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Abstract 

Native plants are as competitive as invasive species but may require a new strategy persist. 

As humans spread invasive non-native species and continue to disturb the habitats of native 

species the non-natives will continue to outcompete the native species. In this study, I employ 

a new mechanism, stem injection, to investigate allelopathic effects. English ivy stems were 

injected with native seed (poison ivy, goldenrod, milkweed and snakeroot) extract and 

goldenrod leaf, roots and entire plant extract. Native extracts significantly inhibited English 

ivy growth, especially roots. Native seed extract also, inhibited radish and lettuce 

germination. Allelopathy is one hypothesis to explain this relationship between native and 

invasive species.     
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Introduction  

Native plant species are plants which have developed for thousands of years in a specific 

ecosystem and are a part of the balance of the nature. Non-native invasive species are defined 

as plants that are not native to particular ecosystem and cause harm to the environment or 

 of aggressively outside snd spreada sthrive An invasive plant .ed rangen its introducs ihuman

he inability of an invader to T (Boyce, 2014; Plos, Sancho & Iharlegui, 2011). its native range

spread to all available habitats, habitat heterogeneity may enhance coexistence between 

native species and highly invasive ones (Chesson, and Warner. 1981, Holt. 1984. Huntly 

1991, Chesson 2000, Amarasekare, and Nisbet 2001, and Hubbell 2006).  

The relationships and responses among native and non-native invasive species have been well 
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"any direct or indirect harmful or beneficial effect by one plant (including  refined the term as

microorganisms) on another through production of chemical compounds that escape into the 

"novel weapons"  the the Spotlight because ofAllelopathy has been in  .environment”

the  Allelopathy is the effect (beneficial or harmful) of one plant on another by hypothesis.

release of chemicals by leaching, volatilization, root exudation or residue decomposition 

as to are referred hemical compounds C .Rathinasabapathi 2000) and (Ferguson
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-soluble organic acids, straight-watersuch as various chemicals of Allelochemicals consist 
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 ative speciesnit does occur that to native species habitats in introducedare invasive species 

persist and may even successfully compete with the invasive species.  This response to non-

native invasive species impacts may be either because these native plants are better 



competitors or more tolerant (Leger 2008). This response is contingent on having the 

demographic and genetic resources that are indispensable to the ability to evolve in response 

to invasive species (Strauss and Carroll, 2006). When the native plant species population is 

high and genetically diverse they co-occur with and evolve into competitors with invasive 

species. Invasive plants form monospecific stands and have strong competitive effects on 

native species leading to reduction of native species population (Vila and Weiner 2004).  

Native plant species are capable of rapidly evolution and thereby can respond to invasive 

plant species. For example, in two populations of native plants (populations that experienced 

competition from invasive plants vs. populations that have no history of interactions with 

invasive plants) the experienced natives had significantly higher growth and reproductive 

performances than native with no interactions with invasive plants (Oduor 2013).  

Invasive plants have either positive or negative relationship on plant diversity. Studies have 

shown that invasive plant species had negative effects on plant diversity when they have 

lower cover level (Qi et al 2014) and invasive plants may competitively exclude the natives 

completely. Very few of the many non-native species can invade native communities and the 

ability to invade is often attributed to a successful escape from their natural enemies (Brown 

and Peet 2003, Davis et al. 2000, Dukes 2002, Kennedy et al. 2002, Knops et al. 1999, 

Levine 2000, Lyons and Schwartz 2001, Naeem et al. 2000, Prieur-Richard and Lavorel 

2000). There are exceptions to this, such as, Centaurea diffusa in which its root exudates 

effect the competition outcomes (Callaway 2000). The invasive species Centaurea maculosa 

Alliaria   Bais 2003)( exuding catechin phytotoxin from roots s bydisplaces native plant

petiolata suppresses the seedlings of native canopy trees by disrupting mutualistic 

associations between native seedlings and mycorrhizal fungi belowground. This shows that 

invasive plants can indirectly affect native flora without disturbing forest habitat (Roberts and 

Anderson 2001).  

Invasive species are gradually replacing native species. They are completely excluded, 

hybridized, displaced out of their niche and ultimately become extinct. Due to their flexible 

nature and capability of mutual interactions, the invaders are more successful (Payne et al. 

2004; Schlaepfer et al. 2005).  On the other hand, the traits that enable the non-native 

invasive species to be successful in natural ecosystems or in new ecosystems remain unclear. 

There is a threat to biodiversity as invasion results in alteration of natural habitat and local 

species hybridization (Mitchell and Power, 2003). Immigration of plant species results in 

displacement by devastating the native and selection may lead to displacement through 

genetic adaptation (Huxel 1999). Relationships between allelopathy and seeds germination is 

complicated. An allelopathic crop can control weeds. Use of allelopathic compounds reduces 

seed germination and growth. Research in allelopathy has been found to suppress weeds in 

both crops as well as natural vegetation. Ecological principles such as preservation of natural 

habitat and native species conservation could make  significant contributions towards 

retaining ecosystem diversity and function (McKinney 2002).  

