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Palms	form	oases	of	high	
environmental and	economical value and	
are	Important	cultural/touristic assets



RPW is major palm 

pest worldwide...



RPW	can	damage	Date	Palm	Value

Tabarca Island Denia Albufereta Cartagena

Córdoba Sevilla Granada



10 µm

Biocontrol: Entomopathogenic
fungi



B. bassiana: most common Entomopathogenic
Fungus in dry Ecosystems (SE Spain)

Mitosporic fungi

Coleopterans (Beauveria bassiana)

Thrips

Lepidopterans
(Paecilomyces farinosus)

Entomophthorales
(Erynia neoaphidis)Aphids 



B.	bassiana infects RPW	under natural	conditions
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Bb	203 is	the	most	pathogenic	strain	to	RPW

Ricaño, J., Güerri-Agulló, B., Serna-Sarriás, M. J., Rubio-Llorca, G., Asensio, L., Barranco, P., & Lopez-Llorca, L. V. (2013). 
Evaluation of the pathogenicity of multiple isolates of Beauveria bassiana (Hypocreales: Clavicipitaceae) on Rhynchophorus
ferrugineus (Coleoptera: Dryophthoridae) for the assessment of a solid formulation under simulated field conditions. florida
entomologist, 96(4), 1311-1324.







B.	bassiana dry conidia	are	captured	by	RPW	

cuticle



B.	bassiana dry conidia	
germinate,	adhere…
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…	and	penetrate	RPW		cuticle

Güerri‐Agulló et al. (2010) 



B.	bassiana infects	all	RPW	stages	under	

field	conditions



Güerri-Agulló et al. (2011)

Bb203	increases	RPW	mortality	in	the	Field	(canary	palm	

trial)



% Healthy Palms

Bb203 treated 75 62 -

Non-treated 60 56 38

+   Beauveria bassiana 203 -

50% treated palms

33% treated palms

0% treated palms

B.	bassiana persists	in	the	field

Canary	palm	
trial.	
Data	collected
12	months	after	
last	Bb	203	
treatment



97%77%

Healthy palms

Bb203	reduces	RPW	palm	infestation	in	the	Field	(date	

palm	trial)
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Fungi

Plants

Nematodes

Insects

Nematophagous

Fungi

B. bassiana displays a Multitrophic behaviour

Entomopathogenic

Fungi

Beauveria bassiana
Pochonia

chlamydosporia

Nematophagous

Fungi

Chitin Protein



B.	bassiana (Bb)	can	inhibit	fungal	
pathogens	of	palms	(Pv)

Pv

Bb



B. bassiana is a  Palm Endophyte



B. bassiana is a date  palm root endophyte

(Mohamed	Mahmoud et	al.	2017)

SE	Spain



Fungal Root Endophytes help
Natural vegetation cope with stress

70% Root samples!!!

Drought, Salt and 
Root Pathogens

(Macia-Vicente	et	al.,	2008,	2012)



B.	bassiana induces	Date	Palm	defenses

R	gene	coding	Proteins	

Antioxidant	Proteins	

Hydrolytic	Enzymes		

Heat	shock	Proteins
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Control

phenolics	(	tannins)	

Control

B.	bassiana

(Gómez-Vidal,	et	al.	2008,	2009).



Chitosan: Biocontrol Fungi 

enhancer



Chitin in	Exoskeletons/Cell
Walls

• Chitin main component

(flexible/resistant)	

• Highly adaptative (Cambric 540	MA)

• ChitinàChitosan	(CDAs)

• Biodegradation	

(Chitinases/Chitosanases)

Chitin

microfibril

Protein (with

cross-links)

Phenolics (DOPA,

melanin etc).



Control	(no	chitosan) Chitosan	0.01	mg/ml

500nm
500nm

CW

MP

CW	= cell	wall	

celular

PM	=plasma	

membrane	

LB	= lipid	body

C	=	cytoplasm

LB

C

CW

(Fusarium	oxysporum	f.sp.	radicis-lycopersici)	

Palma-Guerrero et	al.	(2008)

Chitosan destroys the plasma membrane of plant 

pathogenic fungi



Low-fluidity Membrane makes B.	bassiana
resistant to chitosan

Mol.	Microbiol.	doi:	10.1111/j.1365-2958.2010.07039.

Spots	119	&	134:	homologous	to	VcP1	P.	
chlamydosporia.	`rptease	Fold	=	2.2	and	1.9

C
HCl

T8s	2	mg/ml

C
HCl

T8s	2	mg/ml

- - - - --
Sensitive Fungi:	Plant

Pathogens (Forl)

- - - - -
+++++++++++++++++Chitosan

Saturated FFA

Resistant Fungi (FPI,	

Biocontrol Agents):

Leakage

Chitosan

High	fluidity Low	fluidity

- - - - -
Chitosan

+ +

Low	fluidity Low	fluidity

Unsaturated FFA

Palma	et	al.,	2010	Molecular	Microbiology



Chitosan stimulates B. bassiana sporulation

Mol.	Microbiol.	doi:	10.1111/j.1365-2958.2010.07039.

Enz.	Microb.	Technol.	46:	568–

574

Spots 119 & 134: homologous to VcP1 P. 
chlamydosporia. `rptease Fold = 2.2 and 1.9

Palma	et	al.	2010,

PATENTED



Chitosan enhances virulence of Fungal Parasites of 

Invertebrates

VcP1/S8	serine protease

Palma et al., 2010;

Escudero et al., 2016)
PATENTED



(Lopez-Moya		et	al.,	2016)	

Chitosan	activates	stress	response	genes	in	fungi

(Jaime et al., 2012)



Model:	Chitosan	enhaces ROSàPromotes

Appresoria differentiation	and	Protease

expression in	Biocontrol Fungi	(Escudero	et	al.	
2016)

P. chlamydosporia
(Chitosan resistant)



NEW STRATEGY:
Palm/Antagonist (eg. B.
bassiana)/RPW/Chitosan
-OMICS
(RNAseq/Proteomics/Metabolomics)

ALL	GENOMES	AVAILABLE

DISCOVERY	OF	NEW	TOOLS	

(Proteins/Metabolites)	FOR	PALM	

STRESS	MANAGEMENT	
Lopez-Moya	et	al.,	2016

Westermann et	al.,	2012



Conclusions

1. B. bassiana can manage 
sustainably RPW 

2. B. bassiana can induce palm 
defences

3. Chitosan enhances 
performance of B. bassiana

4. -omics can improve Palm stress 
management
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