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Pseudomonas syringaePseudomonas syringaePseudomonas syringaePseudomonas syringae, an archetype among plant , an archetype among plant , an archetype among plant , an archetype among plant 

pathogenic bacteriapathogenic bacteriapathogenic bacteriapathogenic bacteria

- Ubiquitous epiphyte
- Genome  6 Mbp
- Cool weather opportunist
- Multiple means of 

dissemination including 
airborneairborne

- Ice nucleation active



Plant Pathology 100 - Final Exam:

Which habitats are reservoirs of  

Pseudomonas syringae?

A

C

B

D



From outside to inside: Environmental From outside to inside: Environmental From outside to inside: Environmental From outside to inside: Environmental 

microorganisms as human pathogens.microorganisms as human pathogens.microorganisms as human pathogens.microorganisms as human pathogens.

Cangelosi, Freitag & Cangelosi, Freitag & Cangelosi, Freitag & Cangelosi, Freitag & 

Buckley, 18 p.Buckley, 18 p.Buckley, 18 p.Buckley, 18 p.

American Academy of American Academy of American Academy of American Academy of 

Microbiology 2004Microbiology 2004Microbiology 2004Microbiology 2004

http://www.asm.org/ASM/files/ccLibraryFiles/FILENAM E/000000001402/EnvironMicroBW.pdf



Critical point from report:Critical point from report:Critical point from report:Critical point from report:

AcquisitionAcquisitionAcquisitionAcquisition //// evolutionevolutionevolutionevolution ofofofof factorsfactorsfactorsfactors involvedinvolvedinvolvedinvolved inininin

pathogenicitypathogenicitypathogenicitypathogenicity totototo humanshumanshumanshumans andandandand inininin resistanceresistanceresistanceresistance totototo

medicallymedicallymedicallymedically----importantimportantimportantimportant antibioticsantibioticsantibioticsantibiotics cancancancan occuroccuroccuroccur inininin

environmentsenvironmentsenvironmentsenvironments thatthatthatthat::::

– dodododo notnotnotnot involveinvolveinvolveinvolve interactionsinteractionsinteractionsinteractions withwithwithwith humanhumanhumanhuman hostshostshostshosts

– dodododo notnotnotnot involveinvolveinvolveinvolve contactcontactcontactcontact withwithwithwith thesethesethesethese antibioticsantibioticsantibioticsantibiotics



InInInIn PlantPlantPlantPlant Pathology,Pathology,Pathology,Pathology, cancancancan wewewewe addressaddressaddressaddress analogousanalogousanalogousanalogous

hypotheseshypotheseshypotheseshypotheses concerningconcerningconcerningconcerning thethethethe rolerolerolerole ofofofof nonnonnonnon agriculturalagriculturalagriculturalagricultural

habitatshabitatshabitatshabitats inininin diversificationdiversificationdiversificationdiversification ofofofof pathogenspathogenspathogenspathogens andandandand inininin thethethethe

evolutionevolutionevolutionevolution ofofofof theirtheirtheirtheir pathogenicity?pathogenicity?pathogenicity?pathogenicity?

HaveHaveHaveHave wewewewe adequatelyadequatelyadequatelyadequately elucidatedelucidatedelucidatedelucidated thethethethe nonnonnonnon agriculturalagriculturalagriculturalagricultural

(and(and(and(and nonnonnonnon plant)plant)plant)plant) habitatshabitatshabitatshabitats ofofofof plantplantplantplant pathogens?pathogens?pathogens?pathogens? AreAreAreAre wewewewe

overlyoverlyoverlyoverly agroagroagroagro----centric?centric?centric?centric?



