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ABOUT ME
Postdoctoral researcher

I studied forestry (BSc and MSc)  
PhD on Forest Pathology 

Interested in studying tree fungal diseases, host-pathogen interactions and control of plant 
diseases, especially biological control using fungal endophytes. 



Functions of forests

Environmental 
importance: 

Climate change

Biodiversity

Multifunctional 
ecosystems

Economic importance: 
3 million jobs in the EU

Recreation, well-being

Biomass, rural development







OF OR RELATED TO LIVING THINGS. FROM GREEK BIŌTIKOS, FROM 
BIOS ‘LIFE’.

Biotic, 
Oxford Advanced Learner's Dictionary

Fungi Nematodes

Virus

Bacteria

Parasites

Oomycetes (Protists) Insects









Impact on the 
ecosystem
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DAÑOS BIÓTICOS EN LOS SISTEMAS FORESTALES: INTERACCIÓN CON LA GESTIÓN 
FORESTAL 

Las plagas y enfermedades forestales tienen un enorme impacto económico y ambiental en los 
bosques de todo el mundo (FAO 1965). Los impactos económicos incluyen la pérdida de valor de 
los productos forestales y el coste de eliminación de árboles muertos y operaciones de control 
(Stenlid et al. 2011). Por ejemplo, el hongo Heterobasidion annosum s. l. que provoca la pudrición 
de la raíz en bosques de píceas, provoca unas pérdidas anuales en el sector forestal europeo de 790 
millones de euros (Woodward et al. 1998). En los EE.UU., las enfermedades y plagas de los árboles 
son la principal causa de pérdidas de madera cada año. Además, las plagas y enfermedades 
tienen consecuencias ambientales ya que pueden alterar el equilibrio dentro de ecosistemas 
completos al modificar los procesos de secuestro de carbono (Peltzer et al. ) y ciclos de nitrógeno 
(Lovett et al. 2010). Sin embargo, los bosques son fundamentales para la biodiversidad que 
albergan, y no solo para su productividad. Aunque los bosques nativos están adaptados a algún nivel 
de perturbación, todos los bosques se enfrentan ahora a nuevas amenazas como el cambio climático, 
plagas de especies invasoras y sus interacciones.  

La sanidad forestal requiere una comprensión 
del medio ambiente, de la interacción del 
huésped y el patógeno/plaga, así como la 
biología y ecología de los patógenos y los 
insectos (Manion, 1981; Rizzo et al., 2005). La 
conversión de un bosque saludable a otro no 
saludable es en ocasiones muy inestable y su 
recuperación puede durar décadas (Fig 1a, 1b) 
(Trumbore et al. 2015). Las acciones para 
luchar contra las perturbaciones biológicas del 
bosque se pueden definir en una escala 
temporal, en función de si se realizan antes de 
que llegue la amenaza, durante, o una vez 
establecida (Tabla 1, Fig 2). 
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Fig 1a: Escalas de tiempo de recuperación para diferentes funciones forestales después de una perturbación. Fig 1b: 
Representación esquemática de los cambios en la salud de los bosques en función del estrés de los árboles y los 
disturbios. (De Trumbore et al., 2015, Science). 

1A 1B

Fig 2 Etapas de invasión biológica a lo largo de la “curva de invasión”. 
(Fuente: Extensión IFAS de la Universidad de Florida. Adaptado del 
Marco de políticas de plantas y animales invasores, Estado de Victoria, 
Departamento de Industrias Primarias, 2010).





Management of forest diseases

• Disease management:  
• Environment, host and pathogen interaction. 
• Pathogen biology and ecology.  

• The classical methods can be summarized in 4 categories:  
1. Silvicultural  
2. Chemical 
3. Biological  
4. Host resistance



Silvicultural
Aimed at preventing diseases and at reducing the expansion 
of the disease once a stand is infected.  

Management guidelines: 

a. Avoiding planting susceptible species  

b. Maintain the health and vigor of the trees  

c. Protect the genetic resources  

d. Reduce the amount of inoculum

Prevents expansion

Traitement réussi d'une plantation de pins rouges 
affectée par le Gremmeniella abietina, race 
européenne 

