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ABSTRACT 

A workshop was held to pass seed and 
cone information to field foresters, techni­
cians, and nursery personnel involved with 
reforestation in Canada's western and north­
ern region. Papers were presented on genetic 
quality of seed source: variation, improve­
ment and certification; cone collection and 
processing-effects on seed quality and yield; 
lodgepole pine seed extraction; effects of in­
sects on seed and cone production; conifer 
seed pathology; quick methods for determin­
ing seed quality in tree seeds; measuring qual­
ity of tree seed; and impact of seed quality in 
reforestation. 
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RESUME 

Un atelier s'est tenu en vue du trans­
fert d'informations sur les graines et les cones 
aux forestiers sur Ie terrain, techniciens et 
pepinieristes impliques dans la restauration 
forestiere dans l'ouest et Ie nord du Canada. 
Des documents ont ete presentes sur la qualite 
genetique de l'origine des graines: variation, 
amelioration et certification; effets du ramas­
sage et du traitement des cones sur la qualite 
et la quantite des graines; l'extraction des 
graines de pin tordu latifolie; l'impact des 
insects sur la production de graines et de 
cones; la pathologie des graines de coniferes; 
des methodes rap ides pour determiner la qual­
ite des graines d'arbres; la mesure de la qualite 
des graines d'arbres et l'impact de celle-ci sur 
la restauration forestiere. 
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WELCOMING ADDRESS 

It gives me great p leasure on b ehalf of the Canadian 
Fores try S ervice and the Northern Fore s t  Research Centre to welcome 
you today . 

The idea o f  a workshop on seed came from the Regional 
Reforestation Technical Committee, which is a committee of f oresters 
from Manitob a ,  Saskatchewan, Alberta, and the CFS that reviews the 
refores tation programs in the region and recommends priorities to 
the Senior Advisory Committee for the lab here . One o f  its recommen­
dations was to have more workshops-- this is the second such workshop 
held this y ear . 

I am pleasantly s urprised and pleased at the size o f  the 
turnout. Although this started as a regional workshop , representation 
is much broader . A special welcome goes to the delegates from the 
Ontario Minis try o f  Forestry and those from British Columb ia .  I hope 
the benefits from the workshop will make the trip worth while. 

I f  the workshop is a succes s ,  it will be encouragement for 
us to continue with other workshops . You people will , of  course , 
j udge the success yourselves . 

G.T . Silver 
Regional D irector 

of Forestry 
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INTRODUCTORY REMARKS 

Forest regeneration is currently an important issue in 
fores try throughout Canada. tn the Western and Northern Region , 
the g rowing annual harvest and continuing backlog buildup 
(approximately 16 000 ha in the region in 19 78) has prompted 
large increases in regeneration budgets and plans . For example , 
nursery capacity increased from 7 to 14 million seedlings ( container 
and bare root ) during 19 72- 76 and doubled again from 1 9 76 to 1980 . 
There are currently eight government and four indus trial nurseries 
producing forestry planting stock .  

Seed demands are growing proportionately . For example , 
from 1 9 78 to 1981 the s eed demand in Alberta alone is expected to 
grow from 800 to 1150 kg for lodgepole p ine and from 2400 to 3600 kg 
for white spruce to support both planting and seeding programs . 

There is an acute awareness o f  the importance o f  an 
adequate supply of quality s eed to support the expanding reforest­
ation effort . This workshop is designed to address some o f  the 
important aspects of seed source , collection , handling , processing , 
and use as a practical support for reforestation operations . 

L . G .  Brace 
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GENETIC QUALITY OF SEED SOURCE : 
Variation, Improvement and Certif ication 

Douglas F.W. Pollard 
Environment Canada 

Canadian Forestry Service 
Pacif ic Forest Res earch Centre 

Victoria, B.C. V8Z 1M5 

ABSTRACT 

S eed is the vehicle by which genetic quality is transmitted 
to future f orests. An hypothetical example of the distribution of 
variation in genetic quality through an entire species popu lation is 
given. Tree improvement strategies diff er in the way sources of 
variation are exploited. Local seed is usually a saf e source, but 
provenance trials may reveal fast growing and more broadly adaptable 
sources. The main function of provenance trials has been to provide 
data for the delineation of seed z ones. This role is being quest ioned 
where tree improvement has progressed to the development of tested seed 
orchards. The array of wild and orchard seed sources currently 
utiliz ed makes proper seed source identity essential. Where seed 
transactions occur between agencies, identity may require 
certification. A certification service for Canadian forest tree seed 
exports is provided by the Canadian Forestry Service to meet standards 
set by the Organization for Economic Cooperation and Development. 
Certif ication records indicate a signif icant movement of f orest genetic 
resources, with export s exceeding domestic demand in some species. 

INTRODUCTION 

Genetic improvement of seed source is probably the cheapest 
way to increase growth and yield from our future forests. By the same 
token, improper regard to the genetic quality of seed provides a sure 
route to substantial losses in production. Seed is the starting point 
of the new f orest; it is also the vehicle in which eff orts behind a 
tree improvement program are carried into the forest. A genetic entity 
is sown with a seed, and no amount of subsequent silviculture can alter 
that fact. 

The purpose of this paper is to provide nursery staff and 
f orest managers with a moderately technical background to three aspects  
of  the genetic quality of seed source : 

1 )  origins of genetic variation that make its selection 
important and its improvement possible 

2) procedures f or its improvement 
3 )  certif ication. 

3 
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ORIGINS OF GENETIC VARIATION 

Survival and growth of a tree are controlled by many 
characters that are themselves controlled by large numbers of genes. 
The timing of bud format ion provides a useful example of these 
characters. Bud format ion is well known as an indicator that 
"hardening-off" may proceed. In the young seedling, the timing of bud 
formation will not only determine frost hardiness, but will al so aff ect 
height growth markedly. The variation f ound in this important 
character (Pollard and Ying, 1979 )  suggests it is controlled by many 
genes. 

In the following example, the dates chosen are hypothetical 
and are intended to illustrate how different sources contribute to the 
variation in growth cessation expressed by seedlings of white spruce 
(Picea glauca (Moench) Voss ). A single seedling, f or example, may 
cease growth preparatory to bud formation on August 14 in a certain 
nursery. If this seedling were in some way cloned, little deviation 
from this date would be observed among the ramets. However, its 
siblings would vary, their individual dates of growth cessation perhaps 
ranging from August 10- 20. If other families of seedlings from the 
same parental stand were examined, we might f ind this range expanded 
further, from August 10-26. Of course, stands themselves vary, 
although not by much within an elevational subz one of a single seed 
z one. However, in Alberta and British Columbia, seedlings from stands 
at higher and lower elevation bands or subzones account f or pronounced 
variation within one seed zone (Roche, 1969 ) .  Add to this the 
variation expres sed among all seed z ones designated in a province and 
the dat e  of growth cessation might range from July 31 to September 9 ,  a 
span of 4 0  days. The contributing sources of variat ion, as discuss ed 
above, are illustrated diagramatically in Figure 1. 

Additional variation exists beyond a provincial seed z one 
system. Furthermore, the hypothetical ranges mentioned above are as 
they might be expressed at one test site. Other test sites would 
invoke interaction between the new environments and the genetic 
composition of seedlings. 

A tree improvement program may exploit any variation, from 
the clone to seed z one levels. The appropriate source of variat ion, 
i.e., clones, families, stands, etc., for selection depends very much 
on the strategy of the program. 

TREE IMPROVEMENT PROCEDURES 

A basic plan f or tree improvement comprises five element s 
( Segaran, in press ) : 

1 )  Provenance trials for the def inition of seed zones and the 
identification of superior seed sources 



2 )  Establishment of seed production areas as an interim 
measure 

3 )  Selection of phenotypically superior trees (plus-trees ) 
over a broad genetic base 

4 )  Es tablishment of clonal and seedling seed orchards 
5 )  Progeny and hybridization tests of selected trees 

Although a widely used ident if ier of seed source, the term 
"provenance" did not appear in the f oregoing account of sources of 
genetic variation. The reason for the apparent oversight is that 
provenance is an arbitrary term that refers to the locality of a 
populat ion of trees or origin of seeds or trees ( Callaham, 1964 ) .  
Usually a provenance collection i s  a stand collection, but the number 
of trees represented oft en will be variable or unknown. Consequently, 
the geographic limits of a provenance may be diff icult or impossible to 
def ine; this presents problems for future forest managers who may 
require large quant ities of seed from a certain provenance. 

The establishment and conduct of provenance ·trials is 
time-consuming, and the. appropriate moment for enunciation of seed 
transfer rules or recommended provenances is of ten a content ious issue. 
Provenance trials will produce completely reliable forecasts of 
performance only af ter the trees have attained rotation age. Since 
this age is typically in the range of 60-120 years, tree improvement 
programs must resort to interim measures to guide seed source selection 
and production. 

The basic recommendation for seed supply is to use sources in 
the vicinity of the area to be planted; i.e., local seed. There is 
plenty of evidence to support such a simple guideline. Yeatman (1976 ) ,  
f or example, reported that in nine out of ten test sites planted in 
Ontario and Quebec, local provenances of jack pine (Pinus banksiana 
Lamb.) or those from equivalent lat itude, ranked among the best of all 
provenances, measured at age 10 years. 

Local sources, however, may not always be the best adapted. 
On a severe site, the original population may consist of individuals 
that are the result of very intensive natural selection. If the site 
is then planted with nursery-grown seedlings derived at random from 
these parents, much of the selection intensity is lost and high 
mortality may result ( Campbell, 197 6 ) .  Under these conditions seed 
from higher altitudes or latitudes may be required; clearly, such 
recommendations cannot be made without due regard to the nature of 
sites requiring reforestation. 

More widely appreciated and exploited is the fact that trials 
also reveal provenances whose performances are consistently superior 
over a wide range of tes t sites. For example, provenances of white 
spruce from the Ottawa Valley have grown exceptionally well on a wide 
variety of sites in eastern Canada and the Lake States (Teich et al., 
197 5 ) .  Provenances may show unexpected qualities, such as resistance 
to scleroderris canker (Gremeniella abietina (Lagerberg ) Morelet ),  
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observed in vigorous jack pine provenances from eastern Ontario and 
Quebec ( Teich, 1967 ) .  Opportunities thus revealed by provenance 
trials, coupled with problems in securing suf f icient local seed for 
many sites, make seed transf er from distant sources inevitable. 
Moreover, the nurseryman can produce and control identity of his stock 
more easily when a limit ed number of broadly adapted seed sources are 
in use. 

