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Agricultura y el disefio de sistemas

sustentables resilientes al cambio climatico
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El cambio global amenaza la seguridad alimentaria

Promotores del Cambio Global:
Cambio climatico
Cambio de uso del suelo
Enriquecimiento de CO2 de la atmésfera
Acumulacién de Nitrogeno

Invasiones biol6gicas

Global biodiversity scenarios for the year 2100.Science. 2000 Mar
10;287(5459):1770-4
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Efectos sobre los promotores del

cambio global y Control de plagas.

1. debilitar las redes mutualistas
2. exacerbar la herbivoria

3. efectos contrastantes del control biolégico

Ecology Letters, Volume: 11, Issue: 12, Pages:
1351-1363, First published: 05 November 2008,
DOI: (10.1111/j.1461-0248.2008.01250.x)
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Gliessman propone un rediseno agricola basado en

procesos ecoldgicos
Stephen R. Gliessman

University of California, Santa Cruz
United States

Nivel I: incremento de eficiencia reducir consumo\

Nivel II: sustitucion de insumos nocivos por menos Monitoreo

nocivos '\

Nivel lll: redisefio incluyendo, aspecto geo

climéticos, variedades resistentes, refugios, bandas Agricultura orgénica

florales, etc: [iSHSICACIONECOIOGICE



Seguridad Alimentaria:

¢Qué es Intensificacion Ecoldgica?

Basado en la evolucion del término Chevassus au Louis and

Griffon (2008), definen “ecological intensification” como:

“La intensificacién del uso de las funciones naturales que los

ecosistemas ofrecen”. -

Chevassus au Louis, B., Griffon, M., 2008. La nouvelle modernité: une agriculture
productive a haute valeur écologique. Déméter: Economie et Stratégies Agricoles
14, 7-48.

T. Doré et al. / Europ. . Agronomy 34 (2011) 197-210
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Fig. 2. A comparison of natural ecosystems. conventional cropping systems and agroecosystems inspired from natural ecosystems, with an emphasis on crop protection.



Seguridad Alimentaria:
¢Intensificacion Ecoldgica versus Agricola?

(a)
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Global food production
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Minimum agriculture-
induced environmental
impact

Minimum global
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Figure 3. lllustration of limits and alternatives for global food security with a safe area (green) where global food demands are met (a). (b,c) show alternative scenarios
of ecological (b) and continued conventional (c) intensification. Conventional intensification is expected to move systems towards the right, with increased impacts on
ecosystems services and the environment. Even if conventional intensification moved systems into safe space above minimum global food needs, there remains little
room for maneuver close to maximum attainable yields, posing increased risks under further environmental change. As systems move towards the right-hand
boundary of the safe space, maximum attainable food production is expected to decrease due to degraded ecosystem services. Furthermore, negative impacts on the


https://doi.org/10.1016/j.tree.2012.10.012

Modelos de Control Biologico

Modelos de control
biolégico (CB)

acilitacion directa] E:actlttacidn indirecj
CB clasico vy CB de conservacico
CB natural aumentativo

Se reconocen tres modelos de control biolégico basado en cémo los humanos
manipulamos a los antagonistas: el control natural, el control biolégico de facilitacion
directa (control biolégico de importacién o clasico y el control biolégico aumentativo) y el
control biologico de facilitacion indirecta (control biolégico de conservacion) (Heimpel &

Mills, 2017)

vision general de que es el CB




Paisajes agricolas ofrecen para el control de plagas:

cultivos ! v

Mortalidad asociada a
Refugio pesticidas

no cultivos

Efectos subletales
de pesticidas

Ambiente-Manejo

Wratten et al, 2012; Lavandero et al, 2004
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CBC y Habitat Manipulation

cBC Manipulacion ambiental

Reduccidn
de
mortalidad
asociado a
pesticidas

Manejos
basados en
la
“Hipdtesis
del
enemigo”

Manejos
basado en la
“Hipotesis de

concentracion
de recursos™

En general en ambos casos se busca la facilitacion indirecta de los
enemigos naturales...y disminuir las condiciones para las Plagas



