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Modulo 2.

Deteccao e Monitorizagao de Pragas e Doengas Florestais

2.1. Detecgdo e monitorizagdo de pragas e doengas:

ao nivel da arvore individual, do povoamento e do territdrio
2.2. Definigdo de risco ao nivel do povoamento e da arvore individual

2.3. Modelos de causalidade e de grau de risco
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“Os organismos fitofagos sao parte integra

e funcional dos ecossistemas“

J

Dualidade da
sua acgéo

Acg¢do negativa

‘ * Niveis populacionais prejudiciais

Acg¢do positiva

‘ * Efeito cumulativo

Canimodels be aeveloped. orinproved toelpimanagers IHiaecisionmasing?

“Concerns about the effects of air pollution 3
precipitation of forests in North America and E
resulted in the establishment of forest health
monitoring networks that monitor many aspects
forests, including trees and other vegetation, so

water insects, diseases, soil organism

The ecosystem context
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Monitoring programs
v" Europe - launched in 1985

International Cooperative Programme on Assessment and

Monitoring of Air Pollution Effects on Forests (ICP Forests)

T R . S 3 T —
[ L e P - 80| Wirhoen i

Ficheito EOitar Ver Faverilos Femamentas Ajudo,

&) emoneur - £5UF 2013 [ Googie @) 1CP2013 [ Researchisate &~ -
KEgISter Log I SEarc ICF TOresTs

! Air Pollution Effects on Forests 2 ":ﬁ"# ) —
RVL o “:. gl With EU coop.
“" 41 countries
2 monitoring levels

BODIES & STRUCTURE EVENTS COMMUNITY PLOTS & DATA  PUBLICATIONS MY PROFILE

GROUPS
Welcome to
H Welcome to ICP Forests 1CP Forests

Study on Deposition Tren

the International Co-operative Programme on Assessment and Monitoring of Air Register
Pollution Effects on Forests operating under the UNECE Convention on Long-range prg e
Transboundary Alr Pollution.
. £P Blodiversity and Grou
EVENTS
. Ap tailored for p ive information on
forest condition in Europe Joint Expert Meeting (Crown,
. Working Group on Soll So. Blodiversity, Mateo, Pheno, LAI and
i Growth)
¢ member ICP Forasts was launched in 1985 undar the Convention on Long-range R e MR T e
Transboundary Alr Pollution of the United Nations Economic Commission for ' :
Stemflow Study Europe (UNECE) due to the growing public awareness of possible adverse effects & :
T e of air pollution on forests. ICP Forests monitors the forest condition in Europe, in
i cooperation with the European Union using two different monitoring intensity

International Cross calibration Course

levels. Tne first grid (called Level I) is based on around 6000 observation plots on
Crown Condition (Central Europe)

R o oo condvon 2 systematic transnational grid of 16 x 16 ki throughout Europe. The intensive
manitaring level comorises around 500 Level 11 plots In selected forest ecosvstems. June 10, 2014 at 12am to June 13, 2014 at

Monitoring programs
v EUA - launched in 1990

United States National Forest Health Monitoring Program (FH
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Search B
Detection Monitoring
el Welcome to the USDA Forest Service — National Forest Health Monitoring Program
s dibebiat sl The USDA Forest Service, Forest Health Monitoring (FHM) is a national program designed to
determine the status, changes, and trends in indicators of forest condition on an annual basis. The | . o
e tal Pra FHM program uses data from ground plots and surveys, aerial surveys, and other biotic and abiotic ~H Ot TOPIES
data sources and develops analytical approaches to address forest health issues that affect the
: sustainability of forest ecosystems. & ThaGend Cankens
B FirstGov-The US. corast Haskh Disenaa
Goverments Eorest Hea
Forest Health Highlights Hig| o Bacterial Leaf Scorch of
Vi iealth Highlights (FHH) reviewed by State or Region, Proposal Fol Oak v
e it B i
= = X 165% «
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Forest Health Monitoring Progr

v" Determine detrimental changes or
improvements in forests over time

v" Provide baseline and trend information
statistically precise and accurate

v" Annual status and changes to fores

Forest Health
Monitoring

Il

Monitor disturbance agents

e Detect Population levels of potential agent

. diseases and pests
* Identify ¢ pests
° Qua ntify Population levels of natural enemie

Avoid risky levels of disturbance age
the consequent dam
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FREGUESIAS ONDE TEM

