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Laborares Culturales
Rotación de cultivo, mejoramiento de la calidad del suelo, seleccionar 
variedades resistentes, manejo del agua, monitoreo constante, barreras 
mecánicas, tratamiento postcosecha.

Manejo del ambiente
Ventilación dentro del invernadero, manejo de la humedad relativa, manejo de 
la temperatura.

Control Biológico
Introducción de organismos benéficos y antagónicos al patógeno. 

Bio pesticidas o inductores de resistencia
Extractos de plantas, productos naturales, moléculas 
inductoras de resistencia. 

Pesticidas Sintéticos
Myclobutanil , penconazole, hexaconazole,…..etc

Medidas a largo plazo

Medidas a corto plazo

Medidas para el control de enfermedades



200 application per year

























Efecto de Carbendazim en Botrytis y 
Trichoderma



Only Botrytis cinerea?



Figura 1: Cultivo de 

los 4 aislados de 

Alternaria spp en medio 

PDA y observación 

microscópica de las 

esporas



Figura 2: Comparación entre los bioensayos de patogenicidad de Alternaria spp. sobre botones de rosa 

y hojas de brócoli, además del control Botrytis cinerea y medio PDB



BLAST RESULTS

Aislado 
Región 

Amplificada
Resultado del 

Secuenciamiento 
Max SCORE

Total 
Score

Query 
Cover

E-value
Iden

t
Accesion

Aislado 1
Región ITS1 e 
ITS4

Alternaria 
japonica

623 623 100%
1,00E-

174
98%

AY154703.
1

Aislado 2
Región ITS1 e 
ITS4

Alternaria 
japonica

623 1014 98% 0.0 99%
AY154703.

1

Aislado 3
Región ITS1 e 
ITS4

Alternaria
alternata

584 682 97% 0.0 99%
KU645989.

1

Aislado 4
Región ITS1 e 
ITS4

Alternaria 
alternata

623 623 94%
1,00E-

174
99%

KU645989.
1



Alternaria japonica, Alternaria alternata





Determinación de Carbamatos y Organofosforados 
mediante ELISA de competencia

100% en muestras de supermercados









¿Cual es el impacto de los 
agroquímicos en la defensa vegetal?









Is there a link 
between essential
nutrients and 
induction of defense 
response?

Podemos reducir 
las enfermedades 
con la nutrición?

Que elementos 
son  importantes 
para este efecto?



Arabidopsis thaliana

Generations 6-8/year

Easy transfomation

Fully sequenced genome

Mutant analysis

Knock-out mutants

Full-genome GeneChips
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Arabidopsis 
thaliana

fungi

viruses

bacteria

insects



aphids

Pieris rapae

thrips

Alternaria brassicicola

Pseudomonas syringae



Constitutive and induced defenses
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SAR

SAR: Systemic acquired resistance



Ctrl

SAR

Effect of SAR



SAR: Salicylic acid (SA)

Shulaev et al. (1995); Plant Cell 7: 1691-1701

TMV
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Systemic acquired 
resistance (SAR)
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Tobacco mosaic virus

Induced (SAR)

Non-induced



Elicitors and induced resistance to biotic and 
abiotic stress

BABA

Saccharin

Riboflavin
in

MBS

CHT
AzA

BTH

PhCa PhK

Thiamine

SA

NPR1

SA-responsive genes 

e.g. PR1

Effective against 
(hemi) biotrophs

Hx
Si ?

MeJA CHT

JA/ET-responsive genes 

e.g. PDF1.2

Effective against 
necrotrophs

ET

JA

JAZsubi

JA-responsive genes 

e.g. VSP2, LOX2

Effective against 
insects

Jhon Jairo 
Venegas



16 elicitors with 
3 concentrations, 
biotic and abiotic 
(5)



Control ELICITOR



Control ELICITOR



Control VACUNAELYCYTORELICITOR



Control VACUNAELYCYTORELICITOR



Control VACUNAELYCYTORELICITOR



Control VACUNAELYCYTORELICITOR



Control VACUNAELYCYTORELICITOR



Control VACUNAELYCYTORELICITOR



Control VACUNAELYCYTORELICITOR



Control VACUNAELYCYTORELICITOR



Control VACUNAELYCYTORELICITOR



Control VACUNAELYCYTORELICITOR



Control VACUNAELYCYTORELICITOR



Control VACUNAELYCYTORELICITOR



Control VACUNAELYCYTORELICITOR



Control VACUNAELYCYTORELICITOR



Control VACUNAELYCYTORELICITOR



Elicitors effect on drought tolerance  in broccoli

Concentration matters











Elicitor X: Defense Plus ®

www.microtech.ec



Nitrógeno y 
Azufre





Leon-Reyes, A., et al (2009) Plant Physiology

Koornneef, Leon-Reyes,  et al. (2008) Plant physiology. 

