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What countries are doing Research on Fusarium wilt in LAC? 

!  Brazil (exports is limited, but national market rely on susceptible 
genotypes) 

!  Cuba (no export -   it has been active because susceptible varieties 
and national interest ) 

!  Venezuela (Almost no export) 

!  In countries with more export tradition Fusarium wilt has not been a 
priority in national research agenda in the last 60 years:  

–  Ecuador 

–  Costa Rica* (re-starting) 

–  Colombia (at the beginning) 



Li;le(a;en9on(to(a(Foc(in(LAC(in(the(last(10(years,(
even(with(the(TR4(threat((

Sigatoka(= (22(
Nematodes(((=(4(
Others((( (=(6(
Fusarium= (1(

Sigatoka((((((=(15(
Nematodes((=(4(
Others(((((((((=(13(
Fusarium((((((=(1(

Fusarium(( 3(
Sigatoka( 20(
Nematodes( 5(
Other( 95(
Total( 123(

2008(

Fusarium(( 6(
Sigatoka( 24(
Nematodes( 0(
Others( 59(
Total( 89(

2010(2004( 2006( 2013(

Total:(145((

Fusarium:(11(

Low(number(of(indexed(publicaHons((



Research(Targets(on(Foc(Tropical(Race(4(

Foc((
1.(PrevenHon(L(early(detecHon(

2.(Use(of(resistant(varieHes(

3.(Disease(management(

a.  DiagnosHc(tools(for(Foc(TR4(and(other(important(races/strains(of(Foc;(
b.  Fast(and(reliable(bioassays(for(high(throughput(phenotyping((
c.  Characterize(genotypes(of(Musa(for(TR4(resistance/(IdenHfy(Resistant(sources(
d.  Understand(FocL(banana(interacHon(at(geneHc,(cytological(and(molecular(level;(
e.  Epidemiology(for(integrated(management(strategies(L(EradicaHon(
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Detec9ng(Foc(TR4(in(soil(and(symptomless(9ssues((

DNA$
extrac+on$

TR4$

ITS$

+$control$
.$control$

Sample ID Cultivar a  Plant stage  Location Source  Sample 
processed 

Single 
PCR Nested PCR  

AuD1 Cavendish Symptomatic Darwin Australia Plant + nd 

AuH1 Cavendish Symptomless  Darwin Australia Plant + nd 

TS1 Cavendish Symptomless Chaojhou Taiwan Soil - + 
Plant + nd 

TS3 Cavendish Symptomatic Chaojhou Taiwan Soil + + 
Plant + nd 

TS6 Cavendish Symptomless Wandan Taiwan Soil - - 
Plant - nd 

TS7 Cavendish Symptomatic Jiuru Taiwan Soil + + 
Plant + nd 

TS8 Cavendish Symptomless Jiuru Taiwan Soil - + 
Plant +   

TS9 Cavendish Symptomatic Luye Taiwan Soil + + 
Plant + nd 

Phi126C Gran Naine Symptomatic Kapalong Philippines Plant + nd 

Phi39B Tall William Symptomatic Kapalong Philippines Plant - nd 

Phi2SV Latundan Symptomatic Kapalong Philippines Plant - nd 

ChlamyD2 n.a. n.a. n.a. n.a. 
Foc-
colonized 
Substrate 

+ + 

Dita%et%al%2013%



Water(is(an(efficient(way(for(FOC(disseminaHon….(
•  Can(we(detect(Foc(TR4(easily(in(water(samples?(
•  What(would(be(the(app/implicaHons?((
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Trained(
In(the(pipeline(

Bioversity,(
MUSALAC(

&(
Na9onal(Plant(
Protec9on(

Organiza9ons(

Risk(Assessment(and(Surveillance(of(Foc(TR4(
Strengthening(capaciHes(and(increasing(preparedness(for(Foc(TR4((in(LAC(





Con9ngency(plan(for((Foc(TR4(



Good(example(:(Caravan(for(management(Helicoverpa(and(other(pests(:(Embrapa(2014((

h`p://www.cnpso.embrapa.br/caravana((
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It(is(now(too(late?(How(to(proceed?((