Allelopathy is a key mechanism of biological invasion. Seedling survival is affected due to 

delay in radicle growth (Catalán et al. 2013). Evidence has shown the negative effects of 

allelopathy on plant fitness via seedling growth and reduction in seed germination. It was 



found that it affects both speed of germination and radical growth in Chenopodium album 

  .)2003 Callaway and Hierro, 1995 al. et (Tarayre 

The native species in this study are toxic and contain allelochemical compounds. The species 

are poison ivy (Toxicodendron rydbergii), white snake root (Ageratina altissima), common 

milk weed (Asclepias syriaca L), English ivy (Hedera helix L), black eyed Susan (Rudbeckia 

hirta), and goldenrod (Solidago canadensis). Poison ivy (Toxicodendron rydbergii) is native 

and consider as invasive due to tendencies. It is often regarded as an abundant weed. It has 

milky oil called urushiol which is harmful in some individuals with skin contact. Redeeming 

qualities include soil protection and adding bright color to the forest (Barceloux 2008). White 

snake root found in eastern and central North America. It contains a poison called milk 

A study was done on native white snake root and  1966). Furbee and Snively( sickness

nonnative Japanese stilt grass in New Jersey forests. It was found that extracts from root and 

shoot of white snake root had allelopathic effects on stilt grass germination. The allelopathic 

potential was greater in the native species especially during the developmental stages of the 

target species (Corbett and Morrison 2012). Common milk weed is native to North America 

and is sometimes regarded as a weed through its range. For example, a milkweed infestation 

reduced the yield of grain sorghum due to phytotoxins released by the leaves. It also inhibited 

the germination and growth of sorghum seedlings (Rasmussen 1975). English ivy is causing a 

decrease in plant species diversity by rapidly invading forests across much of North America. 

It had an allelopathic effect on seed germination of the native Coreopsis lanceolata. 

However, there was a regeneration of native plant species after English ivy removal 

(Biggerstaff and Beck 2007). Black eyed Susan is native to North America. It occurs in open 

woods, prairies, fields, roadsides and waste areas. Poisoning of livestock has been reported 

North  to nativeis  Goldenrod .1989)Dean  andSylvan ( Susanblack eyed  after consuming

America. In Europe goldenrod is an invasive and releases allelopathic compounds produced 

harmful effects on its neighbors. It was found that the European natives were more 

competitive when the soil had activated carbon added which presumably absorbed the 

allelopathic compounds (Abhilasha at al. 2008).   

My hypothesis is that native plants can have an allelopathic effect on invasive plants by 

injecting native plants exudate directly into invasive plants.  

Methods 

NATIVE SEED EXTRACT: 

On 10 February 2017, I received English ivy (Hedera helix) via mail from Amazon and 

transplant them into 7 cm pots (233 ml) pots filled with 200 ml potting soil.  Pots were placed 

in the greenhouse for one month to grow. Irrigation is two minutes every day. There were 5 

plants per treatment total for a total of 30 for 6 treatments (Table 1).  I made extract from 

seeds of four native plants (poison ivy Toxicodendron rydbergii, white snakeroot Ageratina 

altissima, common milkweed Asclepias syriaca and goldenrod Solidago canadensis). (Seeds 

were ground and the following weights were used: snakeroot 1.34g, poison ivy 1.72g, 

goldenrod 1.37g, common milkweed 1.97g). Ground seed was added to 60ml of distilled 

water and stirred for 2-5 minutes using a stirring stone. After that the native seed extract was 



put in the greenhouse for 19 hours (Temperate 21
o
C  and humidity 58%) then removed from 

greenhouse and put in refrigerator for 24 hours. English ivy plants were injected with 1-2 ml 

(depending on plant size) of treatment extract and water for control. English ivy was injected 

once a day for 6 days. The English ivy plants were then removed from the soil, washed and 

oven dried at 40
o
C for 24 hours. Each plant was then cut into half to separate stems and roots 

which were then dried (24 hr at 40 
o
C) and weighed. In 16 of the pots there were 2 English 

ivy- the average biomass of the two plants was used in the analysis.  

English ivy root length: 

All 30 English ivy that were injected with native seed extract had their longest root measured. 

The average of the two longest roots was used when there were two plants in a pot.  

 

Table 1: Native plants seed extract show 5 English ivy plants per a treatment. Treatments are seeds extract of native plants as (poison ivy, 

goldenrod, milkweed and snakeroot) plus the two controls (distilled water injection and no injection). 

 

 

 

 

 

GOLDENROD EXTRACT: 

Extract from three goldenrod plants (leaf extract, root extract, and entire plant extract) were 

made. The leaves from 3 goldenrods, roots from 3 goldenrods and 3 entire goldenrods were 

each placed into the blender with 60ml of distilled water (120 ml for the whole goldenrod) 

and blended. Extract was placed in the refrigerator for 24 hours.  1-2ml of extract was 

injected into each English Ivy using a syringe (3cc) once a day for 6 days. English ivy plants 

were then processed as in the previous experiment.  

