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Project Purpose and Management Implications 

British Columbia has about 10 conifer species with active breeding programs to improve 

specific traits (wood volume and/or insect/disease resistance). Seed orchards are the 

primary delivery mechanism for the specified trait(s) and are comprised of selected 

parents with assigned breeding values (degree of improvement) for the specific trait. In 

the early stages of the breeding and seed orchard program, the number of contributing 

parents was high (>70 parents). However, as high breeding value parents are identified 

from the breeding program, new orchard establishment focuses on maximizing the 

improved trait by using fewer parents (<40). 

British Columbia requires all seed orchard seedlots to be registered and part of this 

registration is the calculation of the seed crop’s genetic worth (GW) and genetic diversity 

(Ne, effective population size) both of which are based on weighted estimates of seed-

cone (measured volume) and pollen-cone production (visual estimates of volume) 

contribution. 

Orchards are wind pollinated which capture a high level of genetic diversity present in 

the general population. Typically, this diversity is expressed as effective population size 

(Ne=1/Σpi
2) and can capture most of the population genetic diversity. However, orchard 

seedlots can suffer losses in genetic diversity by disproportional gamete contributions of 

orchard clones (non-panmixia) and nursery practices where culling can further reduce 

family representation in the final seedling crop.  

We do not have this information for lodgepole pine but we expect a certain level of 

diversity will be lost at the orchard level (where parents do not contribute gametes 

equally) and at the nursery level (where only bulk orchard lots are used at a sowing rate 



of 1.25 seeds per cavity). Now with molecular techniques, paternity analyses of both 

seed and seedling crops is routinely available, we can study the loss of diversity of both 

the female (we know the parent from which seed was collected) and male (paternity 

analyses). 

Any reduction in genetic diversity is associated in losses in ecological resilience of 

plantations, an important trait in view of uncertainties of climate change effects. 

Currently, lodgepole pine (Pl) is at the forefront of the battle caused by early signs and 

consequences of climate change. As such, it is prudent that we evaluate and determine 

potential forces that can reduce genetic diversity in orchard crops by evaluating steps 

from seed production in the orchard to the final crop emerging from the nursery. If critical 

stages in the production of orchard seedlings can be identified, possible remedies 

(orchard and nursery practices) can be formulated that may increase genetic diversity. 

This proposal is challenging the basic assumptions we use to calculate genetic diversity 

and is determining the change in genetic diversity from the orchard crop (cone 

collections) to nursery production including cone seed yields, germination rates, thinning 

and culling at the time of lifting. 

Project Start Date and Deliverables 

The project started in the fiscal year 2007 with the collection of cones from the lodgepole 

pine seed orchard (310) at the Tolko nursery site in Armstrong, BC. Twenty five cones 

were selected from each of two ramets from each of 20 clones (1000 cones). This is a 

slight deviation from the original project objective of collecting 50 cones from each of two 

ramets from each of 10 clones (1000 cones). By reducing the number of cones collected 

and increasing the number of clones, a better estimate of variation in cone and seed 

yields for the orchard clones was possible with no extra effort or costs involved. 

Seed was extracted and filled seed (mature embryo) determined by x-ray analysis. 

Germination was determined for each of the two ramets from each of the 20 clones (40 

seedlots). Ne was calculated from the number of seed for the 20 clones and also from 

the number of seed adjusted for its germination percentage. We also used orchard 

statistics (seed-cone, pollen-cone and seed yields) from orchard 310 to estimate the 

orchard level Ne. 



Due to unforeseen commitments on the molecular laboratory, a paternity analysis is only 

50% complete. Paternity of the remaining 10 clones will be completed in the next two 

months prior to the analyses of the thinned germinates. 

Methodology Overview 

The orchard (310) selected for this study is the Tolko Industries Ltd lodgepole pine seed 

orchard located at the Eagle Rock nursery site in Armstrong, BC. The experimental 

approach is designed to be able to determine the male parentage of the seedlings that 

will be culled and the seedlings that will form the final crop. Using these two estimates, 

we will recalculate the effective population size (Ne) of the seed orchard crop. Crucial to 

this approach is the ability to identify the male parent in the seedlings using molecular 

(cpDNA markers) markers. 

