MECHANISMS OF RESISTANCE
TO PESTS AND PATHOGENS

Moderator: John Russell
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Eucalypts in tropical
sites have a very high
growth rate

Current mean annual
increment (MAI) in

industrialized managed Euc

forest in Brazil is about
45 m3/haly

Productivity at rotation age
7 years — 315 m3/ha




Eucalyptus x several crops x cattle x horse
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The applied model by the forest companies in Brazil U Fiy

Conservation and preservation of “Legal Reserves” and “Permanent
Preservation Areas “
Plantation vs. Cattling activity

N e

R Fibria

: 263,0 mil ha eucalypt
143.,5 thousand ha natural reserves
; Ration : 1,8 : 1,0



Forest plantations in Brazil gy
6,973,083 ha n
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b #/
- ,i Eucalyptus 4,754,334 ha
'--.._.____ N . ____.-""'. B Pinus 1,756,359 ha

Abraf (2011) W Others 462,390 ha
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@Chrysoporthe = Erytricium < Ceratocystis < Ralstonia @Leaf diseases < Puccinia psidii
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Alfenas et al. (2009)
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<% Control of diseases in the field

Genetic Resistance

Alfenas et al. (2009)
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Pathosystems studied

- Puccinia psidii — Eucalyptus

- Ceratocystis fimbriata - Eucalyptus

- Chrysoporthe cubensis - Eucalyptus

- Cylindrocladium pteridis - Eucalyptus
- Teratosphaeria — Eucalyptus

- Ralstonia solanacearum — Eucalyptus

- Xanthomonas - Eucalyptus




as model system

et al. (2009)



NORTH
PACIFIC

OCEAN

T ofCanser (2271

souTH! PACIFIC
oCEAN
- v coprom| e,

e Gra ) SOUTHERN OCEAN

NORTH
ATLANTIC

OCEAN

SAUTH
ATLANTIC
OCEAN

Antarctica’

NORTH
PACIFLC
OCEAN

Trope of Cancer (2527)

IND\AN‘f
O(EANg

oo agees 12347
“ min

s sea




b I r Eame &5 kel

Rust Risk g
F09-10 Darwin & L Lockhart River |
07-08 ;  J N
05-06
0.3-04 P
0.0-0.2
Hamp i S0 A

Brmbame SLD, Ausiraba

Galhe M HSW

Newcastle
Sydney

2 S TTIFTIE]

o | Central
Pr e viy'  Coast

ke | bmormn pATE Susiralie
&5011T

D011 R

e
Geagit
wcpr

Morag, et al. (2007) fgus Carnegie (2011)

SO E o T
i g b R B EEHE A




Anonnhora Range
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Alfenas et al. (2009)
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Races of Puccinia psidii

Isolate Host Diferencial set ( E. grandis clones) Race
G45 1205 847 6021 G21 G26
@ E. grandis | I | I 1 @
UFV06 E.grandis I C I I I 2
UFV07 P gugjava C | I | I 3
EUBA1 E. grandis. I I C C I 4

C = compatible

I = incompatible

Adapted Xavier et al. (2002); Graca et al. (2011)




Control of rust in the field on Eucalyptus is
currently done mainly by planting resistant
genotypes

How to screen for resistance, under

controlled conditions?



Inoculation of Puccinia psidii in Eucalyptus plants
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TInoculation: 2.0 x 10* ureiniospoi‘e/l;i —“"

(B

;(f a N B
4 WA -4y
/:-' 4 B
. Growth chamber: 22 °C  Mist irrigation chamber

phenotype 12 h photoperiod, 20 d 24 h, in the dark

Alfenas et al. (2011)



Disease severity scale

SO imune

Junghans et al. (2003)



Plants in pots

Alfenas et al. (2010)



Plants in tubes

Alfenas et al. (2009)



Alfenas et al. (2009)



Species Resistant (%)
Corymbia tessellaris 100,00

Eucalypus resinifera
Eucalypus scias ssp. Scias
paniculata

Eucalypus pellita 90,25 AR
Corymbia intermedia 90,00
Angophora costata 85,00
Eucalyptus brassiana 84,82
Eucalypus camaldulensis var. simulata 84,75
Eucalypus melanophloia 84,75
Eucalypus alba 72,00
Eucalypus camaldulenseis var. obtusa 77,89