OCORRIDO DESBASTES
DE SOBREIROS SECOS

DESDE 1991 ATE 2000

[ T8 %
’”’ it
FREGUESIAS ONDE TEM e_«’,ﬁ*“s{.‘ ‘“’"

v WCER Y

=» The potential future risk of mortality due to
diseases and pests must be mapped

v risk >

“expectation that 25% or more of the
standing live biomass of trees greater that
2,5 cm in diameter will die over the next 15

years due to insect and disease activity”

l., 2007 Edmonds et al., 2011
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USA, 2006: about 23.5 million ha (out of 297 million ha) at risk

| Forest Lands Most at Risk* of Mortality
to Insects and Diseases

(7D Mitlon Acres)

e

sy o Cap s Pt

Edmonds et al., 2011

FREGUESIAS ONDE TEM
OCORRIDO DESBASTES

=» Insect and disease risk maps are more than
just maps

Individual
risk models

Warning system for
forest health threats

[ Ty
Sousa et al., 2007 Edmonds et al., 2011
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Parametros indicadores do estado da floresta

1. Quantitativos
2. Qualitativos
3. Descritivos

Quando medidos ou
controlados
periodicamente revelam o
sentido de mudanca do
critério de gestao

Nivel da arvore
Nivel do povoamento
Nivel da regido

Parametros indicadores do estado da floresta

1. Quantitativos
2. Qualitativos
3. Descritivos

Quando medidos ou
controlados
periodicamente revelam o
sentido de mudanga do
critério de gestao

Espécie florestal (resinosa ou folhosa)

v * Parte da planta afectada
. , * Caracteristicas do agente bidtico
Nivel da arvore :> * Intensidade do ataque
Nivel do povoamento ° Epocadoano
. - * Condigdes ambientais
Nivel da regido «  Sucessiio de ataques
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Parametros indicadores do estado da fl

1. Quantitativos
2. Qualitativos
3. Descritivos

Quando medidos ou
controlados
periodicamente revelam o
sentido de mudanca do
critério de gestao

Proporgdo de drvores afectadas
Extensdo geogrdfica
Caracts. do local
Caracts. do povoamento
Conds. ambientais
Agente bidtico em causa

Nivel da arvore
Nivel do povoamento——>

Nivel do povoamento

O impacte de pragas e doencas ao nivel do povoamento esta associad

de flutuagdes temporais que podem ocorrer na densidade populaci
um dado agente:

densidade densidade
da populagdo da populagio

(a) (b)

s A

tempo tempo

Jensidad densidade
da populagédo (c) da populacio

ANA
\/
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Nivel do povoamento

O impacte de pragas e doengas ao nivel do povoamento esta associad

de flutuagdes temporais que podem ocorrer na densidade populaci
um dado agente:

densidade densidade
da populagdo da populagdo

s B A

tempo tempo

(b)

densidade
da populagdo

da populagdo ()

A
Vi

Parametros indicadores do estado da fl

1. Quantitativos
2. Qualitativos
3. Descritivos

Quando medidos ou
controlados
periodicamente revelam o
sentido de mudanga do
critério de gestao

Monitorizar ao
longo do tempo
€ fundamental a

decisdo!

Nivel da arvore
Nivel do povoamento
Nivel da regiao
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A recolha de informacgdo para
prospecgéo/monitoriza¢do de agentes
bidticos centra-se em:

v caracteriza¢do do povoamento e do local

v caracterizag¢do do estado fitossanitario

v’ recolha de material para identificagdo do

agente causal

v avalia¢do da intensidade dos estragos

Exemplo de diferentes objetivos
de monitorizagao conduzindo
a indicadores distintos

Ieasmre ment

4 question

& endpoint endpoint

Indicator category

What s the steghity of
sk forest seasystems it
Tuscany, Jialy?

That is the condition of
troes it oak forests
sy Tuscany, ftaly?

TWhat is the wigour of
trees in oal forests
in Tissany, ftaly?

