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SUMMARY

Seed genetic quality affects reforestation success and plantation
value. This is recognized in the Silviculture Practices Regulations
of the Forest Practices Code Act of British Columbia, which re-
quire that available seed sources of the highest genetic quality
be used to reforest Crown land. This report describes procedures
for rating the genetic quality of seed orchard seedlots.

The genetic quality of a seedlot encompasses its genetic worth,
adaptation to the target zone, and genetic diversity. Adaptability
and diversity are considered during orchard design, and must
meet minimum standards. These standards must be set out in
the orchard working plan and approved as part of the orchard
licensing procedure. Genetic worth is a function of the propor-
tional gametic contribution of individual clones in the seed
orchard and of the supplemental pollen used.

Different seed orchards require different levels of monitor-
ing and control to produce seedlots of high genetic quality. A
system for categorizing orchards based on orchard genetic po-
tential, pollen contamination risk, and the genetic quality of
contaminant pollen is presented. Protocols are provided to col-
lect information about clonal gametic contr ibut ions ,
contaminant pollen, phenology of orchard receptivity, start of
orchard pollen shed, and effectiveness of supplemental mass
pollination. These protocols include formulae for estimating
seedlot genetic worth, percent contamination, and effective
population size. A method for estimating genetic quality at-
tributes for controlled-cross seedlots is also presented.
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Economic return from plantation forests increases with the
genetic quality of the seed used. This is recognized in the
Silviculture Practices Regulations (Part 2, Division 1) of the
Forest Practices Code Act of British Columbia, which require that
available seed sources of the highest genetic quality be used to
reforest Crown land. Therefore, a system for rating genetic qual-
ity is needed to allow forest managers to choose the best
orchard seedlots and to meet existing regulations.

The genetic quality of orchard seedlots encompasses three
attributes:

1.

2.
3.

level of gain for the commercial trait(s) of interest, or genetic
worth;
adaptability to the target seed zone; and
breadth of the genetic base, or genetic diversity.

When used on public land a seedlot’s adaptability and diver-
sity must meet standards judged acceptable for the species and
seed zone. Seedlots with acceptable adaptability and diversity are
rated for genetic worth, which depends on the amount and qual-
ity of progeny testing and the intensity of selection from available
material. Because breeding programs are at different stages for
different species and seed zones, orchards vary widely in their
potential genetic worth.

During orchard design, adaptability and genetic diversity are
carefully considered, particularly as they relate to the risk of fail-
ure in plantations grown from an orchard’s seed. The licensing
procedure for seed orchards that will produce seed for use on
public land ensures that genetic diversity and adaptability
concerns are met to the satisfaction of Ministry of Forests
geneticists and seed orchard specialists before orchard invest-
ments are made.

Just as orchards vary in their potential, seedlots from any given
orchard can vary in their genetic quality. Quality will
depend on the proportions contributed by each orchard parent
and on how much background pollen contamination affected
the seedlot. Both of these factors can be controlled to some de-
gree through various orchard management techniques.
Management can significantly affect a seedlot by:

INTRODUCTION
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• increasing the balance in the proportional contribution of
orchard clones,

• reducing the contamination from non-orchard pollen, and
• increasing the specific contribution of the most desirable

parents.

Parental contributions to an orchard seedlot can be managed
through  reproductive bud stimulation on orchard trees. A
number of techniques are available to increase orchard seed
output and improve the balance of parent-clone contributions
(Ross and Pharis 1976; Ross 1989; Woods 1989). Under ideal
conditions, all clones (or families) in an orchard will mate in
equal proportions (called “panmixis”) and the resulting seedlot 
will contain equal contributions from all clones. Unequal con-
tributions from clones (or families) in an orchard have a large
effect on the genetic makeup of a seedlot (Blush et al. 1993).
Clonal variation in reproductive bud phenology (female recep-
tivity and pollen shed timing) also affects the genetic makeup of
a seedlot (Xie et al. 1994) by excluding matings among certain
clone combinations. However, crossing among orchard clones
whose reproductive phenology is not synchronized can be pro-
moted by supplemental mass pollination () (Askew 1986;
El-Kassaby and Ritland 1986a). Supplemental mass pollination
will also increase the proportional representation of specific
clones if their pollen is included in the applied mixture
(Bridgwater et al. 1993). Moreover, while  can successfully
reduce outside pollen contamination (El-Kassaby 1989;
Bridgwater et al. 1993), it can also be used to introduce new
genetic material.

The contribution of  to a seedlot  can vary widely with
the method of pollen delivery (Eriksson et al.  1994). For exam-
ple, multiple branch visits resulted in about 18% of the seed from
treated Douglas-fir cones being fertilized by pollen from the 

mix, while a single operational pollen delivery achieved only 8%
success (El-Kassaby et al. 1993). Other factors contributing to suc-
cess include the timing of pollen application (Webber and Yeh
1987) and the presence of competing pollen in the pollen cloud
(Webber and Painter 1995).