Goldenrod extracts root length: 

Above- and belowground biomass and the length of the longest root were measured for each 

English ivy.  

 

Table 2: Goldenrod extract shows the number of English ivy that injected with goldenrod parts. Treatments are 3 goldenrod plants used per 

treatment (leaf extract, root extract and entire plants extract) controls are the same as previous experiment in table 1. 
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SEED GERMINATION: 

In this experiment, the native seed extract was prepared as above but with slightly different 

quantities of seed  (poison ivy 6.36g + 5 ml distilled water, black eyed Susan 2.59g + 6 ml 

distilled water, goldenrod 2.60g + 9 ml distilled water, white snakeroot 2.43g + 5 1/2 ml 

distilled water and milkweed 5.96g + 9ml distilled water) In petri plates size #2910 (100 x 15 

mm) a single layer of Whatman #1 filter paper was placed and 3-4ml of the extract was added 

to 30 radish seeds 30 lettuce seeds with 5 replicates for each treatment. The controls were 

9ml distilled water added (water control) and 9ml distilled water plus using brown paper 

towels to shade the seeds. All petri plates were put in greenhouse at temperature 22
 o
C  and 

humidity 34% for 15 days (7-21 March 2017). Distilled water was added to each petri plates 

as follows: the fourth day 4 ml, the sixth day 9 ml and the ninth day 9 ml to keep the plates 

moist. Seedling shoot and root dry (5 hr at 40 
o
C) biomass and root length were measured. 

(Table 3). 

Seed germination root length:   

Radish and lettuce seeds germinated in some of the treatments and for each of these seedlings 

the lengths of all of their roots were measured for total root length. 

 

 Table 3: Seed germination, 2 experiments with radish and lettuce show numbers of both for each experiment and seed of native plants 

(poison ivy, black eyed Susan, goldenrod and milkweed) and the two controls water and water shade). 

 

  

 

 

 

 

 

 

 

 

  Analysis 

In each experiment treatment Mean and standard deviation were calculated and significant 

differences were determined with ANOVA at p=0.05 with the Tukey post-hoc test. Data were 

tested for normality and homogeneity of variances although ANOVA is robust for violations.   
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Results 

 

Native Seed Extract 

 

Aboveground, belowground and entire English ivy plants differed across treatments with 

control plants having greater biomass than the plants injected with milkweed and snakeroot 

seed extracts (Table 4 and Figs. 1a, b, c). 

 
 
 

 
                                                      Figure .1. (a): Mean English ivy total biomass with native 
                                                                          extract of poison ivy, goldenrod, milkweed and  
                                                                          snakeroot. The two controls water injection and no 
                                                                          injection. Comparing their biomasses and standard- 
                                                                          deviation among treatments. Different letters indicate 
                                                                          significant differences between treatments by the  
                                                                          Tukey post-hoc test. 
 
 
 
  
Table 4: English ivy (Hedera helix L) biomass in two experiments (Native seeds extract and Goldenrod extract)  
to determent the biomasses of plant part as following 1- native seeds extract (stem, root, total and root length).  
2- Goldenrod extract (stem, root, entire plant and root length)  

 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Experiment  Plant part df F  P  

Native seeds extract Stems 5 6.558 0.001 
 Roots 5 4.752 0.004 
 Total  5 6.949 0.000 
 Root length  5 0.441 0.815 

Goldenrod extract  Stems  4 2.254 0.99 
 Roots  4 3.007 0.043 
 Entire  4 2.727 0.058 
 Root length  4 0.465 0.761 



 

                                                                

 
 
                    Figure. 1. (b) Mean English ivy stem biomass (c) Mean English ivy root biomass with native total extract  
                    of poison ivy, goldenrod, milkweed and snakeroot. The two controls water injection and no injection. 
                    Comparing their biomasses and standard deviation among treatments show root biomass decline more  
                    than stem biomass and decline through all treatment with native seed extract. 
 
 
 
 
 
 
 
 
 
 
 

Goldenrod extract: 

 

English ivy biomass did not differ with goldenrod leaf and entire plant extract. Goldenrod 

root extract English ivy had differences across the extracts. The leaf extract was significantly 

different from the no injection English ivy's (Table 4, figure 2 a, b &c). english ivy root 

length for the experiments native seed extract (Fig. 8) and goldenrod extract (Fig. 6) there 

were no significant differences among the 5 treatments (Table 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                    



 
                                                                                 

 
 

                                     Figure.2. (A) Mean English ivy stem biomass, (B) Mean English ivy root biomass 
                                                   and (C) Mean English ivy entire biomass with goldenrod extract and treatment are leaves, 
                                                   roots, entire, water and no injection shows significant different in root biomass unlike 
                                                   stem and entire biomasses where is no significant different. Different letters indicate  
                                                   differences between treatments by the Tukey post-hoc test.    
               