A bit of intuitionA bit of intuitionA bit of intuitionA bit of intuition: : : : 

HHHHoooo: : : : P. syringaeP. syringaeP. syringaeP. syringae is ubiquitous outside of agricultural contextsis ubiquitous outside of agricultural contextsis ubiquitous outside of agricultural contextsis ubiquitous outside of agricultural contexts



Quantitative isolation from nonQuantitative isolation from nonQuantitative isolation from nonQuantitative isolation from non----agricultural sites agricultural sites agricultural sites agricultural sites 

Survey of Survey of Survey of Survey of Pseudomonas syringae Pseudomonas syringae Pseudomonas syringae Pseudomonas syringae in wild placesin wild placesin wild placesin wild places

A bit of intuitionA bit of intuitionA bit of intuitionA bit of intuition: : : : 

HHHHoooo: : : : P. syringaeP. syringaeP. syringaeP. syringae is ubiquitous outside of agricultural contexts  is ubiquitous outside of agricultural contexts  is ubiquitous outside of agricultural contexts  is ubiquitous outside of agricultural contexts  

Selective mediumSelective mediumSelective mediumSelective medium

Phenotypic characterizationPhenotypic characterizationPhenotypic characterizationPhenotypic characterization

Confirmation of identity by molecular typing Confirmation of identity by molecular typing Confirmation of identity by molecular typing Confirmation of identity by molecular typing ––––

4 housekeeping genes: 4 housekeeping genes: 4 housekeeping genes: 4 housekeeping genes: cts, gyrB, gapA, rpoDcts, gyrB, gapA, rpoDcts, gyrB, gapA, rpoDcts, gyrB, gapA, rpoD



Epilithon
(biofilms on rocks)





Primula spp.

Hutchinsia alpina

Wild plants, for example :Wild plants, for example :Wild plants, for example :Wild plants, for example :



Silene acaulis



Fresh and firn snowFresh and firn snowFresh and firn snowFresh and firn snow



2800 m, Otzal Valley, Austria



Substrate Nt n+ Known regions Pop. density

Crops Worldwide, 
temperate zones

102 – 108 cfu/ 

leaf(g)

Wild plants
Primulaceae
other

21
5

14
4

FR, Italy, USA 500 – 105 cfu/g

Aerosols USA ↑↑↑↑ 30 cfu/m2/sec

Cloud water 5 3 FR, USA ca. 104 cfu/L

Survey of  Survey of  Survey of  Survey of  P. syringae P. syringae P. syringae P. syringae 

Cloud water 
(Amato el al 2007)

5 3 FR, USA ca. 104 cfu/L

Rain 4 2 FR 100 – 104 cfu/L

Snow 14 6 FR, Austria 100 – 105 cfu/L 

meltwater

Mountain lakes 

and streams

8 5 FR, USA, NZ 100 – 104 cfu/L

Epilithic biofilms 16 7 FR, USA 50 – 104 cfu/g

Irrigation water FR 12 – 70 cfu/L



Pseudomonas syringae Pseudomonas syringae Pseudomonas syringae Pseudomonas syringae : widespread in diverse : widespread in diverse : widespread in diverse : widespread in diverse 

substrates along the water cyclesubstrates along the water cyclesubstrates along the water cyclesubstrates along the water cycle

Morris et al 2008



Pseudomonas syringae Pseudomonas syringae Pseudomonas syringae Pseudomonas syringae in non agricultural habitats: in non agricultural habitats: in non agricultural habitats: in non agricultural habitats: 

are they similar to strains from agricultural ?are they similar to strains from agricultural ?are they similar to strains from agricultural ?are they similar to strains from agricultural ?

