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Breeding for Growth Improvement and Resistance 
to Multiple Pests in Thuja plicata  

John H. Russell1 and Alvin D. Yanchuk1 

Introduction 
Western redcedar (Thuja plicata Donn ex D. Don), a member of the Cupressaceae, is an important 

commercial species in British Columbia (BC) and the Pacific Northwest (PNW), which is prized for 
its heartwood and its performance as a naturally durable outdoor building material. Although a 
genetic improvement program has been ongoing for only 15 years in BC, substantial progress has 
been made owing in part to its unique genetic and biological properties. These include early precious 
flowering and short generations (Russell and Ferguson 2008), the ability to self with minimal 
inbreeding depression (Russell et al. 2003), and ease of vegetative propagation and clonal 
deployment. 

Initial population improvement focused on growth and adaptability as well as heartwood 
durability–an important wood quality trait for second growth western redcedar. The heartwood of this 
species contains secondary extractives implicated in rot resistance to a number of fungal species 
(Daniels and Russell 2007, Maclean and Gardner 1956). Tropolones are a group of extractives that 
are present in relatively small concentrations, but are highly fungitoxic to a suite of fungal rot species 
in living trees. These extractives are readily leached out of wood in service, but lignans, another 
group of secondary compounds (e.g., plicatic acid) are not. Lignans are mildly fungitoxic as 
compared to the tropolones, but are in greater concentrations in the heartwood (Morris and Sterling 
2010). Individual tropolone and lignin compounds have moderate to high heritibilities (h2

ns = 0.25 to 
0.58) and additive coefficients of variability (CVadd >68 percent) (Russell and Daniels 2010). 

In addition to fungal rots, black-tailed deer (Odocoileus hemionus columbianus) and cedar leaf 
blight (Didymascella thujina) have increasingly caused western redcedar plantation failures and 
reduced growth, and resulted in longer times to reach free to grow status. Black-tailed deer have been 
shown to avoid browsing trees that are high in volatile foliage monoterpenes (Kimball et al. 2012, 
Vourc’h et al. 2002). Similar to heartwood secondary extractives, foliage monoterpenes have 
moderate to high heritibilities (h2

ns = 0.48 to 0.60) and additive coefficients of variability (CVadd 24 to 
66 percent) (Russell, unpublished data)  

Cedar leaf blight (CLB) occurs throughout western redcedar’s range, but is especially virulent in 
humid, warm environments typical of the highly productive maritime ecosystems for western 
redcedar (Kope and Trotter 1998). There is significant genetic variation in resistance to CLB across 
moderately to heavily infected sites (h2

ns=0.18; CVadd=14 percent) (Russell et al, 2007) and this 
variation is strongly correlated to population-origin climate with parents from wetter, milder sites 
having greater resistance. 

As climates change and pests, known and unknown, become more abundant, breeding strategies 
need to adapt to better accommodate shifts in environmental stresses. Developing breeding 
populations that are resilient to multiple pests, as well as maintaining adaptability and growth, is 
imperative to ensure current and future forest health.  
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Initial Population Improvement  
Western redcedar has been under domestication since the late 1990s. Two main populations were 

used for initial selections and breeding: 1) 1,000 wildstand parent trees selected from throughout the 
species coastal range from northern California to northern BC, and grafted into clonebanks at 
Cowichan Lake Research Station (CLRS), and 2) BC range-wide provenance trials with open-
pollinated family structure. The four main traits described above had the following improvement to 
date: 

1) Growth and CLB resistance. The above wildstand parent trees were polycrossed with a 
common 20 parent mix, and progeny established in 45 field tests across seven annual series 
throughout BC between 2000 and 2008. Top breeding value parents for predicted volume 
production at 60 years varied from 18 to 35 percent, over wildstand seedlots based on 7 to 10 
year heights. On individual sites highly infected with CLB, an increase in the disease impacted 
height and diameter growth significantly with genetic correlations from -0.58 to -0.88 at age 
10 years (fig. 1); however, type B genetic correlations between CLB and height on sites with 
no CLB are not significantly different from zero. Backward selections that are both CLB 
resistant and high volume producers have been established in a breeding orchard and are 
currently being mated using partial diallels with assortative mating. Approximately 350 full-
sib families have been completed to date with an anticipated 700 families in total when 
completed.  
 

 
Figure 1—Relationship between western redcedar parental breeding values (BV) for cedar 
leaf blight (CLB) and height at a British Columbia maritime low elevation test site. Positive 
CLB BVs indicate susceptibility. 
 

2) Heartwood rot-resistant population. Approximately 350 of the wildstand parent trees were old 
enough (20 years) to estimate heartwood extractives. Inner and outer heartwood from these 
trees have been profiled for tropolones (implicated in resistance of living heartwood) and 
lignans (responsible for durability of wood in service) using multiple ramets from clonebanks 
and seed orchard trees. Sixty backward selections have been made based on total thujaplicins 
and plicatic acid. These backward selections are currently in a breeding orchard for advanced 
generation breeding.  
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3) Deer browse-resistant population. All 1,000 wildstand parent trees were profiled for individual 
monoterpene compounds using foliage from multiple ramets in clone banks and seed orchards. 
In addition, foliar monoterpenes were estimated from 2,200 open-pollinated progeny from the 
range-wide provenance trial mentioned above, at age 6 years. Approximately 120 clonal and 
forward selections were made from both populations based on deer browse intensity and total 
monoterpenes. These parents were bred using partial diallels with assortative mating including 
selfs. Approximately 400 families were sown and forward selections made based on total 
foliage monoterpenes from one-year-old seedlings in the greenhouse (target age for deer 
browse resistance). First generation selections averaged around 35,000 ppm total 
monoterpenes and second generation selections averaged over 75,000 ppm. These forward 
selections are established in a breeding orchard and are currently available for 3rd generation 
breeding.  