Tree health: diagnosis
—affected by pests
— afferte d by pathoge ns

and other organisr

(MWILCs)
— nutritional status
— afferte d by anthropoge nic
distub ance Sarae but saxple
— affeeted by other abintic
datage
— mortality rate
— regensration frequency
Ground vege tation
— species composition
Biodiversity
— threatened species
Soil
— che mical status
— soil biota: species
— mineralization
~ soil solution chemical status
Inputfoutpnt balance
— deposition chemistry
— litterfull foces and che mistry
~ strearmflow chemistry
— runoff chermisty
~ internal cycling
Hutrie nt tumoseer

Overall tree appe arance
— CYOWH IYANSTATE ROy

— foliar syraptomas

— flowering

— fruiting Same but sample
— obvinus damage

— ramification status

— stern and butt status

Standing volume fazea
DBH

Stem density

Increment Same but sample
Crowm length

Crowm width

Damage to trees

Foliage chermistiy

Ground vegetation

Vegetation species composition,
anitaal abundance

Soil physical and chemical
paramet:1s

Soilbiota, species sbundance

Chemical parameters of
deposition, biomass estimales,
allocation and storage

Tree outer appearance

Tree growth efficiency

Ana Paula Ramos, pramos@isa.ulisboa.pt
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Monitoring programs.involve:

v Establishment of permanent plots
v Aerial surveillance

v Checking/reiteration at ground level

Instruments used:

v Remote sensing technology (satellite im

v" Hyperspectral scannin

Design of a monitoring

Intensive Site
Monitoring
* Processes

Research on

Monitoring Detection

Techniques /gy Monitoring

« Satellite

« Aerial surveys
* Ground plots \
and surveys /.

Evaluation
Monitoring
« Problem areas
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1. Detection monitoring (national or regional)

Phase 1. Data collection (remote sensing: forest/ non forest areas)

Phase 2. Field data collection (subset of sample areas)

Data collected include: Tree species, diameter, height, crown class, damage,
seedling species (counts and condition class, general tree crown conditio
... and also: forest type, stand size, stand age, regeneration, tree density, ...

Phase 3. Measure forest ecosystem function, condition and health

Involves a subset of the plots in Phase 2

Data collected include: tree condition, lichen community monitoring,
ozone bioindicator plants, down wood debris, vegetation structure, soil
condition

Each plot is measured once every 5-10 years (depends on the coun
plots are randomly chosen

.| Detection monitoring

2. Evaluation monitoring
Design to determine the extent, severity, and causes of undesirable changes
identified through detection monitoring and other means

3. Intensive site ecosystem monitoring

Examines cause-effect interactions by linking detection monitoring to ecosystem
process studies involving nutrient and carbon cycling

4. Research on monitoring techniques

Develops and improves indicators, monitoring systems and
analytical techniques

Ana Paula Ramos, pramos@isa.ulisboa.pt 12
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Indicators of forest health should:

v be easily measured

v" be sensitive to stressors

v' respond in a predictable manner to stress

v have low variability in the response to stress

v be measured over time

v be measured using designed experimentati

v have reference conditions (standard value

... when monitoring forest health, besides
identifying indicators and reference
conditions, is crucial that:

v" data collection must be standardized

v field crews should be well-trained
(to ensure comparable data collected worldwide and during each measurement period)

v" quality assurance protocols should be in place

v" documentation of data collected

(\

monitoring should be conducted on permanent reference plots
(not destructively sampled so that re-measurements can be conducted to monitor changes
in health within a time frame that allows changes to be detected)

v monitoring plots should be explicitly located
(randomly or systematically)

v an adequate number of plots to provide statistically reli
estimates for the forest of interest

Ana Paula Ramos, pramos@isa.ulisboa.pt 13
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v’ tree mortality

v’ plant diversity

Dale & Beyeler 2001. Ecological Indicators 1, 3-10.

Indicators commonly used in fo
health monitoring:

v tree crown condition

v growth of trees (basal area, height or
volume changes through time)

v" dominance of native species

v" soil morphology and chemistr

Amostragem -

QUE AREAS MONITORIZAR?

Ana Paula Ramos, pramos@isa.ulisboa.pt

—

Area amostrada : 2,5-5,0% da drea total

A area a amostrar
pode variar com:

o Total

o Parcial
o Faixas

o Parcelas
o Pontos

* Espécie
* Classe de dim

* Es

14
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DIMENSAO DA AMOSTRA

Dimensao que permita obter informagao
para um determinado erro de amostragem considerado admissi

Rigor pretendido = erro de amostragem

diversidade de situagdes
(espécie, tipo de povoamento,
regime de propriedade, etc.)