Van der Does, D., Leon-Reyes, A., et al (2013), Plant Cell

(2009)

Leon-Reyes, A., et al (2010) MPMI
SA JA

ET







SA JA

DEFENSE (PR-1) DEFENSE (PDF1.2/LOX2/VSP2)
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Pieterse C., Leon-Reyes, A., et al 
2009. Nature Chemical Biology









Role of essential nutrients in plants









Nutrient imbalance!





Deficiencies
and 

phenotypes





Too much of nitrogen



Uptake mechanisms in plants





Is there a link between a specific nutrient and a defense 
hormone?

N
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Ca

Fe

Zn S
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Sofia Moya





Arabidopsis 
thaliana

fungi

viruses

bacteria

insects



Deficiency diets based on MS medium
(mmol)



Excess diets based on MS medium (mmol)



Invitro assay



Invivo
assay



HISTOCHEMICAL ASSAY GUS



N and defense



NITROGEN



FORMS OF NITROGEN: NO3 & NH4



OPT AS PG15 AAS PHE PRO MET ILE AC.GLU GLI

DIETAS A BASE DE AMINOÁCIDOS

JESSICA 
CASTRO





Formas de nitrógeno y su efecto en la defensa



Forms of Nitrogen
againts Pst

More 
NH4

More 
NO3

Ivan Astudillo



Phosphorus and defense



Potasium and defense





Magnesium and defense



Sulphur and defense



Sulphur and defense





Steve Criollo



OPT. SA -S 25% S 50% S 75% S

PR1

PG15

Expression of PR1 in sulphur diets

Victor Gonzalez



PR1 after 1 
day to be
transfered
to –S diet



RT-PCR analysis with PR1 marker gene in plants deficient
in SA

Martin Jiménez



Bioassay with Pst DC3000 in sulphur diets

Steve Criollo



S and plant resistance against  Pst DC3000

+S-SCtrlnpr1



Sulphur and Botrytis resistance

Victor Gonzalez

CTRL -S



Sulphur Deficiency

SA

PR1

Sulphur Excess

NPR1

Pst DC3000 Botrytis Pst DC3000 Botrytis



Calcium and defense



Calcium and defense



Ca



Leidy Borja

Gus activity with PDF1.2::GUS y con  QPCR

Daniela G

POSTER #42



OVERVIEW OF TREATMENTS

Planting
Col-0 or coi1-21 
(substrate: sand) 

8 weeks

Nutrient rinse
mQ water used to
remove nutrient
residues.
(Flush EC <0,3 mS) 

3 days

Application of 
diets
MS, HA or Ca

1 day

Harvesting
tissue for RNA 
extraction

Per week: 2 times 
water and 1 time 
Hoagland

Harvesting
tissue for RNA 
extraction

6 day

MS: Murashige and Skoog nutrient diet
HA: Hoagland nutrient diet
Ca: Diets with different concentration of calcium. 



-Ca

Control +++Ca

Ca and Botrytis
resistance

(mutant pad3)

+Ca



Ca and Pst DC 
3000

CONTROL Ca+



Ca several mechanisms





Sin ExudadosCon Exudados



• Mecanisms of protection by Calcium:

a) +++ Ca more cell wall reinforcement

b)   +++ Ca less ethylene

c) +++ Ca more antimicrobial compounds

d) +++ Ca induced JA responses (New!)

Mecanisms of Ca induced resistance…



What about
a Crop?



Ca and Botrytis(120 ppm Ca under drip irrigation, CaCl)



Control

+++Ca



CONCLUSIONES GENERALES

1) Quitar nutrientes y aumentar nuevamente aumenta las 
defensas generals de la planta

2) Exceso de Nitrato induce SA y exceso de Amonio reduce 
defensas en general e induce suceptibilidad a patogenos

3) Deficiencia de K induce JA

4) Deficiencia de S induce SA y Resistencia a biotroficos
depende de NPR1

4) Exceso de Ca induce JA y promueve Resistencia a 
necrotroficos y es dependiente de COI
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Carlos Ruales
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