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Abstract: Early results from this trial (up to age 23) showed little evidence of 

provenances being ‘best adapted’ to their original location. This contrasted 
with earlier genecological work showing Douglas-fir to be locally adapted and 
therefore seed transfer should be limited. Growth information from the age 45 
measurements on 3 BC sites indicates that the local source does in fact 
perform best on average (2/3 sites). However, geographic pattern of 
provenance variation was weak; this suggests lack of convergence between 
natural populations and their native habitats.  Local optimality observed at 
Haney and Nimpkish may be site-specific rather than the norm of the species.  
Therefore, broad transfer may not involve much risk.  The large variation in 
growth within provenances at each of the sites indicates that selection within 
provenances over the species wide range can result in increasing the potential 
productivity of a site even greater.   
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Study: 
 
A comprehensive study of the growth patterns of Douglas-fir was initiated by Oregon 
State Universtiy in 1954 by Prof. Kim Ching. 16 seed sources covering the central range 
of this species were collected from southern Oregon to northern Vancouver Island. 
These 16 sources were outplanted in 1959 on 16 test sites (located in the vicinity of the 
seed collections) in a reciprocal design where one seed source is native to each site. 
Table 1 lists the locations of the seed sources/test sites. 

Individual test sites were planted in a randomized complete block design with 4 
replications. Individual provenances were planted in 121 tree square plots within each 
block. The centre 49 trees were measured for growth prior to thinnings (1976/77) and 25 
measured post thinning. 

The height and DBH data collected at Nimpkish, Haney and Courtenay for this proposal 
were the 8th measurements taken on these 3 B.C. test sites.  
 
Table 1. Douglas-fir provenance descriptions and their geographic identification. 

Seed 
Source/

Site 

Co-operator Latitude Elevation 
(m) 

Coast / 
Interior 

Location 

A (4) Canadian Forest Products  50o30’ 150 c Nimpkish River, BC 
B (2) TimberWest Ltd 49o 45’ 460 c Courtney, BC 
C (1) Weyerhaeuser Co 49o 10’ 850 c Sugar Loaf Mountain 
D (3) Ministry of Forests 48o 50’ 200 c Mesachie lake, BC 
E (15) University of British Columbia 49o 10’ 180 c Haney, BC 

      

 1



F (16) Weyerhaeuser Co 47o 30’ 1200 c Snoqualmie National 
Forest, Washington 

G (6) Simpson Timber Co 47o 15’ 90 c Olympia, Washington 
H (5) Washington Dept of Nat Res 46o 45’ 590 i Elbe, Washington 

      
I (7) Oregon State Dept 45o 30’ 580 c Tillamook, Oregon 
J (9) Cavenham Forest Ind 45o 10’ 580 i Molalla, Oregon 

K (10) Cavenham Forest Ind 45o 10’ 1070 i Molalla, Oregon 
L (8) D Stump and K McCrae 44o 50’ 60 c Salem, Oregon 

M (11) Oregon State University 44o 30’ 580 c Corvalis, Oregon 
N (12) USDA Forest Service 43o 45’ 580 i Oakridge, Oregon 
O (13) USDA Forest Service 43o 45’ 840 i Oakridge, Oregon 
P (14) Medford Corporation 42o 20’ 910 c Butte Falls, Oregon 

      
Q Simpson Timber Co 41o 00’ 680  Korbel, California 

 
 
Results: 
 
Site Productivity 
 
The 3 (of the original 5) BC sites that remain represent a range in site productivity from 
poor (Courtenay) to medium (Nimpkish) to good (Haney).  The productivity of a site 
depends on the physical factors of the site environment and also on the seed sources of 
the planting stock.  Table 2 illustrates the productivity differences of each site. 
 
Table 2.  Basic statistics: mean 45-year height (m), DBH (cm) and individual-tree volume (m3) of  the local 

provenance, the most and the least productive provenances at each test plantations. 
 