Sempre que necessario, a densidade de amostragem pode ser
intensificada a partir de uma dada malha ja existente

v" European Monitoring Program
—launched in 1985 — ICP Forests

@ http://icp-forests.net/page/icp-forests-manual

IC_‘P.hFlo‘restvs’

LA BN
HOME  BODIES AND STRUCTURE  EVENTS  COMMUNITY  PLOTS AND DATA  PUBLICATIONS MY PROFILE

ICP Forests Manual

The monitoring manual documents the harmonized methods for sampling and analysis as adopted by the
participating countries of ICP Forests.

The latest revision of the ICP Forests monitoring manual has been carried out in spring 2016. The updated
parts of the manual have then been adopted by the Programme Task Force on 12 May 2016.

For older versions please refer to the bottom of the page.

Manual versions (2016)

Valid for data submission starting with survey year 2017 (Level 1) and 2016 (Level II)
8 Table of Contents

ﬁ Part I Objectives, strategy and implementation of ICP Forests
8 Part II Basic design principles for the ICP Forests monitoring networks
8 Part 111 Quality assurance within the ICP Forests monitoring programme
8 Part IV Visual assessment of crown condition and damaging agents

B Part V Tree growth

8 Part VI Phenological observations

Ana Paula Ramos, pramos@isa.ulisboa.pt 15
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v European Monitoring Program
—launched in 1985 — ICP Forests

U

1987: Regulamento Comunitario de Protecgao das Flores
Contra a Poluicdo Atmosférica = rede sistematica de
malha 16 km x 16 km

/\

Level | Level Il
N4 N4
)\
6200 plots 800 plots, 0,25 ha

33 countries
grid of 16 X 16 km
\_ J

located in managed forests
representing the most important
forest ecosystems

83—1
\E_ St §§{\

Level |

4083-1984 ~ i ~ 1984 6200 plOtS
/2  25m 7 g%r 836 33 countries
' . grid of 16 X 16 km

annual crown
defoliation and
discoloration
estimates, and
damage

on a total of 10-24

Ana Paula Ramos, pramos@isa.ulisboa.pt
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Level Il

N

800 plots, 0,25 ha
located in managed forests
representing the most important
forest ecosystems

crown condition, foliar chemistry, tree
growth, ground vegetation composition,
stand structure (including deadwood),
epiphytic lichens, soil chemistry,

soil solution chemistry, atmospheric
deposition, ambient air quality, meteorology,
phenology, litterfall, and remote-sensing
data

— Plots according to climatic regions (2007) /g“

e A | * National surveys ar

« oo | 8 conducted in many c
in addition to the
transnational surveys.

\
© VEDITERRANEAN(LOWER) | 1%
® MOUNTAINOUS (NORTH)
® MOUNTAINOUS (SOUTH)
SUBATLANTIC

103% =5%
4.0%

* The national surveysin m
cases rely on denser natio
grids and aim at the
documentation of forest
condition and its developm
in the respective country.

* Since 1986, densities of

national grids with resoluti
between 1 x 1 km and 32
km have been applie
differences i

v gl o 20w 1wk

Ana Paula Ramos, pramos@isa.ulisboa.pt 17
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360°
+ + ».annular plot 17.95 m
+ n -\
+ o+ s:bﬂo}.-?.32 , \
+ + - r
Y i The cluster-plot
kY i used by the FHM in U.S.:
- - most tree measurements
+ 25m — - are performedin the
+ + + 36.6 Sl subplots; saplings and
+ + - seedlings are assessed on
+ + ri “, | the microplots.
+ + e + "r -‘:
i i
s 25m e "'-.t'- P -
+ + N ) ._._.;..' -,
+ 1+ 240° (3 i i i120°
i i H
ro4 Y / \ i

The crosscluster stem-distance method plot "'~_ .-""\ microplot 2.07 I'I‘I'l'-._ ,.""
recommended by the EC Regulation 1696/87 e

50-200 m
262m 4 4

F ¥

+ +

+ +
520m
+
+ +
/ The fixed-area plot + + + + + -+
used in the Swiss survey
orest edge
o The ‘visibility’ plot used in some Italian local surveys.
Ferretti, M 1997 Environmental Monitoring and. 48,4572,

1987: Regulamento Comunitario de Protecgdo das F
Contra a Poluigdo Atmosférica =» rede sistematica d
malha 16 km x 16 km@

Quadricula demasiado larga

2007: Inventdrio Florestal Nacional, Plano Estratégico par
recolha de Informacgao sobre o Estado Sanitario das Flore
e m PO rt U ga I CO ntl n e nta I http://www.afn.min-agricultura.pt/portal/outros/mediateca/plano-es

