Relaciones entre la nutricion y
las defensas vegetales
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Medidas para el control de enfermedades

Medidas a largo plazo

Laborares Culturales
Rotacion de cultivo, mejoramiento de la calidad del suelo, seleccionar
variedades resistentes, manejo del agua, monitoreo constante, barreras
mecanicas, tratamiento postcosecha.
Manejo del ambiente
Ventilacion dentro del invernadero, manejo de la humedad relativa, manejo de
la temperatura.

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

Medidas a corto plazo



200 application per year

































Impacto de pesticidas en los alimentos, organismos fitopatégenos y microorganismos
benéficos en el Ecuador.

Sofia Corillo*!, Susana Araujo’, Gabriela Cueval, Antonio Leon-Reyes!, Rail de la Torre!*

1 miversidad San Francisco de Quito, Colegio de Ciencia e Ingenieria. Diego de Robles v Via Interocednica, Quito,
cuador.

*Auior principal/Corresnonding auithor, e-mail: sofiacurillo@gmail com

Resumen

El presente trabajo ilustra tres consecuencias derivadas del uso de plaguicidas para la proteccion de
los cultivos en la agricultura convencional El primer estudio sobre contaminantes peligrosos en los
alimentos permite demostrar la presencia de residuos de insecticidas quimicos: piretroides,
carbamatos v organofosforados en alimentos de consumo diario (papa. tomate, frutilla). Se
analizaron por separado pulpa v cascara de cada alimento mediante el método ELISA de
competencia v se encontrd que todas las muestras analizadas contenian residuos de los pesticidas. En
el segundo estudio se investigod el efecto de los fungicidas Carbedazin e Iprodione sobre el hongo
fitopatogeno Boptis cinerg sometido a pruebas de sensibilidad a los dos fungicidas en diferentes
dosis (0.1, 0.6, 0.01, 1 g/L). como resultado. la cepa de Botryiis cinerg aislada exhibio perdida de
sensibilidad ante los fungicidas, evidenciando con ello el desarrollo de resistencia a los mismos.
Finalmente, se evalud el efecto de dos fungicidas de uso comun, Carbedazin e [prodione. en dosis de
1 ppm v 1000 ppm v de 100 ppm % 2000 ppm. respectivamente, sobre el organismo benéfico




Efecto de Carbendazim en Botrytis y
Trichoderma
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Only Botrytis cinerea?




Figura 1: Cultivo de
los 4 aislados de
Alternaria spp en medio
PDA'y observacion
microscopica de las
esporas



Figura 2: Comparacion entre los bioensayos de patogenicidad de Alternaria spp. sobre botones de rosa
y hojas de brécoli, ademas del control Botrytis cinerea y medio PDB
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Alternaria japonica, Alternaria alternata



P16 Anilisis de residuos de plaguicidas quimicos en alimentos de consumo humano
con la metodologia de laboratorio ELISA

Curillo S.L', Leon-Reyes Al

YUniversidad San Francisco de Quito, Ingenieria de Agroempresas. Diego de Robles y Via Interocednica,
Quito, Ecuador.

*Autor principal / Corresponding outhor, e-maoil: sofiocurillo@gmail.com

Resumen

El uso constante de plaguicidas quimicos dentro de la agricultura se ha considerado una actividad
indispensable para el manejo de las diferentes plagas v enfermedades que se presenten en todo el
proceso de produccion, distribucion v almacenamiento. Entre los distintos factores negativos que
ocasiona el uso de plaguicidas se encuentra la residualidad que estos otorgan a los alimentos de
consumo humano. Anualmente distintas entidades como la European Food Safety Authority
(EFSA), son encargadas de determinar el grado porcentual de concentracion de plaguicidas
encontrados en distintos alimentos para asegurar la calidad v el estado de cada producto. Con el
objetivo de aportar a un mejor conocimiento residual de algunos productos que se consumen con
frecuencia, se realizo una determinacion de residuos de plaguicidas (organofosforados, carbamatos
v piretroides) en cuatro diferentes mercados de la ciudad de Quito dentro de tres productos
diferentes (frutilla, papa y tomate).