                                     
                                                                                                                                 

Seed germination: 

 

Radish seedling biomass differed across the native seed extracts. With poison ivy and black eyed 

Susan extract English ivy's having less biomass than goldenrod and snakeroot treatment. None of the 

seeds germinated with snakeroot extract. (Table 5, Figs. 3a, b, c). Seedling roots were significantly 

longer in the water control than in the other treatments (Fig. 5).            

 

Lettuce seeds in (poison ivy, black eyed Susan, white snakeroot and milkweed) did not germinate and. 

Only the controls and goldenrod seed extract seeds were germinated. Biomass across three these 

treatments are different with controls having greater biomass than in goldenrod extract. (Table 5, Figs. 

4a, b. c.). Seedling roots significantly longer in water controls (light and shade) than in the other 

treatments (Fig. 7). 

 

For root length radish germination leaf number and root length have slightly different among 

treatment with control having greater different than the rest of the treatment. (Table 5, Fig. 5). 



 

 

                                                                                                 

 

 
 
                               Figure.3. (a) Mean biomass of radish seedlings stem, (b) Mean biomass of radish of seedlings root  
                                           and (c) Mean biomass of radish seedlings total in native seed extract show various of differences 
                                           through treatment and snakeroot extract negatively inhibited the germination of radish seeds with 
                                           no germination.  

 
Table 5: Radish and lettuce seedling biomasses of the following: stem, root, total and root length 

 
 
 
 

 

 

 

 

 

Species  Seedling part df F  P  

Radish  Stems 5 24.210 0.000 
 Roots 5 52.461 0.000 
 Total 5 6.132 0.000 
 Root length 5 14.168 0.000 

Lettuce  Stems 2 31.099 0.000 
 Roots 2 36.304 0.000 
 Total 2 87.823 0.000 
 Root length 2 5.939 0.005 



                                                                                                                 

 

 

                           Figure.4. (a) Mean biomass of lettuce seedlings stems, (b) Mean biomass of lettuce seedlings roots and 
                             (c) Mean biomass of lettuce seedlings total in native seed extract.  Treatments are water control, shade control 
                             poison ivy, black-eyed Susan, goldenrod, snakeroot and milkweed.  Four native seed extract treatments completely   
                             inhibited germination of lettuce.  The four treatments are poison ivy, black-eyed Susan, snakeroot and  
                             milkweed extract 
   

 



 

                   Figure 5.  Radish seedling root length with native seed extract. Treatments are water, 
                              shade, poison ivy, black-eyed Susan, goldenrod, snakeroot and milkweed. Two native 
                             seed extracts snakeroot and milkweed negatively affected seed germination of radish.    
                        

 

                                     Figure 6.  English ivy root length with goldenrod extract.  There were no significant    
                                     differences between treatments which were leaf, root, entire, water and no 
                                     injection.  

 



                                                                           

                         Figure 7.  Lettuce seedling root length with native seed extract.   Lettuce seeds that did 
germinated had significantly shorter roots than with the controls.  All of the goldenrod 
seedlings had trace root length hence the lack of an error bar. 

 

 

 

                               Figure 8.  English ivy root length with native seed extract.  Comparing 
                               the treatments root length showed no significant differences across  
             treatments.   

 

 

 

 

 

 



 

Figure 9.  Radish seed germination percentage across treatments with  
no seed germination in snakeroot extract.                                                                              

 

 

 

 

Figure 10.  Lettuce germination percentage in native seed extract.  Only 
the two controls and goldenrod treatments had germination but the 
goldenrod treatment germination was so low it is not visible in the 
figure.   

 

Mean number of leaf of lettuce were dramatically dropped only into three of the treatments 

had leaves water, shade and goldenrod (Fig. 12). Root length of lettuce were significant 

different between the two controls water and shade where shade had a greater root length 

(Fig. 7) 

 

 



 

Figure 11.  Mean leaf number of radish seedlings in native seed extract.   
Seeds did not germinate in snakeroot and milkweed treatments.  Every  
seedling had two leaves in the poison ivy and goldenrod treatments hence  
the lack of error bars.   

 

 

Figure 12.  Mean leaf number of lettuce in native seed extract.   
Seeds did not germinate in four of the treatments. 

 

 

 

 

 

 

  



Discussion:  

For years, invasive species have been taking over native species habitats and ecosystems, 

which leads to native species extinction. Allelopathy is one of the explanations for this 

relationship between native and invasive species. Allelochemicals play a strong role because 

of the chemical compounds that plants release and their effects on other species. There are 

many hypothesis and proposed mechanisms about invasive species and I would also like to 

propose something new and evaluate it. A treatment in this study, stem injection, has never 

been done before. After only six days of injection there were significant results with 

significant differences among treatments. English ivy plants that were injected with milkweed 

and snakeroot seed extract were significantly different than the two controls for both stem 

and root biomass (Fig. 1a, b).  The significant effect with milkweed and snakeroot may have 

occured due to their high level of chemical compounds.  Snakeroot contains a high level of 

termetone (Wolf et al. 1918, Bonner 1962, Beier et al. 1993, Lee 2010) and milkweed 

contains oleandrin which is a toxic cardiac glycoside (Sacchi 1987, Jortani et al. 1996, 

Timbrel 2009).  These two chemicals could be the key to why the species inhibited English 

ivy growth and seed germination in radish and lettuce.  