Corvmbia maculata
Eucalyptus elata

Eucalyptus acmenoides

Eucalypus urophylla 72,33
Corymbia citriodora 72,13
Eucalyptus obliqua 71,88
Eucalyptus nitens

Eucalyptus microcorys

Eucalyptus globulus

Eucalyptus pilularis

RAEAR ARREAR AR A

RARRRR
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Eucalyptus robusta 60,88

==~

Eucalyptus regnans 46,25
Eucalyptus cloeziana 40,75




%% Best sources of R (+ 90% R genotypes) ",

e Corymbia calophylla “rosea” (WA)

* Corymbia intermedia (QLD)

e Corymbia tesselaris (QLD)

e Eucalyptus alba (QLD)

* Eucalyptus amplifolia var. amplifolia(NSW)

* Eucalyptus brassiana (PNG)

e Eucalyptus camaldulensis var. obtusa (QLD)
» Eucalyptus diversicolor (QLD)

* Eucalyptus paniculata (NSW

* Eucalyptus pellita (QLD)

e Eucalyptus resinifera (NSW)

e Eucalyptus scias sub scias (QLD)

» Eucalyptus tereticornis (QLD)

* Melaleuca ericifolia Zauza et al. (2010)



Resistance of Eucalyptus clones (“E. grandis and

“urograndis”) to the rust (Puccinia psidii)
(351 clones)

B Resistant Susceptible




Eucalyptus pellita as a source of resistance to rust,

ceratocystis wilt and leaf blight

L.MS Guimaries et al. Crop Breeding and Applied Blotechnology 10: 124-131, 2010
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Resistance to rust (Puccinia psidii Winter) in Eucalyptus:

mode of inheritance and mapping of a major gene with RAPD markers

D. T. Junghans - A. C. Alfenas - Theor Appl Genet (2003) 108:175-180
S. H. Brommonschenkel - S. Oda - E. J. Mello - DOI 10.1007/s00122-003-14159
D. Grattapaglia

Family 1b plants/severity class

2036 ph
1636 pb

1018 ph
-»>

506/517 ph
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Clonal orchard for rust R seed production at Suzano




Positioning of the major locus for Puccinia psidii rust
resistance (Pprl) on the Eucalyptus reference map
and its validation across unrelated pedigrees

Eva M. C. Mamani « Nathalia W. Bueno -
Danielle A. Faria - Lucio M. 8. Guimaries -
Douglas Lau » Acelino C. Alfenas » Dario Grattapaglia

EMBRA1139

EMBRA49c
EMBRA1071

EMBRA49d

Ppri

EMBRA125

EMBRA1656

Eg098

EMBRA361

EMBRA350

EMBRA239

EMBRA92b

EMBRA7

EMBRA227

EMBRA34

EMBRA115a EMBRA115b
EMBRA189

EMBRA122
EMBRA144c

Tree Genetics & Genomes
DOL 10.1007/511295-010-0304-z




Euphytica
DOT 10.1007/510681-01 1-0455-5

Genetic mapping provides evidence for the role of additive
and non-additive QTLs in the response of inter-specific
hybrids of Fucalyptus to Puccinia psidii rust infection

Alexandre Alonso Alves - Carla Cristina Gongalves Rosado -
Danielle Assis Faria - Lucio Mauro da Silva Guimaries + Douglas Lau -
Seérgio Herminio Brommonschenkel - Dario Grattapaglia - Acelino Couto Alfenas
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Alfenas et al. (2009)




Ceratocystis fimbriata wilt in Eucalyptus

Alfenas et al. (2009)



Ceratocystis fimbriata infection in other hosts
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Resistant clone Susceptible clone



Inoculation

Laia et al. (1999)
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Evaluation of resistance

Wound reaction at the
inoculation point




Resistance of Eucalyptus spp. clones to Ceratocystis fimbriata wilt
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C1 C3 C2 C6 Ci1 C4 C5 (C71 C10 cC8 C12 Ci14 C13 C17 Cilé C18 Ci15
CLONES

HS - Higly susceptible

S - Susceptible

R - Resistant

AR - Highly resistant Zauza et al. (2004)