Area%A%( 15%m) 

Early(diagnos9c(of(Fusarium(wilt(vs.(management((

When(a(plant(is(detected(
infected(how(many(
‘neighbors’(we(should(
destroy(around?((

Farmer(and(companies(
think(more(on(bunches(
and(boxe$…(they(don’t(
care(too(much(on(
inoculum(pressure,(
epidemiology(?(
….but(at(the(end(of(the(
day(the(scenario(jus(
becomes(worst( 1.  Erradicate(plants(in(the(zone(“A”(–(mandatory((

2.  Erradicate(plant(in(zone(B(L(Recommended((



•  Population biology studies  
•  Molecular characterization using informative markers 

(i.e genes related to pathogenicity/aggressiveness ) 
•  VCG analyses 
•  Survey using specific primers for TR4 
•  Characterization for pathogenicity and aggressiveness 
     on reference cultivars 
•  Identification and characterization of pathogenesis/

aggressiveness -related genes 

What(else(needs(to(be(done(on(the(the(pathogen(side?(

F.(Haddad,(Embrapa(

Establishment and characterization of national collections 



Popula9on(biology(of(Foc(in(Brazil((Costa(et(al.,(2014)(

MigraHons(are(represented(by(curves.(Green(curves:(migraHons(between(BA(and(other(states;(blue(curves:(migraHons(
between(MG(and(other(states;(brown(curves:(migraHons(between(CE(and(other(states;(Yellow(curve:(migraHon(between(
RN(and(RS.((Nm:(Number(of(migrants.((

•  05(major(regions((
•  214(isolates(
•  52(haplotypes(
detected(



Popula9on(biology(of(FOC(in(Brazil((Costa(et(al.,(2014)(

DifferenHal(InteracHon(of(isolates((
represenHng(52(haplotypes(with(
varieHes(

Maça((Silk)(=(SuscepHble(
Prata(anã(=(SuscepHble(
Pacovan(:(Moderately(Resistant(
Princesa(:(Resistant(

More%info%with:%Dr.%Haddad%
fernando.haddad@embrapa.br%



Compara9ve(transcriptomic(analysis(of(Foc([R1,(R2,(ST4(&(TR4](
Mycelia Conidia Germinated conidia 

 R1  R2  ST4  TR4 R1,$R2,$ST4,$TR4!

RNA extraction 

mRNA Isolation 

RNA pooling (mycelium + conidia + germinating conidia) 

cDNA from R1, R2, ST4, TR4 and 454 sequencing 

 R1           R2            ST4            TR4 R1  R2  ST4  TR4 

Compara/ve$EST$analyses$$



Foc(web(server:(soYware,(analysis,(interac9on(



Library(staHsHcs(
R1# R2# ST4# TR4# All#Libraries#

Raw#reads# 644.444$ 661.201$ 633.453$ 606.533$ 2.545.631$

rDNA# 2.988$ 3.255$ 1.811$ 2.746$ 10.800$

#Passed#reads# 637.670$ 653.748$ 629.498$ 601.136$ 2.522.052$

aver.#length# 396$ 392$ 364$ 371$ 381$

%#Singlets# 6.2$%$ 6.3$%$ 5.5$%$ 7.2$%$ 5.3$%$

Assembled#reads# 541.632$ 558.903$ 554.771$ 557.094$ 2.151.030$

##isogroups# 8.302$ 9.059$ 7.610$ 8.193$ 11.058$

##isoBgs#>50nt# 9.674$ 11.114$ 8.500$ 10.216$ 21.445$

mean#isoBg#length# 1345.8$ 1440.5$ 1293.8$ 1406.3$ 2161.9$

Longest#IsoBg# 8.293$ 9.732$ 7.276$ 7.752$ 11.432$

Compara9ve(transcriptomic(analysis(of(Foc([R1,(R2,(ST4(&(TR4](

Gene(distribuHon(across(Foc(races(

Dita%et%al.,%submi.ed%

Biologal'processes''
(filtered'by'#seqs,'cutoff=5)'