Species exudates have negative effects and inhibit the growth of English ivy and radish and 

lettuce seedling.  This effect was exhibited more strongly in the roots than stems. Further 

experiments should be conducted to determine the reason why the effect is more in roots than 

stems. Stem and entire biomass of English ivy plants injected with goldenrod (Fig. 2a, c) 

were not different, however, root biomass of English ivy injected with goldenrod had 

significant differences among treatment. English ivy responded with a significant difference 

in root biomass and goldenrod leaves had a greater effect than other goldenrod parts. Leaves 

of goldenrod may contain higher concentrations of biochemical compounds than roots. 

Radish seedling had significant differences among treatments (Fig. 3a, b). Radish seeds in 

snakeroot extract did not germinate. Seedling of radish with goldenrod and milkweed extracts 

affected seedling roots but had a greater effect on stems where mean biomasses dropped 

below 0.002g, which was unlike the other of seeds extract treatments (poison ivy and black-

eyed Susan) and controls. Lettuce with native seed extract from 4 of the 5 species did not 

germinate (poison ivy, black-eyed Susan, snakeroot and milkweed). Only 5 lettuce seeds with 

goldenrod extract germinated and these seedlings were very small at the conclusion of 

experiment. The significant differences included the two controls where the shade control had 

the highest biomass, more than the water control (Fig. 4a, b). Roots biomass had significant 

different among the three treatments as shown in (Fig. 4c). Seed germination differences in 

radish and lettuce biomasses for native seed extract could be due to their differences in water 

quantities when making the extracts. It could also be the duration of the experiment.  Most 

seed germination experiments using petri plates run up to 7-8 days for radish and lettuce but 

this experiment lasted for 15 days.  The reason for that longer time is to avoid the shock 

which occurs when plants are introduced to new environments so as to give the seeds more 

time to determine if they would have responded after day 7 and that is what happened for 

most radish seedling with native seed extracts (Figs. 9 &10).  



English ivy root length for both goldenrod extract (Fig. 6) and native seed extracts (Fig. 7) 

had no significant differences among treatments.  This may be because of the measurement 

method, which was the longest root or the size of the plants. Mean leaf number of radish with 

native seed extract injections varied among treatments, however, snakeroot and milkweed 

extracts negatively inhabited the leaf growth of radish (Fig. 11). In addition, root length of 

radish had a greater length for water (control) whereas the other treatments inhibited the 

growth of roots where the length of roots was small for shade, poison ivy, black-eyed Susan 

and goldenrod.  On the other hand, snakeroot had no roots due to not germinating and 

milkweed the radish seedling was all too small to measure (Fig. 5).  The reason to use shade 

control because the extracts of native seeds are a layer of extract not as liquid so using shade 

is to simulate the seed extracts.                                 

Differences between radish and lettuce germination was high especially in controls likewise 

in mean lettuce leaf number  (Fig. 12) and that could be because of lettuce tolerance to shade 

to grow unlike radish which preferred light, which was surprising. Light level may be an 

important variable in how a species responds to allelochemicals.  

An important point is the effect of native species extracts (seeds or goldenrod extracts), 

whether inject to English ivy or add to radish and lettuce seeds always have a greater impact 

on roots than stem. May be invasive species dissolve allelochemical compounds in the soil 

through the roots to get ride off the allelopathic effect of native plants and in order to do that 

English ivy using soil as basic to release all the chemicals into the soil. By releasing the 

chemicals of native plants into soil now English ivy has less allelochemicals concentration. 

Muller (1996) defined allelopathy as the process whereby a plant releases toxic compounds 

into the environment, resulting in a detrimental effect upon neighboring plants sharing the 

same habitat (Muller 1966). Allelochemicals are a subset of secondary metabolites and the 

effect is mostly negative against other organisms; furthermore, the effect of allelochemicals 

are associated with biotic and abiotic factors (Anaya 1999, Liu and Lovett 1994, Baldwin 

2002).  This leads to multiple stressors, such as light, nutrients and chemicals, and plants 

function and behave differently depending on the stressor (Suzuki et al 2005, Vinebrooke and 

 Rolf 2004, Mittler 2006, Roelofs et al. 2008).  Changes to interactions between plants 

include competitive interactions (Lankau 2008), abiotic conditions and densities of 

interactions (Thompson. 2005, 2006), biochemical interaction (Treseder and Vitousek 2001, 

Ehlers and Thompson 2004), and phenotypic interactions (Schweitzer et al 2004, Bangert et 

al. 2005).  Soil chemistry of the extended phenotype (Iason et al. 2005, Whitham et al. 2006) 

and biogeographical interactions (Bascompteet al. 2006) are important factors in determining 

species distribution and are links to determine the relationship between native and non-native 

invasive species.   