Genotype: Genotype: Genotype: Genotype: MLST of housekeeping genes      MLST of housekeeping genes      MLST of housekeeping genes      MLST of housekeeping genes      

Phenotype: Phenotype: Phenotype: Phenotype: host range, toxins, ice nucleation activity   host range, toxins, ice nucleation activity   host range, toxins, ice nucleation activity   host range, toxins, ice nucleation activity   



ctsctsctscts----gapAgapAgapAgapA----gyrBgyrBgyrBgyrB----rpoDrpoDrpoDrpoD

NeighborNeighborNeighborNeighbor----joiningjoiningjoiningjoining

3000 iterations3000 iterations3000 iterations3000 iterations

 CFBP 1392 Ps type

 B728a

 Sauze-030

 YM7902lachry

 FTRS_U7805morsp_302941

 1448A

 KN221 coronofaciens

 DC3000

100

98

53

55

100

99

78

72

99 100

100
100

91

100 crop irrig snow plant

Agriculture Non agricultural

crop irrig H2O snow rain biof plant

crop

crop

crop

crop

crop H2O snow biof

H2O

proportion differences per 1915 bases

 DC3000

 CC1420_CC1524

 Tarn-019

 Pf0-1

 PV612

 PF05

 PAO1

100

100

98

100

100
94

0.02

44 strains non agricultural origin
35 strains from crops
Groups with 2% or less sequence 
divergence (i.e. fewer than 40 base 
differences).

crop H2O snow biof

H2O biof

H2O



Pseudomonas syringae Pseudomonas syringae Pseudomonas syringae Pseudomonas syringae in non agricultural habitats: in non agricultural habitats: in non agricultural habitats: in non agricultural habitats: 

are they similar to strains from agricultural ?are they similar to strains from agricultural ?are they similar to strains from agricultural ?are they similar to strains from agricultural ?

Genomic groups of Genomic groups of Genomic groups of Genomic groups of P. syringaeP. syringaeP. syringaeP. syringae fall into 3 ecotypes:fall into 3 ecotypes:fall into 3 ecotypes:fall into 3 ecotypes:

- Only in crops (few genomic groups)Only in crops (few genomic groups)Only in crops (few genomic groups)Only in crops (few genomic groups)

- Only in water (few genomic groups)Only in water (few genomic groups)Only in water (few genomic groups)Only in water (few genomic groups)

- Widespread in many or all substrates (most groups)Widespread in many or all substrates (most groups)Widespread in many or all substrates (most groups)Widespread in many or all substrates (most groups)



lettuce

cantaloupe

Evaluation of host rangeEvaluation of host rangeEvaluation of host rangeEvaluation of host range

sugar beet



PPPP.... syringaesyringaesyringaesyringae //// bacterialbacterialbacterialbacterial blightblightblightblight ofofofof cantaloupecantaloupecantaloupecantaloupe



Bioassay for syringomycinBioassay for syringomycinBioassay for syringomycinBioassay for syringomycin----like toxinlike toxinlike toxinlike toxin



Assay for ice nucleation activity   Assay for ice nucleation activity   Assay for ice nucleation activity   Assay for ice nucleation activity   

----2222°C to C to C to C to ----8888°C /  10C /  10C /  10C /  104444 and 10and 10and 10and 106666 cellscellscellscells



20

30

40

50
at least 1

2 hosts

3 hosts

Snow & 
Rain
51

Lake & 
Stream

11

Epilithic
biofilms

20

Wild alpine
plants

69

Traits of Traits of Traits of Traits of Pseudomonas syringae Pseudomonas syringae Pseudomonas syringae Pseudomonas syringae in wild placesin wild placesin wild placesin wild places

Host range Host range Host range Host range 

(% of strains)(% of strains)(% of strains)(% of strains)

B
AAA

B

0

10

snow-rain lakes-stream epilith wild-plants

0

20

40

60

snow- r a i n l a k e s- st r e a m e pi l i t h wi l d- pl a nt s

% strains producing % strains producing % strains producing % strains producing 

syringomycinsyringomycinsyringomycinsyringomycin----like like like like 

toxin toxin toxin toxin 

pairpairpairpair----wise wise wise wise χχχχ2222, p, p, p, p<<<< 0.05  0.05  0.05  0.05  