Dita'et'al.,'submi>ed'
Dita%et%al.,%submi.ed%

Annota9on(of(UNIQUE(genes(





Secreted(in(Xylem((Genes(–(SIX((

(G.(E.(VanderMolen(
University(of(Rhode(Island)(

h`p://www.accessscience.com/popup.aspx?
figID=524000FG0060&id=524000&name=figure(

SR4$SR4$ TR4$R1/R2$

PCR(

Slot(blot(







Func9onal(analysis(in(Foc((

Flávia'da'Silva'Fernandes'
'

Agrobacterium-mediated/inser2onal/
mutagenesis/in/Foc/

(sporula2on,'pathogenicity,'chlamydospore'forma2on)'

R1'sporula2on' R2'sporula2on'

Fow2,&&
SNF1,&
Six1,&&
Sge1,&
Frp1,&
NEP,&&
MAPK,&
PLS1.&
&&

RNAi.&
I9Muta=on&

knockdown'

Knockout'

Targeted(gene*approach**

Joelma&dos&Santos&Fernandes&

LLL14(

Work(in(progress,(Race(1(and((2((strains(in(Brazil(



Use(of(resistant(varie9es((

Cultural(control(
(Eradica9on,(crop(management)(

Chemical(

Biological(control(

Toxic(

Benign(

IntervenHon(

PrevenHon(

Management(op9ons(



Resistant(varie9es(vs.(Foc(TR4?(

©
(M

ig
ue

l(D
ita

(



How(many(varie9es(are(affected(by(Foc(TR4?(

Indonesia((
1.  Raja((AAB)((
2.  Raja(serai((AAB),((
3.  Buai((AAA),((
4.  P.Panjang((AAB),(
5.  Barangan((AAA)(
6.  Ambon(kuning((AAA),(
7.  Ambon(hijau((AAA)(
8.  Rejang((Aaw),(
9.  Jantan((AAB),((
10.  Kepok((ABB),((
11.  Mas(kirana((AA)(
Riska(&(Hermanto((2012)( Australia(

~(26(suscep9ble(Varie9es((Walduck(&(Daly,(2007)(
(
h`p://www.nt.gov.au/d/Primary_Industry/Content/File/horHculture/TAR2006_07/Banana_panama_pg11_15.pdf(

Molina((2011)(

Variety(( 1st(Crop(( 2nd(
1.Lakatan((AAA),((( 100( (NA(
2.Latundan((AAA),( 41( 100(
3.Gran(Nanine(AAA),(( 97( NA(
4.Williams((AAA)(( 94( NA(
5.GCTCV(119((AAA)( 1( 28(
6.GCTCV(218((AAA)( 1( 24(
7.FHIA(21((AABB)( 81( NA(

Philippines((

~(80%(of(bananas(produced(worldwide(are(from(varieHes((suscepHble(to(TR4(



Banana(cul9vars(reported(with(resistance(to(Foc(TR4(

Variety(( Resistance( Market( Sources(

FHIA(01( R( Seeded( Walduck(&(Daly(2007(
Bingzhi(et(al.(2004(

FHIA((02( R( Seeded( Bingzhi(et(al.(2004(

FHIA(18( R( Good( Walduck(&(Daly(2007(
Bingzhi(et(al.(2004(

FHIA((25( R( Poor(( Walduck(&(Daly(2007(
Bingzhi(et(al.(2004(

Pisan(Jai(Buya(( R( NA( Walduck(&(Daly(2007(
Bingzhi(et(al.(2004(

*GCTV(119( MR( Good((
Walduck(&(Daly(2007(
Bingzhi(et(al.(2004(
Molina(2011(

GCTV(218( MR( Good(( Molina,(2011(

M.%accuminata%malaccensis**%% R( Seeded( Walduck(&(Daly(2007(

ABB(varieHes((
(Saba,(Tanduk)( R( NA( Molina(L(unpublished(

*(There(are(many(GCTV,(produced(by(TBRI,(Taiwan,(which(are(conHnuously(replaced(for(new(
somaclons(with(some(resistance(levels((
**Some(M.a.%malaccensis%are(suscepHbles(