Because natural stands of trees are climatically adapted 
through select ion to their locality, they are genetically distinct fro� 
provenances of climatically diff erent locations. Seed transfer rules 
are devised and applied to ensure that seed movements do not result in 
reforestation with genetically unsuitable stock. Providing basic 
information on which to base these rules is a most important function 
of provenance trials. In pract ice, transfer rules are interpreted 
through the designation of seed zones, within which seed movement can 
proceed freely without risk of planting climatically ill-adapted stock. 
In the mountainous provinces of British Columbia and Alberta, 
elevational sub-zones are necessary within seed-zones to compensate for 
climatic differences at dif f erent altitudes. S ome empirical rules of 
equivalence may be worked out so that, for example, seed can be moved 
northward into the adjacent zone, provided it is used in a lower 
sub-zone. 

Alberta is developing a system of 60 seed zones and, as an 
interim safeguard, has prescribed movement of seed to within 80 km 
distance and 1 5 0  m elevat ion of its origin (Klein 1 979). Saskatchewan 
has 3 1  seed zones. Seed zones are designated initially without regard 
to species but, as more information becomes available, their boundaries 
may be adjusted to suit individual species. 

While there can be no doubt that provenance trials reveal 
superior seed sources, genetic gain is obtained more efficiently and. 
reliably through selection, testing and breeding of individual trees. 
A common approach is to cruise forests deliberately to f ind 
phenotypically superior individuals (�., tall, straight boles, small 
horizontal branches, etc. ). These are propagated as clones or 
seedlings to form, respectively, clonal or seedling seed orchards. The 
orchards often begin seed production before their contents have been 
fully tested. Even without testing, some gains are expected from the 
original selection in wild stands, and from hybridizat ion that takes 
place between unrelated parents in the seed orchard. Ultimately, 
however, it is the objective of a tree improvement program to have all 
seed produced from repeatedly tested and selected parents ( "recurrent 
selection" ). 

The trend toward tested seed orchards may have several 
repercussions. First, the genetic base for future breeding and 
selection will be conf ined to a relatively small number of individual 
trees. Whether this implies pauperization of available forest genetic 
resources awaits further investigation. There is evidence that a very 
large proportion of the total gene complement of a species can be 



conserved in a few dozen individuals. Nevertheless , conservation of 
seed sources with adaptive gene combinations would appear to be an 
important goal for long-term forest management at present , and can be 
achieved through the establishment of managed areas of local seed 
sources ,  as described by Yeatman (197 6 ) .  Managed areas are not seed 
production areas in the usual sense. They are harvestable forests that 
provide : i) reserves for selection , ii ) standards for the measure of 
gain in tree improvement programs , and iii) sources of certifiable and 
tested seed. When the stand is cut ,  it is necessary only to regenerate 
the site with seed from that source. 

Another important result of orchard seed production is that 
provenance trials and seed zones designated from them may become 
irrelevant. This is a rather startling change , resulting from the 
recognition that within-provenance variation, particularly at the 
clonal or family level , is consis tently greater than among-provenance 
variation. There are limits as to how far this concept can be 
extended , but application of biogeoclimatic zones derived from 
ecological investigation rather than from laborious and lengthy 
provenance trials may be adequate for guiding seed transfer on a broad 
scale. What then becomes important is the adaptability of selected 
trees and their progenies. It is these that must be tested over a 
variety of sites and locations; the performance of appropriate 
provenance collections will not necessarily provide an accurate 
indication of individual parent suitabilities. 

Even while tree improvement programs are under development , 
with provenance trials and seed orchards being established, the 
concepts of tree improvement are still evolving. In the face of such 
evolution and development , the forest manager must still maintain seed 
supply. A common interim measure is to designate selected stands and 
seed production areas. The genetic gain from such sources is very 
small , and cannot be regarded as a significant step in tree 
improvement. Recent use of such sources in Alberta has supplied only 
four percent of the province's seed (Klein 1979). 

SEED SOURCE CERTIFICATION 

Nurserymen will be handling seed from two sources : stands and 
s eed orchards. As might be expected from the foregoing account , there 
are various classes within each group and it is important that they be 
recogniz ed and identified. The British Columbia Ministry of Forests 
recognized six "genetic classes" in each source type ( Dobbs et al. , 
197 6 ) : 

--

A.Seed Orchard or Special Seed ( subject to revision , 1980 ) 

Al Breed orchards (containing progeny-tested stock 
only) 

A2 Full-sib orchards ( seedling orchards derived from 
controlled pollinations between selected trees ) 
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A3 Half-sib orchards ( seedling orchards derived from 
open-pollinated s elected trees ) 

A4 Clonal orchards 
A5 Combined clonal, full-sib and/or half-sib orchards 
A6 Single tree collections ( open pollinated) 

B.Stand S eed 

B1 Seed production area 
B2 Pre-selected stand and/or single trees, collected 

under supervision 
B3 Normal stand (no selection) 
B4 Natural stand (no information) 
B5 Squirrel caches or cutting 
B6 Plantations 

Genetic class is coded int o  a Seed Registration Number, a 
unique number that summarizes important information about the seed 
source. The following example of Douglas-fir (Pseu�otsuga menziesii 
(Mirb. ) Franco ) Seedlot Registration Number ( B. C. Forest Service )  was 
described in Dobbs et ale ( 1 976 ) : 

F :  
8 2G 1 5 : 

B3 : 
2 372 : 

1. 6 :  

F/82G15/B3/2372 / 1. 6 

Species code (Douglas-fi r )  
Geographic origin (Nat. Topographic Grid ref. ) 
Genetic class 
Seedlot number 
Elevation ( thousands of metres ) 

S eed registration syst ems vary across the country. The 
Province of Saskatchewan employs a nine-digit number that encodes seed 
zones, seedlot number, year of collection and species. 

Proper records and labelling by seed registration numbers are 
obviously vital for maintaining genetic integrity of new forests. 
Where seed is collected by agencies which are responsible for ensuring 
genetic integrity, their numbers provide the only identification 
necessary. But there are instances where seed is collected by separate 
agencies; e. g. , commercial cone pickers and seed dealers. The 
receiving agency may then require some assurance of source identity, 
especially if seed is required from specific locations. 

In Canada, seed source certification has arisen in response 
t o  needs of the seed export industry. Export of fores t tree seed has 
assumed significant p roportions in the past decade. To date, 
certification has been limited to seed collected in British Columbia 
and the Yukon Territory, reflecting the European demand for species of 
that region. In 1 979, Swedish legislation prohibited further 
importation of uncertified seed of lodgepole pine ( Pinus contorta 
Dougl. ) .  This particular market accounts for over half of the 
certified seed exported from Canada. Canadian seed dealers now have 



all their seed collections certified as a matter of policy, an action 
that ref,lects favorably on the acceptance by dealers of the 
certification process, and on the quality of seed exported from this 
country. 

The Government of Canada's Designated Authority administering 
seed certification under rules of the Organization for Economic 
Cooperation and Development (OECD) is the Canadian Forestry Service 
( CFS ).  At present, the CFS has two Certifying Authorities, the Pacific 
Forest Research Centre in Victoria, B. C. and the Northern Forest 
Research Centre in Edmonton, Alberta. Under the direction of a 
Certifying Officer at each centre, certification is perf ormed by 
several Seed Inspectors, appointed by the federal Minister of 
Agriculture. 

Inspection procedures begin with a submission of collecting 
plans before collection begins by the company. Collections cannot be 
certified for source identity retrospectively. Inspections are made at 
the collection site, at cone storage depots, and at seed extractories 
and stores. Careful records are made of yields forecast, extracted and 
packaged. Details of inspection and certification requirements are 
described in full by Piesch and Stevenson ( 1 976 ) .  

In 1 979, 1 9 14 kg of seed were inspected and certified in 
accordance with OECD regulations. An additional 769  kg of 
uncertifiable lodgepole pine seed were inspected under a special 
agreement with the Swedish National Board of Forestry designed to 
minimize impact of new Swedish legislation ( see above) on Canadian seed 
dealers. Prices are generally treated as confidential and are not a 
matter of concern to the certification process, but it is widely held 
that lodgepole pine seed is valued at a minimum of $ 300-4 00 per 
kilogram, indicating a total value of abou t $ 1 , 000, 000 for seed 
certified or inspected in 1 979 (lodgepole pine accounted for 69 percent 
of the total weight inspected in 1 979 ) .  The quantities of seed 
exported suggest significant movement of domestic forest genetic 
resources. The 1854 kg of lodgepole pine inspected in 1 979  far 
exceeded the 1 977 requirement of 90 kg for this species in British 
Columbia (Dobbs, 1 979)  and recent ( 1 977-80)  and projected ( 1 9 81 -87) 
annual requirements ( 800 kg and 1 1 50 kg, respectively) of Alberta 
(Klein, 1 979 ) .  

At present, overseas demand for Canadian forest tree seed is 
increasing, and may continue to do so if more countries enter the 
market. The demand may also be spreading into new regions of Canada; 
f or the first time, the Northern Forest Research Centre, Edmonton, was 
called upon to inspect seed collected in Alberta in 1 979. 

Demand for wild seed is expected to diminish as European 
f orestry agencies fill their exotic forest needs and develop seed 
orchards from locally selected trees. At the same time, there may be 
interest in any future surpluses generated in Canadian seed orchards, 
especially where seed is produced from tested parents. The Canadian 
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Forestry Service is exploring market potential for this source; if 
signif icant, new Canadian rules for certif ication will be required t o  
match the OECD categories for improved seed; i.e. , "selected 
reproductive material" , "reproductive material from untes ted seed 
orchards" and "tested reproductive mat erial". 

While seed certification was designed to provide some 
assurance of seed source authenticity, its real value lies in the high 
standards of seed source identity and def inition implicit for 
certif ication. Identity and definition are of paramount importance to 
those engaged actively in tree improvement ,  and to f orest managers 
whose responsibilities include the genetic architecture of future 
f orests in Canada and overseas. 
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CONE COLLECTION AND PROCESS ING -
Effects on Seed Quality 

and Yield 

D. G.  W. Edward s  
Environment Canada 

Canadian For estry Service 
Pacific For est Resear ch Centr e 

Victor ia, B. C .  V8Z IHS 

ABSTRACT 

The gener al pr inciples of cone collection and cone and seed 
processing ar e r eviewed , and the manner in which seed quality and seed 
yields may be aff ected ar e discussed. Emphasis is placed on cone and 
seed matur ity, and the consequences o f  too ear ly co llections .  The 
o bj ectives of each component stage in the pro cessing system, beginning 
with car e and handling befor e the cones r each the pro cessing plant and 
terminat ing with pr epar ing the seeds for sowing , ar e descr ibed and the 
po tential causes of poor seed quality ar e outlined . The r eview is 
illustr ated with examples of pro cessing methods and equipment used 
pr imar ily in Br itish Co lumbia. 