* Rede sistematica de malha 2 km x 2 km

* Amostragem de mais de 5% da area florestal continental
* Uma parcela de amostragem em todos os pontos flor
* Parcela de amostragem: area aproximada de
centro no ponto daredede 2 km x 2

Ana Paula Ramos, pramos@isa.ulisboa.pt 18
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Percursos de diagndstico

tipo A - povoamentos de densidade = 200 ar
tipo B - povoamentos de densidade < 200 arv.
tipo C — planta¢6es muito jovens

(resinosas — 5 anos; folhosas — 10 anos)

0 percurso tem sempre inicio numa arvore com indicios (sintomas e/ou sinais|
de presenca de agentes bidticos

v’ Percurso desenvolvido
dentro da parcela

v’ Rectangulo 100 m x 50

v’ 1 pontode est

v’ Percurso desenv

6@ 20 B ° 4 5 @ s
: 6 o . o ° . - P = PONEE T M dentro da parcela
a@ 10m .
v" Rectangulo 100 m x
50m
. v" Todas as arvores s3o
2 Y . g : il a s @ 9
: & s o ¢ g a o 6 i observadas e avaliadas
1oom (10 m da linha de cami

v’ Progressdo no sentidod

linha plantag&o (a) ou

5
=l

v
¥
H

perpendicular (b)

v’ Observagdo em

y

213328

: e
I’

« <€

T — Linhas de plantogTo
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ESQUEMA DE AMOSTRAGEM (AFN)

v’ sistematico

*Sempre que se verifique, em pelo menos 25% das arvores, a pres
de danos provocados pelo mesmo agente (praga ou doenga) que
perturbacdes de ordem fisiolégica, levando ao enfraquecime
gradual ou a morte do hospedeiro (classe de agressividade 3 ou
respectivamente), deve aumentar-se a intensidade de amostragem.

*Para o efeito propoe-se a instalacdo de 4 parcelas satélite, segundo
pontos cardeais principais (N, S, E e 0), distanciadas de 500 metros,
partir do centro da parcela de amostragem.

*As parcelas satélite instalam-se apenas quando ndo se verifica
alteracdes na estrutura e composicio do povoamento re
(parcela de amostragem). A sua instalagio tem p
avalia¢ao da distribuicdo espacial do agente.

Implantagdo de parcelas adicionais:

Danos detectados graves
(presengaem > 25% arvs.)

4 percursos adicionais a partir do
ponto central da parcela de amostragem

(o centro deve localizar-se a mais de 40 m da orla do povoamento)

Parcela de amostragem (malha 2 km x 2 km)

®  Parcelasadicionais a 500 metros d
amostragem

O Raio de 100 metros para localizaio das parcelas

4 v Parcela adicional com pelo menos uma

m_q B . arv. com danos

Implementar u

O Pontn central 3 parcais de carscrenzagis

R [ [Y—

Ana Paula Ramos, pramos@isa.ulisboa.pt 20
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JDENTIFICAGAO E MONITORIZAGAO DE
PRAGAS E DOENGAS EM POVOAMENTOS
FLORESTAIS

GRAU DE PERIGOSIDADE

2

X (Classe de agressiidade x Intensidade do ataque)

Grau de
Perigosid

ot iense
R o _
Perigoso 9<X<14 Definigio de uma estratégia de
controlo consoante asituagio
Medianamente [EEERSEL] Monitorizagao obrigatdria
perigoso
Ligeiramente 2<X24 Monitorizagéo aconselhada
perigoso
Niio perigoso xs2 Niio & necess dria nenhuma
intervengzo

According to the causal
agent and its life cycl

Periodicidade:
* inventario geral em todas as parcelas 5/5 anes
* inventarios intercalares 2/2 anos,semno IG 210% arv. a

Ana Paula Ramos, pramos@isa.ulisboa.pt 21
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O que monitorizar?

@ Indicadores de resposta - quantificam a condicdo bioldgi
ecossistema.

@ Indicadores de exposi¢gao — medem a exposi¢cao dos
ecossistemas a substancias quimicas, radiagdes, alteragdes
bruscas do clima, alteragdes fisicas, etc.

@ Indicadores de habitat - representam as condicdes a nivel
local ou a escala da paisagem (padrdao de medida espacial e
temporal do coberto vegetal).