At(least(50(varieHes(are(affected((by(TR4(
~(80(%(of(banana(produced(are(from(suscepHble(varieHes([Ploetz(et(al.(2005](

(
In(the(Caribbean(~(63%(of(2,856,394(t"produced(in(2009(were(from(
TR4LsuscepHble(varieHes(

(Data:(Lescot,(2010)(((

Molina(et(al.((2011)(

TR4(
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Fig.(5.(Disease(incidence(of(resistant(somaclone(in(comparison(with(the(suscepHble(Giant(
Cavendish(parent(in(trays(with(various(inoculum(densiHes(of(race(4(of(Fusarium%oxysporum%f.(
sp.(cubense.%

La(resistencia(de(los(somaclones(es(dependiente(de(la(
presión(de(inóculo!(



There(are(phenotypic(variaHons(environmentallyLassociated(

Hwang(&(Ko(2004,(Plant(Disease(/(June(2004(



Molina(et(al(2013(

Cavendish(somaclons(with(resistance(levels(to(Foc(TR4,(
produced(by(TBRI,(promoted(by(BioversityhPhilippines(
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“No(Cavendish(types(were(idenHfied(as(resistant,(although(GCTV119(from(Taiwan(and(CJ19(
from(Indonesia(show(be`er(survival(than(other(Cavendish(types;(however,(sHll(not(enough(to(
be(commercially(viable((Walduck(&(Daly(2007)(
(
h`p://www.nt.gov.au/d/Primary_Industry/Content/File/horHculture/TAR2006_07/Banana_panama_pg11_15.pdf(

Cavendish(somaclons(with(resistance(levels(to(Foc(TR4,(
produced(by(TBRI,(promoted(by(BioversityhPhilippines(



5(of(6(líneas(resistentes(en(invernadero(fueron(resistentes(en(campo(
(



Phenotyping for TR4 resistance- high-throughput system 
Fast but reliable! 



Screening for Fusarium wilt resistance 



Genotypes vs. Foc TR4 

1.  Grande(Naine((AAA)(
2.  Gros(Michel((AAA)(
3.  Maçã((Silk)(–(AAB(
4.  Prata((AAB)(
5.  *CIRAD(930((AA)(LM.%a.%malaccensis%
6.  *Pahang%(AA)%D%M.%a.%malaccensis%
7.  Matavia((Bluggoe)(–(ABB(
8.  Banksii((AA)(
9.  Tuu(Gia((AA)(
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*(Parcial(resistance((

Phenotyping for TR4 resistance- high-throughput system 



Evalua9on(of(East(African(Highland(Banana((AAA)(and(
Plantain((AAB)(genotypes(in(Asia(for(Foc(TR4(resistance((

Bioversity(InternaHonal(–(China,(Filipinas((



Caprichosa  
Type: Prata 

Tropical 
Type- Silk 

Garantida 
Type : Prata 

YS  : RESISTANT  
BLS: RESISTANT 
FW: RESISTANT 

Princesa 
Type : Silk 

YS  : RESISTANT  
BLS: RESISTANT 
FW: RESISTANT 

YS  : RESISTANT  
BLS: SUSCEPTIBLE 
FW: RESISTANT 

YS  : RESISTANT  
BLS: SUSCEPTIBLE 
FW: RESISTANT 

We(don’t(know(yet(their(reac9on(for(TR4(

Banana(Varie9es(resistant(to(Race(1(and(2((
Embrapa’s((breeding(program(



We(don’t(know(yet(the(reacHon(for(TR4(

Banana(Varie9es(resistant(to(Race(1(and(2((
Embrapa’s((breeding(program(

More(informaHon(with(Dr.(E.(Amorim(
edson.amorim@embrapa.br((



Understanding(gene9c(and(molecular(basis(of(resistance((
Compara9ve(transcriptome(analyses((of(compa9ble(((

and((incompa9ble(Musah(FOC(interac9ons(

Some(old(ques9ons:(
• (When(and(where(is(Foc(stopped(in(Cavendish(during(Race(1(infecHon?(
• (Which(gene(s)(are(involved?(At(what(level?((
• (Which(mechanisms(are(responsible(for(resistance((effecHve(>60(years)(