Advanced Population Improvement 
Our objective for western redcedar is to develop a durable advanced generation breeding population 
with potential cross resistance. Developing breeding populations that are resilient to multiple pests 
may not only give protection against the current target pests, but potentially against future unknown 
ones. Selections for both increased volume production and CLB resistance are readily achieved for 
deployment on sites that have CLB, which is currently the majority of productive western redcedar 
forests. Genetic correlations between secondary extractives in the foliage and growth rate (fig. 2), and 
secondary extractives in heartwood and foliage (fig. 3), although not strong, are positively low to 
moderate. This is a simplistic measure and assessment of complex chemical pathways, but it does 
give us a potential indication that there is minimal competition in chemical resources between foliage 
and heartwood extractives. We have no information on CLB resistance mechanisms at this time, but 
as in many leaf disease studies, foliar monoterpenes have played a significant role (e.g., Wallis et al. 
2011).  
 
 

 
Figure 2—Relationship between western redcedar breeding values (BV) for foliage monoterpene and 
growth in a BC coastal open-pollinated progeny trial. 
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Figure 3—Relationship between western redcedar clonal values for foliar monoterpenes and 
heartwood tropolones in a 20-year-old clonal trial (blue box = independent culling). 

 
 

Advanced generation breeding strategy will involve breeding groups by traits and matings performed 
within and between groups using partial diallels (fig. 4) with assortative mating within groups. 
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Figure 4—Western redcedar advanced generation breeding strategy for multiple pests and growth. 
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This new population will be tested in environments conducive to the respective stresses. Because 
of the partial confounding of population with selection objectives in the first generation of screening, 
we expect it would be beneficial to do further field testing  in each of the growth/CLB and the deer 
resistance populations prior to make final selections for advanced generation breeding population.  

For the growth/CLB selections, advanced generation full-sib matings from backward selections 
have already been done. Seed from these families will be grown in the nursery and tested for foliar 
monoterpenes at age one year. The top selections for total monoterpenes will then be cloned and 
tested for growth/CLB in short-term tests. For the deer resistance population, families from second 
generation breeding have already been tested for foliar monoterpenes and forward selections cloned 
for production hedges. These clones will be established in short-term tests in environments conducive 
to good growth and cedar leaf blight infection. Clones from both of these additional trials will be 
selected based on the respective target traits for the advanced generation durable breeding population. 

The final population (Ne~100) will be composed of: 1) 50 third generation forward selections 
from the deer resistant population further clonally selected for growth and CLB resistance; 2) 50 first 
generation parental selections based on clonal values for total heartwood extractive content with 
independent culling for the other target traits; and 3) 50 second generation forward selections for 
volume further selected for deer resistance. Currently, mechanisms for CLB resistance are unknown, 
but being researched. It may be appropriate to make additional CLB selections based on future 
potential resistance mechanisms.   

Literature Cited 
Daniels, B.; Russell, J.H. 2007. Analysis of western redcedar (Thuja plicata Donn) heartwood components by 

HPLC as a possible screening tool for trees with enhanced natural durability. Journal of Chromatographic 
Science. 45(5): 281–285.  

Kimball, B.A.; Russell, J.H.; Ott, P. 2012. Phytochemical variation within a single plant species influences 
foraging behavior of deer. Oikos. 121: 743–751. 

Kope, H.H.; Trotter, D. 1998. The use of degree days to establish biological events for Didymascella thujina, 
a foliar fungal leaf blight of Thuja plicata seedlings. Proceedings of the 7th International Congress of Plant 
Pathology. Oxford, UK: Elsevier. 

Maclean, H; Gardner, J.A.F. 1956. Distribution of fungicidal extractives (thujaplicin and water-soluble 
phenols) in western red cedar heartwood. Forest Products Journal. 6(12): 510–516. 

Morris, P.I; Stirling, R. 2011. Western redcedar extractives associated with durability in ground 
contact. Wood Science and Technology. DOI: 10.1007/s00226-011-0459-2. 

Russell, J.H.; Burdon, R.B.; Yanchuk, A.D. 2003. Inbreeding depression and variance structures for height 
and adaptation in self- and outcross Thuja plicata families in varying environments. Forest Genetics. 10(3): 
171-184. 

Russell, J.H.; Daniels, B. 2010. Variation in western redcedar heartwood extractives. In: Harrington, C., (ed.). 
A tale of two cedars – international symposium on western redcedar and yellow-cedar. Gen. Tech. Rep. 
PNW-GTR-828. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research 
Station: 83–86. 

Russell, J.H.; Ferguson, C.F. 2008. Preliminary results from five generations of a western redcedar (Thuja 
plicata) selection study with self mating. Tree Genetics and Genomes. 4(3): 509–518. 

Russell, J.H.; Kopes, H.; Ades, P.; Collinson, H. 2007. Genetic variation in Didymascella thujina resistance 
of Thuja plicata. Canadian Journal of Forest Research. 37(10): 1978–1986. 

Vourc’h, G.; Russell, J.H.; Martin, J.L. 2002. Linking deer browsing and terpene production among genetic 
identities in Chamaecyparis nootkatensis and Thuja plicata (Cupressaceae). Journal of Heredity. 93(5): 
370–376. 

Wallis, C.M.; Huber, D.P.W.; Lewis. K.D. 2011. Ecosystem, location and climate effects on foliar secondary 
metabolites of lodgepole populations from central British Columbia. Journal of Chemical Ecology. 37: 607–
621. 



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