AA
A

B



Snow & 
Rain
51

Lake & 
Stream

11

Epilithic
biofilms

20

Wild alpine
plants

69

All strains of All strains of All strains of All strains of P. syringaeP. syringaeP. syringaeP. syringae from precipitation are INA from precipitation are INA from precipitation are INA from precipitation are INA 

at warm temperatures at warm temperatures at warm temperatures at warm temperatures –––– unlike other substratesunlike other substratesunlike other substratesunlike other substrates

Traits of Traits of Traits of Traits of Pseudomonas syringae Pseudomonas syringae Pseudomonas syringae Pseudomonas syringae in wild placesin wild placesin wild placesin wild places

0
20
40
60
80

100

snow-rain lakes-stream epilith w ild-plants

51 11 20 69

% ice nucleation % ice nucleation % ice nucleation % ice nucleation 

active active active active 

((((----2222° to to to to ----6666°
in 10in 10in 10in 106 6 6 6 cells)cells)cells)cells)

pairpairpairpair----wise wise wise wise χχχχ2222, p , p , p , p <<<< 0.050.050.050.05

A
A

BBB



Implications of non agricultural habitats of a plant Implications of non agricultural habitats of a plant Implications of non agricultural habitats of a plant Implications of non agricultural habitats of a plant 

pathogen for epidemiology, ecology and evolutionpathogen for epidemiology, ecology and evolutionpathogen for epidemiology, ecology and evolutionpathogen for epidemiology, ecology and evolution

Some preliminary questions:Some preliminary questions:Some preliminary questions:Some preliminary questions:

• CanCanCanCan wewewewe evaluateevaluateevaluateevaluate thethethethe biogeographybiogeographybiogeographybiogeography ofofofof aaaa pathogenpathogenpathogenpathogen

independentindependentindependentindependent fromfromfromfrom croppingcroppingcroppingcropping patternspatternspatternspatterns andandandand transporttransporttransporttransport ofofofof plantplantplantplant

materials?materials?materials?materials?

• DoDoDoDo plantplantplantplant pathogenspathogenspathogenspathogens havehavehavehave otherotherotherother keykeykeykey rolesrolesrolesroles inininin thethethethe

environment?environment?environment?environment?



US

FR, IT

Biogeography of Biogeography of Biogeography of Biogeography of Pseudomonas syringae Pseudomonas syringae Pseudomonas syringae Pseudomonas syringae 
in source waters of riversin source waters of riversin source waters of riversin source waters of rivers

US

NZ



1111

2222
3333

4444

Bozeman, MT

Yellowstone River

north of Yellowstone National 
Park

in Grand Teton National Park

5555
6666

7777

8888

9999

Jackson 
Lake



Vars 
pass

10

11

12

13

Foréant Lake

Longet Lake

Bes 
Lake

Varaita River

Barcelonnette

14source of Tarn River21

22 source of Viaur River



Waikato 
River

15

Nevis River

New Zealand

16

(collaboration Joel Vanneste, HortResearch NZ)