Contamination of an orchard seedlot  by non-orchard pollen
has two genetic effects of concern: genetic worth is reduced, and
maladaptation may occur when the contaminating pollen is from
a different target seed zone than the orchard (Kylmannen 1980;
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Nikkanen 1982). Contamination levels can vary widely among
orchards and also between annual seedlots within an orchard
(Smith and Adams 1983; El-Kassaby and Ritland  1986b). Clones
within an orchard can also vary in the amount of contamina-
tion received. This will depend on the overlap of their female
receptivity period with the flight of contaminant pollen.
Cooling an orchard with overhead irrigation can reduce con-
tamination by putting reproductive bud phenology out of
synchronization with pollen shed in surrounding stands
(El-Kassaby and Ritland 1986a). Contamination can also be
controlled by isolating female strobili with bags and applying
pollen collected from the desired clones. This is particularly
effective with spruce because the female strobili are clustered in
the top of the crown, away from pollen buds. Because of the gen-
erally negative effect of contamination and the highly variable
nature of its occurrence, monitoring and a quantitative estimate
of the contamination associated with each seedlot is desirable
where contamination poses a risk.

This report describes procedures for collecting and analyzing
information to rate orchard seedlots in British Columbia. The
protocols presented here are applicable to orchards of different
species, genetic backgrounds, and contamination risk. The rat-
ing system measures important criteria which affect genetic
quality. It also rates seedlots by the estimated genetic worth for
one or more traits. A method to calculate the effective popula-
tion size of seedlots is outlined in Appendices 1 and 6. This
provides information about the balance of parental contribution.
In addition, a technique to estimate the amount of contamina-
tion from non-orchard pollen sources is included. The
methodology attempts to use information collected inexpensively
through normal orchard management procedures. Although a
high error is associated with estimates derived using these
protocols, the errors are considered acceptable because of an
expected lack of bias  (Appendix 2). The additional costs required
to produce more accurate estimates are not considered worth-
while (or necessarily feasible) because genetic worth values will
accurately reflect plantations across a landscape unit when aver-
aged across years and orchards. The rating system presented here
will allow orchard managers and forest managers to more
effectively choose seedlots that meet plantation objectives.

However, these procedures do not necessarily represent B.C.
Ministry of Forests  seedlot  rating policy. Current  seedlot  rating
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1 Breeding value is
a gain level for a

parent clone and a
specific trait. It is

estimated from
progeny test data

using accepted
quantitative

genetic analyses.
Breeding values

are relative to
non–genetically

improved
populations.

2 While the words
“clone” and

“ramet” are used
here it is recog-
nized that some

seedling seed
orchards exist. For

seedling seed
orchards,

substitute the
word “family” for
“clone” and “tree”

for “ramet.”

policies are available from Seed Production Officers working with
the Silviculture Practices Branch of the Ministry of Forests.

SEEDLOT RATING CRITERIA

GENETIC  QUALITY

The genetic quality of a   seedlot  encompasses its genetic worth,
adaptation to the target seed zone and genetic diversity. Adapta-
tion and diversity standards must be considered and met during
orchard design and the B.C. Ministry of Forests orchard licens-
ing procedure. All seedlots from licensed orchards are considered
adequately adapted and diverse when they are produced follow-
ing the guidelines and restrictions defined in the orchard’s
working plan.

Genetic Worth

Genetic worth provides an estimate of a seedlot’s average level
of improvement for the commercial trait or traits of interest (e.g.,
stem volume). It is defined as follows:

Genetic worth   = Average breeding value1 (when available)
weighted by clonal2 gamete contribution, or
average gain expected from wild-stand
selection, adjusted for

•  percent of contaminant non-orchard
pollen,

•  genetic quality of non-orchard pollen, and
• the genetic quality and effectiveness of 

pollen, if used.

Genetic worth values for any given trait do not necessarily
represent an estimated gain percentage because these values can
vary widely with site factors, silvicultural regime, and definition
of final product. However, larger genetic worth values represent
higher estimated genetic gains for the trait of concern.

Adaptation

Seed Transfer Guidelines assist with the selection of  seedlots that
are adapted to the site of interest. Seed transfer restrictions for
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wild-stands apply to seedlots from orchards with parents that
have not been progeny tested. Seedlot source location will be cal-
culated as the mean latitude, longitude, and elevation of
orchard-parent ortet locations, weighted by the clonal gamete
contribution to the  seedlot.

For progeny-tested seed orchards,  seedlot  use is restricted to
the zone considered suitable based on test results. This is defined
in the Seed Transfer Guidelines for individual seed orchards.