Las muestras fueron analizadas bajo dos parametros su corteza y su pulpa para conocer si la
diferencia de absorcion de plaguicidas varia significativamente entre estas dos variables del
producto. Todas las muestras fueron analizadas bajo la metodologia de laboratorio ELISA. El
estudio evalia el nivel de residualidad bajo dos kits de ELISA diferentes, para carbamatos y
organofosforados se utilizo un kit que permite conocer la densidad optica (0.D.) de cada muestra
indicandonos un resultado cualitativo (positivo/negativo). El analisis de plaguicidas piretroides
permitio evaluar la concentracion de plaguicida en ppb siendo este un analisis cuantitativo. Como
resultado las muestras de frutilla indican residualidad de plaguicida en mayor nivel de O.D. y en
mayor concentracion en ppb a diferencia del tomate cuya residualidad no es tan elevada en valores
0.D v en ppb, finalmente la papa es el producto con menor presencia de plaguicidas encontrado,



Determinacion de Carbamatos y Organofosforados
mediante ELISA de competencia

100% en muestras de supermercados







% of Number of  Number of Range of Mean of EPA
Pest. Samples with Samples Samples with  Detections, Detections, Tolerance,
Commaodity / Pesticide Type Detections  Analyzed  Detections ppm ppm ppm
Strawberries (38 pesticides)
Acequinocyl A 16.7 532 89 0.010-3.7 0.337 0.50
Acetamiprid * I 314 706 222 0.001 -0.80 0.061 0.60
Azoxystrobin F 10.8 706 76 0.001 - 0.57 0.058 10.0
Bifenazate A 23.9 706 169 0.003-1.2 0.125 1.5
Bifenthrin * I 28.6 706 202 0.003 -0.30 0.06 3.0
Boscalid F 48.3 706 341 0.003-0.99 0.096 4.5
Carbendazim (MBC) F 16.9 706 119 0.001 -0.42 0.059 7.0
Chlorantraniliprole I 13.2 706 93 0.006 - 0.16 0.033 1.0
Cyflufenamid F 8.1 706 o7 0.002 - 0.080 0.016 0.20
Cyflumetofen A 6.9 706 49 0.006 - 0.39 0.078 0.60
Cyprodinil F 49.6 706 3560 0.003 -1.7 0.157 5.0







¢ Cual es el impacto de los
agroquimicos en la defensa vegetal?












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

Podemos reducir
las enfermedades
con la nutricion?

Que elementos
son importantes
para este efecto?
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Constitutive and induced defenses
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The plant immune system

Jonathan D. G. Jones' & Jeffery L. Dangl?

Many plant-associated microbes are pathogens that impair plant growth and reproduction. Plants respond to infection using
a two-branched innate immune system. The first branch recognizes and responds to molecules common to many classes of
microbes, including non-pathogens. The second responds to pathogen virulence factors, either directly or through their
effects on host targets. These plant immune systems, and the pathogen molecules to which they respond, provide
extraordinary insights into molecular recognition, cell biology and evolution across biological kingdoms. A detailed
understanding of plant immune function will underpin crop improvement for food, fibre and biofuels production.