Schoolhouse Creek
Commissioners Creek



log cfu / Llog cfu / Llog cfu / Llog cfu / L

SiteSiteSiteSite datedatedatedate

P. P. P. P. 
syringaesyringaesyringaesyringae

total total total total 

bacteriabacteriabacteriabacteria

1111 Aug 2007 3.92 6.93

2222 Aug 2007 2.75 5.84

3333 Aug 2007 3.04 6.27

4444 Aug 2007 2.62 6.25

log cfu / Llog cfu / Llog cfu / Llog cfu / L

SiteSiteSiteSite datedatedatedate

P. P. P. P. 
syringaesyringaesyringaesyringae

total total total total 

bacteriabacteriabacteriabacteria

10101010 Jun 2006 4.41 nd

11111111 Jun 2006 2.69 nd

12121212 Jun 2006 3.75 nd

13131313 Jul 2006 2.77 6.32

5555 Aug 2007 2.86 7.48

6666 Aug 2007 2.69 6.82

7777 Aug 2007 2.86 8.10

8888 Aug 2007 (<1.00) 6.48

9999 Aug 2007 2.84 6.32

15151515 Dec 2006 2.49 4.95

13131313 Apr 2007 1.52 6.04

13131313 May 2007 (<1.00) 5.28

14a14a14a14a Apr 2007 4.32 7.25

14a14a14a14a May 2007 2.16 5.55

14b14b14b14b Apr 2007 3.38 7.30

14b14b14b14b May 2007 1.56 5.62

21212121 Apr 2007 2.65 7.24



US

FR

Strain collection for biogeographical analysisStrain collection for biogeographical analysisStrain collection for biogeographical analysisStrain collection for biogeographical analysis

Ubaye: ca. 400 strains
Sauze: ca 120 strains
Tarn: 24 strains
Viaur: 30 strains 

US

NZ
Yellowstone River
Pine Creek: 30 strains

Snake River
Arizona Creek: 26 strains
Pilgrim Creek: 21 strains
Cascade Creek: 29 strains

Schoolhouse Creek: 75 strains
Commissioners Creek: 30 strains



US

FR

22

21

10

0
33

12

11

Preliminary results Preliminary results -- Population structure vs. geographic 
location: any dissemination patterns?

NZ43

42

40

37 Differences in genetic Differences in genetic Differences in genetic Differences in genetic 

structure among sites structure among sites structure among sites structure among sites 

(Fst, cts gene sequence(Fst, cts gene sequence(Fst, cts gene sequence(Fst, cts gene sequence

327 strains).327 strains).327 strains).327 strains).

Analysis of effect of water 
chemistry on population 
structure – in progress



How isHow isHow isHow is P. syringae P. syringae P. syringae P. syringae related to the water cycle :related to the water cycle :related to the water cycle :related to the water cycle :

simple passenger or active  partner?simple passenger or active  partner?simple passenger or active  partner?simple passenger or active  partner?



How isHow isHow isHow is P. syringae P. syringae P. syringae P. syringae related to the water cycle :related to the water cycle :related to the water cycle :related to the water cycle :

simple passenger or active  partner?simple passenger or active  partner?simple passenger or active  partner?simple passenger or active  partner?

It ‘rides’ the water cycle: clones are present in d ifferent 
substrates (identical for 10 housekeeping gene sequences, Vina tzer et al).

snowsnowsnowsnow

Morris et al 2008

irrigation irrigation irrigation irrigation 

waterwaterwaterwater

cantaloupecantaloupecantaloupecantaloupe



Does it play a role in the water cycle:
induction of precipitation via INA ?

How isHow isHow isHow is P. syringae P. syringae P. syringae P. syringae related to the water cycle :related to the water cycle :related to the water cycle :related to the water cycle :

simple passenger or active  partner?simple passenger or active  partner?simple passenger or active  partner?simple passenger or active  partner?

Morris et al 2008



Indirect evidence concerning the role ofIndirect evidence concerning the role ofIndirect evidence concerning the role ofIndirect evidence concerning the role of

P. syringae  P. syringae  P. syringae  P. syringae  in precipitationin precipitationin precipitationin precipitation

Ward, P.J., and P.J. DeMott. 1989198919891989. Preliminary experimental evaluation of 
Snomax snow inducer, Pseudomonas syringae, as an artificial ice nucleus 

for weather modification. J. Weather Modif. 21:9-13.

Chamber experiments
15

10

11

12

13

14

-15 -10 -5 0
Temperature °C

Ic
e 

cr
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l y
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ld

 (
#/

g)

AgI (sol'n)
 AgI (pyro)
Dry Ice
Snomax



Ward, P.J., and P.J. DeMott. 1989198919891989. Preliminary experimental evaluation of 
Snomax snow inducer, Pseudomonas syringae, as an artificial ice nucleus 

for weather modification. J. Weather Modif. 21:9-13.