There may be an explanation as to how invasive species spread rapidly in new habitats. 

Often, when first introduced, invasive species do not survive, however, years later invasive 

outcompete and start to replace native species.  It may be that the native species initially 

released biochemical which inhibited the invasive species which led to the inability of 

invasives to survive.  This may be why invasive species did not spread nor grew when they  

were first introduced.  However, invasive species may be released the biochemical through its 



roots now invasive species has native allelochemicals in its system with less concentrations 

allowed it to survive and grow. Invasive species now have two biochemical its own and 

native species allelochemicals and that strong combinations that make invasive unstoppable. 

This process take months or years to develop under the right circumstances. Simple it is 

native plants biochemical absorbed by invasive species plants then invasive added its 

biochemical and released the both biochemical through roots to soil which has chemical 

compounds then all these chemicals combined unleash this mixed of chemical aggressively to 

a neighbor plant which mostly native plant. Invasive plants will keep release its biochemical 

still and will be stronger because it has native plants biochemical or already survived native 

biochemical and the way it works like a vaccine. I would call this hypothesis Naifaccine. So, 

if we want our native plants be stronger we should try Naifaccine. 

 

Acknowledgments  

Thanks for my family who supported me and thanks to professor Jonathan Titus. 

      

  



References:  

Abhilasha, D., Quintana, N., Vivanco, J., & Joshi, J. 2008. Do allelopathic compounds in 

invasive Solidago canadensis s.l. restrain the native European flora? Journal of Ecology. 96, 

993-1001 

 Amarasekare, P., & R. M. Nisbet. 2001. Spatial heterogeneity, source-sink dynamics, and the 

local coexistence of competing species. American Naturalist. 158:572–584. 

Anaya, A. L. 1999. Allelopathy as a tool in the management of biotic resources in 

agroecosystems. Critical Reviews in Plant Sciences. 18, 697-739.  

Baldwin, I.T. 2002. Unraveling the function of secondary metabolites. In Taiz L, Zeiger E 

(eds) Plant Physiology online III Ed, pp. Essay 13.1  

Bangert, R.K., Turek, R.J., Martinsen, G.D., Wimp, G.M., Bailey, J.K. & Whitham, T.G. 

2005. Benefits of conservation of plant genetic diversity on arthropod diversity. Conservation 

Biology. 19, 379–390. 

Bascompte, J., Jordano, P. & Olesen, J.M. 2006. Asymmetric coevolutionary networks 

facilitate biodiversity maintenance. Science. 312, 431–433. 

Bais, H. 2003. Allelopathy and Exotic Plant Invasion: From Molecules and Genes to Species 

Interactions. AAAS. 301, 5638-1377. 

Beier, R. C; Norman, J. O.; Reagor, J. C; Rees, M.S. & Mundy, B. P.1993. Isolation of the 

major component in white snakeroot that is toxic after microsomal activation: Possible 

explanation of sporadic toxicity of white snakeroot plants and extracts. Nat. Toxins 1993.1, 

286-293. 

Biggweataff, M. S., & Beck, C. W. 2007. English ivy (Hedera helix).Westcott's Plant Disease 

Handbook. 922-922. 

Bonner, W. A.1962."Ketones from "white snakeroot" Eupatorium urticaefolium". 

Tetrahedron.1811, 1295–1309. 

Boyce, R. 2014. Recovery of native plant communities in southwest Ohio after Lonicera 

maackii removal. The Journal of the Torrey Botanical Society. 1423, 193-204. 

 

Brown, R.L., & R.K. Peet. 2003. Diversity and invasibility of southern Appalachian plant 

communities. Ecology. 84,32–39. 

Callaway, R. 2000. Invasive Plants Versus Their New and Old Neighbors: A Mechanism for 

Exotic Invasion. AAAS. 290,5491-521.  

Catalán, P., Vázquez-de-Aldana, B. R., De las Heras, P., Fernández-Seral, A., & Pérez-

Corona, M. E. 2013. Comparing the allelopathic potential of exotic and native plant species 

on understory plants: are exotic plants better armed? Anales de Biología. 135,106-105.  

Chesson, P.L., & R.R. Warner.1981. Environmental variability promotes coexistence in 

lottery competitive systems. American Naturalist.117,923–943. 



Chesson, P.L. 2000. Mechanisms of maintenance of species diversity. Annual Review of 

Ecology and Systematics. 31,343–366. 

Corbett, B.F., & Morrison, J.A. 2012. The Allelopathic Potentials of the Non-Native Invasive 

Plant Microstegium vimineum and the Native Ageratina altissima : Two Dominant Species 

of the Eastern Forest Herb Layer. Northeastern Naturalist. 192, 297-312.  

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

A general theory of invasibility. Journal of Ecology. 88,528–534. 