@ Indicadores de stress - que reflectem as actividades ou
ocorréncias que determinam alteragdes nas condi
exposicao ou habitat, como episédios pon

7

introducdo de espécies exd

EPA’'s Environmental Monitoring and Assessment Program (EMAP) in Ferretti (1997)

O que monitorizar?

Funcdo dos objectivos

Densidades e abundancias relativas:
* N2 de larvas por folha
* N2 de ninhos por arvore
* N2 orificios de entradas ou emergéncia
* N2 de insectos /armadilha.semana
* Taxas de parasitismo, predagao

Incidéncia e Severidade:

* Presenca de inéculo

* Quantificagao de inéculo

* N2 de 6rgaos com sintomas
* N2 de arvores com sintomas

~

Ana Paula Ramos, pramos@isa.ulisboa.pt 22
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Ty

rsit

Colocacdo de laminas-armadilha
para captur.agggs poNes na
atmosfera

Captura de espor:
na atmosfera

ADULTOS

TOTALDE

TOTALDE

TOTAL DE

ADULTOS
(ataques

Ana Paula Ramos, pramos@isa.ulisboa.pt

(n2 de entradas x 2)

OVOs

ovos mortos

OVOS QUE ECLODEM

(=larvas de 12 e 22 instares)

Parasitagdo, predagéo,
larvas mortas, pupas mortas, cria adulta morta

CRIAVIVA

parasitagdo, predagdo, predagdo pelos pica-paus,

mortalidade néo explicada

INSECTOS EMERGENTES

Armadilhas de feromonas
mortalidade de véo néo explicada
predagéo nas drvores atacadas

da proxima geragdo)

Exemplo de um diagrama de amostrag

sucessivas dos estadios de vida dos escoliti
ESTADIOS DO CICLO DE VIDA

AMOSTRAS

L | DISCOS DE CASCA (contagens) |

- | DISCOS DE CASCA (raio-x) |

| DISCOS DE CASCA (raio-x) |

| | ARMADILHAS DE EMERGENCIA ou
DISCOS DE CASCA (cria)

INSECTOS EMERGENTES

menos
ATAQUES
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ESTRAGOS (injury)
PERDAS (Damage) e
PREJUIZOS (Economic diiitia

LIMIAR DE PERDA
(Damage threshold)

LIMIAR DE RENDIBILID
(Gain threshold)

ESTIMATIVA DE ESTRAGQS/

*% de desfolha
*% de arvores mortas
*% ramos /folhas atacados

i Estimativa de

e perda de volume de madei
e drea afectada v s A“ ]

Ana Paula Ramos, pramos@isa.ulisboa.pt 24



ULisboa-ISAgronomia Gestdo Integrada de Pragas e Doengas Florestais, 2019-2020

INDICES DE ESTRAGOS

* Povoamento

— NuUmero de arvores afectadas

— NUmero de arvores mortas

. Arvore individual '
Sintomas indicadores do estado das arvores:
- desfolha e descoloragao da folhagem,
- morte da flecha e extremidades,
- copa transparente, « Pai
. alsagem
- ramos laterais mortos, — doténica

- agulhas mais pequenas, Dominancia das espécies
- etc Solo (quimica)

Abundancia de Fungos Liquenizados.

Classe 0
[

. ‘“.
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FREGUESIAS ONDE TEM
OCORRIDO DESBASTES

=» The potential future risk of mortality due to
diseases and pests must be mapped

FOR EXAMPLE: “expectation that 25% or more of
the standing live biomass of trees greater that
2,5 cm in diameter will die over the next 15 years due
to insect and disease activity”

Sousa et al., 2007 Edmonds et al., 2011

FACTORES DE RISCO ou nocivic

Identificar os factores de risco permite determinar:
e probabilidade de ocorréncia
¢ Grau de severidade / Grau de perigosidade
e drea geografica ameacada — mapas de risco

Preliminary SOD Risk/Hazard Map

» Os mapas de risco permitem definir
quais as dreas prioritdrias a
monitorizar e a serem alvo de
intervengdo
(pesquisa, tratamentos, etc.).

» Sdo de mdxima importdncia nas
acgbes de planeamento, gestdo, e T
tomadas de decisGo a uma escala ull
regional ou nacional.

