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A long history pest and disease 
resistance research in forestry….
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Disease resistance breeding
• western white and sugar pines

– blister rust resistance
• USDA For Serv (Moscow, ID; 
Doreena, OR; IFG, CA)
• BC MoFR and Canadian Forest 
Service

• loblolly and slash pines
– fusiform rust resistance

• NCSU / U. Florida / WGTIP
• radiata pine 

– Dothistroma (RPBC-FRI (Scion))
• poplars

– e.g., Greenwood /  many European 
countries)
–Melampspora, Septoria, Venturia

• chestnut



Insect resistance breeding

Improvement Programs
• spruces 

– white pine weevil (B.C.)
– aphids (DK,UK)

• poplar
– long-horned beetle, stem borers  

(China, US)
– leaf beetles

Research / Screening Programs
• >> leaf beetles – poplars, ‘Eucs’
• >> mammals- ‘Eucs’, redcedar
• >> adelgids in spruce
• >> birch borer / ash borer
• >> bark beetles (lodgepole pine)
• >> many others!!



• ~ 260 resistance ‘research programmes’ identified
• ~ 20 programmes are ‘using’ or have identified 
resistance materials
• only 4-5 major commercial forestry programmes 
have documented ‘impacts’ (~2%!?)

• substantial investments have had to be made in these 4- 
5 large commercial programmes!
• and decades in most cases to develop.

• ‘transgenic resistance’ – most are with poplars in 
China

Tree Improvement and Breeding Programmes 
for Pest and Disease Resistance…..summary



‘Road blocks’ to application of 
resistance research:

• studies are developed that work on 
materials not related to a breeding (or 
with a significant planting) program

• adequate infection does not occur in a 
trial, or

• artificial inoculation techniques are too 
expensive (and a large enough 
population cannot be screened), and

• the genetic gain in resistance may not 
be ‘silviculturally’ important or effective 
(and little confidence it will hold up, or is 
important in the long term) 



Interior spruce breeding program

• first generation orchards producing resistant seed
• ~20-40% reduction in attack /yr (lower in Sitka spruce)
• over 80 million trees planted per year

They value of this resistance may be greater for some future biotic challenge, 
than the current problem (terminal weevil).....now largely ‘solved’!?



Predicted changes in productivity of lodgepole pine 
breeding zones in BC (~2040); and “facilitated migration”?

+6.9% +18.4%

+25.3%

Local Local + 2°C Optimized at +2°C

From: Wang et al. 2006, Global Change Biology 12:2404-2416
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Possibly good news, but will th
is just be more 

food for the insects / hosts for diseases!?



Climate and pest range shifts under future 
warming predictions; e.g., Gypsy moth
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mountain pine beetle 
mortality in lodgepole pine 

Complexities with climate change and risk
• “warmer is better” for insects
• “warmer and wetter” better for pathogens
• reduced mortality of pests by natural enemies?

• lag effect
• variable range expansion

• increased host susceptibility
• physiological maladaptation
• changes to resistance gene expression in host

• complex ‘g x P x e’ interactions





Will our traditional approach serve us 
well with uncertain future climates?

• Pests and diseases we will be facing?
– Increased activity/damage in current distributions 
– Continuing exotic pest and disease introductions
– Large uncertainty in our predictions past 2040-2050

• Can we afford to develop ‘specific’ resistances to 
pest ‘x’ (or disease ‘y’)?

– 15-40 years per programme to develop and deploy 
resistant material...!!??

– Relatively few high economic impacts to report 
• Can we utilize current biotic challenges as 

surrogates against classes/guilds of potential 
pests? 



The difficulty in ‘finding’ mechanisms
• e.g., mountain birch herbivory... 

(Haukioja et al.)… after decades of 
research – resistance is complex!;
– Large spectrum of compounds 

that change over  seasons
– Resistance varies by herbivore
– Changes in nutrients, water 

content and leaf toughness as 
important as any chemistry

• Endophyte interactions
– Induced responses?
– g x ‘E’ x e interactions

• e.g., Hessian wheat fly
• >25+ genes segregating for 
resistance to Hessian fly
• resistance genes coding for the 
proteins unknown Hessian fly (Mayetiola destructor) on Wheat

Courtesy: 
R. Ganley, Scion





Sitka spruce clone #898 – immune to all attacks by spruce terminal weevil!

--(+) 3(+) 3-- carenecarene

-- dehyrdobieticdehyrdobietic acidacid
One generation of strong selection has now 

provided  ‘silviculturally useful’ levels of 
resistance in BC spruces



Indian Point (IP86) Indian Point (IP86) –– lodgepolelodgepole pine pine 
openopen--pollinated progeny test pollinated progeny test –– age 20age 20

?

h2 @ 80% mortality =0.25
rf (mortality, d-3-carene) = - 0.35

•Yanchuk, A.D., Murphy, J.C. and K.F. Wallin. 2008. Preliminary evaluation of genetic variation of attack 
and resistance in lodgepole pine to mountain pine beetle. Tree Genetics and Genomes 4:171-180.
•Ott, D. 2010. M.Sc. thesis, UNBC



h2 ~30%

Findings from genomics 
research

• well known 
‘housekeeping’ genes

• TBS-LRRS
• kinases
• heat shock proteins

• marker assisted 
selection?
• genome wide (assisted) 
selection?



Building resistance ‘portfolios’ to classes of 
diseases and pests?

Spruce 
Genotype

1 Yes No Yes Good
2 No Yes Yes Average
3 Yes No No Average

Pine 
Genotype

A Yes Yes No No
B No Yes Yes Yes
C Yes No No Yes

so, we can also build our own ‘crosses resistance’ (stacking)



Concluding Points
• Traditional breeding approaches have been very 

successful in several places, but…
– limited to species have the tree improvement ‘machinery’ in place
– not generally focused on problems where resistance can be 

delivered, and silvicultural management options are limited
– expect a continuation of new pest introductions and outbreaks!?
– resistance has taken decades to develop…???

• New approaches necessary?
– can we develop ‘general mechanisms’ of resistance across classes 

of pests (i.e., cross resistance?) 
• General resistance features
• Multiple challenges from different pathogens / insects
• Pyramiding or stacking
• Focus on fewer species, and pool resources and expertise
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Thank youThank you

Finally, climatic change effects will force to 
accept higher levels of risk (and losses) than 
we are accustomed!
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