Barceloux, D.G. 2008. Medical Toxicology of Natural Substances: Foods, Fungi, Medicinal 

Herbs, Plants, and Venomous Animals. John Wiley and Sons. pp. 681. 

 

Dukes, J.S. 2002. Species composition and diversity affect grassland susceptibility and 

response to invasion. Ecological Applications. 12, 602–617. 

Ehlers, B.K. & Thompson, J. 2004. Do co-occurring plant species adapt to one another? The 

response of Bromus erectus to the presence of different Thymus vulgaris chemotypes. 

Oecologia.141, 511–518. 

Giraud T, Keller L. 2006. Native supercolonies of unrelated individuals in the invasive 

Argentine ant. Evolution. 60, 782–791. 

 

Hierro, J.L. & Callaway, R.M. 2003. Allelopathy and exotic plant invasion. Plant and 

Soil. 256, 29–39. 

 

Holt, R.D. 1984. Spatial heterogeneity, indirect interactions, and the coexistence of prey 

species. American Naturalist.124, 377–406. 

 Huntly, N. 1991. Herbivores and the dynamics of communities and ecosystems. Annual 

Review of Ecology and Systematics. 22,477–503. 

 Hubbell, S.P. 2006. Neutral theory and the evolution of ecological equivalence. Ecology. 87, 

1387–1398. 

Huxel, G.R. 1999. Rapid displacement of native species by invasive species: effects of    

hybridization. Biological Conservation. 892, 143-152. 

Iason, G.R., Lennon, J.J., Pakeman, R.J., Thoss, V., Beaton, J.K., Sim, D.A. & Elston, D.A. 

2005. Does chemical composition of individual Scots pine trees determine the biodiversity of 

their associated ground vegetation? Ecology Letters.8, 364–369. 

Jortani, S.A.; Helm, R. Allen V. & Roland, J. 1996. "Inhibition of Na,K-ATPase by oleandrin 

and oleandrigenin, and their detection by digoxin immunoassays". Clinical Chemistry. 42, 

108-1654. 

 Ferguson, J. & Rathinasabapathi, B. (2000). Allelopathy: How Plants Suppress Other Plants. 

University of Florida. 10, 36-513.  

Kennedy, T.A., S. Naeem, K.M. Howe, J.M.H. Knops, D. Tilman, & P. Reich. 2002. 

Biodiversity as a barrier to ecological invasion. Nature. 417,636–638.        

https://books.google.com/books?id=CpqzhHc072AC&pg=PA681
https://books.google.com/books?id=CpqzhHc072AC&pg=PA681
http://www.clinchem.org/cgi/pmidlookup?view=long&pmid=8855150
http://www.clinchem.org/cgi/pmidlookup?view=long&pmid=8855150


Knops, J., Tilman, D., Haddad, N.M., Naeem, S., Mitchell, C.E., Haarstad, J., Ritchie, M.E., 

Howe, K.M. Reich, P.B., Siemann, E. & Groth, J. 1999. Effects of plant species richness on 

invasion dynamics, disease outbreaks, insect abundances, and diversity. Ecology Letters. 2, 

286–293. 

Lankau, R. 2008. A chemical trait creates a genetic trade-off between intra-and interspecific 

competitive ability. Ecology. 89, 1181–1187. 

 

Leger, E.A. 2008. The adaptive value of remnant native plants in invaded communities: an 

example from the Great Basin. Ecological Applications.18, 1226–1235. 

Lee, S.T. 2010. "Tremetone and structurally related compounds in white snakeroot 

(Ageratina altissima): a plant associated with trembles and milk sickness". J. Agric. Food 

Chem. 58 15, 8560–8565. 

 Levine, J.M. 2000. Species diversity and biological invasions: Relating local process to 

community pattern. Science. 288,852–854. 

Liu D & Lovett J. 1994. Biologically active secondary metabolites of barley I Developing 

techniques and assessing allelopathy in barley Journal of Chemical Ecology. 19,2217-2230. 

Lyons, K.G., & Schwartz, M.W. 2001. Rare species loss alters ecosystem function: Invasion 

resistance. Ecology Letters. 4,358–365. 

McKinney, M.L. 2002.Urbanization, Biodiversity, and Conservation. BioScience. 52,10- 883. 

  

Mitchell, C. & Power, A. 2003. Release of invasive plants from fungal and viral pathogens. 

Letters to Nature. 421, 625-627 

Mittler, R. 2006. “Abiotic stress, the field environment and stress combination.” Trends in 

Plant Science. 111, 15–19. 

Molisch H. 1937. Der Einfluss Einer Pflanze Auf Die Andere-allelopathie. Jena: Fischer. 

Muller. C.H. 1966. The role of chemical inhibition allelopathy in vegetation composition. 

Bulletin Torry Botanical club. 93,332-351. 

Naeem, S., Knops, J.M.H., Tilman, D., Howe, K.M., Kennedy, T. & Gale, S. 2000. Plant 

diversity increases resistance to invasion in the absence of covarying extrinsic factors. Oikos. 