Cloud seeding experiments in the field:

Indirect evidence concerning the role ofIndirect evidence concerning the role ofIndirect evidence concerning the role ofIndirect evidence concerning the role of

P. syringae  P. syringae  P. syringae  P. syringae  in precipitationin precipitationin precipitationin precipitation

« In one case, visible glaciation effects were appar ent 
as warm as the -5°C level…. No ice crystal 
concentration data were collected »



Möhler, O., et al. 2008200820082008.... Heterogeneous ice nucleation activity of bacteria:
new laboratory experiments at simulated cloud conditions. Biogeosciences
5:1425-1435.

AIDA experiments

Institute for Meteorology and Climate Research,  Karlsruhe, Germany 

Indirect evidence concerning the role ofIndirect evidence concerning the role ofIndirect evidence concerning the role ofIndirect evidence concerning the role of

P. syringae  P. syringae  P. syringae  P. syringae  in precipitationin precipitationin precipitationin precipitation

Institute for Meteorology and Climate Research,  Karlsruhe, Germany 

Strains of 
P. syringae, P. viridiflava, E. herbicola

•No significant ice activity above −7C. 

•They are ice-active @ −7 and −11C 

•INA fraction = 10−4.



To demonstrate thatTo demonstrate thatTo demonstrate thatTo demonstrate that P. syringae  P. syringae  P. syringae  P. syringae  plays a role in plays a role in plays a role in plays a role in 

precipitation precipitation precipitation precipitation 

Interdisciplinary research: Interdisciplinary research: Interdisciplinary research: Interdisciplinary research: meteorology, atmosphere physics, 

microbiology, modeling

Ideal field sites: Ideal field sites: Ideal field sites: Ideal field sites: orographic clouds, sites with important changes 

in land use patterns, ‘controlled’ sources of P. syringae

Historical records: Historical records: Historical records: Historical records: the archives of ice cores

Tools for quantifying biological ice nuclei and Tools for quantifying biological ice nuclei and Tools for quantifying biological ice nuclei and Tools for quantifying biological ice nuclei and P. syringaeP. syringaeP. syringaeP. syringae ice ice ice ice 

nuclei nuclei nuclei nuclei 

«««« Microbiological MeteorologyMicrobiological MeteorologyMicrobiological MeteorologyMicrobiological Meteorology »»»»



Conceptual:Conceptual:Conceptual:Conceptual:

To what type(s) of niches did the ancestor of To what type(s) of niches did the ancestor of To what type(s) of niches did the ancestor of To what type(s) of niches did the ancestor of P. syringaeP. syringaeP. syringaeP. syringae
adapt?adapt?adapt?adapt?

Is Is Is Is P. syringaeP. syringaeP. syringaeP. syringae an aquatic bacterium ?an aquatic bacterium ?an aquatic bacterium ?an aquatic bacterium ?

Implications of non agricultural habitats of a plant Implications of non agricultural habitats of a plant Implications of non agricultural habitats of a plant Implications of non agricultural habitats of a plant 

pathogen for epidemiology, ecology and evolutionpathogen for epidemiology, ecology and evolutionpathogen for epidemiology, ecology and evolutionpathogen for epidemiology, ecology and evolution

Is Is Is Is P. syringaeP. syringaeP. syringaeP. syringae an aquatic bacterium ?an aquatic bacterium ?an aquatic bacterium ?an aquatic bacterium ?

What environmental factors drive the evolution of ‘modern’ What environmental factors drive the evolution of ‘modern’ What environmental factors drive the evolution of ‘modern’ What environmental factors drive the evolution of ‘modern’ 

P. syringaeP. syringaeP. syringaeP. syringae ????

Are there environmental factors that are equal or stronger Are there environmental factors that are equal or stronger Are there environmental factors that are equal or stronger Are there environmental factors that are equal or stronger 

selective pressures than crop genotype for emergence of selective pressures than crop genotype for emergence of selective pressures than crop genotype for emergence of selective pressures than crop genotype for emergence of 

pathotypes?   pathotypes?   pathotypes?   pathotypes?   (co(co(co(co----evolution)evolution)evolution)evolution)



Epidemiology and disease controlEpidemiology and disease controlEpidemiology and disease controlEpidemiology and disease control: : : : 

Does Does Does Does P. syringaeP. syringaeP. syringaeP. syringae play beneficial roles in the environment?  play beneficial roles in the environment?  play beneficial roles in the environment?  play beneficial roles in the environment?  

