
Corresponding author: vera.karlicic@agrif.bg.ac.rs 

Potential of Trichoderma spp. and 

Pinus sylvestris L. bark extracts as 

biocontrol agents against fungal 

pathogens residing in the 

Botryosphaeriales 

Vera Karličić, Jelena Jovičić-Petrović, Veljko Marojević, 

Milica Zlatković, Saša Orlović, Vera Raičević 

 

http://www.free-powerpoint-templates-design.com/


1. Starting hypothesis  3-4 

2. Objectives    5 

3. Material and methods       6-10 

4. Results     11-15 

5. Conclusions    16-17  



Sawmill industry as a bark waste generator  

Bark as a resource:  
 

 Substrate formulations, soil conditioners,  

   plant protection, health and industrial products, 

   application in bioremediation; 

 Eco-friendly alternatives to agrochemicals. 

 

Bark as a source:  
 

 Secondary metabolites; 

 Beneficial microorganisms; 

 Trichoderma sp. 

Starting hypothesis: 
- Waste as a resource 

and source - 

Starting material: 
- Scots pine  

(Pinus sylvestris L.) 
bark - 



Starting material: 
- Scots pine  

(Pinus sylvestris L.) 
bark - 

Coniferous bark as a component of  

commercial substrates 

 

 Increases water supply; 

 Increases nutrients availability; 

 Antifungal, antibacterial, insecticidal effects  

   are results of: 

 

1. Chemical components; 

2. Microbial communities. 



              Plant pathogens  

              (Ascomycota: Botryosphaeriales) 

 Isolation of Trichoderma spp. from Scots pine bark; 

 Evaluation of the antifungal activity of  

    Scots pine bark water extracts; 

Evaluation of the antifungal activity of  

    Trichoderma spp. in vitro. 

 

         

 

 Botryosphaeria dothidea; 

 Dothiorella sarmentorum,  

   and 

 Neofusicoccum parvum. 

Objectives:  



Starting material: 
- Botryosphaeriales - 

B. dothidea 

  D. sarmentorum 

N. parvum 

Branch die-back of  

Pseudotsuga menziesii 

Canker- Pseudotsuga menziesii 

Botryosphaeriales (Ascomycota) 

  
 Distributed worldwide on various    

   tree species; 

 Endophytes, latent pathogens,    

  pathogens and saprophytes; 

 Urban environments.  



Starting material: 

- Botryosphaeriales - 

Prunus laurocerasus shot hole disease 



Material and methods 

Solvent Distilled water  Distilled water  

Temperature regime 80 120 

Pressure / 1.5 bar 

Extraction Time 120 min 20 min 

The extraction conditions: 

Extracts preparation: 
 

Bark was: 

 Ground with a mill;  

 Shifted through 0.5 mm sieve;  

 Dried at 50ºC. 

Solvent: 

 Distilled water; 

 Bark powder : solvent ratio 1:10. 

 

                                   Extraction yields: 

 4.10% at 80°C; 

 5.14% at 120°C. 



Material and methods 

Antifungal activity assay of chemical 

components of pine bark 

 

 PDA supplemented with 20 and 30%  

   of water bark extracts; 

 The effects on Trichoderma spp. and  

   plant pathogens mycelial growth; 

 Mycelial growth inhibition (%) =  

           [DC- DT] / DC] × 100 

- DC the average diameters of control; 

- DT the average diameters of fungal colony  

  of treatment. 



Antifungal activity assay of biological 

component of pine bark 

 

 The effects of Trichoderma spp. on  

   plant pathogens mycelial growth; 
 

 Mycelial growth inhibition (%) =  

           [DC- DT] / DC] × 100 

- DC the average diameters of control; 

- DT the average diameters of fungal colony  

        of treatment. 

Material and methods 



Results 
- Antifungal activity - 

Mycelia growth inhibition by pine bark water 

extracts (%) 

 

            

 

 

 

 

 

 

 

 Little toxic; 

 The highest inhibition was 39% in 20% extract; 

 The highest inhibition was 44% in 30% extract. 



Mycelia growth inhibition by pine bark  

water extracts (%) 

 

 
 

           

 
 

 

 

 

 

 

 Moderate toxic; 

 The highest inhibition was 56% in 20% extract; 

 The highest inhibition was 60% in 30% extract. 

Results 
- Antifungal activity - 



Mycelia growth inhibition by pine bark  

water extracts (%) 

 

No inhibition of radial growth was noted.  
 

 Neofusicoccum parvum - sparse aerial mycelium; 
 

 Trichoderma sp. BKG 3 - increased sporulation; 
 

 Trichoderma sp. BKG 4 - increased sporulation.    

 

 

 

 

 

Results 
- Antifungal activity - 



 

Results 
-Trichoderma spp.  

vs pathogens - 

 

Mycelia growth inhibition by Trichoderma spp.  

(%) 
 

 

 

 

 

 

 

 

 

 

 

 

 Trichoderma sp. BKG 4 expressed very high inhibition  

   of B. dothidea and D. sarmentorum; 

 Overgrow with replacement of B. dothidea and  

  D. sarmentorum. 



 

Results 
-Trichoderma spp.  

vs pathogens - 

 

Mycelia growth inhibition by Trichoderma sp. 

 

 All Trichoderma strains exhibited  

  moderate inhibition of N. parvum; 

 Deadlock at a distance; 

 The accumulation of dark pigment. 

  



Chemical component: 
 

 Bark extracts showed: 

   - Little toxic effects on  

     B. dothidea; 

  - moderately toxic effects    

    on D. sarmentorum; 

 - non-toxic effects on  

   N. parvum and 

   Trichoderma spp.  

Biological component: 

Trichoderma BKG 4:  

  - very high antagonistic activity vs 

   B. dothidea and D. sarmentorum; 

Trichoderma BKG 3: 

  - high antagonistic activity vs 

   B. dothidea and D. sarmentorum; 

Trichoderma sp. BKG 4: 

  - high antagonistic activity vs  

    N. parvum. 

Pine bark as a substrate: 

antifungal, antibacterial, insecticidal effects  Conclusions 



The next steps: 

 Extraction optimization; 

 Molecular identification of    

   Trichoderma strains; 

 Biochemical characterization of 

  Trichoderma strains; 

 Microscopic interactions; 

 Active matter detection in both,  

  chemical and biological  

  component of pine bark. 

Conclusions 
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