Site   Provenance  Height  DBH  Volume 
Nimpkish  Local   29.1  27.9  0.71   
   The most  29.1  29.2  0.74   
   The least  20.4  23.6  0.40   
   Mean   26.2  27.4  0.64   
 
Courtenay  Local   20.2  21.3  0.31   
   The most  20.9  22.9  0.36   
   The least  17.3  20.7  0.26   
   Mean   20.1  22.2  0.33   
 
Haney   Local   35.6  38.6  1.55   
   The most  35.6  39.4  1.64   
   The least  29.9  31.9  1.02   
   Mean   33.7  36.4  1.36   
             
 
In terms of volume, the Haney site produced, on average, three times more wood than 
Courtenay and twice as much as Nimpkish. These differences are due to the physical 
attributes of the sites including soil fertility and climate.  However, if the most productive 
seed sources are planted at these sites, the productivity at Haney can be further 
improved by about 20%, Nimpkish 16%, and Courtenay 10%.  Conversely, if the wrong 
seed sources are planted, productivity at Haney could be reduced by 25%, Nimpkish 
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37%, and 21% at Courtenay.  The three test plantations were managed in the same 
way, so management regime is not a factor. 

The above is based on average productivity of seed source.  However, variation within a 
seed source is large.  For example, at Haney the tallest tree was 42.6 m, 62.8 cm in 
DBH, and produced 3.93 m3 wood.  Many trees measured in 2002 at this site were 40 m 
in total height and grew more than 3 m3 wood. Similarly, at Nimpkish, the tallest tree was 
37.9 m and produced a volume of 2.77 m3, and at Courtenay the tallest tree 30.3 m and 
volume at 1.18 m3.  Site productivity could be doubled or tripled if highly productive trees 
are planted. 

In the next stage of analysis we plan to quantify the impact of planting stock by 
simulating different genetic compositions using site index as the benchmark measure – 
in other words, site index with genetic worth of planting stock factored in. This is 
particularly worth doing for coastal Douglas-fir since 90% of the planting stock is from 
genetically improved sources and this growth data set spans 45 years, 3 site types and 
16 provenances.  Site index is the standard measure of site productivity, so quantifying 
the impact of planting stock in these terms will be more useful for the management 
practitioner. 
 
Seed Source 
 
The question of whether local provenance is the optimal source for planting on a site is 
best answered after a long period of time. Age 45 reflects rotation age on the more 
productive sites and therefore is a good age to assess growth differences among various 
provenances on a site. Table 3 illustrates the growth performance rankings of the local, 
best and worst provenances over the 45 year period.  Their actual heights and volumes 
are given in Table 4. 
 
Table 3.  Illustration in ranking shift in mean height at different ages among the local provenance, and the 

tallest and the shortest provenances at age 45, rankings assigned in ascending order from 1 (the 
tallest) to 16 (the shortest). 

     Age       
Provenance   2 7 12 18 23 29 45   
Nimpkish 

4 Local    11 8 6 3 3 2 1   
6 Shelton, WA   1 1 1 1 1 3 2   
12 Oakridge, OR  14 14 14 16 15 14 15   
14 Butte Falls, OR  13 13 13 13 16 16 16   
 
Courtenay 

2 Local    8 11 12 14 14 11 10   
3 Mesachie Lake, BC  4 9 8 3 1 1 1   
14 Butte Falls, OR  14 13 15 15 15 15 16   
16 White River, WA  16 16 16 16 16 16 15   
 
Haney (growth data before age 18 currently being acquired from PNWRC) 

15 Local      7 5 3 1   
6 Shelton      1 1 4 2   
14 Butte Falls, OR     15 16 16 16   
16 White River, WA     16 15 15 15   
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Interestingly, both local provenances at Nimpkish and Haney were slow to start but 
eventually emerged as the tallest and among the most productive (Table 3).  It is 
scientifically significant, and practically important, to tree improvement and breeding 
programs to know how it happened.  We won’t know their mode of stem elongation that 
contributed to their late-age ‘goal line dash’ until we have carefully analyzed their growth 
curves.  This is what we plan to do in the next phase of our in-depth analysis. 

We cannot say the same about the local provenance at Courtenay, where the local 
source remained mediocre throughout the testing period fluctuating around the average 
line (Table 2 and 3).  At this site, the most productive provenance is from Mesachie 
Lake, a provenance that performed below average at the other 2 BC sites.  Again, only 
careful examination of their growth curves to learn the different modes of stem 
elongation among the different provenances in conjunction with the climate and ecology 
at their origin, can help shed light on the interactive process between provenance and 
site environment. 
The provenance from Shelton, Washington (G) showed superior growth at Haney and 
Nimpkish in particular.  Fast growth of provenances from the Shelton area has also been 
observed in other provenance testing in B.C. and Europe. 