Control Bioldgico de Conservacion

Busca favorecer las condiciones ambientales de enemigos naturales
presentes en los ecosistemas manejados, asi como disminuir la mortalidad de

estos asociada al uso de pesticidas
Hospederos/
Refugio presas alternantes
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Parasitoides Hymenoptera - Recursos troficos

Hospederos: reproduccion, desarrollo Azucares desempefio, movimiento, fecundidad

larval [ovogenia, alimentacion de hospederos

Empty

Hemiptera

mielecilla

Adult VAN

emergenc I

Néctar floral y

Development

15 days at 20°C extrafloral
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Wanner et al. 2006; Heimpel & Jervis 11



Agroecosistemas: Control biolégico de Conservacion
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¢Recursos limitantes? Néctar

[] Disponibilidad de
Néctar
= Heterogeneidad espacial y temporal

distribucién de recursos: no estan
siendo explotados de forma
eficiente

= Intensificacion ecoldgica: mejorar la
provision de servicios ecosistémicos

=

¢Recursos limitantes? Hospederos no

plaga Wilkinson & Landis
. . oy e . 2005
L] Disponibilidad de hospederos alternativos



A further challenge for
ecological intensification is
the development of novel
poly-cropping systems and
landscape-scale
management of matrix
habitats to increase the
stability of agricultural
production systems and
provide ‘Ecological
resilience’. FAO

Increased phenological synchronization
between trophic levels

Increased fitness of natural enemies by
providing them with more diverse resources

Pestdensity ————>

Use of cover crops

(a) Early-establishing predator

/ Predator peak

ECONOMIC THRESHOLD

Pest population

(b) Late-establishing predator

Time ——>

Straub et al 2014, Welch and Harwood 2014, Landis 2000, Parolin et al 2012, Gomez-Marco et al 2016



éCuales son los principales factores que afectan la funcion bioldgica

de los enemigos naturales?

Directas

exito/fracaso del CB

[ Factores para el }

/\

Interacciones
entre organismos

2

- Competencia
- Superparasitismo
- Multiparasitismo

- Depredacidn compartida

- Competencia aparente

- Mutualismo aparente

- Competencia inter especifica
- Competencia intra-especifica
- Competencia por explotacion

Ecologia
evolutiva

- Seleccion natural reciproca

- Adaptacidn a hospedero (gjem

asticidad fenotipica)

- Calidad enemigo natural
(fitness, endogamia y relacion
FiM)

Diagrama 2: Factores gue afectan el éxito del control biolégico.

Lavandero et al, 2019, Bases ecoldgicas del control biolégico derivadas del control natural; factores

Ao imnortancia nara al Mmanaoain Aa Nnlanac



¢, Qué cosas considerar en el diseno?

INFO Ecolégica conocido

1. Interacciones Directas

2. Interacciones Indirectas

desconocido

2. Ciclos bioldgicos

3. Recursos troéficos

4. Manejo v/s Contexto: Local v/s Paisaje

Red tréfica entre hileras (E) tratamiento mixto A (avena)

/

RS Tewa)
@ »
{

Harmonia axyridis Hippodamia convergens

cavar

Hippodamia variegata

Chrysoperla



l Dhsturbance

(A) (D)

¢, Qué cosas consider

a
INFO Ecolégica Landscape f f B :
1. Interaccione moderation of 13 EIJ]_H :
2 Ineraciones et biodiversity % Ty . "
patterns and . ]ﬂ ‘

2 Ciclos | processes - eight — Tme

hypotheses B
Bata
Teja Tscharntke, Jason M. Tylianakis, diversity
B Tatyana A. Rand, Raphael K. Didham,

3 Recursos tioficos Lenore Fahrig, Péter Batary, Janne . Alpha
Bengtsson, Yann Clough, Thomas O. Crist, diversty
Carsten F. Dormann ... See all authors Man '

4. Manejo v/s Contexto: Local v/s Pi First pUbliShEd: 24 January 2012 E’HI{:-IBM'}.I'
https://doi.org/10.1111/].1469- }

185X.2011.00216.x
Citatinne: 1 195 Landscape complexity
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Ejemplos