Genetic Diversity

Genetic diversity of a seed orchard is considered at the time of
orchard design. Suitable minimum levels of diversity will vary
with species, the level of testing of orchard parents, and expected
deployment strategies and sites. Requirements for minimum
diversity levels in individual orchard seedlots, particularly for
crop-management techniques such as controlled mating, will be
specified in the orchard   licence. Orchards licensed to produce
seed for Crown land must meet diversity standards considered
adequate by Ministry geneticists and orchard specialists.

Effective population size (Ne, Appendix 1) provides informa-
tion on orchard clonal inputs, as well as some limited information
on seedlot  diversity. It is recognized that Ne is not necessarily well
correlated with the risk of plantation failure, particularly at mod-
erate to high levels. However, Ne will be calculated and recorded
with seedlots.

ORCHARD CLASSIFICATION

Orchards have different potential levels of genetic gain and dif-
ferent amounts of risk associated with contaminant pollen.
Table 1 provides two seed orchard categories that can be used to
apply the data collection protocols for seedlot  rating. Table 2
shows which protocols are required for the different orchard
categories.

SUPPLEMENTAL MASS POLLINATION

Supplemental mass pollination is used to change clonal gametic
contributions to a seedlot and to increase seed production, par-
ticularly for phenologically early or late clones. By applying pollen
from clones with high breeding values, the overall seedlot

5



   Orchard categories based on genetic potential and
risk of contamination by non-orchard pollen

Pollen Orchard
Orchard  contamination genetic
category riska potentialb

Contaminant pollen

Genetic quality Maladaptation risk

1 low low neutral low
1 high low neutral low
1 nil high or low

2 low low negativec high
2 low high negative high or low
2 high low negative high
2 high high negative high or low

a “Nil” = no contaminant pollen risk because the orchard is placed well away from other
pollen sources or because isolation bags are used; “low”  = orchards with few pollen sources
nearby, but some contamination potential; “high” = orchards with large pollen sources
nearby which could affect pollination in the orchard. Orchard classification must be done
on an individual-orchard basis in conjunction with the Seed Production Officer.

b  “Low” = first-generation orchards with no culling based on progeny test data; “high” =
any orchard selected or culled based on progeny test data.

c “Negative” = lower genetic worth potential, This can occur when a high-gain orchard is
contaminated by non-improved, in-zone pollen, or, when any orchard is located outside
its target zone and is contaminated by pollen that may not be adapted to the target zone.

genetic worth is increased. Supplemental mass pollination suc-
cess depends on pollen quality, application method, timing, and
background pollen levels. Quantification of     success is dif-
ficult, although existing research provides some estimates.
Protocol E outlines data collection requirements and a method
for estimating  success levels. This protocol must be applied
to change seedlot  genetic worth based on .

CONTROLLED MATINGS

Seedlots produced through controlled matings with pollen iso-
lation bags and the injection of pollen from specific clones or
mixes of clones can be rated with a modification of the system
presented here. Since the male component is known, both the
female and the male clonal gametic contributions can be easily
estimated. This allows more accurate estimates of seedlot gametic
contributions than for seedlots derived from open-pollinated

6
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  Data-collection protocols required by seed orchard category

Orchard Category

Protocol 1 2

A Clonal contributions to the seedlot X X

B Pollen density for orchard and

contaminant pollen X

C Phenology of orchard receptivity X

D Date of start of orchard pollen shed X

conditions within the orchard. Rating protocol modifications for
controlled seedlots are described in Appendix 7.

DATA-COLLECTION PROTOCOLS

Rating the genetic quality of orchard seedlots requires data on
the amount and timing of clonal contributions and on contami-
nation. Protocol A can be applied to estimate clonal gamete
contributions. Error associated with this estimate is discussed
in Appendix 2.

Protocols B, C, and D can be used to estimate the proportion
of pollination that originated from non-orchard sources. Con-
tamination is considered negative for any orchard that is designed
or rogued using test data, or that is located outside the target seed
zone. Acceptable levels of contaminant pollen will vary with each
orchard and must be determined during the orchard licensing
procedure. The use of Protocol E will provide the data to quan-
tify  success. Appendices 3 to 6 contain example calculations.

PROTOCOL A: ESTIMATING CLONAL CONTRIBUTIONS TO

THE SEEDLOT

Method 1 - Cones

Count the number of cones from each clone.

Determine the number of cones in a random sample from each
clone using the following standard volume of cones: 5  L for
Douglas-fir, larch, Pinus s spp., Abies   spp., and Picea    spp.;

7
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0.25 L for hemlock, redcedar, and yellow-cedar.
and�

Estimate crop volume per clone based on the number of sacks
and knowledge of the litres per sack, and calculate the total
number of cones per clone.