X Dita et al. 2010 
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Immune&& Par*al&resistant& Suscep*ble&

EST&data&4548&seq&



Banana(genome(vs.(Foc(genome:(1st(Insights(((

D’Hont'et'al.'Nature'488,''2012)'

Banana$genome$ Foc$TR4$In$vitro$$

BLAST&Match&
Characteris1cs&

Number&
of&

Proteins&

Number&of&
Predicted&
Secreted&
Proteins&

Number&of&
Predicted&
Secreted&
Proteins&<&
200&AA&

Conserved& 15238& 1526& 294&
Lineage&
Specific&(to&
Fo4287)& 140& 7& 2&
Unique&to&TR4& 451& 40& 12&

Foc$TR4$and$R1$in#planta##

Library Fol Foc 

Gran Naine vs. R1 121708 101125 

Gran Naine vs. TR4 114299 101186 

Pahang vs. TR4 23671 16702 

Dita%et%al%–%unpublished%%

Aligned%against%Fol$and%Foc$Foc$(dra*)%2so4ware%TopHat%

Berg(et(al.(2012(
LiLJun(Ma(Team((

Foc TR4 and R1 in planta  

Dita et al – unpublished  

Aligned(against(Foc%(draE)(LsoÄware(TopHat([(Dita(un(published](

Cellular localization Gran Naine- TR4 Pahang-TR4 
cytoskeleton 198 54 
cytosol/mitochondria 26 10 
endoplasmic reticulum 6 0 
extracellular 858 177 
golgi apparatus 3 1 
mitochondria 1332 487 
mitochondria/nucleus 9 2 
nucleus 2747 672 
peroxisome 24 2 
plasma membrane 1223 264 
Total 8397 2290 



Compara9ve(transcriptome(analyses((of(compa9ble(((
and((incompa9ble(Musah(FOC(interac9ons(

G.#Naine#Control#vs.#G.#Naine#Foc)R1)

Musa#genes##

Gran%Naine%Control%vs.%Gran%Naine%Foc)TR4)

Musa(Genes(



Nongke'No'1’'(resistant'mutant).'

Brazilian’'(suscep9ble'wild=type)'

48'hai'

48'hai'

96'hai'

96'hai'

PTI$
[pathogen'
triggered'
immunity]'
'
ETI$
[Effector'
triggered'
immunity]''



Compara9ve(proteomic(analyses:((Musah(FOC(interac9ons(



Compara9ve(proteomic(analyses:((Musah(FOC(interac9ons(

Conclusions:((
This( report( is( the( first( to( use( proteomic( profiling( to( study( the(
molecular(mechanism(of(banana(roots(infected(with(Foc4.((
The( differenHally( regulated( proteins( involved( in( different( defense(
pathways(are(likely(associated(with(different((resistant(levels(of(the(
three(banana(culHvars.(





Is(Transgenic(an(alterna9ve(?(What(do(we(know(so(far?(



Is(Transgenic(an(alterna9ve(?(What(do(we(know(so(far?(

Conclusion:((Significantly(higher(
AMPLprotein(content(in(transgenic(
lines(was(negaHvely(correlated(and(
higher(root(colonizaHon(was(
posiHvely(correlated(with(disease(
symptoms.(Six(transgenic(lines(
were(selected(for(field(evalua9on.(
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h"p://www.scien-ficamerican.com/ar-cle.cfm?
id=find8the8dna8in8a8banana8bring8science8home<



There(are(no(resistant(varieHes,(so(what(?(
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Mapping(and(epidemiological(studies(of(Foc(in(Peru(



"  ~(150(Fincas(mapeadas(
"  ~(62%(Foc((

Variedades(afectadas:(
•  Gros(Michel((AAA)(
•  Manzano((AAB)(
•  *Red(Macabu((AAB)(
•  *Baby((AA)(
•  Isla((AAB)(
•  Palillo((AAB)(
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Mapping(and(epidemiological(studies(of(Foc(in(Peru(