- PUSH-PULL

- Policultivos

- Entre hileras

- Bancos de
escarabajos

- “Banker” plants

- Bandas Florales

- Vegetacion
espontanea




PUSH-PULL

Cultivo

« Cultivos menos atrayentes
- * Repelentes (volatiles, feromonas,

1 antideterrentes)

.l Cultivo trampa

« Atrayentes (feromonas. agregacion /sexual, estimulo
visual)

 Cultivares mas atrayentes / hosp. relacionados

» Agentes de control selectivos, su desempefio puede ===
ser menor
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' Both plants provide quality fodder for livestock
; | Therefore. farmers using ‘push—pull’ technology for
R .peot control not only reap three harvests (maize
‘ Hapner grass and desmodium); they also dramatically
$ reduce the devastating effects of the parasitic weed
1ga hermonthica through the effects of desmodium

Maize field with border rows of Napier grass and

an interc

rop of Desmodium uncinatum




Policultivos- AgroForesteria-Silvopastoreo

- Dehesas
- Policultivos

- Bosques comestibles




TALCA N”W I%
Experlmentos en huertos de ciruelos: Uso de Avena sativa
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¢ Llegada temprana de parasitoides? Uso de Avena sativa

Table 1 Temporal presence/absence of aphids, parasitoids and hyperparasitoids sampled in the inter-
rows on both spontaneous vegetation (SV) and oat cover crop (OCC) treatments from the beginning
of the winter until the end of the sampling in spring 2018. Signs represent presence (+) or absence (-) of
aphids, parasitoids and hyperparasitoids on each sampling date (dates 1-8). +: 1-100; ++: 101-500; +++:
>500 individuals; — absence.

Sampling date 7/10 8/08 9/11 9/25 10/9 10/23 11/6 11/20
treatments Date 1 Date 2 Date 3 Date 4 Date 5 Date 6 Date 7 Date 8
Aphids i

SV + ++ ++ + ++ ++ ++ +++
0cCC o+ ++ -+ ++ +-++ =t ++ ++
Parasitoids ‘

SV + + + + + + +
OCC + + + ++ ++ ++ ++
Hyperparasitoids l

SV - - - + + + + +
OCC + - —~ - + + + +




Entre hilera de A. sativa disminuye la incidencia de afidos
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Alvarez-Baca JK, Montealegre X, Le Lann C, Van Baaren J,
Lavandero B. 2022. Effect of a cover crop on the aphid
incidence is not explained by increased top-down regulation.
PeerJd 10:e13299 https://doi.org/10.7717/peer].13299
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Hoverflies abundance Adult aphid parasitoids abundance

Spiders abundance
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Existen dos grupos de poblaciones en el el mismo huerto

1.00
0.80
0.60
0.40
0.20

0.00

1 2 3

Fig. 2 Bayesian assignation analysis for the different multilocus genotypes of A. platensis reared
on different aphid hosts in the field; Brachycaudus helichrysi (1), Myzus persicae (2) and

Rhopalosiphum padi (3).

farms, with Oar as an intercrop.



Dos grupos de poblaciones en el el mismo huerto:
preferencia por R. padi

Insects 2020, 11, 381 8

1.0

0.9
0.8
0.7
0.6
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0.4
0.3
0.2
0.1
0.0

Lk

Mean proportion of host acceptance

R. padi M. persicae
Origin host of the parasitoid

Figure 3. Mean proportion (+SE) of chosen aphids according to the origin of A. platensis females.

Asterisks indicate significant differences: “***" p <0.001.



¢ Efectos indirectos en la disminucion de afidos?

1. mayor capacidad de dispersion (aspectos metodologicos), homogenizacion
de EN (Heimpel et al. 2019; Lavandero et al. 2005).

2. menor dispersion (aspectos de fidelidad de hospedero) (Alvarez-Baca et al.,
2020;Derocles et al. 2019; Raymond y Lavandero, 2016).

3. diapausa de verano (Alfaro-Tapia et al., 2022; Tougeron et al. 2017).

repelencia, por gran abundancia de afidos en avena: feromonas de alarma

5. repelencia VOC Avena sativa = resistencia asociacional (Tahvanainen y
Root, 1972).