Method 2 - Seeds (recommended method)

1.  Estimate the number of cones per clone as described above.
2.  Dry and tumble-extract seeds from a random sample of 10  

cones for Douglas-fir, larch,  Pinus spp., Abies    spp. and Picea
spp., and from 50  cones for hemlock and the cedars. Seeds
may also be extracted by hand, but the same method must be
used for all samples from a given    seedlot.

3.  Determine filled-seeds-per-cone by clone.
4.  Calculate filled-seeds-per-clone and the proportion of seed

in the seedlot  from each orchard parent clone. (See
Appendix 3 for sample calculations.)

PROTOCOL B: POLLEN DENSITY FOR ORCHARD AND

CONTAMINANT POLLEN

1.

2.

3.

4.

Pollen will be monitored at a minimum of two, and prefer-
ably four, locations within the orchard. Regional monitors will
be established and monitored in conjunction with the Seed
Production Officer for different orchard complexes. The pro-
cedure described below will adjust average regional and
in-orchard monitor counts to remove the effects of local stand
and topographical conditions.
The use of seven-day recorders is recommended, but other
methods are acceptable provided they are consistent and
approved by the Seed Production Officer.
Pollen counts will be expressed as grains per square       milli-
metre over a 24-hour period (8 a.m. to 8 a.m.) to represent
the pollen cloud density for each station.
Pollen contamination percent (PC%) will be estimated as
follows:

PC %  =
total contaminant pollen

total orchard pollen
x 100,

8



total contaminant pollen = orchard monitor adjustment factor
x �REGTOT

orchard monitor adjustment factor =

where:

  early orchard monitor count (grains per square milli-
metre) before orchard pollen shed for day i averaged across
all in-orchard monitors,
  early regional monitor count (grains per square milli-

metre) before orchard pollen shed for day�i averaged across
 all regional monitors,

�REGTOT = sum of regional monitor count (grains per square
millimetre) during the period of orchard receptivity,

n = number of days that orchard and regional monitors de-
tected pollen (for the species in the orchard) before orchard
pollen shed, and

total orchard pollen = sum of mean, daily, in-orchard pollen
monitor counts during the period of orchard receptivity.

During years when non-orchard and orchard pollen shed is
in synchrony, too few days may be available to reliably estimate
EOA and ERA.   When pollen is detected for fewer than eight days
before the beginning of orchard pollen shed (Protocol D), the
orchard manager and the Seed Production  Officer will determine
an orchard monitor adjustment factor based on the previous
year’s pollen monitor data and other relevant experience. Sam-
ple calculations for Protocol B are provided in Appendix 4.

PROTOCOL C: PHENOLOGY OF ORCHARD RECEPTIVITY

3 Early orchard
and regional
monitor counts
will be calculated
using monitor
counts from the
first day that
pollen is detected
on both monitors
until the date
when the orchard
manager deter-
mines that
orchard pollen
shed has started
(protocol D).

Choose one or more representative ramets from each clone
and score for receptivity using the existing photographic
standard.
A clone is considered receptive when  20% of the cones are
receptive (stage 3).4 4 Refer to

The seed orchard receptivity “start date” is when the first   20%
of the clones are scored as being receptive. 
A clone is considered to have completed receptivity when    80%
of the cones are past the receptive stage (stage 4).

9
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Forests phenology
photo standards

for various stages

3

1.

2.

3.

4.

EOAi =

ERAi =

EOAi

ERAiΣ
n

,
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5. The seed orchard receptivity “end date” is when 80% of the
clones are past the receptive stage.

PROTOCOL  D: START DATE FOR ORCHARD POLLEN SHED

The start date for orchard pollen shed provides the end date for
determining EOA and ERA in Protocol B. Therefore, the start
date must be estimated as the date when pollen produced in the
orchard is beginning to influence in-orchard pollen monitor
counts. This day can be influenced by a number of factors and
will be left to the judgement of the orchard manager.

The orchard manager should identify the start date as the first
day that ramets or trees with significant amounts of pollen are
beginning to shed. Very early shed by trees with light crops may
not be sufficient to affect pollen monitors and should be ignored.
By comparing regional and in-orchard pollen monitor counts,
the orchard manager can determine when the in-orchard pollen
shed begins to have an influence. If the start date is too late, the
orchard monitor adjustment factor is increased, which results
in an overestimate of contamination.

PROTOCOL E: EFFECTIVENESS OF SUPPLEMENTAL MASS

POLLINATION

The effectiveness of supplemental mass pollination is determined
by the proportion of filled seed that is fertilized by  pollen.
This proportion is used to adjust  seedlot  genetic worth.