INTRODUCTION 

The r elatively r ecent development of container nur ser ies to meet 
gr owing r efor estation needs has brought incr eased attention to the 
pro blems of seed supply. Requir ements for par ticular provenances and 
for genetically improved seed s ,  as well as r ising co sts of all levels 
and types of nur ser y  production,  have bro ught new emphasis to seed 
quality. The seeds der ived from seed pro cessing can be no better than 
tho se that wer e co llected , but a goo d  seed pro cessor can upgr ade 
quality at the expense of quantity by r emoving the empty, weak and 
damaged seeds .  

This paper r eviews the gener al pr inciples o f  co llection and 
pro cessing of conifer seeds and the manner in which the component 
o per ations may influence seed quality and yield . No t highly technical , 
the r eview makes no attempt to account for the mo st up-to-date 
equipment , and is aimed pr imar ily at r efor estation staff , and other 
worker s  who may wish to become familiar with the basic steps of cone 
procur ement , handling and seed extr action.  All major steps , from 
consideration of seed matur ity to the pr eparation and pr etr eatments for 
sowing , ar e discussed. 



CONE COLLECTION 

S eed quality can be impair ed at almo st ever y stage in pro cessing 
from the time the cones are r emoved from the par ent tr ee. The r easons 
for damage may be bio logical ( caused by too ear ly co llectio n ,  the 
pr e sence of pests , or bo th) , thermal ( caused by high temperatur es 
during cone kilning or seed drying ) , mechanical ( caused by abr asio n  or 
sharp impac t ) , chemical ( such as that caused when pesticides have been 
applied to the seed s ) , or a combinatio n  of these r easons. 
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Unlike mo st of the for ego ing r easons ,  which r elate to specific 
s tages o f  pro cessing , seed matur ity influences almo st ever ything that 
happens to the seeds o nce the cones have been collec ted. For pr act ical 
purpo ses ,  matur ity can be defined as the stage at which all po tentially 
good seeds are capable of germination and successful stor age. Although 
vi?ble seeds can be obtained from cones co llected long befor e they ar e 
r eady to o pen , matur ity (r ipene s s )  is usually asso ciated with seed 
disper sal. Mo st conifer s quickly r elease the bulk o f  their seeds once 
matur ity has been achieved; o ther s ,  such as lodgepole pine (Pinus 
contor ta) and jack pine (�. banksiana) , usually exhibit a serotino us 
cone habit ; i.�. ,  the outer edges o f  the cone scales ar e bonded 
to gether by r esin and requir e expo sur e to high temper atur e  for seed 
r elease. Thus , cones of these species may r emain intact on the tr ee 
for a consider able time after matur atio n ,  a char acter istic of which 
con� collector s take advantage. A major diff iculty in seed collection , 
whether or no t seeds ar e disper sed at matur ity,  is that no t all cones 
matur e simultaneously. Maturation date var ies among cones on the same 
tr ee , from tr ee to tr ee within the same stand , from stand to stand in 
the same year and from one year to the next on any par t icular date. 

The gener al conclusion drawn from the copious liter atur e  on seed 
matur ation is that the mor e  matur e  the seeds are when collected ,  the 
greater their vigor and po tential for establishment of new seedling s 
(Pollo ck and Roo s 1 97 2 ). Among the consequences of too ear ly 
collection ar e  diff iculties in cur ing ( air -dr ying ) the cones; their 
high mo istur e  levels favor moulds and unless they are well ventilated 
dur ing stor age ,  the cones may suff er from internal heating , which can 
cause dir ect damage to the seeds as well as incr easing mould activity. 
The high mo istur e  content o f  gr een ( immatur e )  cones r equir es longer 
kilning and normal kiln temper atur es may be lethal to the immatur e 
seeds. Cone scales may fail to r eflex proper ly dur ing kilning , 
r emaining in a semi-clo sed or clo sed po sition,  thus pr eventing the 
seeds from fall ing out. Immatur e seeds ar e lighter in dry weight , may 
germinate very slowly or be incapable of germinating , and the seedlings 
may be o f  low vigor ; i.e. , slower growing. Pr echilling ( str atifying ) 
immatur e  seeds may r educe germination; they are more susceptible to 
disease and tend to pro duce a higher propor tio n  of abnormal germinants , 
which r educe plant yields. In contr ast , cones collected clo se to 
matur ity open r eadily when kilned and , in good seed year s ,  yield high 
quaDtities of seeds. Heavier seed year s  not o nly produce the best 
quality seeds in terms of soundness and viability ( Fowells and Schuber t 
1 95 6; Lar son and Schuber t 1 970 ) , but cone collec t ion co sts are lower 
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and cone lo sses to squirr els and insects ar e less ser ious (Rietveld 
1 9 7 8 )  • 

A Douglas-fir (Pseudo tsuga menziesii) seed or char d study ( Olsen 
and Silen 1 97 5 )  pro duced the following observations on seed maturity. 
Seedlo ts collected befor e the thir d week in August "r equir ed 
sever al-fold effor ts in seed extr action and germination, produced ver y  
light seeds ,  contained near ly all of the lo ts germinating below 10%, 
suffer ed heavily from lo ss after germination, requir ed inordinate 
effor ts  to pro duce enough seedlings ( for a progeny test ) and wer e the 
major cause of poor seedbed densities." Cones collected within 1 0  days 
of natur al seed fall developed less mould befor e the seed s wer e 
extr ac ted , r equir ed minimal ef for ts in seed extr action and subsequent 
seed pro cessing , germinated well in the nur ser y and pro duced excellent 
seedlings. In terms of seedling production alone , it was estimated 
that 1 0  times the effor t was r equir ed with immatur e seed s than with 
seeds collec ted clo se to seedfall. Although far from exact , such 
compar isons ser ve to place a better per spective on the CORt of immatur e 
seeds (Olsen and Silen 1 97 5 ) .  

Fig. 1. A mature Douglas-fir seed . The 

embryo is 90% extended in the 
cavity in the endosperm which is 
firm and opaque-white. 

Fig. 2.  An immature Douglas-fir seed . 
The embryo is less than 30% exten­

ded and the endosperm, although no 
longer "mi l ky", has shru nk and 
separated from the seedcoat (arrows) 
shortly after secti oning. 

em - embryo; en - endosperm; pr  - prim ary root; c - cotyledons; 
sc - seed coat; ws - stub of seed wing. Scale approx. 12x. 



Fig. 3. Mature amabil is  fir seeds. Em bry.os have ful ly extended, the 
endosperm is firm, white and shows no sign of shrinkage after sec­
tioning. em - em bryo; en - endosperm; pr - primary root; 
c - coty ledons. Scale is in m m .  

Fig. 4 .  Endosperm condition i s  critical i n  judging Abies matu rity . Al­
though embryos are ful ly elongated , the endosperm has pul led away 

(arrows) from the seedcoat after sectioning, indicating matu ration was 
incomplete. 

15 
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Methods o f  assessing seed matur ity have been r eviewed el sewher e 
(Edwar ds 1 979a).  Some of these , such as  cone co lor , are well known but 
ar e highly subj ective. One measur e of r ipening that has gained in 
po pular ity is r elative embr yo development. In Br itish Columbia , 
co llection o f  cones o f  mo st species can begin when the major ity of 
embr yo s exceed 75% of the length of the cavity within the endo sperm , 
and when the endo sperm is firm (Dobbs  et ale 1976 ).  The condition of 
the endo sperm is as impor tant as the length of the embr yo ( Figs. 1 to 
4 ); when the seeds ar e sufficiently developed , the tissues will show 
little or no shrinkage and curling and will r etain a r elatively firm, 
fr esh appear ance when longitudinally sliced seeds are left uncover ed 
overnight at room temperatur e. 

Cutting a sample of cones ( e.g. , 9 cones from each of 6 tr ees 
well distr ibuted in the stand )  allows a count of the expo sed filled 
seeds in one half-sectio n ,  which indicates if ther e ar e enough seeds to 
make the collection economical. For spr uce , a good aver age seedcount 
on the cut sur face would be 7 -1 0 ,  and 3-4 for pine; usually ther e are 
3-5 times the number of good seeds per entir e  cone as are visi�le on 
the cut sur face. Lodgepole pine cones ar e difficult to sectio n  and it 
is easier to extr act the seeds by dipping the cones in bo il ing water 
for 10-15  seconds , then dr ying them in an oven at 60 ° - 65 °C for 3-b 
hour s. Filled seeds may be identified by cr ushing them with the 
fingernail or with the po int of a shar p knife to reveal a fir m ,  white 
endo sperm. A minimum o f  2 0  filled seeds per entire  pine cone indicates 
a co llec table crop  ( Do bbs et ale 1 976 ) .  As well as seed set ,  
inspections should be made for insect or o ther damage. Insect pr esence 
is o ften indicated by pr ematur e browning of the cones as a whole  or in 
patche s ,  insect entr y/exit bor e holes , fr ass , "exudat ions of pitch and 
disf igur ed or par tially consumed cones ( Fig. 5 ). Slicing the cones , to 
determine seed set , may r eveal the damaging larvae. Insect damage may 
al so impair seed extractio n ,  ther eby r educing seed yield s. Spr uce 
cones ar e prone to damage by cone rust s ,  which are fungi that d er ive 
their name from the or ange-yellow spor e masses pro duced on the cone 
scales. Affected cones o f ten open pr ematur ely and seeds fr equently ar e 
no t viable or germinate abnormally. Cone deformitie s ,  such as 
prolifer ation ( Fig. 6 ) ,  r educe the seed count and may impair seed 
extr action. Smaller cones on an individual tr ee have the same genetic 
char acter istics as larger ones , but small size may indicate immatur ity , 
low seed count , bio tic damage or abnormal development. The 
de sir ability of collecting such cones should be decid ed in each 
instance. 

Cones ar e still largely collected by hand from standing or 
r ecently f elled tr ees or from squirr el caches. When climbing , cones 
should no t be thrown to the ground , even in sacks , but should be 
lower ed by rope to minimize damage to fr agile seedcoats and 
consequential reduction in seed quality. When collecting from felled 
tr ees , it is impor tant to determine whether or not the cones wer e 
suff iciently matur e when felling occurr ed. Prompt collection may be 
necessary to for estall cone opening r esulting from high so il 
temper atur es , or lo sses to bir d s  and mamnials. Squirr el-cached cones 



Fig. 5. Insect-damaged (top) and nor­
mal ( bottom ) cones of white spruce. 
Deformity near cone base and pitch 
exudation are external evidence 
of insect attack (left ) .  Sliced longi­
tudinal ly (right) the damage is more 
apparent. 