Gaston Laflamme1 

Reçu 1999-01-29; accepté 1999-07-30 

PHYTOPROTECTION 80: 55-64 

La maladie du chancre scléroderrien des pins est causée par le Gremmeniella 
abietina. Cette étude porte sur la race européenne de cet ascomycète qui, 
une fois introduite en Amérique du Nord, s'est révélée plus destructrice que 
la race indigène nord-américaine, car elle peut tuer de grands arbres. 
Comme il n'existait pas de moyen de lutte efficace contre cette maladie en 
plantation, un traitement par élagage systématique a été mis à l'essai dans 
une plantation de pins rouges {Pinus resinosa) située à Kazabazua (Québec). 
Les quatre verticilles inférieurs des pins de 12 ans ont été élagués en 1982. 
Le taux d'incidence de la maladie, initialement de 67 %, est alors descendu 
à 22 % un an plus tard. En 1984 et 1985, deux autres interventions complé-
mentaires d'émondage et de coupe des arbres morts ou moribonds ont 
réduit la maladie à l'état endémique. Les observations se sont poursuivies 
de 1987 à 1995, dans l'éventualité d'une recrudescence de la maladie. La 
fermeture du couvert en 1995 semble avoir eu raison des dernières infections 
en provoquant l'élagage naturel de plusieurs verticilles. Dans la plantation 
témoin, l'incidence de la maladie a varié de 86 à 100% des tiges durant 
la période d'observation; en 1995, le taux de mortalité atteignait 47 % des 
pins rouges. Afin d'éviter plusieurs interventions successives, il est 
recommandé d'élaguer la moitié inférieure des verticilles de la cime des 
arbres, et même les deux tiers, si nécessaire, dans les plantations infectées 
de moins de 20 ans. 

[Successful control of Gremmeniella abietina, European race, in a red pine 
plantation] 
Scleroderriscankeron pinesiscaused bythefungus Gremmeniella abietina. 
The European race of this ascomycète has been introduced in North America; 
it is more destructive than the native North American race as it can kill pole-
size trees. There was no efficient control method of that disease in plantation. 
In 1982, systematic pruning of lower branches was used in red pine {Pinus 
resinosa) plantations located in Kazabazua, Québec. The four lower whorls 
of the 12-year-old pines were pruned in 1982. A year later, the incidence 
rate of the disease, initially at 67%, was reduced to 22%. Two other 
complementary interventions of pruning and cutting dead and dying trees 
in 1984 and 1985 reduced the disease to an endémie level. Annual 

1. Ressources naturelles Canada, Service canadien des forêts, Centre de foresterie des 
Laurentides, 1055, rue du P.E.P.S., C.P. 3800, Sainte-Foy (Québec), Canada G1V 4C7; 
Courriel: glaflamme@cfl.forestry.ca 
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Chemical “The term fungicide is used in a broad sense for any compound 
that kills or inactivates fungi”

Fungicides

Directive 2009/128/EC: preference non-chemical methods

• Very limited application in the forests

• Could be a solution for nurseries.



Host resistance
Resistance Ability of an individual to prevent infection 

Tolerance Plant become infected but the damaged is limited 

Susceptibility Plant can not afford the development of any mechanism to prevent 

infection

How plants defend themselves?
1. Preformed defenses (already in the plant before the attack). 

2. Induced (activated once the infection has happened).

1.1. Physical or structural 
(cuticle, cell walls, tricomes).

1.2. Chemical preformed (secondary metabolites).

2.1. Physical (changes on the structure and function of 
cell wall).

2.2. Chemical (higher concentration of compounds and 
new compounds).
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Biological control

• Alternative method to fight diseases because of the 
growing public concern over the potentially harmful 
effects of pesticides (Ownley and Windham, 2007). 

• Biological control agents (BCAs) -> other fungi, 
bacteria, viruses. 

• The viability of biological control confirmed only in some 
cases (e.g. Heterobasidion or Cryphonectria parasitica).

“The use of living organisms or naturally derived bioactive compounds to fight against 
a disease”



Modes of action  
of the BCAs

1. Parasitism

2. Antibiosis

4. Induction Plant Resistance

5. Barrier effect

3. Competition



Fungal endophytes
• Becoming a potential biological 

tool to fight against forest 
diseases. 

• Combine several modes of action

Live inside the plant tissue 
Neutral, detrimental or 
beneficial



Integrated Pest Management
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What is the technology that 
supports plant protection?



Technology
1. Detection of the pathogen and microorganisms 

A. DNA barcoding 

B. Metabarcoding/Metagenomics 

2. Detection of the early symptoms in the host 

C. Phenomics



Identification of Fungi

https://ibol.org 

DNA barcode

International Barcode of Life

https://ibol.org


DNA



DNA extraction



PCR steps

Denaturation  
Annealing 
Extension 
Video: (https://www.youtube.com/watch?v=c07_5BfIDTw)

https://www.youtube.com/watch?v=c07_5BfIDTw






72 °C

72 °C





Sanger Sequence



Nucleotides



BLAST (Basic Local Alignment Search Tool)



BLAST (Basic Local Alignment Search Tool)



Metagenomics: Tecnological Revolution

They allow to identify multiple 
organisms; pathogens and 
other microorganisms (e.g. 
endophytes).