Introduction

Plant pathogens use diverse life strategies. Pathogenic bacteria pro-

liferate in intercellular spaces (the apoplast) after entering through

gas or water pores (stomata and hydathodes, respectively), or gain

access via wounds. Nematodes and aphids feed by inserting a stylet
L . L 1 . 1 . =
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important abbreviations. In phase 1, PAMPs (or MAMPs) are recog-

nized by PRRs, resulting in PAMP-triggered immunity (PTT) that can

halt further colonization. In phase 2, successful pathogens deploy

effectors that contribute to pathogen virulence. Effectors can inter-

fere with PTI. This results in effector-triggered susceptibility (ET'S).
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SAR: Systemic acquired resistance




Effect of SAR
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Elicitors and induced resistance to biotic and

abiotic stress
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16 elicitors with
3 concentrations,
biotic and abiotic
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Elicitors effect on drought tolerance in broccoli

Concentration matters
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Abstract

Salicylic acid (SA) is known to affect photosynthesis under normal conditions and
induces tolerance in plants to biotic and abiotic stresses through influencing
physiological processes. In this study, physiological processes were compared in salt-
tolerant (Pusa Vishal) and salt-sensitive (T44) cultivars of mungbean and examined how
much these processes were induced by SA treatment to alleviate decrease in
photosynthesis under salt stress. Cultivar T44 accumulated higher leaf Na™and CI™
content and exhibited greater oxidative stress than Pusa Vishal. Activity of antioxidant
enzymes, ascorbate peroxidase (APX) and glutathione reductase (GR) was greater in
Pusa Vishal than T44 . Contrarily, activity of superoxide dismutase (SOD) was greater in
T44. The greater accumulation of leaf nitrogen and sulfur through higher activity of their
assimilating enzymes, nitrate reductase (NR) and ATP-sulfurylase (ATPS) increased
reduced glutathione (GSH) content more conspicuously in Pusa Vishal than T44.
Application of 0.5 mM SA increased nitrogen and sulfur assimilation, GSH content and
activity of APX and GR. This resulted in the increase in photosynthesis under non-saline
condition and alleviated the decrease in photosynthesis under salt stress._ It also helped
inrestricting Na* and CI™ content in leaf, and maintaining higher efficiency of PSII,
photosynthetic N-use efficiency (NUE) and water relations in Pusa Vishal. However,
application of 1.0 mM SA resulted in inhibitory effects. The effect of SA was more
pronounced in Pusa Vishal than T44_ These results indicate that SA application
alleviates the salt-induced decrease in photosynthesis mainly through inducing the
activity of NR and ATPS, and increasing antioxidant metabolism to a greater extent in
Pusa Vishal than T44.
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Networking by small-molecule hormones in
plant immunity

Corné M ] Pieterse, Antonio Leon-Reyes, Sjoerd Van der Ent & Saskia C M Van Wees

Plants live in complex environments in which they intimately interact with a broad range of microbial pathogens with different
lifestyles and infection strategies. The evolutionary arms race between plants and their attackers provided plants with a highly
sophisticated defense system that, like the animal innate immune system, recognizes pathogen molecules and responds by
activating specific defenses that are directed against the invader. Recent advances in plant immunity research have provided
exciting new insights into the underlying defense signaling network. Diverse small-molecule hormones play pivotal roles in the
regulation of this network. Their signaling pathways cross-communicate in an antagonistic or synergistic manner, providing the
plant with a powerful capacity to finely regulate its immune response. Pathogens, on the other hand, can manipulate the plant’s
defense signaling network for their own benefit by affecting phytohormone homeostasis to antagonize the host immune response.

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

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

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

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

noun

1.

(biochem) a sqical element required by an
organism fo rn::lwth. It may be required in
large amountsNSmactonutrient) or in very small

amounts (trace element) See also macronutrient,
trace element






Essential Elements for Plant Growth

Macronutrients | Micronutrients
Carbon (C) Iron (Fe)
Hvdrogen (H) Manganese (Mn)
Oxvegen (O) Boron (B)
Nitrogen (N) Molvbdenum (Mo
Phosphorus (P) Copper (Cu)
Potassium (K) Zinc (Zn)
Calcium (Ca) Chlorine (CI)
Magnesum (Mg) | Nickel (N1)
Sulfur (S) Cobalt (Co)
Sodm (5)

Silicon (S1)




Role of essential nutrients in plants

N uirient Funciion

It is the basic molecular component of carbohwvdrates, proteins,

|Carbon [lipids and nucleic acids.