Fig. 6. Abnormal (top) and normal 
(bottom) cones of white spruce. 
Proliferated cones, i.e., those in 
which the apical meristem has 
resumed vegetative growth (right) 
after the production of a reproduc­
tive structure, or those in which the 
apical meristem became divided and 
proceeded along two separate axes 
(left), although not common, can be 
observed in most conifers. 

must also be checked for matur ity as well as for the pr esence of pests; 
the crop tr ees of the stand where the cones are found should be 
inspec ted for desir ability o f  form and other physical char acter istics. 

CONE SHIPNENI' AND STORAGE 

As mentioned ,  the eff ects  of seed matur ity interr elate with seed 
pro cessing because immature seeds can be mor e  diff icult to ex tr act from 
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Fig. 7. Cones are placed on the upper end of a cleaning table. The ti lted, 
screen-top vibrates causing the cones to sl ide to the lower end, wh i le 
dirt, needles and l itter fal l th rough onto the grou nd. 

F ig. 8. Two simple cone storage methods for field use. Ladder-l ike trestles 
(left) with paral lel boards to separate the sacks, and knock-down saw­
horse type (right),  from the bar of which sacks are hung using h ooks, 
are both built from common materials and are completely portable. 



Fig. 9. A large shipment of cones being u n loaded at a British Columbia 
processing plant. 

Fig. 10. Traditional cone storage sheds use poles or boards to separate 
the sacks so that they are wel l  aerated. 
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the cones , or ar e  mor e easily damaged . Cones may be tr anspor ted 
dir ectly to a processing plant in some situations but , more  likely , 
they will have to be assembled at a shipping po int in the field , wher e 
cleaning and inspection may be invo lved. Seed pro cessing will be 
easier and high quality seeds will r esult if sacks arr ive at the 
proces sing plant containing only clean,  sufficiently mature cones . 
Excessive debr is no t only complicates seed cleaning and incr eases 
co sts ,  but may cause damage to the seed s .  Where debr is in the sacks is 
unavoidabl e ,  it may be practical to use a cone cleaning table ( Fig . 7 )  
at the field location. An advantage is that the cones are clo sed and 
can be shaken without lo ss o f  seeds.  

Sacked cones should be kept in the shade and separ ated for goo d  
ventilation; simple stor age r acks ( Fig . 8 )  may be used in the field . 
The cones must be pro tected from being rewetted and from ro dent s .  If 
very wet when sacked , the cones should be emptied out and air-dr ied at 
the stor age facility. Once fr ee of sur face mo istur e ,  they sho uld be 
placed in dry sacks . Even when par tially air-dr ied at inter im ( field ) 
storage  facilities ,  the cones ar e still susceptible to damage dur ing 
shipment ,  especially from heat buildup which may favor mould growth. 
Only open , flat-decked tr ucks or tr ailer s ( Fig.  9 )  should be used for 
shipment to the processing plant , and tr avel times should be kept as 
shor t as po ssibl e .  Tr uck dr iver s sho uld be made awar e of the 
per ishable nature  of their lo ads; they should park in the shade , 
whenever po ssibl e ,  dur ing stopover s en route . The need for pro per car e 
and prompt delivery should be str essed. Once at the pro cessing plant , 
the cones may be stor ed in sheds ( Fig.  1 0 )  for a fur ther per io d , to 
ensur e fur ther dr ying or as a consequence of extr action scheduling . 
Corr ectly stor ed cones continue to lo se mo istur e  as their seeds r ipen .  
Adequate pro tection from external heat sour ces ( dir ect sun, heated 
building s )  and ample ventilatio n ,  even for c ed-air cir culation in 
cer tain cir cumstances ,  are r equir ed. Green cones o f  mo st species 
( except lodgepole and jack pine s )  expand as they dr y out so the sacks 
should no t be filled with gr een cones above the fill-line. 

Despite the pr evious emphasis on co llecting only matur e cones , 
cer tain species can be collected quite early in the season and , if 
corr ectly handled , will continue to r ipen dur ing cone storage.  
Artif icial r ipening has been found to enhance seed extr actability,  
although for mo st species ther e is a maximum per iod of safe storage 
(Table 1 ); when these per iods are exceeded , chances of seed mor tality,  
germination in the cones and complications dur ing extr action incr ease 
gr eatly. Prolong ed stor age of even matur e  cones may be disadvantageous 
for cer tain species ,  r e sulting in r educed viability af ter extr action 
and a fur ther lo ss dur ing seed stor age (McLemor e 1 961 ) .  However , 
Bloomber g ( 1 96 9 )  suggested that disease r esistance was po sitively 
corr elated with seed matur ity in Douglas-fir ; he maintained that 
disease incidence in a seedlo t r epr esents the net effect of sever al 
factor s ,  including the propor tion of the seeds not matur e ,  the degr ee  
of  their immatur ity , the rate  at  which matur ity occurr ed and the length 
of cone storage. The seeds of a number of species , including 
Douglas-fir , no ble fir (Abies pro cera) , Nor dmann fir (A. nor dmanniana) ,  



Table 1. Safe stor age per iod for some western conifer s 

Species S tor age per iod (months ) 

Douglas-fir ; Engelmann , white , and 
Sitka spr uces ; western larch;  
pondero sa ,  we stern white and 
limber pines. 

western hemlock ; wester n  r ed cedar 

true fir (balsam) species 

lodgepo le pine 

3-5 

1 

1 - 2 ( in tr ays ) 

4+ 
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Sco ts pine (Pinus sylvestr is ) , the souther n pines ( �. ellio ttii , �. 
taeda,  !. echinata , !. palustr is ) , Virginia pine (!. virginiana) and 
white spr uce , ar e known to continue to r ipen in the cone if stor age 
co nditions are suitable. These co nditions are pr e sently ill-defined 
but , wher e success has been obtained , air temper atur e between 5 °  and 
1 0 °C ,  r elative humidities o f  65-75% and good ventilation of the cones 
have all been implicated. Ar tificial r ipening of pr ematur ely co llected 
cones provides thr ee main benefit s :  cone collection o per ations can be 
made mor e flexible , the co llection per iod can be ex tended and immatur e 
cones from logg ing oper ations can be used. Ripening seeds are less 
sensitive to cone stor age conditions the later they ar e co llected 
(Edwards 1 979a) .  

CONE PROCESS ING 

Pro cessing includes all tho se steps from the time the cones 
arr ive at the pro cessing plant until the seeds ar e pr epar ed for sowing 
( Fig. 1 1 ). Although the cones will have lo st consider able mo istur e  
since they wer e picked , fur ther dr ying in a kiln is usually necessar y 
to r eflex the cone scales to their fullest extent so that maximum 
quantities of seeds can be obtained. Kilns ar e over -sized ovens and 
have var ious forms ( Stein et ale 1 974 ). Some are the progr essive typ e ,  
emplo ying a tunnel along whic�the temper atur e progr essively rises ; 
car ts laden with cones move slowly from the cooler entr ance of the 
tunnel to its ho tter exit. Mor e  moder n  kilns ar e of the ro tar y type , 
containing the tumbler within the heat box and in which the seeds ar e 
shaken out of the cones and r emoved from the heat at the ear liest 
po ssible time. 

The objective of kilning is to get the cones open as quickly as 
po ssible without affecting seed viability or causing cone scales to 
case har den ,  which occur s  when wet cones ar e heated too rapidly and the 
scales only par tially open. Prolo nged slow dr ying may also pr event 
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CONES IN STORAGE --- "PRECURING" (AIR DRYING) 

• 
CONE CLEANING 

• 
KILN DRYING 

• 
CONE TUMBLING 

• 
DEWINGING 

• 
SEED DRYING 

• 
SEED CLEANING 

• 
SORTING 

• 
SEED DRYING 

• 
SEED STORAGE 

--- REMOVES NEEDLES, DEBRIS 

--- OPENS CONE SCALES 

--- RELEASES SEEDS 

--- REMOVES WINGS 

--- IF WET DEWINGED 

--- REMO VES LIGHT SEEDS, DEBRIS 

--- SEPARATES TOP QUALITY SEEDS 

--- ADJUSTS MOISTURE FOR STORAGE 

--- CONSERVES SEED VIABILITY 

Fig. 11. Steps in cone and seed processing. Some techn iques may combine 
two or more steps. 
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full scale opening. Thus , the heat to which the cones ar e subj ected 
must be car efully controlled. Ideally, cones should be expo sed to an 
air flow of gradually decr easing mo istur e  content , pro ducing a 
progr essive dr ying and opening of the cone scales. Air temper atur e s  
must no t r ise above cer tain limits ,  o ther wise viability will be 
impair ed. Maxima o f  50°  or 60 °C may be r eached near the end of the 
dr ying per iod when air humidity and cone mo istur e  ar e ver y low; wet 
seeds expo sed to these temper atur es likely would be scalded. The 
biological upper temper atur e limit for mo st tree seeds is approximately 
66 °C. In some pro cessing plants , a ventilated lo ft  above the kiln, 
employing waste heat , is used as a pr eliminar y dr ying step after the 
cones have been r emoved from stor age. This may signif icantly r educe 
the kilning time , an effective economy in a lar ge  oper ation. 

In some plants ,  kilning and tumbling are per formed simultaneously 
in a ro tating drum kiln. Tumbler s ar e  scr eened dr ums in which the open 
cones ar e shaken to r emove the seeds. If tumbling is d elayed too long 
after kilning and the cones ar e  expo sed to mo ist air as they cool ,  the 
scales will r eclo se. Some tumbler dr ums ar e enclo sed at bo th ends , and 
r ever sing the dir ection o f  ro tation opens the cylinder to dischar ge  the 
spent cones and for r echarg ing with fr esh ones. Ano ther type is o pen 
at bo th ends ,  fair ly long , with its axis slightly inclined. Cones ar e 
fed in at the higher end and , as the cylinder ro tate s ,  they roll to the 
lower end and fall out. This  type  provides for continuo us oper ation 
but the ro tation speed is usually slow, which may not provide an 
adequate tumbl ing action for some spec ies. Whatever type is used , the 
process should be as gentle and as br ief as po ssible. All tumbler 
types ar e co ntained in an enclo sur e which tr aps dust and chaff as well 
as the extr acted seeds , and funnels these mater ials to a catchment ar ea 
under neath ( Fig. 1 2 ) .  With some specie s , r emo istening the cones after 
a fir st tumbling has been used to incr ease seed yields following 
sub sequent r edr ying and additional tumbling. The quality of the 
additional seeds is usually lower than that from the initial tumbling 
and it is difficul t to justify thi s type  o f  oper ation , except when the 
seed crop is poor , when the seeds are exceptionally valuable or for 
cones that ar e r efr actor y; i.e. , do no t open r eadily. Seeds obtained 
by this procedur e should be

-
used as quickly as po ssible,  since 

exper ience ha s shown that fr equently they do no t stor e well. 