Viapalde risco paraia morte dos carvalhos nos EUA

Ana Paula Ramos, pramos@isa.ulisboa.pt
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FACTORES DE RISCO ou nocivi

Da arvore individual e do povoamento

» ldade e vigor

> Crescimento radial anual

» Razdo de crescimento periddico, PGR=15/(110-15), PGR<1 =»
decréscimo de vigor

» Stresse por deficiéncia hidrica ou de nutrientes
» Inadequacéo da planta ao local

» Densidade excessiva do povoamento

» ldade avancada das arvores

» Composicdo uniforme em espécies e ida

FACTORES DE RISCO ou nocivi

Do local ou regiao

» Condigdes climaticas
» Altitude

» Topografia

»Solos

»Recursos hidricos

> Estado sanitario

Ana Paula Ramos, pramos@isa.ulisboa.pt
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Modelagdo de doengas / pragas

» Quais os objectivos?

* Previsao da taxa de disseminacao
* Entender as interacgdes pragas X doengas X fogos
* Previsao dos efeitos das alteracdes climaticas
* Estabelecer estratégias de gestao sustentavel

» Que abordagens?

* Equacgdes diferenciais

* Modelos de regressao simples ou multipla

* Modelos de simulagao que ponderam diversos

factores (local, ambiente, silvicultura, ...)

* Modelos espaciais com recurso a imagens d
coordenadas GPS e logaritmos mate
sofisticados, para previs

* Equagoes diferenciais

Sdo usadas para examinar a taxa de disseminac¢do da doenca

dx/dt = rx dx/dt =rx (1—x)
dx = variagao na quantidade de doencga dx = variagao na quantidade de doen
dt = variagao no tempo dt = variagao no tempo
x = quantidade de doenga no momento t X = quantidade de doenga no moment
r = taxa de infecgdo r = taxa de infeccdo
x = ert

[
L
@
08 10
L

06
|

% de doenga
06

04
% de doenca
04

02
!

0z
1

00
L
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Modelos de regressao simples ou miltipla

S3o usados para previsao da taxa de disseminagao da doenga,
incidéncia de podriddo do lenho, ...
Diversas variaveis independentes podem ser utilizadas em simultaneo
Devem ser aplicados apenas nas areas onde os dados foram colectados

Epidemiology

Predicting Swiss Needle Cast Disease Distribution and Severity
in Young Douglas-Fir Plantations in Coastal Oregon

Pablo H. Rosso and Everett M, Hansen

First author: CSTARS Laboratory, Department of Land, Air, and Water Resources, University of California at Davis, One Shield Ave, Davis
96515; and second author: Department of Botany and Plant Pathology, Oregon State University, Cordley Hall 2082, Corvallis 97331,

Accepled for publication 24 January 2003

ABSTRACT

Rosso, . H., and Hansen, E M, 2003, Predicting Swiss needle cast dis
ease distribution and sevenity in young Douglas fir plantations in coastal
Oregon. Phytopathology 93:790-T98.

Swiss noedie cast (SNC), caused by the fungus Phaeocrypiopus gaeu-
mannii, s producing extensive defoliation and growth reduction in
Douglas-fir forest plantations along the Pacific Northwest coast. An SNC
disease prediction model for the coastal area of Oregon was built by
establishing the relationship hetween the distribution of discase and the
environment. A ground-tased disease survey (220 plots) was used o
study this relationship. Two types of regression approaches, multiple lin
ear regression and regression tree, were used o study the relationship
between disease severity and climate, topography. soil, and forest stand

Fog occurrence, elevation, and

slope aspect were the variables that contributed to explain most of the
vanability i disease severity, as indicated by boih the multiple
regression (% = 0.57) and regression tree (RMD = 0.27) analyses. The
resulting regression model was used to construct a disease prediction
map. Findings agree with and formalize our previous understanding of
the ecology of SNC: warmer and wetter conditions, provided that sum

mer lemperatores are relatively low, appear (o increase disease severity,
Both regression approaches have characteristics that can be useful in
helping to smprove our understanding of the ecology of SNC. The pre

diction model 15 able to produce a continuous prediction surface, suitable
for hypothesis esting and assisting in disease management and research.

Additional keywords: Psewdotsuga menziesii, Douglas fir diseases, forest
disease model, Venturiaceae.