All  must be carried out with careful attention to female
receptivity, and accurate records must be kept of which clones
are pollinated and the proportion of receptive female cones that
are pollinated on each clone. Supplemental mass pollination
mixes should contain pollen from a minimum of five parent
clones. As well, pollen viability should be tested for each pollen
lot used. If germination is less than 40% or electrolyte leakage is
greater than 40% (conductivity; see Webber and Painter,  ),
the pollen should not be used in the   mix. Seed cones will be
considered as successfully pollinated by a   treatment only
when a compressed-air pollinator system is used to apply pollen
directly to receptive cone buds. Seed cones receiving    only periph-
era1 pollination (i.e., not a direct application) or not receiving
any supplemental pollination will not be included in the

10



proportion of seed receiving .

Based on trials (El-Kassaby et al. 1993; Webber 1995), an aver-
age of 20% of the seed in cones receiving properly applied   
were fertilized with pollen from the mix. Therefore, 20% of the
seed from cones treated with   will be credited with success-
ful fertilization from the  pollen. This number will be
adjusted by the Seed Production Officer as information for dif-
ferent species becomes available and as techniques and research
information improves. (See Appendix 5 for sample calculations.)

CALCULATING SEEDLOT GENETIC WORTH

If the previous protocols have been correctly applied, the genetic
worth of a seedlot should be calculated as follows (also see
Appendix 6):

GW= 

where:

GW = seedlot  genetic worth,
= proportion of successful  for seed from clone i, 

 mean breeding value for the  mix applied to
clone i,

PC = proportion of contaminant pollen,
BVC = breeding value of contaminant pollen,

= breeding value for clone i,
= proportion of filled seed (or cones) in the seedlot

from clone i, and
BVM = mean male BV weighted by gamete contributions.

If genetic worth is of interest for more than one trait, this for-
mula can be applied independently by using the breeding values
associated with the other traits.

When supplemental mass pollination is not used, this formula
simplifies to:

11

Σi 0.5 × {(P SMPi × BV SMPi) + [(1–P SMPi)(PC × BVC)]

+{[1 – P SMPi –(1 – P SMPi)(PC)](BVM)} + BVi} × Pi

PSMPi

BVSMPi =

BVi

Pi

GW = Σi 0.5 × {[(PC × BVC) + (1 – PC)(BVM)] + BVi} × Pi



APPENDIX 1 Effective Population Size

Two basic methods are used to calculate effective population size:
inbreeding and variance (Crow  1954). These methods have sev-
eral variations which can be either mathematically identical or
very similar, but each deals with different reference populations
(Crow and Kimura 1970; Hedrick 1983; Kang and Namkoong
1988). To describe the effective population size (Ne) of an orchard
seedlot,  the method presented by Robertson   (1961) and modi-
fied by Kang and Namkoong  (1988) is used. This method allows
a simple calculation based on the proportional gamete   contri-
butions of each clone i (Pi) to the seedlot,  such that:

In a situation where all clones in an orchard contribute equally
to a seedlot,  Ne is maximized and equals the number of clones.
Panmixis, which is defined as both equal clonal contribution and
equal probability of any clone mating with any other clone, is
not required to maximize Ne . Therefore, Ne is a good measure of
the relative contribution of clones  to the seedlot,  but is not a good
measure of the distribution of potential genetic combinations.

Effective population size is also not a good measure of either
genetic diversity or the risk associated with a lack of genetic di-
versity in plantations. Common diversity measures such as
heterozygosity (H), the average number of alleles per locus (A),
or the average proportion of polymorphic loci  (P), are not nec-
essarily linked to Ne. In addition, the marginal effect of effective
population size on these measures becomes very small with Ne 
values of greater than seven. This is because, on average, about
93% of the genetic diversity in a population is captured with an
Ne of seven. Increases above this value capture little additional
diversity.

Plantation mortality risk is weakly linked to Ne . In a produc-
tion plantation, rare alleles cannot protect the plantation from
losses attributed to extreme biotic or abiotic  factors. For com-
mercial purposes, roughly 30% or more of the trees must survive
to form a commercial crop. This figure would vary with species,
plantation age, and mortality distribution. Therefore, rare alleles
occurring at frequencies of less than  0.15 in a population will not

12
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reduce the risk of plantation loss. Alleles occurring at higher
frequencies are easily captured in small populations. Conse-
quently, as Ne values increase above six, little potential exists to
lower the risk of plantation loss. Moreover, most orchards con-
tain selected genotypes that have proven performance across
multiple sites (environments). This test information reduces risk
relative to unknown genotypes from untested materials.