B



¢ Estan limitados por azucares? o LINSTITUT

E TALCA agro
[ 4

Dr. Louise Lérault
1. El uso de néctar cambia, depende de la disponibilidad de hospederos para

oviponer (mas frecuente cuando no hay hospederos).
2. Uso de mielecilla de Hemipteros frecuente
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Uso de hospederos alternativos en los bordes de los
huertos: El caso de los cercos vivos de Pyracantha
coccinea ~




Tratamientos Mediciones en terreno

Campos cony sin P. coccinea

Cono de exclusion

Pitfall

Trampa humeda

Abundancia de depredadores, tasa de parasitismo



Vegetacion permanente cortaviento promueve la llegada temprana de enemigos naturales
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Estimated mean number of
Eriosoma lanigerum per distance

2000

Estimated mean number of
Aphelinus mali per distance

Pefalver-Cruz et al., 2020. Do hedgerows influence the natural biological control of woolly apple aphids in orchards? Journal of Pest
Science 93(1) DOI:10.1007/s10340-019-01153-1
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NIVERSIDAD Magister
en Ecologia Aplicada

Efectos de la complejidad del paisaje y manejo local sobre el control
biolégico de Naupactus xanthographus en vifiedos del Valle Central de Chile.

Profesor Guia Dr. Blas Lavandero Icaza

Estudiante Natalia Bello Godoy



Seleccién de campos

« 3 cuadrantes de 5x5 km: 3
localidades

« 3 categorias de complejidad

« 3 campos x cuadrante

« 3intensidades de manejo

« Buffer: 500 m radio

| Valle de Colchagua Entrada
{ Region Bernardo
Campo: Buffer 1km diametro O'Higgins.




Campo: Buffer 1km diametro

y \
<

Captura de Nx: arbol

Hojas, Brotes nuevos,
yemas

Raiz

e Adulto: Técnica de Golpeo de ramas (Ripa y Luppichini, 2008; Olivares et al.,
2014)

« Larvas y pupa: Calicatas cerca del sistema radicular

* Huevos: Tram rtdn corr iai
uevos: Trampas de carton corrugado Ritidoma




METODOLOGIA: Obj. 2. Abundancia controladores biolégicos.

Trampa Pitt Vaso

equeric Cebo
Ped Alambr

e

« Conteo y captura de adultos
« Trampas de intercepcion

Embudo
Vaso o botella

Perforaciones

Megatoma sp.




METODOLOGIA: Abundancias controladores biolégicos

Limite de radio fijo




Beetle banks

- Control Bioldgico
- Conservacion
- Turismo

CROSS SECTION OF
BEETLE BANK N

-y - ~

-1 in 1

et Beetle Bank

Build step J Plant

Step

Create a ridge using two-directional
plowing or bed shaper for a berm 2 - 6
feet wide. September or October is the
best time to build your beetle bank.

Drill or broadcast seeds over the
mound at about 5 pounds per 1,000
square feet or plant grass plugs 18
inches apart. Use a mix of fescue, bent
grass, and at least 30% bunch grasses.

Mow once or twice a year for the first
few years, with spot spraying or pulling
if weeds persist. Stop mowing once the
plants are established. They will begin
crowding out the weeds.

Téhw'ajusv 20le



Argentina: Avena como cultivo intercalado o planta
“banquero”

Biological control of Myzus persicae (Hemiptera: Aphididae)
through banker plant system in protected crops

Andrea Veronica Andorno *, Silvia N. Lopez

Insectario de Investigaciones para Lucha Bioldgica, Instituto de Microbiologia y Zoologia Agricola (IMYZA), Instituto Nacional de Te:
C.C.25, (1712) Castelar, Buenos Aires, Argentina

HIGHLIGHTS GRAPHICAL ABSTRACT

« Banker plants with Aphidius colemani
were tested in greenhouse for control
of Myzus persicae on vegetable crops.

« Banker plants system consisted of
pots of oat infested with
Rhopalosiphum padi.

« In the arugula crop the banker plant
strategy was more efficient than the
inoculative release of the parasitoid.