[Oxvgen [t occurs in all the organic compounds of living organisms.

[This element plavs a central role in plant metabolism. It is very
Hvdrogen important in ionic balance, as the main reducing agent, and plavs|
a kev role in energv relations of cells.

It plavs a significant role in the svnthesis of important organic
[Nitrogen |CDIIlpD1.J_'[ldS= amino acids, proteins, nucleic acids (EINA_, DNA).
enzvmes etc.

[t is an important component of proteins and enzvmes. nucleic)

acids (DINA and ENA) and phvtin. Phosphorus is also involwved

[Phosphoruas . . ) . .
in various energyv transfer reactions of adenosine triphosphate]
and diphosphate (ATP and ADP).
[t helps in osmotic and ionic regulation. Potassium is a cofactor
[Potassium or activator for many enzvmes of carbohwvdrate and protein
Lnetabc:]_ism_
lCatcium It .is involved in cell di‘i—l"isionla_tld plavs a major role in the
jmaintenance of membrane integrity.
. [t is a component of chlorophvll and a cofactor for manv
Magnesium : :
enzvmatic reactions.
Sulfur Somewhat l]_i.l{e phosphc:ru.ls: it is in.li-'glw.-'ed in p].IELtlt cell energetics.
It plays an important role in plant lipid svnthesis.







Species required

Element for plant uptake Some commonly used ingredients
Macronutrients
Nitrogen (N) Nitrate (NOy) Fotassium nitrate, calcium nitrate,

magnesium nitrate, ammonium nitrate

Fhosphorus (F)

Phosphate (HaPOy4)

Mono-potassium phosphate, mono-
ammonium phosphate

Fotassium (K}

Potassium (K™)

Potassium nitrate, potassium sulfate

Calcium (Ca)

Calcium (Ca®*)

Calcium nitrate

Magnesium (Mg)

Magnesium (Mg®*)

Magnesium sulfate, magnesium
nitrate

Potassium sulfate, magnesium

2
Sulfur (3) Sulfate (S0,%) culfate
Trace elements
Iron (Fe) Iron (Fe**) lron EDTA. iron EDDHA
Copper (Cu) Copper (Cu®) Copper EDTA

Manganese (Mn)

Manganese (Mn2*)

Manganese EDTA

Zinc (£n)

Zinc {Zn*)

Zinc EDTA

Molybdenum (Mo)

Molybdate (MoQ,2)

Sodium molybdate

Boron (B)

Borate (H.BO4 )

Borax







Nutrient imbalance!






Deficiencies
and
phenotypes







Too much of nitrogen



Uptake mechanisms in plants

Nutrient | Form absorbed Method of uptake

N NOs, NHy™", N2 Active, electro-chemical gradient
P H:POy. HPO4*- Active

K K" Active, electro-chemical gradient
Ca Ca? Active & diffusion

Mg Mg? Active, NHy", H* dependant

S S04+, SO: Active, electro-chemical gradient
Na Na“® Active, electro-chemical gradient
Cl Cl- Active, metabolically controlled
Fe Fe!*, Fe Chelates Active, metabolically controlled
Mn Mn?*, Mn Chelates | Active, metabolically controlled
n Zn**, Chelates Active, metabolically controlled
Cu Cu**, Cu Chelates Active, metabolically controlled
Mo Molybdate Active

B Boric acid Passive non-metabolic process







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

Sofia Moya
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Deficiency diets based on MS medium

(mmol)
Elemento Optimo

Ca 3 3 3 3 3 - 3

Mg 1.5 1.5 1.5 1.5 1.5 1.5 -

Fe 0.1 0.1 0.1 0.1 0.2 0.1 0.1
Cu 0,0001 0,0001 | 00001 | 00001 | 00001 | 00001 | 00001
Mo 0,001 0,001 0,001 0,001 0,001 0,001 0,001
Zn 0,03 0,03 0,03 0,03 0,03 0,03 0,03
B 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Mn 0.1 0.1 0.1 0.1 0.1 0.1 0.1