Twenty five cones from two ramets of each of 20 clones were harvested in August of 

2007. Seeds were hand extracted per individual cone and x-rayed to determine filled 

seed content per cone. On a sub-sample of 90 (3 reps of 30 seeds) per ramet, a 

germination test according to ISTA rules (International Seed Testing Assoc. 1985) was 

completed. 

As base estimates, (before potential bottlenecks in the nursery affected genetic 

variation), freshly germinated seedlings were used for the male parent determination 

using cpDNA fingerprints of the male parents in the orchard. From the estimates of the 

proportion that each male parent sired, Ne for the male portion will be calculated as: 

 Ne =1/Σpi
2 where pi = the proportion of each successful mating of each male in 

the orchard. 

In year two of this project, the remaining extracted seeds will be grown operationally at 

the Tolko Industries, Armstrong BC nursery site. Family blocks (kept separate by clone 

but combined for the ramet within clone) will be sowed in 410 containers according to 

standard lodgepole pine growing prescriptions at the Eagle Rock nursery. After 

commercial culling, the culls will be used to determine the male parentage of the culls as 

described above. This will give us a good indication, which male parents are represented 

in the culls.  

 



During the final lift, needles from each of 30 crop seedlings per clone will be collected for 

final Ne determination. This estimate will be derived at as described above and will 

present a very precise estimate of the levels of genetic diversity and therefore, 

ecological resilience, of the seedlings that are outplanted in the field. 

The effective population size calculated from the standard orchard procedures will then 

be compared to the more precise DNA procedures. The hypothesis we are testing is that 

Ne will change from the orchard seedlot to the lifted population of seedlings. 

 

Interim Results and Conclusion 

All objectives have been completed and the paternity analyses of the 20 clones will be 

completed in the next two months. Cone yields for the twenty clones averaged 12.0 filled 

seed per cone (FSPC) with a range of 8.1 to 20.4 FSPC. Germination of the 20 clones 

averaged 65.3% and ranged from 12.8 to 90.6%. The number of seed cones collected 

from each of the 45 orchard clones was calculated from estimates of cone volume per 

clone and compared to the number of cones per litre. The number of pollen cones per 

clone was determined by ocular estimates. The genetic diversity (Ne) of the orchard was 

then calculated for the number of seed cones per clone and for the number of filled seed 

from the clone. 

If all clones contribute equally, the theoretical Ne for the orchard would be 45 (Census 

number). However, contribution is not equal and for the 2007 crop from orchard 310 Ne 

was 33.3 and 31.9 for cone numbers and seed yields, respectively. For the twenty 

selected clones, the theoretical Ne is 20 and the calculated values for cones and seed 

were 16.0 and 15.6, respectively. When seed yields from the 20 clones are adjusted for 

its germination rate, Ne was 14.5. 

All of these estimates are based on the assumption that pollen contribution is related to 

its relative abundance. We will be able to test this assumption when paternity analysis of 

the 20 selected clones is completed. Furthermore, we will expect the Ne value of the 

seedling crop will also change as paternity analyses of the thinned and culled seedlings 

has been completed (year two objectives). This will be determined by analyzing the 

actual gamete contribution by males and females from nursery production and determine 

the absolute gamete contribution that goes to the field (i.e., seedlings that are planted). 



While the value of Ne was found to decrease with more precise estimates of gamete 

contribution, we can not recommend changes to current orchard practices or methods to 

calculate Ne. This will be evaluated when data for thinned and culled seedlings have 

been analyzed. These results may also have policy implications on the minimum number 

of Ne stated in the Chief Forester Standards as 10. If nursery practices reduce Ne further, 

the minimum Ne of 10 may have to be revisited in the Standards. 

Contact 

For further information contact Dr. Joe Webber (250 537-8854) at jewebber@telus.net or 

Dr. Michael Stoehr (250 356-6269) at michael.stoehr@gov.bc.ca. 