« In the sweet pepper crop, there was
no difference in the pest population
between the two strategies of
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BRASIL.:.....our findings indicate that intercropping non-flowering companion plants is likely enough to
mediate an increase of natural enemies via shelter provision. In addition, the results suggest that

nocturnal predators, or non-flying predators for that matter, are hampered by complex lower stratum

vegetation. |
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Gontijo et al 2018. Annals of Applied Biology
https://doi.org/10.1111/aab.12407



Arg entina: el uso de trigo sarraceno y Lobularia maritima en cultivos de Lechuga
(Diaz et al (2018);Diaz & Maza (2017))

Control de:
Caliothrips phaseoli (Hood) (Thysanoptera: Thripidae)

Uroleucon sonchi (Linnaeus, 1767) (Hemiptera: Aphididae),

Macrosiphum euphorbiae (Thomas, 1878) (Hemiptera:
Aphididae)

Ademas reporta control de:

Pseudoplusia includens



https://link.springer.com/article/10.1007/s13744-019-00725-1#ref-CR74
https://link.springer.com/article/10.1007/s13744-019-00725-1#ref-CR73

Hypothesized movement
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Proportion of marked coccinelids + SE

2

T Do D10 D25

Distances

Figure 3. Proportion of marked coccinellids at three
distances from the edge of the field (D25 = 25 m inside the
crop; D10 = 10 m inside the crop; D0 = 0 m from the edge of
the crop; T = thistles at the edge of the crop). The black bar
represents the thistle refuge, and the lighter bars represent
various distances from the edge of the field. The black line
indicates the hypothesized movement of the coccinellids to
the thistles. The black segmented line indicates the position
in the field at which the Rb applications were carried out.

Chile: Bordes de Cardos como fuente de coccinélidos
para el control de A. pisum

Hypothesized movement

06 o

04 4

§ ol - ————

Proportion of marked coccinellids + SE

Do D10 D25

Distances

Figure 4. Proportion of marked coccinellids at three
distances from the marked thistles located at the edge
of the alfalfa fields (T= thistles at the edge of the crop,
D0= 0 m (edge of the crop), DI0= 10 m inside the crop,
D25= 25 m inside the crop). The lighter bars represent the
different distances from the edge to the field. The black line
indicates the hypothesized movement of the coccinellids
to the alfalfa field. The black segmented line indicates the
position in the field at which the applications of Rb were
carried out.

Villegas CM, Verdugo JA, Grez AA, Tapia J, Lavandero B (2013) Movement between

crops and weeds: temporal refuges for aphidophagous insects in Central Chile. Ciencia e




Reduccion mortalidad
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Reporte de sustancias para el mercado de exportacion

Certificaciones tipo Low-Imput, cambio de agroquimicos a etiqueta verde
Cambio de uso de moléculas y tendencias de las grandes agroguimicas
Agricultura organica y biodinamica en crecimiento

Sin embargo faltan estudios que demuestran el real efecto del cambio de
insecticidas y el efecto de dosis subletales a nivel de campo.



Conclusion.

® A pesar de existir estudios e informacion, los resultados son bastante contexto
dependientes (ver Karp et al 2018)

® Mas estudios de casos en Chile

@ Cuantificar el efecto de manejos y del contexto para incrementar control natural
(Fondecyt

® La linea de base es aun débil para Chile, mas informacion sobre interacciones
troficas, mas informaciéon sobre efectos indirectos en las redes de enemigos
naturales (no solo en Chile).

® Mas estudios como https://www.intensificacionecologica.cl/

® Mas maneras de transferir conocimiento a agricultores @
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FASES EN EL MANEJO DE PLAGAS

CURATIVAS

Bioinsecticidas
Insecticidas Fisico-Minerales
Fer tramp fusion

Semioquimicos

Segun Wyss 2007

FASE IV

Variedades Resistentes

Mapas Preventivos
Interaccion genético-ambiente
Refugios

Rotaciones

Annu. Rev
52:57-80

Control Biolégico Inundativo e inoculativo

Bioinsecticidas ]
o

Plantas acompanantes
Cultivos trampa
Corredores biolégicos

PREVENTIVAS

. Entomol. 2007.




Depredacion intragremio coincidente

Ocurre comunmente en sistemas
depredador-parasitoide-presa, cuando
dos enemigos naturales comparten una
misma presa/hospedero.

