




   

   













  

   





















     

 









    













 
 


























    

 






 

 
 

 


 



  
 



 







 









 









      



 

 




 
 




 












          

     

             
         

                 
              
              
                  

          

 

   

   

  

   

    







 





       

                

            

                 

              

               

            

               

                         

                    

                     

                       

               

             

             

              

                

              

        

      

 

       
        
         
          
             
        
          

           
          
         


         
        
          
       
         
            
            
         
      
            
         

           

         

  

     

    

 

   



      

    



            

 

       

        

           
   

    
  

            
        



                  
                      
              
                  
                     
                
                   


                 
                   

   
               

     
           

         
   

                       
       
                 
          

           

 

        
        
        
         
          
          
           
        
 

        
         
           
         

   

    


          
      

          
   

          
    

         
       


      







           
       
        

           
       

                   
                       

                          

         
  

     
      


     
   

       


                 

  





 
 
 

             
                 
                
              
             

               
           
                
             
                    
                   
                  



                                                                  
                                                                 

                                                             
                                                       

       

 
    


              
    
      

    

    

            
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  



           
         

          

   

         

               



                  

                  

                 

                 

               

                  

                

                   

                    

                  

                  

                 

                   

                    

               

               

 

         



       

        

      

        

       

         

       

       

        

       

         

        

        

          

      

    



         

    

         

       

         

     

     

    




































         
         

            

            

   

               



                     
                
                  
                   
                
                    
                      
                      
               
                    
                     
                   
       

        



          
     

       
        
        
      
        
        
          
         
        
    

          
         
        
       
         
        
       
         
         
          
     

    


         
       

         
    

        
      

         
       
 

     
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A B S T R A C T

The presence of exotic species of plants in a region is associated with anthropogenic activities due to their 
economic and commercial benefits. When these exotic species hinder the development of native species, they are 
considered invasive. In Brazil, two species stand out: Pinus spp. and Eucalyptus spp. Their presence within eco
systems may result in environmental imbalances caused by allelopathy. The allelochemicals released by these 
invasive species can enter the environment through rainfall, decomposition of plant material, root exudation, and 
volatilization. The high solubility of phenolic compounds produced by these plants allows them to reach water 
bodies and potentially affect aquatic organisms. In light of this, a toxicological evaluation was conducted by 
exposing Daphnia magna, Aliivibrio fischeri, Landoltia punctata, and Lactuca sativa seeds to soil elutriates from 
areas with exotic and native vegetation. The samples were collected in close proximity, with the primary dif
ference being the type of vegetation cover. Upon characterization, the soil covered by native species was found to 
contain higher levels of organic matter and moisture, whereas the soil with exotic species appeared drier. 
Overall, the toxicological evaluation revealed that elutriates from native vegetation induced greater toxic effects 
on the aquatic organisms D. magna and A. fischeri. Conversely, elutriates from exotic vegetation showed lower 
concentrations of total phenolic compounds but still exhibited toxic effects on the development of L. sativa seeds 
and caused notable structural damage to the aquatic macrophyte L. punctata.. This study highlights the impor
tance of investigating reforested areas dominated by exotic species to better understand the potential environ
mental impacts caused by invasive plants.

1. Introduction

Exotic species are organisms introduced outside their natural range, 
and their spread is associated with anthropogenic activities, as their 
displacement from native habitats to new ecosystems does not occur 
naturally. When their presence in an ecosystem disrupts the develop
ment of native species, they are considered invasive. In Brazil, notable 
invasive plant species include those from the genera Pinus spp. and 
Eucalyptus spp. These species were introduced primarily for timber 
production to meet the demands of rail transport and steam engines, as 
well as to supply markets for paper, pulp, plywood, veneers, and sheets 
(Shimizu, 2008; Rodrigues et al., 2021). These species were selected due 
to their rapid growth, high seed production, ease of dispersion, elevated 

germination rates, and early maturation compared to native species 
(Moretto, 2021).

One of the key concerns regarding invasive species is their potential 
for allelopathy—a phenomenon in which one organism exerts harmful 
or beneficial effects on another through the release of chemical sub
stances into the environment (Zhang et al., 2021). In this process, sec
ondary metabolites—known as allelochemicals—are produced by plants 
to protect against biotic and abiotic stressors (Rizvi and Rizvi, 1992). 
These biomolecules mediate interactions with other plants, pests, 
pathogens, insects, herbivores, and a variety of other organisms 
(Mithöfer and Boland, 2012). Klironomos (2002) evaluated five invasive 
exotic plants and five rare native plants and discovered that the invasive 
exotic plants typically exhibited positive feedback (increased growth) 
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