SEED PROCESS ING 

Dur ing tumbl ing , a consider able quantity of debr is fall s through 
and becomes included with the seeds. Such d ebr is not only compl icates 
later stages in seed cleaning , but may cause , through fr ictio n  and it s 
sharp edges , actual seed damage. It is o f ten necessary to pr e-clean 
the seeds with a "scalper" (Fig. 13 ) to r emove mo st if no t all of thi s 
debr is. The scalper , like the cone cleaning table , consists of an 
inclined vibr ating scr een; usually sever al scr eens of progr essively 
f iner mesh from upper to lower are employed. Very coar se mater ial is 
r etained on the uppermo st scr een and slides down to fall in one bin , 
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Fig. 12. Enclosure of the inclined-axle tumbler used by the British Colum­
bia Ministry of Forests. The incl ine of the axle is adjusted using the 
worm-gear mechanism (centre right) . A conveyor belt, near the bottom 
of the enclosure, moves seeds and other small particles out of the 
tumbler box. Spent cones exit via the open ing at lower right. The 
operator is meticulously clean ing the equipment between seedlots. 

Fig. 13. The scal per  resembles a cone cleaning table. A hopper (upper left) 
provides a conti nuous flow of material onto the incl ined screen. V ibra­
tion causes the cone scales and debris to sl ide to the l ower end, to be 
col lected in the cardboard container. Seeds pass through the screen 
onto a solid metal tray and are col lected in a metal bin. 



while the ver y  fine mater ial passes through to be depo sited in a 
separate bin. The seeds are usually r etained on an intermediate 
scr een. An air supply is often added ( the machine is then referr ed to 
as a "fanning mill") to help keep the par t icles moving and r educe 
lodging in the per for ations. 

Once excess debr is has been r emoved , the next step is seed 
d ewinging , which improves the field sowing char acter istics of the 
seedlo t ,  facilitates sor ting the seeds to the r equir ed quality 
standards , and r educes the volume of mater ial to be stor ed. 
Unfor tunately, d ewinging is the pro cessing step mo st likely to cause 
seed damage ,  the quality of some lo ts suffer ing signif icantly. 
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Repeated dewinging adds  to any damage inflicted by ear lier dewinging. 
In the true fir s  (Abies ) ,  lo sses in quality are almo st inevitable; 
three br ush-dewing ings of A. lasio carpa seeds destroyed 50% of the 
or iginally viable seeds (Edwards , in pr e s s ) .  Excessive dewing ing in 
Douglas-fir pro duces dull , dusty seedcoats; the seeds ar e  rar ely high 
in germination and seem to be more easily contaminated by mould and the 
r esul ting seedling s ar e weak. 

Dewinging methods  fall into two gener al categor ies. Dry 
dewinging invo lves rubbing the wings o ff mechanically witho ut cr acking 
or damaging the seedcoat. The simplest , and safest , means is to hand 
rub the seeds in a sack, but this is pr actical for small quantities 
only. A simple mechanical device is a wir e scr een or per forated 
plate ,  the holes of which permit the seed s ,  but not the wings , to pass 
through. A brush wor ks the seeds against the scr een while an air 
curr ent helps to r emove wing fr agments ( Fig. 14 ) .  Br ush pr essure must 
be car efully adjusted to pr event cracking the seeds or causing undue 
heating thro ugh fr ictio n. In o ther machines ,  the seeds ar e made to 
pass through narrow outlets between rubber knobs  or paddles , again 
r equir ing car eful adjustment. Ano ther type emplo ys an auger which 
lifts the seeds and rubs them against one ano ther to br eak off the 
wings ,  inside a cylinder ( Fig. 1 5 ). Some operator s add a small amount 
o f  coar se debr is to this type of dewinger to incr ease the rubbing 
actio n. In Br itish Co lumbia , this type o f  dewing ing is very effective 
on seeds of Douglas-fir and western lar ch; batches of 1.5-2.0 
hectolitr es can be ef fectively dewinged in 2 minutes. Longer tr eatment 
can cause damage. 

The wing s of pine and spr uce ar e  attached to the seed s by means 
of a two-pro nged depr ession that gr ips the seed (pine) or by means of a 
spoon-shaped ho llow ( spr uce) (Fig. 1 6 ). Since the wings ar e much mor e 
hygro scopic than the seed s ,  they expand when wet and loo sen their gr ip 
on the seed s ,  usually separ ating with minimal agitation. This is the 
basis of wet dewinging, a method that used to be frowned upon because 
it was believed to weaken the seeds ,  par ticular ly with regard  to their 
storability. The amount of mo istur e  requir ed is very slight , and the 
mo istur e  content of the seeds  need not incr ease mar kedly since the 
method is r elatively rapid. The Kason Vibr ator , which compr ises a 
vibrating cylinder that can handle up to 0.5 hI batches of seeds , is 
used in Br itish Columbia for bo th wet and dry dewing ing ( Fig. 1 7 ). The 
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Fig .  14. The front cover of  this brush 
dewinger has been opened to show 
the cu rved screen inside which are 
the rotary brushes. Wings pass through 
the screen and, together with the 
dust, are drawn off by a vacuum. 
Seeds exit by the spout at  the near 
end. 

Fig. 15. Looking down inside an auger 
dewinger. 

seeds ar e caused to cir culate in two dir ections - and rub against one 
ano ther - by means of eccentr ic weights plac ed beneath the drum; hand 
mixing of the circulating seeds has been found to assist the dewinging 
process. Spraying a small amount of water o nto the circulat ing seeds  
permits dewinging of white, Engelmann and Sitka spruce and pondero sa 
and lodgepo le pine with little or no damage. Pro longed wetting of the 
seeds should be avo ided but, in any case, the seeds requir e  redr ying 
before further sor ting. For this, the seeds are spread out, usually o n  
fine-scr een trays through which warm (no t  exceeding 3 0 °C ) ,  dr y air is 
blown; the detached wings are r emoved easily in this air curr ent o nce 



Fig. 16. White spruce (left) and lodgepole pine (right) .  Top row: seed 
wings with seeds removed. Middle row: seeds. Bottom row: seeds 
complete with wings. 

Fig. 17. The Kason Vibrator dewinger. Dewinged seeds exit by the upper 
"arm" (cent re left) while wing fragments fal l into the lower bin. 
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they have dr ied. A special cabinet is often used but the pro cedur e  can 
also be carr ied o ut in tho se types of kilns that use trays stacked on 
dollies. }lo istur e  content has to be checked fr equently to avoid 
over-dr ying. 

The Kason Vibr ator has al so been the mo st effective , and the 
least damag ing , equipment for dewinging seeds of western hemlock (Tsuga 
heterophylla) .  Small batches of Douglas-fir , wester n  white pine (Pinus 
montico la ) , western larch (Lar ix o ccidentalis)  and Abies seeds can al so 
be dewinged by this method. 

Some pro por tio n  of the detached wings may be lo st from the seed 
bulk dur ing the actual dewinging process or while r edr ying , but a mor e 
thorough seed cleaning , i. e. , the separ ation of the seeds from 
impur ities and chaff ,  has to be conducted. In some plants , cleaning is 
insepar able from sor ting the better grades of seeds from the poor er and 
inf er tile ones. By r emoving chaff and o ther impur itie s ,  the seed bulk 
is gr eatly r educed for stor age ,  and the pr ecision with which the seeds  
ultimately can be sown in the nur sery can be incr eased. One of the 
simplest methods  of cleaning/sor ting is based on differ ences in 
par ticle size,  which is the pr inciple of the scalper and fanning mill 
mentioned ear lier . Scr een (per for ation)  size , angle of slope of the 
scr eens , r ate and distance of o sc illation,  as well as the speed of any 
air curr ent ar e all usually adjustable. Depending upon the species , 
such cleaning may be very effective or may be only a pr eliminar y 
oper ation befor e mor e car eful separ ation. Ther e is little evidence 
that this oper ation causes seed damage ,  but it might exacer bate 
injur ies alr eady caused by o ther seed tr eatments. 

More pr ecise separation can be obtained using the specific 
gravity separ ator ( Fig. 1 8 ) , a device adapted from the miner al 
industr y. It consists of an inclined , o scillating , porous table. The 
slant and vibr ation move the seeds acro ss the table while an air 
curr ent is for c ed up thro ugh the porous sur face , for cing the seeds to 
separ ate into bands or str ata o f  differ ent densities. Heavier 
par ticles "walk" uphill while the air str eam "floats" the lighter 
par ticles downhill. Goo d  separ atio n  depends upon a uniform flow of 
seeds onto the table. As this is achieved , a gr adation of light 
mater ial on the lower side to heavy mater ial ( stones , etc. ) on the 
upper side . takes place ( Fig. 1 9 ) .  Movable divider s  on the discharge  
edge separ ate the seeds into two , thr ee or  mor e density fr actio ns. 
Three basic r ules govern this type of sor t ing : i )  seeds of the same 
size but differ ent densities can be separ ated , ii)  seeds of differ ent 
sizes but the same densities can be separated ,  but iii)  seeds o f  
dif f er ent sizes and diff er ent densities in mixtur e canno t b e  separ ated 
r eadily. In any given seedlo t ,  r eduction of the var iation in seed size 
by pr ior scr eening of the mater ial , then sor ting the var ious size 
fr actions independently, will incr ease the eff icacy of the specific 
gravity system. 

Ano ther method of pr ecise sor ting uses a r lslng air co lumn in 
which separ ation depends on the r elative r ate of fall of seeds with the 



Fig. 18. Dividers on the discharge edge of a specific gravity table separate 
the material into th ree components: heavy particles (m ostly pure 
seeds) at far right, l ight debris at far left and a mixture of debris and 
some seeds in the centre. Material col lected in the centre bin usual ly 
has to be resorted. 