If so, how do we balance disease control strategies with If so, how do we balance disease control strategies with If so, how do we balance disease control strategies with If so, how do we balance disease control strategies with 

protection of these other roles?protection of these other roles?protection of these other roles?protection of these other roles?

Implications of non agricultural habitats of a plant Implications of non agricultural habitats of a plant Implications of non agricultural habitats of a plant Implications of non agricultural habitats of a plant 

pathogen for epidemiology, ecology and evolutionpathogen for epidemiology, ecology and evolutionpathogen for epidemiology, ecology and evolutionpathogen for epidemiology, ecology and evolution

protection of these other roles?protection of these other roles?protection of these other roles?protection of these other roles?

If If If If P. syringaeP. syringaeP. syringaeP. syringae is in  old ice, does this give new meaning to is in  old ice, does this give new meaning to is in  old ice, does this give new meaning to is in  old ice, does this give new meaning to 

“latency” in epidemiological cycles (as the ice melts) ?“latency” in epidemiological cycles (as the ice melts) ?“latency” in epidemiological cycles (as the ice melts) ?“latency” in epidemiological cycles (as the ice melts) ?

Is ice nucleation activity a means of assuring deposition of Is ice nucleation activity a means of assuring deposition of Is ice nucleation activity a means of assuring deposition of Is ice nucleation activity a means of assuring deposition of 

bacteria (and other light particles with which it is associated)?bacteria (and other light particles with which it is associated)?bacteria (and other light particles with which it is associated)?bacteria (and other light particles with which it is associated)?



In progressIn progressIn progressIn progress

ModelingModelingModelingModeling thethethethe flowflowflowflow ofofofof PPPP.... syringaesyringaesyringaesyringae fromfromfromfrom snowpacksnowpacksnowpacksnowpack totototo

surfacesurfacesurfacesurface waterswaterswaterswaters inininin thethethethe geologicalgeologicalgeologicalgeological contextcontextcontextcontext ofofofof thethethethe southernsouthernsouthernsouthern

AlpsAlpsAlpsAlps andandandand itsitsitsits consequenceconsequenceconsequenceconsequence onononon diseasediseasediseasedisease epidemiologyepidemiologyepidemiologyepidemiology....

DoctoralDoctoralDoctoralDoctoral thesis,thesis,thesis,thesis, CarolineCarolineCarolineCaroline MonteilMonteilMonteilMonteil

AssociationAssociationAssociationAssociation ofofofof rustrustrustrust sporessporessporesspores withwithwithwith iceiceiceice nucleationnucleationnucleationnucleation activeactiveactiveactive PPPP....

syringaesyringaesyringaesyringae:::: impactimpactimpactimpact onononon disseminationdisseminationdisseminationdissemination andandandand survivalsurvivalsurvivalsurvival....

CollaborationCollaborationCollaborationCollaboration withwithwithwith ICARDAICARDAICARDAICARDA (Syria)(Syria)(Syria)(Syria) andandandand

MontanaMontanaMontanaMontana StateStateStateState UniversityUniversityUniversityUniversity



Dave Sands, MSUDave Sands, MSUDave Sands, MSUDave Sands, MSU Boris Vinatzer, VA TechBoris Vinatzer, VA TechBoris Vinatzer, VA TechBoris Vinatzer, VA Tech Joel Vanneste, Plant & Food Res., NZJoel Vanneste, Plant & Food Res., NZJoel Vanneste, Plant & Food Res., NZJoel Vanneste, Plant & Food Res., NZ