• Introduction to NGS: 
•  https://www.youtube.com/watch?v=ToKUGz_YhC4

https://www.youtube.com/watch?v=ToKUGz_YhC4


Metagenomics



HOLOBIONT MICROORGANISMS

HOLOBIONT, IS AN ASSEMBLAGE OF A HOST AND THE MANY OTHER SPECIES LIVING IN OR 
AROUND IT, WHICH TOGETHER FORM A DISCRETE ECOLOGICAL UNIT.

Lynn Margulis 



TERMS & DEFINITIONS

WHILE COLONIZING A HEALTHY PLANT, ENDOPHYTES DO NOT 
CREATE SYMPTOMS DURING THEIR LIFE CYCLE.

Anna Maria Pirttilä · A. Carolin Frank  
Eds. of Endophytes of Forest Trees 

Lexico Diccionary by Oxford 

MICROBIOME 
1 THE MICROORGANISMS IN A PARTICULAR ENVIRONMENT (=MICROBIOTA) 
   1.1. THE COMBINED GENETIC MATERIAL OF THE MICROORGANISMS IN A      
          PARTICULAR ENVIRONMENT.





BUT NOT FOR BEING SMALL THEY 
ARE LESS IMPORTANT!!



WHY MICROBIOME IS IMPORTANT?

▸ Development, growth, and health of macroorganisms are 
influenced by the complex microbial communities they 
host. 

▸ Plants rely on their microbiome for a number of life-
support functions (e.g. nutrient acquisition and protection 
against stress factors). 

▸ The structure and diversity of these communities depend 
on the host, the geographical location and abiotic and 
biotic factors. 
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Dymanic 
communitites



Biological fungicides based on endophytes

Trichoderma viride

Rhizobium spp

Verticillium albo-atrum



Forest biological fungicides





Monitor disease progression and host responses by the use of 
phenomics



NDVI: Normalized 
difference vegetation index  



Phenocave 



RESISTREE Project 
Identification of Phytophthora resistant beech trees by composition of 
endophyte communities, lesion formation and phenomic approaches. 



Co-culture tests



Phytophthora



FUNGAL COMMUNITIES ILLUMINA-ITS



Co-culture  

tests
Eco-Plates

Characterization

Antagonisms observed





Example Metabarcoding

Sampling sites: 3 locations in Southern Sweden 

41 seedlings were collected in Nov 2019 

2 yr old seedlings of Scots pine (Pinus sylvestris) 

Different symptoms of growth disturbances

Source: etsy.comSource: Meshkova et al. 2018



ILLUMINA

Materials and methods

ITS region for fungi 

16S for bacteria

Liquid nitrogen

Source: allgenetics.eu
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interchangeable small image:  

Results
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exasperatum

1%
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1%
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2%

Cryptococcus sp.
2%
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1%
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1%
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Other fungi
23%

ALL SAMPLES-FUNGI

878 Fungal OTUS 
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Results
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Take home messages
• Plants rely on their microbiome for many important life-

support functions (e.g. nutrient acquisition and protection 
against stress factors).


• Tree microbiome can limit pathogen damage.


• NGS is an important tool to characterize pathogens and 
microbial communities.


• Phenomics can be a useful tool for detecting early stages 
of pathogen infection and or resistant genotypes.



Videos

• Illumina: https://www.youtube.com/watch?
time_continue=174&v=ZlPH9FzUOq8&feature=emb_logo 

• DNA metabarcoding: https://www.youtube.com/watch?v=kv09Mhegzuw 

• DNA Extraction from Plant Cells Practical Experiment: https://www.youtube.com/
watch?v=_J_tB9PKNGI&t=8s

• What is DNA: https://www.youtube.com/watch?
v=GIzNlISbCxI&list=PLW0gavSzhMlTeTj8290mOkZ0SOyNCkNz2 

• PCR: https://www.youtube.com/watch?v=2KoLnIwoZKU 

• https://www.youtube.com/watch?v=c07_5BfIDTw

https://www.youtube.com/watch?time_continue=174&v=ZlPH9FzUOq8&feature=emb_logo
https://www.youtube.com/watch?time_continue=174&v=ZlPH9FzUOq8&feature=emb_logo
https://www.youtube.com/watch?v=kv09Mhegzuw
https://www.youtube.com/watch?v=_J_tB9PKNGI&t=8s
https://www.youtube.com/watch?v=_J_tB9PKNGI&t=8s
https://www.youtube.com/watch?v=GIzNlISbCxI&list=PLW0gavSzhMlTeTj8290mOkZ0SOyNCkNz2
https://www.youtube.com/watch?v=GIzNlISbCxI&list=PLW0gavSzhMlTeTj8290mOkZ0SOyNCkNz2
https://www.youtube.com/watch?v=2KoLnIwoZKU
https://www.youtube.com/watch?v=c07_5BfIDTw


Thanks for your attention!