Journal of Pest Science
https://doi.org/10.1007/510340-019-01142-4

ORIGINAL PAPER 4‘)
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Intraguild predation is independent of landscape context and does
not affect the temporal dynamics of aphids in cereal fields

Sebastian Ortiz-Martinez' © . Karin Staudacher? - Vera Baumgartner? - Michael Traugott?>© - Blas Lavandero' ®

Received: 20 November 2018 / Revised: 5 July 2019 / Accepted: 13 July 2019



Depredacion |ntragrem|o commdente

Snyder et al.,

disminuciobn  del control
bioldgico sobre el afido
Macrosiphum  euphorbiae,
CoOmo consecuencia de la
depredacion de  afidos
parasitados por parte del
depredador H. axyridis

(2004). Una .
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SA: 15M

Number of prey consumed

Proportion of prey rejected Aphid | Mummy
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Depredacion compartida

. Especies no objetivo ej. una especie
-' nativa podria ser consumida por un

enemigo natural introducido para el

control biolégico, debido a Ila alta

abundancia de enemigos naturales,

o sostenida por las poblaciones de una
Lﬁk plaga. La plaga objetivo asi, promoveria
e una mayor tasa de ataque sobre presas

no objetivo.



Spillover

Habhitat edge

Agricultural l Matural

Hard edge:
Mo spillover effects. Predators are either
distary or habitat specialists such that
Q)Ci the natural system is not used by the
'» agricultural predator 2.9, several

: species of lycosid spiders (Martin &
bAAS555551 ¥ Major 2001}, the biclogical control
parasitoid, Trichogramma brassicae (Orr

Time of crop sowing (a}

et. al. 2000)

Growing season

Directional positive edge response:
Cross-poundary spillover into natural
system due to differances in productivity
and passive diffusion of generalist
predators across habitat edges. This

¥ pattern has been documented for some

(b)

A A

species of carbid beetles (Dusli ef al.
1980Q), and a similar process has been

After harvest

obsarved for coccinellid beetles at larger
spatial scales (Rand & Louda 2006).

Active predator abundance

jﬁj@(@

*

Reciprocal positive edge response:
Peak near edges in both habitats due
to complementary resource use. This

would be expected when the predator

benefits from varied resources. No
diract empirical evidence exists for
predators, but the effect has been
partially shown for a parasitoid across
an artificial resource gradient edge
(Tylianakis et al. 2004),

Natural : Agricultural

-— Distance from edge —



Competencia por Explotacion

Harmonia axyridis desplaza a especies de
coccinelidos nativos tanto en ambientes
naturales como erggsy cultiv

carty I me season

CEE; oEEEg
2% m

Ortiz-Martinez, Staudacher, Baumgartner, Traugott and Lavandero, 2019. J. Pest Science



Efectos sobre el rendimiento de diferentes factores de la produccién agricola

cuando-hay plagas problemas nutricionales
(a) Maximum (b)  Maximum
Yield gap
Yield gap e - ————— = = - —
) ]
3 k]
Al B & B OB 8
H 5 § 5 .
s ] 5 g 5 x 5 5
g g £ 5 . 8 B - .
N s B - N b B
0 a & £ 3 = 0 a a £ 3 =
(c) Maximum (d) Maximum
Yield gap
_ Yield gap _ e — S - o o o - -
IR B B B R kS
§ 5 5 §
c g g c g g
£ = S 3 £ 5 g
o I8 . CREN o| I8 . B B =
TRENDS in Ecology & Evolution

reemplazo ecol6gico mejora ecologica
https://doi.org/10.1016/j.tree.2012.10.012
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Sinergia, Redundancia y Complementariedad
Complementarity and synergisms among ecosystem
services supporting crop yield

Author links open overlay panelLucas A.Garibaldi?
Georg K.S.Andersson?FabriceRequierdThijs P.M. F||eanuI|anaH|poI|toaDaV|dKIe||r|1bNestorPerez Mendezﬁ‘OrlanneRolllna

Positive interaction Negative interaction

Crop yield

Pest regulation
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Phylogenetic congruence changes
with environmental change
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Lavandero and Tylianakis, 2013, Molecular Ecology



Phylogenetic congruence with warming?
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