Banana varieties in San Luis de Shuaro District, Peru 

Isla Seda Bizcocho Manzano Morado Largo Palillo Bellaco

Variedades de banano y plátano
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Elements of managemnt present 
on farm with absence or lower 

levels of Fusarium wilt 
incidence 

Use of 
bioinputs 

Destronque Prunning  Fences 

CaOH 

Long(spacement(between(
plants(

Cut & apply CaOH Coffe debris Capacitation 

Eliminate disese plants 
Apply wood ash 



Ac9vity( Associa9on(
with(FOC(

IntroducHon(of(planHng(material(and(soil(from(other(farms(( ((
Leave(infected(plants(in(the(farm(without(isolaHon( ((
Presence((of(transit(areas(across(the(farm( ((
Remove(roots(and(soil(a`ached(to(suckers(in(the(farm( ((
Discard(infected(plants(in(rivers(or(irrigaHon(channels(( ((
Presence(of(water(flow(towards(the(farm(and(poor(drainage((((
Presence(of((FOC(in(neighboring(farms( ((
Tools(are(frequently(sterilized(( ((
Apply(measures(to(avoid(contaminated(soils(in(the(farm( ((
SelecHon(of(clean(planHng(material(( ((
DiversificaHon(of(varieHes( ((
Ca(idenHfy(the(disease(correclty(( ((
Use(of(natural(barriers( ((
Use(of(warning(systems(on(the(entry(points( ((
presence(of(fences( ((
Apply(crop(management(strategies( ((
OrganizaHon(and(capacitaHon(of(workers( ((
Monitoring(and(surveillance(for(early(detecHon( ((
Eliminate/isolate(infected(plants(immediately(( ((

((
((
((

High(
Medium(
Low(

Associa9on(of(some(prac9ces(
with(Fusarium(wilt(intensity(in(Peru((

(((((((((((((((((Roman,(2012)((



Cultural(control(



Chinese(Leek(((Allium%tuberosum)(suppress(Foc(
%%%%%%Dr.%Yi%Ganjun%in%the%7th%BAPNET%SC%MeePng,%Hanoi,%Vietnam%(

Cultural(control(



 A B C D 

E F G H 

Dr.(Yi,(GanLJun(–(Bapnet(meeHng(2012(

Cultural(control(



Allium%tuberosum(vs.(Foc(
Some(considera9ons(for(LAC(

Vs(

Photo"by"Yi"Ganjun( Photo"by"R."Ploetz(

•  Is(this(specie(adapted(to(LAC?(
•  What(is(the(pracHcity(for(bid(banana(plantaHons(of(monocrop(–(and(for(

agroforestry(systems?((

Cultural(control(



Farm%1:%Alto%Varas,%Turrialba,%Costa%Rica%%
%Watershade,%Turrialba%river%

roots%
roots%roots%

roots% %sucker%(pseudostem%strands%5110%cm)%

Pt1%

pet3%

Pt2%
Lv1%

Ll1%

Lv%

Ll2%

Lv%

Ll3%

Psudostem)strand)
~)Middle)15320)cm)

Psudostem)strand)
plant)base)15320)cm)

soil%soil%

soil%

soil%

Soil%
Composite%
Sample%
1/plant%

Roots%
Composite%
Sample%
1/plant%

454#sequencing#
%

Metagenomics%analysis%
Fuc?onal%diversity%%

Landscapes%characteriza?on%

Biocontrol(in(Foc(needs(to(be(associated(to(soil(heath((
and(suppressive(soils(need(a(be;er(understanding(



Integrated(approach(for(disease(management(and((
enhancing(produc9vity(in(Fochsuscep9ble(bananas(

Sustainable(producHon(of(banana(from(High(value,(but(FocL(suscepHble(varieHes(in(Market((

TC plants!
    + !

target endophytes!

Use of Beneficial 
Microbial Diversity!

Multifunctional isolates !

“Biotized”/bio-fortified 
healthy plants acclimatized – 

Plant fitness increased!!

Use of tailored fertilization based 
o n o r g a n i c a m e n d m e n t s 
(Biochar, manures, compost) +!
b e n e fi c i a l s o i l m i c r o b e s 
(Trichoderma & CIA)!

Soil -health oriented practices 
and crop Integrated management !