Fig. 19. The darker band at the right edge consists of gravel and smal l  
stones. These were picked u p  on the sticky su rfaces of the Abies 
amabilis cones which struck the ground when the trees were felled. 
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same sur face ar ea but differ ing in weight , or with uniform weight but 
differ ing in sur face ar ea. Filled seeds with wings or wing fragments 
still attached will tend to be carr ied off , while lighter seeds fully 
dewinged will sink in the same air curr ent . It is impor tant , 
ther efor e ,  to ensur e complete dewinging and , as with gravity 
separ ation,  to minimize var iation in seed size. A number of pneumatic 
devices have been developed for seed sor ting. The single tube South 
Dako ta blower (Anon. 1 952; Erickson 1 944 ) ( Fig . 20 ) is the simplest , 
used pr incipally in labor ator y testing or for sor ting ver y small lo ts , 
such as tho se from seed or char ds; it oper ates on a batch 
(non-continuous ) pro cess . A mor e continuously-oper ating model has been 
developed for laboratory use (Edwards 1 97 9b ) , using the same 
r ising-air -co lumn pr inciple ( Fig. 2 1 ); a larger ver sion has been built 
by the Br itsh Columbia Ministry of For ests.  

Fig. 20. The South Dakota blower consists o f  a single, vertical tube cl osed 
at the top by a fine screen. A blower beneath provides an air stream 
that l ifts light particles and deposits them on angled shelves near the 
top of the tube. Air speed is control led by a diaphragm-opening con­

trolled by the lever at lower left. 
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Fig. 2 1. Schematic working of a two stage air cleaner/sorter. A vacuum 
cleaner provides the air stream . In stage I ,  tube A is closed and the 
seeds p lus debris are placed in a container at the lower end of tube 
B; this container has a wire mesh bottom . When the air stream is 
tu rned on dust, chaff, needles, bracts, etc. , are drawn into tube C 
and col lect in G. I n  Stage I I ,  cleaned seeds are pl aced in N ;  tube A 
is opened, tube B is closed. With the air stream on, heavy (fi l led) 
seeds fal l into F,  l ight (em pty) seeds are carried into G. 

Ther e is little evidence that gravity separation or pneumatic 
sor t ing cause seed damage , although either pro cess might incr ease 
injur ies caused by o ther tr eatments. Pneumatic separ ation has been 
observed to infl ict some lo ss of quality in Abies seeds (Edwards , in 
pr ess ) .  Other types of separ ation metho d s  based on flo tation o f  seeds 
in liquids of differ ent densities have been exper imented with but none 
have been developed for commer cial use , although this method is used 
for r esear ch pur po ses ( Belcher and Karr falt 1 97 8 ) .  

SEED STORAGE 

The key obj ective in stor age is to ensure a seed supply when 
needed , so it is an impor tant featur e in any ar tificial refor estation 
progr am. The crops of mo st conifer s  o ccur per iod ically, i.�. , larger 
amounts of seeds  ar e pro duced at intervals of sever al year s ,  with none 
at all in some year s. This is caused by a combination of inter acting 
factor s ,  including weather conditions , damaging agents  and mechanisms 
within the seeds themselves. To ensure that seeds are available dur ing 
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periods  o f  poor or no cro ps , large quantities must be collected in 
heavy seed-crop year s  and stor ed. Seed stor age has been intensively 
r esearched and the techno logy is well established for conser ving mo st 
species for at least the per iod between good crop year s (Wang 1 974 ) . 

The seeds o f  many conifer s r etain their viability in the soil for 
1 or 2 year s only after seedfall but , if stor ed dry and co ld , viability 
can be r etained for mor e  than 1 0  year s in mo st species. Optimum 
stor age conditions var y ,  but moisture levels between 6-9% ( fr esh weight 
basis ) and a temper atur e  of - 1 8 °C have been widely used to maximize 
conifer seed longevity. The gener al r elationship between stor age 
temper atur e and seed moistur e level is : at any given moistur e  content , 
seed viability deteriorates faster as stor age temper ature rises (within 
limit s ) , and the lower the stor age temper atur e , the gr eater the 
tolerance to high moisture content. In o ther words , stor age 
temper atur e is of gr eater impor tance when moistur e content is high. 

Sealed stor age container s provide sever al advantages. They avoid 
the need for co stly air -conditioning of the storage room; provide for 
better maintenance of seed moisture content over prolonged stor age 
per iods; pro tect from lo sses due to insects or pathogenic organisms and 
minimize the ef f ects of malfunctions of the refrigerating equipment. 
Fluctuations in moistur e level can be ver y detrimental , especially if 
temperatur es also rise,  since the incr eased r espiration will deplete 
foo d reser ves within the seeds; disease and insect activity may al so 
spr ead rapidly. Even in sub-fr eezing stor age , viability can be lo st 
rapidly if moistur e content s ar e permitted to incr ease; thus , constant 
moistur e  levels and steady temperatur es ar e mo st desirable. 

Var ious types of sealed container s ar e used (Fig. 22 ) . Although 
br eakable , glass bo ttles ar e better than tin cans , which corrode. 
Scr ew-top  plastic bo t tles , heavy-weight polyethylene bags and 
fibr eboard dr ums are used extensively as all ar e light and unbr eakable. 
A combination of a plastic bag in an aluminum foil-lined fibr eboar d 
drum, par ticularly if filled to leave a minimum air space , was 
r ecommended some year s ago (Wang 1 974 ) .  Plastic and polyethylene 
co ntainer s ar e no t completely impervious to moistur e; they may not be 
adequate for long-term stor age o f  seeds r equir ing low moistur e  content 
if there is high external humidity. Container size should be limit ed 
"to no mor e  than 4 0  kg. This avoids the waste of space in stor ing 
larg er container s and their r epeated o pening and r esealing af ter each 
seed withdr awal and also minimizes the danger of the lowermo st seed s  in 
the container being cr ushed. The containers  should be number ed and 
used for seed withdrawal in a systematic manner to pr event wastage of 
stor age space and fr equent opening of the container s. Records of the 
amounts of seeds on hand and their location in the stor age room sho uld 
be maintained. To pr event fluctuations in seed moisture level , 
container seals sho uld no t be bro ken until immediately befor e the seeds 
ar e withdr awn. If r emoved from cold stor ag e ,  it is par ticular ly 
impor tant that sealed container s be permitted to reach room temper atur e 
befor e being opened to avoid condensation of water within the 
container , which would cause an incr ease in moistur e  level. 



Fig. 22. Storage containers shou ld be smal l enough to be handled easily 
and use shelf space efficiently. Very small amounts of seed may be 
kept in drawers. 

Alter natively, seed withdrawal might be accomplished within the co ld 
stor age room. 

Even when stor age conditions have been optimized , differ ent 
seedlo ts can be expected to show consider able var iation in stor age 
life.  Low quality lo ts can be expected to deter ior ate fur ther , even 
under the best stor age co nditions. In gener al ,  immature seeds do no t 
r etain their viability in stor age as well as matur e seed s ,  al tho ugh a 
complex of o ther factor s ,  such as ini tial viability,  lack of mechanical 
damage as well as stor age conditions , govern seed longevity. Ther e 
have been r epor ts of immature seeds appar ently r ipening dur ing storage 
but this canno t be relied upon as a gener al rule.  Poor-quality lo ts , 
whatever the r eason,  should be scheduled for use in the nur sery at the 
ear l iest po ssible time. 
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SEED PREPARATION FOR SOWING 

Hany species depend on some form of seed dormancy to ensur e their 
per petuation in nature dur ing adver se conditions , but this dormancy 
must be over come for eff ective seedling pro duction.  Rapid (and 
uniform) nur sery germination r educes the r isk of disease and pr edation , 
facilitates the pro duction of uniform nur ser y sto ck and assists in 
minimiz ing nur sery co sts.  One of the mo st commonly applied pr esowing 
tr eatments to br eak dormancy is pr echilling ( also known as 
stratification) . This consi sts of soaking the seeds in water , usually 
for 24 -4 8  hour s ,  then chilling them between 1 °  and 5 °C ,  for 3 - 1 2  weeks , 
depending on the species.  The technique of "naked stratif ication" 
entails placing the seeds in a po lyethylene bag containing the water , 
soaking them for the requir ed time at room temper ature ,  then draining 
the water off; puncturing the bag is used at some nur ser ies .  The top 
o f  the bag is usually clo sed to maintain a high mo istur e  level and to 
avo id spillag e ,  but some nur ser ies place a plastic br eather tube in the 
neck to ensur e good aeration. The seeds are then r efr igerated .  
Species or seedlo ts requir ing long per iod s  of chilling ar e  said to be 
mor e  dormant than tho se that g erminate after shor ter tr eatment . 
Damaged seeds , or tho se that wer e of low quality when collected , 
usually do no t withstand long per iods of tr eatment . Some species , 
i . �. ,  yellow cedar (Chamaecypar is noo tkatensis) , r equir e a warm, mo ist 
per iod before the co ld tr eatment to over come dormancy. 

Pr epar ing lar ge  quantities of valuable tr ee seeds requir es 
organization,  car eful measur ement and attention to the pro per 
technique.  Seedling pro duction co sts may be  decr eased by eliminating 
the expense of pr e-sowing tr eatments thro ugh use of untr eated , dormant 
seeds in the fall . Weak or damaged seeds rar ely survive the winter , 
and fall-sown seeds ar e much more vulner able to pr edator s and disease . 
If sown too ear ly , germination may occur befor e winter and the 
seedlings will be lo st; sown too late , the seeds may be fro zen in the 
so il befor e the dormancy-br eaki�g changes ar e sufficiently advanced , 
r esul ting in intermit tent germination and poor stocking in the spr ing . 