Ana Paula Ramos, pramos@isa.ulisboa.pt

Phaeocryptopus
gaeumannii

Pacific Ocean

3

Fig, S Map of Swiss needle cast (SNC) diase severity ratisgs as predicted by the multiph linear reppessicn modsl, Higher predicted severity areas are
depicted with darkes tones. To the eft, @ ctices of the Tilamock Bay area i displayed o higher resolution o show the typécal SNC predicticn patters
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MODELOS DE RISCO

Os modelos de risco dao a probabilidade de ocorrer um surto
populacional, de mortalidade, de outros danos ou prejuizos

MODELGS BASEADGS EM
CLASSES DE OCORRENCIA E
FAGTORES DE RISCO

Health Risk Assessment Model (Figure 1)
High
Likelihood of Medium

Occurrence

MODELOS DE RISCO

CLASSES DE RISCO

v'Baseados em informacdes qualitativas
v'N3o necessitam de dados quantitativos e sdo faceis de aplica

v'S30 imprecisos e ndo tém fiabilidade estatistica

Ana Paula Ramos, pramos@isa.ulisboa.pt 30
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MODELOS DE RISCO

Modelos de pontuagao

v'S30 atribuidas pontuagdes segundo varidveis do povoament

(idade, area basal, DAP, densidade, etc.)
v'0 total do = das pontuac¢des determina o grau de risco

v'S30 faceis de aplicar mas imprecisos

MODELOS DE RISCO

Modelos matematicos empiricos

v'Modelos de regress3o usando como varidveis explicativas
factores de risco (ex: DAP, idade, tipo de solo), e como variav
independente a taxa de mortalidade, % desfolha ou outra

medida de estragos

v'Um dos modelos mais usados é o modelo logistico que

permite descrever a probabilidade de ocorrénci

de um conjunto de variaveis inde

Ana Paula Ramos, pramos@isa.ulisboa.pt 31
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MODELOS DE RISCO

v'Baseado numa andlise multivariada deduz-se uma funcdo

descriminante a partir de varidveis explicativas.

v'As amostras sdo retiradas de populacdes normais

multivariadas.

A Confirmed isolation of Phytophthora.
ramorum *

‘ Hast spocies for Phytophthora ramorum **

"%, Counties with Phytophthora ramorum corfiemed
_ inwidand

Data provided by CDFA and UC Davis/UC Berkeley pathologists
[Calfoma host data rom CAL GAP Analysi Project Oregon host = <, T
ia from OR GAP Analysis Projoct. Data has been queried to only

i for Phytophthora
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P. ramorum
2001

P. ramorum
2002
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P. ramorum
2003

P. ramorum
2004
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GESTAO INTEGRADA DE PRAGAS E DO

* ecoldgicos ou socioeconémicos
* mensuraveis ou ndo
* directos ou indirectos

Exemplos: perda de material lenhoso, custos de reflorestagdo, perda de
fruto, valor paisagistico, hidroldgico, fauna, pastoreio, etc.

Producdo de lenho = volume produzido, precos, custos de
produgao com e sem ataque, com e sem tratamentos

Valor do impacte: medida do impacte x cus

Quais as implica¢gdes dos tratamentos?

* Na mortalidade das arvores e outros atributos do povoamenta
densidade, distribuicao etaria, produtividade, etc

* Na populagao dos insectos ou patogénios: densidade, tendéncia
de evolucao, distribuicdo espacial, predacao, parasitismo e
doencas

* Custos e seguranga (incluindo impactes sobre pessoas e outros
organismos)

Modelos de decisao

Ana Paula Ramos, pramos@isa.ulisboa.pt 36
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Integrar os modelos de crescimento dos
povoamentos com submodelos sobre a
dinamica das populag¢des de
insectos/patogénios e submodelos que
simulem o impacte dos insectos/patogénios
sobre os povoamentos e 0s seus recursos.

Exemplo:
Num caso de estudo verificou-se que embora o
tratamento de um desfolhador com insecticida
permitisse a produgao de maior volume de madeira,
a execucao de dois desbastes, um comercial e outro
pré-comercial, permitia obter um valor liquido

comercial superior.
Porgué ?
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GESTAO INTEGRADA DE PRAGAS E DO
Diagnéstico

Detecgdo e identificagdo do agente, determinagdo da extensao dos danos.

Prognastico

Avaliar a evolugao futura dos acontecimentos, com base na aprecia¢do das
caracteristicas do local e do povoamento, estado de vigor e satide das arvores e da
dindmica populacional do agente = grau de risco

Prescricao
Praticas preventivas ou tratamentos visando o controlo ou o combate. Para decidir
qual das vias a tomar, deve-se conhecer o estado sanitdrio dos povoamentos e o ri
de surtos das pragas e doengas.

Os tratamentos (meios de luta quimica) sd@o
quando existe o progndstico de
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