Healthy plants are 
established on a healthy soil !



Plant health through soil health management: boosting soils for 
increasing plant defenses and suppressiveness to reduce losses 
caused by Fusarium wilt on bananas!

Tola!

Generating a toolbox of practices based on agrobiodiveristy 
for sustainable management of Foc in banana 

15 farms 

15 farms 

30 farms 



Understanding(soil(suppressiveness(in(Fochbanana(

•  2(countries([Nicaragua(&(Costa(Rica](
•  3(farms/(country,(3(areas/farm/(5(plants/(area/((

Farm%1:%Alto%Varas,%Turrialba,%Costa%Rica%%
%Watershade,%Turrialba%river%

roots%
roots%roots%

roots% %sucker%(pseudostem%strands%5110%cm)%

Pt1%

pet3%

Pt2%
Lv1%

Ll1%

Lv%

Ll2%

Lv%

Ll3%

Psudostem)strand)
~)Middle)15320)cm)

Psudostem)strand)
plant)base)15320)cm)

soil%soil%

soil%

soil%

Soil%
Composite%
Sample%
1/plant%

Roots%
Composite%
Sample%
1/plant%

454#sequencing#
%

Metagenomics%analysis%
Fuc?onal%diversity%%

Landscapes%characteriza?on%



Q(1.(How(plant(and(soil(diversity(+(spaHal(organizaHon(alter(pests(abundances?((
Q(2.(How(a(profile(of(pests(alter(plant(growth?(
Q(3.(Which(plant(management(pracHces(should(minimize(pests(effects(on(yield?(
Q(4.(How(to(manage(spaHoLtemporal(factors(and(funcHonal(biodiversity(to(
guarantee(ecosystem(services(and(resilience(without(relevant(yield(penalHes?(

Adapted(from(P.(Tixier,(2013(

Agrobiodiversity(and(management(factors(vs.(Foc(&(overall(pests(

Black&
Sigatoka&

Nematodes&
FOC&

Weevils&

Cultural''
Prac*ces'

Q1#! Q2#! Q3#!

'
Spa*al'complexity'

X'
Plant'&'Soil'diversity'

'

Q#4#!
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Under(evaluaHon(for(Tropical(race(4(
Tropical(race(4,(1,(2(
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Fusarium wilt of banana: Global distribution 
Possible scenarios for global spreading 

?(
?(

This(MAP(is(only(a(tentaHve(approximaHon(of(the(distribuHon(of(Foc(to(
be(used(for(academic(purposes.(It(is(not(based(on(any(scienHfic(studies(
and(should(not(be(used(by(authoriHes(for(decision(making(purposes.(



• Policy(
makers(

• Governments((

• Farmers(
• AssociaHons(
• NGOs(

• Markets(
• Consumers(
• Exporters(

Exclusion(
Resistant(
VarieHes(

Biological(
Control(

Cultural(
Control(

(

What would be the best scenario to fight agaisnt TR4 
or any other high impact pest? "

Integra9on(

©
(M
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(



Landscape(and(watershed(

Banana(plant(+(Foc(DNA)(

Banana(PlantaHon(

PlantaHon(ecosystem(

Farm(ecosystem(

Local(landscape(&((MulHLFarm(

Photo(–ENDURE(Guadalupe(
Adapted from Staver 2011 Take(home(message((

Farm%1:%Alto%Varas,%Turrialba,%Costa%Rica%%
%Watershade,%Turrialba%river%

roots%
roots%roots%

roots% %sucker%(pseudostem%strands%5110%cm)%
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pet3%
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Lv1%

Ll1%
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Psudostem)strand)
~)Middle)15320)cm)

Psudostem)strand)
plant)base)15320)cm)

soil%soil%

soil%

soil%

Soil%
Composite%
Sample%
1/plant%

Roots%
Composite%
Sample%
1/plant%

454#sequencing#
%

Metagenomics%analysis%
Fuc?onal%diversity%%

Landscapes%characteriza?on%

h"p://www.scien-ficamerican.com/ar-cle.cfm?id=find8
the8dna8in8a8banana8bring8science8home<
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