Fungicides and seed co lorants may be applied to the seeds 
immediately pr ior to sowing. The effects of such "seed dr essing s" on 
seedling pro duction should be car efully evaluated in advance .  
Extensive scr eening progr ams have produced only a few fungicides , such 
as captan , thir am and benomyl , suitable for use on tr ee seeds.  
Germinating seeds ar e very sensitive to chemicals and negative effects 
have been r epor ted for all types of fungicides . In sever al studies , 
few if any fungicidal tr eatments have incr eased seedl ing produc tion,  
pr imar ily because fungicidal toxicity often counter balances , and may 
exceed , any benefic ial effects of pro tection against disease , 
especially in year s of low disease incidence (Lo ck � al.  1975 ) .  In 
o ther words , the pr act ical influence on the per centage or rate of 
seedling emer gence may be nil but the chemicals r educe seed quality. 
Fung icidal tr eatments should be used o nly in bar eroot nur ser ies when 
high disease incidence warr ants them; their use in container nur ser ies 
should be avo ided because of phyto toxicity problems (Van Eerden 1 974 ) .  
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Fig. 23. The cost of seed production and seed processing are relatively 
sm al l when compared with other m ajor components of the reforesta­

tion process. These costs wi l l  increase, at least double, for seeds ob­
tained from seed orchards. (Gross comparisons on ly are shown. )  
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When seedling requir ements have been established , sowing 
schedules can be formulat ed. These are based on the viable seeds per 
gram in the seedlo t ( determined through seed testing ) and on sowing 
factor s develo ped through exper ience for the differ ent species. N:> two 
bar eroo t nur ser ies pro duce seedlings at identical rates ; differ ences in 
environmental conditions , disease and pr edator pro blems and many o ther 
factor s make it impo ssible to pr edict exac tly what the plant yield will 
be from any given seedlo t. In the r elatively mor e  controlled 
environments of container nur ser ies ,  sowing fac tor s ar e less impor tant ; 
calculations here  aim at pro-ducing a plant in every cavity. Pr e sent 
techno logy r equir es that mor e than one seed has to be sown in each 
cavity for mo st species , and extra cavities must al so be sown to allow 
for lo sses dur ing the growing season. (This is discussed in mor e  
detail elsewhere in this Wor kshop. ) Since container production is mor e 
highly mechanized , and the vacuum-seeder s used canno t discr iminate 
between seeds and similarly- sized non-seed par t icles , seedlo t 
cleanliness ( pur ity) is mor e impor tant than in bar eroo t nur ser ies. Low 
quality seedlo ts ar e no t normally used in container s  unless 
pr egermination techniques can be used ; i. e. , the seeds ar e germinated 
in trays or flats and only tho se seeds that show a pro trud ing r ad icle 
ar e placed in the container s. 

Although the relative co st of seed pro cessing is a ver y small 
component in the over all r efor estation progr am ( Fig. 23 ) ,  the impact o f  
poor seed quality can be highly significant. 
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LODGEPOLE PINE SEED EXTRACTION 1 

A . K .  HelIum 
Department o f  Forest Science 

University of Alberta 
Edmonto� , Alberta 

PREAMBLE 

Cones of lodgepole pine (Pinus contorta Dougl . var latifo lia 
Engelm . )  are collected year around in Alberta . Thes e  cones are 
shipped to the nursery and may contain anywhere from about 12% 
to about 30% moisture upon entry into the extraction process . 
Cones collected in winter normally contain 20% or mo�e mois ture . 
Cones s tored under shelter at Pine Ridge Forestry Nurs ery , during 
summer , may contain as little as 12% mois ture . Cones s tored in a 
heated building may contain as l ittle as 6-7% moisture , even 
after brief per iods of a few weeks or even days . 

INTRODUCTION 

Seed extraction from lodgepole pine (Pinus contorta Dougl . 
var . latifo lia Engelm . ) cones has kept man p uzzling for nearly 70 
years , ever since Clements ' ques tioning report of 1910 . 

Temperature was i dentified then as the factor needed to 
open the cones . It  has been assumed ever since that the seeds 
would be released automatically once the resin melted or vaporiz ed 
or somehow disappeared from the cone s cales . This assumption has , 
in my mind , led to the array o f  confus ing pub lications on the 
subj e ct of so called "cone s erotiny" in lodgepole and j ack p ines . 
( Cameron 1953 , Clements 1910 , C�itchfield 195 7 ,  Crossley 1956a,  b �  
Edwards 1954 , 1955 , HelIum 1 9 7 8 ,  Krugman and Jenkinson 1974 . 
Lotan 1964 , 196 7 ,  1975 , 1976 , MacAuley 1 9 75 , Rietz 1939 , Rudolph 
et al . 1 95 9 ,  Teich 1970 , Thompson 196 9 ,  Wang 1973 , 19 7 8 ,  Wright 1931) . 

, 

There are two processes involved ih obtaining seeds from 
lodgepole pine cones and probab ly from other trees of serotinous 
or s emi-serotinous cone habit as well . Cone opening takes place 
mos t  e fficiently under high heat or s corching , while seed release 
takes place under the influence o f  moderate but warm temperature s  
and some additional moisture (Krugman and Jenkinson 19 74 , 
MacAuley 1975) . 

What we have failed to r ecogniz e  up to now is that the 
two processes are dis crete and need to be understood as s eparate 
problems . Ergo : the term s erotiny , meaning dealyed action , is 
a poor term to use for both . 

1 S tudy funded by Alberta Fores t Development Trust Fund 1977  to 
19 80 and by N . S . E . R . C . Grant #469 34 . 



The purpose of this pap er is to present , in summary form, 
findings on lodgepole pine cone opening at the University o f  Alberta 
(HelIum and Pelchat 1979 , HelIum and Barker , in press 1980) . I 
intend to do this in the form of a prescription on how to obtain 
full seed yield and yet not to damage the seed in the extract ion 
process . 

All the answers to this problem are not known , however , 
and that the genetic aspect is largely untouched and the importance 
of rates of cone moisture loss are s till under s tudy . 

PROPOSED METHOD 

1 .  Collect and s tore cones at a mois ture content close to 20% . 

- Unpublished data sugges t  that collection should be done 
between November and April when cones are in their moistest 
condition . 

- S tore cones in unheated shelters and inside burlap bags . 
Do not store cones inside heated buildings unless cones 
are very wet when received for seed extraction . If s tored 
inside , they should be moved to outside shelters as soon 
as they dry down to 20% mois ture (oven dry base) . 

- Figure 1 shows that i f  cones enter the extraction proces s 
with less than 20% mois ture then varying amounts of seed 
are retained in the cones . Up to 25% of the seed from 
any lot could be lost i f  cones are dry ( 6- 7% moisture 
content) . 

2 .  Weigh 30 cones from each bulk lot before extraction s tarts . 
Dry them at 105 ° C  for 24 hours and reweigh . Weigh all 30 cones 
together each t ime and calculate average cone moisture content 
for each lot . 

3 .  Send bulk lots through s corcher set a t  180 ° C  (±) for 2 minutes 
or less . This will open bonds on all cones , regardless of 
s erotiny , provided cones are at room temperature when entering 
the scorcher . 

- This procedure will prevent s eeds from overheating ( Figure 2) 
assuming that 80° C  of heat will damage germinability of 
the seed . 

- Do not try to handle old , silvery cones differently from 
young , brown cones . Within reas on , they all yield their 
s eed well . Tree to tree variation is large even within 
s tands (Figure 3) but cones cannot be sorted by p arent 
tree in bulk lots . 
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- Over 80% of all the cones on 7 test trees were less than 
1 7  years old and up to this point cone age did not affect 
seed release adversely - On the average (Figure 4) . 

The wetter the cone is the longer it will take to break 
resin bonds (Figure 5 ) . 

4 . Calculat e ,  on the bas e  of cones weighed under 2 above , 
average cone weight at a 20% moisture content . 

5 .  Spray or mis t the cones as they come hot off the scorcher . 
Figure 6 shows that if  cones are soaked for about 30 s econds 
they absorb about 14% moisture providing resin bonds have 
been broken . 

- Sample cones should be pulled off  the misting area and 
weighed to determine when cones do contain 20% moisture . 

- Avoid wetting cones to contain much more than 20% m . c .  
This only leads to overlay in seed extraction and does 
not help seed release . 

6 .  Convey misted cones into hoppers and store cones there only 
for as long as it takes to fill a kiln with 30 bushels . 
Warm , moist  cone s torage can only lead to moisture loss 
under normal Alberta conditions . 

7 .  I f  cones contain about 20% mo isture they will open and 
release their seeds more rap idly than at any other cone 
mois ture content ( Figure 7 ) , provided the mois ture is vente d  
quickly from the kilns . 

This implies that extraction can be comp leted in well less 
than 12 hours . It is est imated that all seed will b e  
released i n  6 hours or less . 

- Data in Figure 8 show how spread out seed release is if 
cones enter the extraction process with variable and low 
moisture contents . 

8 .  S eed extraction at 6 0 ° C  does not affect germination even 
after 14 hours (Figure 9 )  suggesting that this is a 
perfectly safe temperature to use .  

9 .  Empty s eed content increases gradually from the s econd to the 
10th hour of extraction . With time , it can amount to over 
40% of sample . It may there fore be p ractical to terminate 
extraction procedures before the last small amounts  of seeds 
are releas ed if extraction costs  equal or exceed the value 
of the sound seed component of the lot (Figure 10) . 

10 • .  Send s eed for dewinging , cleaning and cold storage at O ° C  
and with 3-5% mois ture content . 
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SUMMARY 

I t  should be clear from the foregoing that full s eed yield 
from cones of lodgepole pine is aided if  care and at tention is p aid 
to cone collection , cone s torage , seed extraction and seed storage . 
In the pas t ,  pine cones were thought to be collectable at any time 
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of the year , that they could be s tored nearly anywhere and that the 
s eed could be extracted whenever convenient . I t  is clear now , however , 
that a cone mois ture content of about 20% is p rerequisite to good 
s eed yield regardless of the condition of the cones up to the 
extraction time . It is also certain that an extraction temperature 
of 6 0 ° C  is s afe and adequate . In addition , s eed yield happens more 
quickly from mois tened cones rather than from dry cones or wet cones . 

In Albert a ,  it  is not uncommon that 40 , 000 bushels of pine 
cones could be collected in one y ear for refo restation . I f  these 
cones contain less than 7% moisture , as much as 2 , 500 pounds o f  seed 
could b e  lost at an equivalent value o f  $ 250 , 000 . At a cone mois ture 
content of 12% the loss is s till 250 pounds of s eed at a value o f  
$ 25 , 000 . The s eed loss and the dollar value should both indicate 
that cone collection , handling and seed s torage in lodgepole pine 
should be managed according to precise and well-controlled 
procedures . 

There is s till much to be learnt about this problem to 
unders tand why cones behave as they do , but we know how to extract 
all the s eed safely from cones of lodgepole pine in Alberta . The 
e cological implications o f  our findings are worth further s tudy , 
however , as are the genetic aspects , and these are being pursued . 
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EFFECTS OF INSECTS ON SEED AND CONE PRODUCTION 

H . F .  Cere zke 
Northern Forest Research Centre 

Canadian Forestry S ervice 
Environment Canada 

Edmonton , Alberta 

INTRODUCTION 

My presentation on the ef fects of insects on s eed and Cone 
production is primarily based on conditions in the three prairie 
provinces , although I realize that much of the information base 
comes from adj acent provinces and from other outside sources . Also , 
becaus e o f  the shortage o f  time , I will not deal with prob lems of 
seed storage . 