I 0,003 0,003 0,003 0,003 0,003 0,003 0.003
Co 0,0001 0.0001 | 0.0001 | 00001 | 00001 | 00001 | 0.0001
Cl 6 26 6 6 1.5 6 6

Na 0,02 0,02 0.02 0,02 0,02 0,02 0.02




Excess diets based on MS medium (mmol)

+N +P +K +S +Ca +Mg
120 60 60 60 60 60

1.5 3 1.5 1.5 1.5 15
21.5 21.7 86 21.5 21.5 21.5
1.7 1.7 1.7 6.8 1.7 1.7

3 3 3 3 15 3

1.5 1.5 1.5 1.5 1.5 6

0.1 0.1 0.1 0.1 0.1 0.1
0.0001 | 0.0001 | 0.0001 | 0.0001 | 0.0001 | 0.0001
0.001 0.001 0.001 0.001 0.001 0.001
0.03 0.03 0.03 0.03 0.03 0.03
0.1 0.1 0.1 0.1 0.1 0.1

0.1 0.1 0.1 0.1 0.1 0.1
0.003 0.003 | 20 0.003 0.003 0.003
0.0001 | 0.0001 | 0.0001 | 0.0001 | 0.0001 | 0.0001
6 6 30 6 6 15
0.02 0.02 0.02 0.02 0.02 0.02




Invitro assay



Invivo
assay



HISTOCHEMICAL ASSAY GUS

Cl
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N and defense



NITROGEN




FORMS OF NITROGEN: NO3 & NH4
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Formas de nitrogeno y su efecto en la defensa
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Phosphorus and defense




Potasium and defense







Magnesium and defense




Sulphur and defense




Sulphur and defense
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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
Col-0 nah-G nprl
M -~ C AS S AS'.S C AS S ASS C AS .S AS.S

Martin Jiménez




Bioassay with Pst DC3000 in sulphur diets

Steve Criollo



S and plant resistance against Pst DC3000
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Sulphur and Botrytis resistance

CTRL -S

Victor Gonzalez



Sulphur Deficiency
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Pst DC3000 Botrytis
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Pst DC3000
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Calcium and defense




Calcium and defense



Roles of Calcium in Plants

Calcium is an essential plant nutrient. It has many roles:
Participates in metabolic processes of other nutrients uptake.
Promotes proper plant cell elongation.

strengthen cell wall structure - calcium is an essential part of plant cell wall. It forms calcium pectate
compounds which give stability to cell walls and bind cells together.

Participates in enzymatic and hormonal processes.

Helps in protecting the plant against heat stress - calcium improves stomata function and participates in
induction of heat shock proteins.

Helps in protecting the plant against diseases - numerous fungi and bacteria secret enzymes which impair
plant cell wall. Stronger Cell walls, induced by calcium, can avoid the invasion.

Affects fruit quality.

Has a role in the regulation of the stomata.



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

Daniela G
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OVERVIEW OF TREATMENTS

Application of

diets
MS, HA or Ca
8 weeks 3 days 1day 6 day
Per week: 2 times
Planting water and 1 time Nutrient rinse Harvesting Harvesting
Col-0 or coi1-21 Hoagland mQ water used to tissue for RNA tissue for RNA
(substrate: sand) remove nutrient extraction extraction

residues.
(Flush EC <0,3 mS)

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



Ca and Botrytis
resistance

(mutant pad3)

Control
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Ca and Pst DC
3000
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Ca several mechanisms



3.5 mM Ca

2.1 mM Ca
1.2 mM Ca
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Con Exudados Sin Exudados



Mecanisms of Ca induced resistance...

* 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!)



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



n
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