Rare alleles are important from both an evolutionary and     tree-
breeding perspective. In British Columbia, conservation efforts
include maintenance of natural populations through reserves,
leave-areas, natural regeneration, or ex situ gene pools such as
breeding populations. The underlying rationale and a program
description are presented in Yanchuk and Lester   (1995).
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APPENDIX 2 Error Associated with Estimates of Seedlot
Attributes

The estimates of seedlot  attributes derived using these protocols
are subject to large error rates. While this is recognized, it is con-
sidered acceptable, for the following reasons.

1. Estimates of individual clone gamete contributions are un-
biased with respect to  breeding value. For coastal Douglas-fir,
no detectable correlation occurs between breeding value
estimates for stem-volume production in plantations and
either reproductive phenology or fecundity (B.C.  Ministry of
Forests, unpublished data). This relationship is expected to
hold for other conifers placed in orchard conditions. Across
all contributing clones in an orchard, the error associated with
breeding-value estimates is reduced by a factor of   1/(n - 1)
where n is the number of contributing clones. In addition, in
the absence of bias with respect to breeding values, the error
associated with multiple seedlots is further reduced and
landscape-level estimates of genetic worth will be more
accurate than estimates for individual seedlots.

2. Estimates of clonal gamete contributions can be improved by
careful monitoring of the amount and timing of pollen flight
for individual clones. Xie et al.  (1994) investigated this using
a computer model that simulated a range of orchard condi-
tions. The impact on effective population size was determined
with three data-collection scenarios:

• female contribution only,
• female and male contribution, and
• female and male contribution with reproductive

phenology information.

With only female gamete contribution (seed) data and within
the range of pollen production variability and phenological syn-
chrony expected under orchard conditions,  Ne  estimates varied
from about 80% below to 60% above the actual Ne  values. This
relatively high error rate can be improved with estimates of clonal
pollen productivity, and further improved with individual clone
pollen and seed cone phenological information.

14



Effective population size is at best a rough indicator of clonal
balance and contribution to the seedlot,  It is not considered to
be a good statistic for tracking   seedlot  genetic diversity, nor is it
necessarily linked to risk (Appendix  1). However, the incremen-
tal cost involved in improving the accuracy of estimates is not
considered justified, and the collection of clonal information on
male contributions and reproductive phenology is not required
when using these protocols.
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APPENDIX 3  Sample Calculations for Estimating Gamete
Contributions per Clone Using Cone or Seed Production
Data (Protocol A) with Douglas-fir

Clone
registration
number

Method I (cones)

hL Proportion
cones total cones

Cones
per 5 L

Method II (seed)

Filled Filled Prop.
seeds per seeds per total
10 cones clone seed

2
3
4
5
6
7
8
9

10
11
12
13
14
15

Total

1.2 0.13
1.0 0.10
0.5 0.05
0.8 0.08
0.0 0.00
0.1 0.01
0.1 0.01
2.2 0.23
0.6 0.06
0.4 0.04
1.7 0.18
0.0 0.00
0.2 0.02
0.0 0.00
0.8 0.08

9.6
hL

127 171
173 486
116 350
178 397

139
128
173
195
129
173

100

132

Total seed 897 531

213
267
299
212
444
140

0
366

0
430

52121 0.06
168156 0.19
40600 0.05

113066 0.13
0 0.00

5921 0.01
6835 0.01

227599 0.25
49608 0.06
45821 0.05
82348 0.09

0 0.00
14640 0.02

0 0.00
90816 0.10

 = volume of cones from clone i in hectolitres

 = proportional contribution for clone i

 = number of cones per unit volume for clone i                (unit volume = 5 litres for Pseudotsuga,
Larix, Pinus, Abies, and Picea and 0.25 litres for Tsuga, Thuja, and Chamaecyparis).

= mean filled seeds per cone for clone i (mean of 10 cones for Pseudotsuga, Larix, Pinus,

Abies, and Picea; mean of 50 cones for �Tsuga, Thuja, and Chamaecyparis)
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(Vi)           (Pi)                (Ci)               (Si)                                 (Pi)

Vi

Pi

Ci

Si



Method 1 - Cones

 = counted total number of cones from clone  i

1. 

i

 

  
  

Method 2 - Seed

 

i
    

   
i

for Pseudotsuga, Larix,
Pinus, Abies, and Picae

for Tsuga, Thuja, and
Chamaecyparis

for Pseudotsuga,  Larix,  Pinus,

Abies, and Picea

for Tsuga, Thuja, and
Chamaecyparis
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Zi

Pi =
Zi

ΣZi

Pi =
 400Ci × Vi × Si

(400Ci × Vi × Si)

(20Ci × Vi × Si)
Pi = Σ

Σ

20Ci × Vi × Si

Pi =
20Ci × Vi

Σ(20Ci × Vi)
i

Pi =
400Ci × Vi

Σ(400Ci × Vi)
i

2.