The poorest provenances performing in BC were all of high elevation origin (above 800 
m), and showed high consistency in their poor performance spatially and temporally 
(Table 3). In other words they had low site-provenance interaction. These provenances 
include High Prairie, OR (#13), Butte Falls, OR (#14) and White River, WA (#16) (see 
Table 1and Table 4). Therefore eliminating the lowest productive seed sources through 
selection can safely be done at early ages. 
 
Geographic variation 
 
Geographic variation in growth is only weakly associated with the latitude of the 
provenance of origin and is remarkably similar among sites (Table 4).  This weak 
association suggests we can transfer seed sources a considerable distance without 
significant risk of maladaptation.  It is to our advantage to bring in superior provenances 
identified in this and other studies (for example those from the Shelton area) and 
incorporate them into our reforestation and tree improvement program. 

 
Table 4.  The ‘best’ regression models relating 45-year height to latitude of provenance origin. 
 
Site   R2  Model        
Nimpkish  0.46  -249 + 8.93Lat – 0.11 Lat2 

Courtenay  0.27  -189 + 8.93Lat – 0.09Lat2 

Haney   0.37  -179 + 13.23Lat – 0.14Lat2 
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Table 4.  Provenance origin and provenance means of 45-year height (HT45, m) and volume (VOL45, M3), 
local provenance with bold face. 

 
Site 
code 

Prov
No. 

Location Nimpkish 
HT45     VOL45 

Courtenay 
HT45      VOL45 

Haney 
HT45    VOL 45 

C 1 Sugarloaf Mtn. 27.8 0.74 20.8 0.34 32.7 1.25 
B 2 Courtenay 27.5 0.73 20.2 0.31 32.2 1.42 
D 3 Mesachie Lake 25.3 0.55 20.9 0.34 33.1 1.28 
A 4 Nimpkish Forest 29.1 0.71 19.7 0.34 34.7 1.43 
H 5 Elbe Area 26.8 0.67 20.9 0.36 34.8 1.35 
G 6 Shelton Area 28.6 0.73 20.2 0.33 35.6 1.62 
I 7 Tillamook 25.7 0.63 20.0 0.33 34.1 1.30 
L 8 Willamette Valley 25.1 0.58 20.6 0.36 32.8 1.36 
J 9 Molalla Area 27.0 0.67 20.8 0.35 34.6 1.32 
K 10 Molalla Area 26.5 0.64 20.7 0.34 35.5 1.64 
M 11 McDonald Forest 27.3 0.74 20.9 0.34 33.4 1.41 
N 12 Oakridge Area 23.7 0.51 20.4 0.35 32.8 1.36 
O 13 High Prairie, 

Oakridge 
26.1 0.66 20.3 0.34 33.1 1.31 

P 14 Butte Falls 20.4 0.40 17.3 0.26 29.9 1.22 
E 15 Haney Area U.B.C. 26.6 0.69 20.0 0.34 35.6 1.55 
F 16 White R. Tree Farm 23.7 0.53 18.2 0.28 31.9 1.02 

  Mean 26.2 0.64 20.1 0.33 33.7 1.36 

 
 
Summary 
 
Long testing period (45 years), frequent measurements (8 times), large plots (initially 
112 trees), and the existence of the local provenance at each test are the unique 
attributes of this growth data set from the three provenance tests. The above preliminary 
analysis has shown that we can make better use of this data to address important topics 
relevant to the management of plantation forests of coastal Douglas-fir.  These include: 
construction of site index curves incorporating the genetic factor of planting stock; mode 
of stem elongation that differentiates productive from less productive seed sources; and 
temporal and spatial patterns that may tell the optimal age (testing period) for reliable 
projection of results to rotation age.  An in-depth analysis to address these topics will be 
the next phase of our effort. 


	Table 1. Douglas-fir provenance descriptions and their geographic identification.
	Site Productivity
	SiteProvenanceHeightDBHVolume
	
	Seed Source

	Geographic variation
	Geographic variation in growth is only weakly associated with the latitude of the provenance of origin and is remarkably similar among sites (Table 4).  This weak association suggests we can transfer seed sources a considerable distance without signifi
	
	
	Mean



	Summary