91, 97–108. 

Oduor, A.M. 2013. Evolutionary responses of native plant species to invasive plants: a 

review. New Phytologist. 24, 986-992.  

 

Payne C.M., Tillberg, C.V., & Suarez A.V. 2004. Recognition systems and biological 

invasions. Annales Zoologici Fennici. 41, 843–858.  

 

Plos, A., Sancho, G. & Iharlegui, L. 2011. Secretory structures of leaves of Ophryosphorus 

meyen, a genus with medicinal properties. The Journal of the Torrey Botanical Society. 138, 

391-399. 

  



Prieur-Richard, A.H., & S. Lavorel. 2000. Do more diverse plant communities show greater 

resistance to invasions? Revue D’Ecologie-La Terre Et La Vie. 24, 37–51. 

Qi, S., Dai, Z., Zhai, D., Chen, S., Si, C., & Huang, P. et al. 2014. Curvilinear Effects of 

Invasive Plants on Plant Diversity: Plant Community Invaded by Sphagneticola trilobata.10, 

139-410. 

Rasmussen, J. A. 1975. Noncompetitive Effects of Common Milkweed, Asclepias syriaca L., 

on Germination and Growth of Grain Sorghum. American Midland Naturalist. 16, 942-478.     

Rice, E.L.1974. Allelopathy. Academic Press, New York, 353pp. 

Rice EL. 1984. Allelopathy. 2nd ed. Orlando, FL: Academic Press. 

 

Roberts, K.J. & Anderson, R.C. 2001. Effect of garlic mustard (Alliaria petiolata (Beib. 

Cavara & Grande) extracts on plants and arbuscular mycorrhizal (AM) fungi. American 

Midland Naturalist. 146, 146-52. 

 

Roelofs, D. 2008. Functional ecological genomics to demonstrate general and specific 

responses to abiotic stress. Functional Ecology. 22, 8–18. 
 

Runkel, S.T. & Roosa, D.M. 1989. Wildflowers of the Tallgrass Prairie: The Upper Midwest. Ames, 

IA: Iowa State University Press. 187, 129-156. 

  

Sacchi, C.F. 1987. Variability in dispersal ability of Common Milkweed, Asclepias syriaca, 

seeds, Oikos Vol. 49, pp. 191-198 

Schlaepfer MA, Sherman PW, Blossey B, & Runge MC .2005. Introduced species as 

evolutionary traps. Ecology Letters. 8, 241– 246. 

Schweitzer, J.A., Bailey, J.K., Rehill, B.J., Martinsen, G.D., Hart, S.C., Lindroth, R.L., Keim, 

P. & Whitham, T.G. 2004. Genetically based trait in a dominant tree affects ecosystem 

processes. Ecology Letters. 7, 127–134. 

Snively, W.D. & Furbee, L. 1966. Discoverer of the Cause of Milk Sickness. JAMA: The 

Journal of the American Medical Association. 196, 1055–1060. 

Strauss, S. Y., J. A. Lau, & S. P. Carroll. 2006. Evolutionary responses of natives to 

introduced species: what do introductions tell us about natural communities? Ecology Letters. 

9,354–371. 

Suzuki, N. 2005. Enhanced tolerance to environmental stress in transgenic plants expressing 

the transcriptional co-activator Multiprotein Bridging Factor 1c. Plant Physiol.  139, 1313–

1322. 

 

Tarayre, M., Thompson, J.D., Escarre, J. & Linhart, Y.B. 1995. Intra-specific variation in the 

inhibitory effects of Thymus vulgaris (Labiatae) monoterpenes on seed 

germination. Oecologia. 101, 110–118. 

 

https://en.wikipedia.org/wiki/Oikos


Thompson, J.N. 2005. The Geographic Mosaic of Coevolution. The University of Chicago 

Press, Chicago, IL, USA. & Thompson, J.N. (2006) Mutualistic webs of species. Science. 

312, 372–373. 

 

Timbrell, J. A. 2009. Principles of Biochemical Toxicology. New York: Inform Healthcare. 

pp. 349–51.  

Treseder, K.K. & Vitousek, P.M. 2001. Potential ecosystem-level effects of genetic variation 

among populations of Metrosideros polymorpha from a soil fertility gradient in Hawaii. 

Oecologia. 126, 266–275. 

Vila, M., & Weiner, J. 2004. Are invasive plant species better competitors than native plant 

species? evidence from pair-wise experiments. Oikos. 347, 561-167.  

Vinebrooke, R.D. 2004. Impacts of multiple stressors on biodiversity and ecosystem 

functioning: the role of species co-tolerance. 104, 451– 457. 

Wolf, F. A.; Curtis, R.S. & Kaupp, B. F. 1918. A monograph on trembles or sickness and 

white snakeroot. North Carolina Agric. Exp. Stn. Technol. Bull.176, 15-56. 

 