Resistance of Eucalyptus to Ceratocystis fimbriata wilt
(181 clones)

S54%

B Resistant Susceptible




Lesion length (¢cm)
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Resistance to ceratocystis wilt (Ceratocystis fimbriata) in parents and
progenies of Eucalyptus grandis x E. urophylla

BY CARLA CRISTINA GONCALVES Rosano!, Lucio MAURO DA SILVA GUIMARAES!, MIRANDA TITON!, DOUGLAS LAUZ,
LEONARDO R0sSSE?, MARCOS DEON VILELA DE RESENDE* and ACELINO COUTO ALFENAS™

Silvae Genetica 59, 2 (2010)
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Resistance to ceratocystis wilt (Ceratocystis fimbriata) in parents and
progenies of Eucalyptus grandis x E. urophylla
BY CARLA CRISTINA GONCALVES R0SADO!, LUCI0O MAURO DA SILVA GUIMARAES!, MIRANDA TITON!, DOUGLAS LAUZ,
LEONARDO RossgE?, MARCOS DEON VILELA DE RESENDE! and ACELINO COUTO ALFENAS™*

Silvae Genetica 59, 2 (2010)

Genetic parameters analysis for the full-sib experiment Values

Narrow-sense mdividual heritability
Broad-sense mdividual heritability from the joint analysis
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Inoculation Chrysoporthe cubensis in Eucalyptus spp.

Hodges et al. (1976)



Evaluation of resistance

Size of bark lesion Size of sapwood lesion

Guimaraes et al. (2010)



Genetic control of Eucalyptus urophylla and E. grandis resistance
to canker caused by Chrysoporthe cubensis

Guimaries ef al. Genetics and Molecular Biology
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Parent trees




+ S species

& Eucalyptus saligna
= FEucalyptus grandis

+ R species

& FEucalyptus urophylla
< Eucalyptus pellita

< Eucalyptus microcorys
& Corymbia torelliana



Resistance of clones to Chrysoporthe cubensis canker
(66 clones)

74% 26%

B Resistant Susceptible




Leatf blight and defoliation caused by
Cylindrocladium pteridis
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Inoculation of Cylindrocladium on Eucalyptus pteridis

£
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1x 104 conidﬂa7mL

h_.',"'

Defoliation: 30/50 d _ Mist irrigation 26°.C/48h




Distribution of symptoms in the plant

Resistant clone Susceptible clone




Resistance of Eucalyptus clones to defoliation caused
by Cylindrocladium pteridis
(89 clones)

B Resistant Susceptible




How to minimize the risks of )

diseases in eucalyptus plantations?

1. Monitoring the incidence of diseases in plantations
2. Avoid planting large areas with a same clone

3. Planting of resistant clones selected by inoculation
under controlled conditions

4. Determination of the variability in the pathogen
population



\  What are the stages of a breeding program 'vrro)
" of Eucalyptus spp. for disease resistance?

1. Survey of the main diseases in each region.
2. Determination of possible sources of resistance.

3. Inheritance studies.

4. Implementation of the program based on results of
the inheritance studies.
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Healthy and higly
productive clona
plantations



Current Research Team
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Acelino Lucio Talyta Carla Rafacl ~ Graziela  Leonardo  Patricia
P.hD. Eng. Agronomo Eng. Florestal Eng. Florestal Eng. Florestal ~ Eng. Florestal Eng. Florestal ~ Eng. Florestal
Orientador Pés-Doutorando Pos-Doutorando Estudante DS Estudante DS Estudante DS Estudante DS Estudante DS

Derils Denise Natalia Marcela ~ Marcelo
Biodloga Eng. Florestal Eng. Florestal Eng. Florestal Bidloga Eng. Agronomo
Estudante MS Estudante MS Estudante MS Estudante MS Aperfeigoamento Aperfeigoamento
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Camila Cristina Nicolle Pedro Ramon  Rodrigo Thaisa Marcia

Eng. Florestal ~ Eng. Florestal Eng. Florestal Agronomia Eng. Florestal  Eng. Florestal ~ Eng. Florestal Assistente
Bolsista IC Bolsista IC Bolsista IC Bolsista IC Bolsista IC Bolsista IC Bolsista IC Técnica






http://www.fapemig.br/
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