Donna


Donna




APPENDIX 4  Sample Calculations for Estimating Pollen Contamination

Using Regional and In-orchard Monitors

Avg.  pollen count (grains/sq. mm)

Mean dai ly  Mean dai ly Daily
Date in-orchard regional EOA/ERA

Mar. 26
M a r . 2 7
Mar.  28
M a r . 2 9
Mar. 30
Mar.  31
Apr.    1
Apr.    2
Apr.   3
Apr.    4
Apr.   5
Apr.   6

Apr.   7
Apr.   8

Apr.   9
Apr. 10
Apr. 11
Apr. 12

Apr. 13
Apr. 14

Apr. 15
Apr. 16
Apr. 17
Apr. 18
Apr. 19
Apr. 20
Apr. 21̀
Apr. 22

Apr. 23
Apr. 24
Apr. 25
Apr. 26
Apr. 27
Apr. 28

0.12 0.61 0.197
0.14 0.75 0.187
0.11 0.60 0.183
0.15 0.79 0.190
0.06 0.34 0.176
0.18 0.97 0.186
0.21 1.24 0.169
0.18 1.28 0.141
0.04 0.14 0.286
1.25 1 .58
0.82 1 .48
1 .67 2.86
2.79 3.21
0.28 1.51
3.85 1.21
4.96 2.62
1.23 1.05
5.62 2.32
0.58 0.11
0.38 0.06
4.99 0.48
2.20 0.23
0.50 0.01
0.53 0.06
5.12 0.54
2.36 0.28
1.23 0.16
0.11 0.00
2.13 0.28
1.10 0.11
0.21 0.00
0.11 0.00
0.00 0.00
0.00 0.00

Contaminant pollen = (EOA/ERA)  × REGTOT
= 0.19 × 9.52
= 1.81

Apr. 9 to Apr. 24

Total orchard pollen = 36.89

REGTOT = 9.52

Pollen contamination percent = (Total contaminant pollen/total orchard pollen) ×  100

= (1.81/36.89)  �× 100
= 4.9%

PC = 0.049

18

Estimated end of

orchard receptivity

Orchard starts
receptivity

(Protocol C)

Manager judges

orchard pollen
starts

Mar. 26 to Apr. 3

Mean

EOA/ERA 0.19



Pollen mix average

Percent pollination by mixa breeding value (BV)b

Clone A B C A B C PSMPi BVSMPi

1 0 0 0 21 23 20 0.00 0.0
2 0 0 0 21 23 20 0.00 0.0
3 30 40 10 21 23 20 0.16 21.9
4 20 0 50 21 23 20 0.14 20.3
5 0 0 0 21 23 20 0.00 0.0
6 0 0 0 21 23 20 0.00 0.0
7 0 0 0 21 23 20 0.00 0.0
8 30 60 0 21 23 20 0.18 22.3
9 0 0 0 21 23 20 0.00 0.0

10 0 40 10 21 23 20 0.10 22.4
11 0 0 0 21 23 20 0.00 0.0
12 0 0 0 21 23 20 0.00 0.0
13 10 60 20 21 23 20 0.18 22.1
14 0 0 0 21 23 20 0.00 0.0
15 10 30 10 21 23 20 0.10 22.0

a “Percent pollination by mix” refers to the percent of female strobili on each clone to which each mix is applied

b “Pollen mix averqge breeding value (BV)” is the mean BV for each mix weighted by the amount of pollen from each con-

tributing clone in the mix.

PSMPi = proportion  for seed from clone i = o.2 × total percent pollination with .

BVSMPi = mean BV of  mixes on clone i weighted by the proportion of female strobili to which each mix is applied.
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APPENDIX 6  Sample Calculations of Seedlot Breeding Value and
Effective Population Size (Ne) 

         

  

 

1 10 0.00 0.0 0.049 -5.0 0.06 0.574

2 18 0.00 0.0 0.049 -5.0 0.19 3.349

3 26 0.16 21.9 0.049 -5.0 0.05 1.251

4 21 0.14 20.3 0.049 -5.0 0.13 2.811

5 32 0.00 0.0 0.049 -5.0 0.00 0.000

6 12 0.00 0.0 0.049 -5.0 0.01 0.078
7 15 0.00 0.0 0.049 -5.0 0.01 0.113

8 19 0.18 22.3 0.049 -5.0 0.25 5.302

9 14 0.00 0.0 0.049 -5.0 0.06 0.767

10 16 0.10 22.4 0.049 -5.0 0.05 0.868

11 17 0.00 0.0 0.049 -5.0 0.09 1.548

12 9 0.00 0.0 0.049 -5.0 0.00 0.000

13 23 0.18 22.1 0.049 -5.0 0.02 0.406

14 13 0.00 0.0 0.049 -5.0 0.00 0.000

15 11 0.10 22.0 0.049 -5.0 0.10 1.213

BVM = mean BV male weighted by gamete contribution = 17

Seedlot genetic worth = 18.3
Effective population size =   6.9
Percent pollen contamination =    4.9

