-O-trans-o-

coumaroylquinic acid methyl ester together with chlorogenic acid methyl ester, 

macranthoin F and macranthoin G (Zhang et al. 2013); α-phellandrene, camphene, ρ-

cymene, 2-carene, α-pinene, limonene, and (z)-3-hexen-1-ol (Zhang et al. 2012) and 

monoterpenes such as (1α,6α,7α)-8-hydroxy-2-carene-10-oic acid and (1α,6α)-10-

hydroxy-3-carene-2-one (Xu et al. 2014).  
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In the field, A. adenophora is found evergreen throughout the year. 

Phenological coincidence in the field is that the mature seeds of both A. nepalensis and S. 

wallichii start germination with the initiation of pre-monsoon and at the same time A. 

adenophora growth is found luxuriant with new leaves. It can be expected that when 

native seeds produce seedlings in A. adenophora invaded sites they should be affected by 

water leachates from A. adenophora. This mechanism of A. adenophora may suppress 

the growth of native seedlings and the benefit is A. adenophora invade Alnus-Schima 

natural forests successfully. Both the selected native species grow on landslide area with 

varying climatic and soil conditions (Sharma et al. 1998; Orwa et al. 2009). The habitats 

of these two native species are similar to the areas where A. adenophora prefers to grow. 

This similarity of habitat between native and invasive species indicates that native species 

can suffer from A. adenophora impacts.  

 

Furthermore, A. nepalensis hosts nitrogen fixing bacteria (Frankia) that 

have an ability to develop endosymbiotic relationship with this host plant forming root 

nodules (Chaia et al. 2010; Santi et al. 2013). Frankia infects host roots through root 

hairs and in response of its penetration pre-nodules are formed by mitotic cell division in 

cortical zone near infected root hairs during the process of nodulation (Santi et al. 2013). 

Beside inhibition of A. nepalensis growth by A. adenophora, the fresh leaves of A. 

adenophora might also alter either Frankia population in the soil or nodule producing 

mechanisms. It is reported that A. adenophora reduces population of certain rhizospheric 

microflora (Dutta and Deb 1986). The current findings would encourage the study of 

Frankia population in A. adenophora invaded and non-invaded sites as well as the 

interaction of A. adenophora allelochemicals with nodule physiology of A. nepalensis.  

 

In conclusion, natural soil contaminated by A. adenophora leaves has an 

inhibitory effect on the normal growth of seedlings of native trees (S. wallichii and A. 

nepalensis). As both native trees and invasive A. adenophora prefer similar habitats, the 

growth and even survival of the native tree seedlings may be problematic. Further 
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investigation on identifying allelochemicals from non-crushed extracts of A. adenophora 

is recommended. Studies about impacts of such allelochemicals on native seedling 

growth, soil microbial activities and A. nepalensis root nodule physiology can help in 

understanding further details of A. adenophora impacts on native flora. 
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Fig. 1 Effect of A. adenophora on shoot (a) and root (b) length of S. wallichii and A. 

nepalensis. Error bars represent standard errors of means. Letters above the error bars 

indicate significant differences.  

 

 

Fig. 2 Effect of A. adenophora on shoot (a) and root (b) dry weight of S. wallichii and A. 

nepalensis. Error bars represent standard errors of means. Letters above the error bars 

indicate significant differences.  
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Fig. 3 Weekly growth pattern of shoot length of S. wallichii (a) and A. nepalensis (b). 

Letters above the error bars indicate significant differences.  
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