 =
 =

 =
PC =
BVC =

 =

BV for clone i
proportion  for seed from clone i (Appendix 5)
weighted mean BV of  mixes on clone i (Appendix 5)
proportion contaminant pollen (Appendix 4)
BV for contaminant pollen (value of -5 used in this example)
filled seed (or cones) from clone i as a proportion of the seedlot
(Appendix 3)

 = adjusted BV for clone i weighted by Pi 

20

{[ 1 – PSMPi – (1 – PSMPi)(PC)](BVM)} + BVi} × Pi

GW = Σi 0.5 × {  (PSMPi × BVSMPi) + [( 1 – PSMPi)(PC × BVC)] +

Ne =
1

Σ(Pi
2

Clone      BVi    PSMPi        BVSMPi    PC          BVC           Pi         WBVi

BVi
PSMPi
BVSMPi

Pi

WBVi

)
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APPENDIX 7  Estimating Seedlot Attributes for Controlled-
Cross Seedlots

The following applies to  seedlots produced by controlled matings
with the use of pollen isolation bags and the injection of pollen
from known  male clones.

If:
= the female gametic contribution from clone i
 = the proportional gametic contribution from male

clone j to female clone i,

then:

where:

 =
 =

i

2
where i = j

the male gametic contribution from clone i
the proportional gametic contribution to the seedlot
from clone i .

If a pollen mix is used then individual male clone contribu-
tions to the seed from each female are estimated using the
proportion of each male clone in the mix.

When all seed in a  seedlot is from controlled crosses, Protocols
B through E are not needed and values for Pi are used in
Appendix 6. If controlled matings are a proportion of a larger
open-pollinated crop, gamete contributions should be calculated
using existing formulae for , with the following modifica-
tions in Appendix 6:

PSMPi becomes the proportion of seed from clone  i produced
with controlled mating.
BVSMPi equals the average breeding value of the clones used
for pollen in the controlled crosses, weighted by their pro-
portional contribution to the mix.
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•

•

Fi
PFMij

Mj = Σ(PFMij × Fi)

Pi =
Fi + Mj

Mi
Pi
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APPENDIX 8  Assumptions Underlying the Rating Protocol

An attempt is made here to list all assumptions made explicitly
or implicitly in the rating protocol procedures. Although depar-
tures from the assumptions will cause error in estimates of
genetic worth and effective population size, these errors are
expected to be minor, particularly when averaged over years and
landscapes.

1.

2.

3.

4.

5.

6.

No significant correlations exist between breeding value for
any trait of interest (generally stem-volume breeding value)
and fecundity under seed orchard conditions.
Proportional representation of the male component in a
seedlot  is moderately correlated to the female proportional
representation. Deviations from a perfect correlation are un-
biased with respect to effective population size or estimates
of genetic worth.
Errors associated with estimates of genetic worth and effec-
tive population size for individual  seedlots are unbiased. These
errors will be reduced when estimated at the landscape level
across multiple plantations with different seedlots.
For any given trait, clonal breeding values (weighted to esti-
mate seedlot  genetic worth) represent gain. This gain is
estimated from individual-tree progeny tests and scaled back
to account for age-age correlations and imperfect correlations
with area-based yield factors. These estimates vary with site
and cultural conditions, and therefore do not necessarily in-
dicate percentage gains. The scale of genetic worth values
indicates ranking, but not necessarily relative value. This
means that higher values indicate higher genetic worth, but
the scale is not necessarily linear.
Regional pollen monitor counts represent background
pollen density in the vicinity of the seed orchard. Localized
pollen “dumping” effects on monitor counts are minimal.
Seed orchard pollen monitor counts represent in-orchard
pollen density. The effects of localized contaminant pollen
dumping are minimal within the orchard.
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7. For supplemental mass pollination:

•

•

•   Fecundity for all males on all orchard females is equal.
The cumulative number of receptive ovules increases
linearly from the start to the end of a clone’s receptivity
period. This assumption is violated by variable weather,
which speeds or slows the rate at which ovules reach
receptivity. Departures from this linearity assumption will
provide orchard managers with periods of time when 

may be more effective than predicted with this protocol.
The result will be an underestimate of  success if these
periods of variable weather are used successfully.
Only ovules reaching maturity two days before and includ-
ing the day of supplemental mass pollination application
have a chance of being fertilized by  pollen. This
assumption only represents an average, as actual receptive
periods will vary with weather and by clone.
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