Within this region of Canada , three coniferous species 
provide the maj or seed supplies for mos t  reforestation programs , 
namely , white spruce , j ack pine , and lodgepole pine . Seed and cone 
insects on spruce have b een given widest attention for severa.! 
reasons : ( a) The insect complex on white spruce is fairly diverse 
and includes at least two important species that are cons is tently 
present throughout a wide geographical range extending from east ern 
Canada to British Columbia and Alaska . (b)  Insect-caused damage to 
s eeds and cones of spruce has been sufficiently high as to render 
cone collecting unprofitab le . This has not usually been the case 
for lodgepole and j ack pines . ( c )  Cone crops on white spruce t end 
to be more sporadic than those on pine , and therefore insect-caused 
losses , when they occur , are often more critical to seed supplies . 
( d) White spruce s eeds are not retained in cones on the tree after 
the year of production and mus t  be collected during the year they. 
are produced and prior to releas e . This is not the case with 
lodgepole and j ack pines , which retain s everal y ears of s eed�bearing 
cones . 

Although most  o f  the information I have relates to white 
spruce , I will indicate potential insect problems on other important 
tree hos ts , including balsam fir , eas tern larch , black spruce , 
Douglas-fir , and red pine . 

CONE AS A HABITAT FOR INSECTS 

The female cone structure of conifers is a highly complex 
organ that has necessitated development of specialized adaptations 
by many of the insect species in order to survive . Each cone 
cons ists of a central axis around which close-fitting scales are 
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arranged in a spiral directed toward the cone apex . Each scale may 
have a bract attached to its outer surface,  and on its inner concave 
surface next to the central axis lie two seeds . A thin membranous 
wing is attached to each seed . In most cones the scales may be 
smaller at the base and apex , and most of the potentially sound 
seed is produced in the central portion of the cone . Much of the 
insect damage also tends to occur in the central portion of the 
cone . 

In species such as spruce , fir , and tamarack in wh�ch 
cone development is completed in 1 year , the cone must grow from 
a small soft budlike structure in the spring to an elongated 
structure of hardened tissue by August . During this period the 
insect must  also respond to these changes in its development and 
behavior .  For example , moisture content in the spring may vary 
from 120% to 160% dry weight , but by September it will have dropped 
to 30-60% dry weight . 

The insect species that inhabit  cones of the different 
tree species have become highly specialized in several ways . 
Many are specific to a s ingle hos t ,  while others are specific to 
certain structures of the cone . Specializat ions are apparent in 
both the adult and immature forms that allow , for example , 
exclusive feeding o f  larvae within s eeds such as by chalcids , 
within scale tissue as in the case of certain midges ,  and by 
spiralling around the central cone axis to damage or destroy 
several seeds as in the case of the spruce seedworm . 

HOST SYNCHRONY AND PHENOLOGY RELATIONSHIPS 

An important aspect of insect-cone relationships is  
the sporadic and variab le cone productivity of most tree species . 
White spruce , for example , may produce a good cone crop on 
average only every 4 years . In general , populations o f  insect 
species at tacking seeds and cones tend to fluctuate with abundance 
of cones , but other factors also influence their numbers . Many 
of these factors are not well understood . During years of cone 
scarcity many of the insect species survive the discontinuity of 
food supply by adaptat ion to remain dormant . During such periods 
of food scarcity a portion of the populat ion may remain in 
dormancy for 1, 2 ,  or more years . There is  a tendency for 
dormancy to coincide with years of low cone yield . 

There is also a synchrony o f  insect development in 
relation to phenological development o f  the host . For exampl e ,  
spring emergence of the spiral cone midge o n  spruce in any 
given geographical location always coincides with the period 
of pollination . 
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KINDS OF INSECTS AND THEIR DEVELOPMENT 

The complex o f  insect species attacking seeds and cones 
can be divided into two broad groups : 

a .  Internal feeders - Members of this group feed exclusively 
within the cone and include midges , certain moth larvae , 
beetles , and seed chalcids . They appear to be the mos t  
highly specialized for their hab itat . During feeding they 
often leave little evidence of attack on the exterior of 
the cone . 

b .  External f eeders - Members of this group mos tly feed externally 
on the cone or burrow indis criminantly throughout the cone . 
Certain species such as seedbugs feed externally by extending 
tubelike sucking mouthparts into the young cone tissue . 
Others such as the spruce budworm and spruce coneworm , also 
feed on foliage and utilize more than one host . 

LIFE HISTORY 

Most  seed and cone ins ects have a I-year life history , 
although a variable proportion of the population o f  many species 
may remain in dormancy for 1 or more years . For most  species , 
adult emergence occurs in the spring , and eggs are laid about the 
time female cones are open for pollination . Larval feeding ( the 
damage stage in mos t  species )  commences shortly after eggs are 
laid and is completed during late June to early August , depending 
upon the species . Specialization of feeding and development 
allow one or several species to co-exist within the same cone . 

INSECT SPECIES COMPLEX AND THEIR DAMAGE 

S l ides were shown to illus trate s everal insect species 
and the damage caused by internal and external feeders . 

STAND CHARACTERISTICS , CONE PRODUCTION , AND INSECT ABUNDANCE 

Information is relatively rare on fluctuations o f  seed 
and cone insect populations from year to year . In one s tudy 
followed for 6 years in British Columbia , four insect species in 
Douglas- fir cones were monitored . Their abundance generally 
followed the same trend as cone abundance . Small differences in 
species abundance were attributed to the elevation at the plot 
locations . I t  has been widely observed that cone and seed damage 
is often greates t during years when cone productivity is low , 
probably because the ratio of insects to cones is much higher 
then than when cone productivity is high . During years of low 
cone production the p ercentage o f  damage d  cones of white spruce 
and Douglas-fir can reach 100% , but it may only reach 25% when 
cones are abundant . This suggests  that additional collecting of 
cones should b e  done during years o f  cone abundance . 



Within crowns there appears to he little variation in . 
insect species diversity . On Siberian larch in the U S SR ,  however , 
three main damaging species are usually present , but their 
population densities may fluctuate from area to area , tree to 
tree , and even within crOvffiS of individual trees . 

The incidence o f  damaged . cones and s.eed may also vary 
greatly from location to locat ion within the same year . In 1967 , 
a year of fairly good cone production in Albert a ,  white spruce 
cone collect ions were made at 17 locations throughout the province . 
The incidence of damaged cones at these locations varied from 4% 
to 9 7 % .  In 1978  two white spruce cone collect ions from the Lac 
la Biche area had estimated seed losses due to insec t  damage of 
31% and 42% , but the average number of potent ially viable s eeds 
per cone was relatively low (average 42 and 31 per cone ) . The 
fact that the number o f  potentially viable seeds per cone varies 
with cone production may help account for the higher insect losses 
in different locat ions and years • .  

In 1 9 7 9  two locations near Grande Prairie were sampled , 
and the incidence o f  damaged cones was 21% and 10% , even though 
good cone crops were produced at both locat ions . This amounted 
to only 5-6% seed loss due to insects alone . 

In Ontario a recent study of insects attacking white 
spruce cones in three different habitat s indicated that the 
abundance of certain insect species varied greatly with stand 
conditions . This could have implications where stands are thinned 
and maintained for permanent seed collect ing areas . In special 
areas where higher cone productivity is promoted there is the 
possib ility these areas will sustain higher losses due to insects  
than will the surrounding forested areas . Hence ,  some form of 
control may have to be instituted on an annual basis . 

There is evidence that fertilization o f  stands to promote 
tree growth may also affect insects in an unfavorable way . For 
example , in shelterwood stands of Norway spruce in northern Europe ,  
fertilizat ion with nitrogen and phosphorus caused increases in both 
larval numbers and weights of larvae o f  Laspeyresia strobi Ze ZZa ,  
a cone-feeding insect , This occurred 1 year after application 
of fert ilizer . 

INSECT-CAUSED LOSSES PER CONE 

Seed losses per cone are dictated by the insect species 
involved , the incidence o f  cones damaged , and the number o f  insects 
per cone . The following examples of white spruce cones containing 
one larva of Laspeyresia youngana or Hy Zemya anthracina illustrate 
the potential damage . 

L. youngana : (British Columbia estimate )  One larva destroys 23-40% 
of seeds . 
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H. anthracina : (British Columbia estimate)  One larva may des troy 
30-90% of seeds per cone . 
(Alberta estimate)  One larva may destroy an . 
average o f  40% o f  s eeds per cone . 

CONTROL STUDIES OF SEED AND CPNE INSECTS 

Several att empts have been made s ince the 1960s in both 
Europe and North America to control insects of s eeds and cones by 
use of chemical ins ecticides , especially those with sys temic 
properties . Dimethoate and metasys tox-R applied as a 0 . 5- 1 . 0% 
s olution in water have generally provided good control on white 
spruce and Douglas-fir in British Columbia and the northwes tern 
United S tates . Application to spruce s eed orchards in Finland 
has also given good control . However , timing of application is 
important and should be made shortly after pollination or about 
the time when cones have s tarted to turn down . Concentrations 
of insecticide greater than 1% have produced phytotoxic effects , 
especially when applied during pollen germination . Application 
by helicopter has helped ensure good coverage of the upper crown 
and cone-bearing twigs . 

In pine seed orchards of the s outhern United S tates , 
carbofuran has b een applied to the soil to effectively control two 
species of seedbug . P ercentages and y ields o f  f illed s eeds per 
cone were greatly increased with application of 45 g of 10% 
carbofuran per cm of tree diameter of loblolly , slash , short1eaf , 
and Virginia pines . 
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CONIFER SEED PATHOLOGY 

Yasu Hiratsuka 
Northern Forest  Research Centre 

Canadian Fores try S ervice 
Environment Canada 

Edmonton , Alberta 

To ensure the supply of high-quality conifer seeds for 
nursery production , it is important to know and b e  aware of tree 
diseases that prevent Or reduce the p roduction of s eeds , dis ease 
organisms carried by s eeds , and microorganisms that can damage 
seeds in storage . Very little is known in this area because no 
research has b een done in the prairie provinces . I would like to 
briefly dis cuss  s everal aspects . 

SPRUCE CONE RUST 

This is the only cone disease I can think o f  that 
adversely affects production of conifer s eeds in the prairie 
provinces . It  is caused by a rus t fungus , Chrysomyra piroZata , and 
attacks cones of white and black spruces . S everal o ther rusts on 
pine and spruce cones are known but are not important in this part 
of North America . Up to 85% o f  cones have been reported damaged by 
spruce cone rust , and infection rates of 20- 30% are common . The 
fungus infects cones systemati cally , and seeds in infected cones 
are not viable . Infected cones open much earlier than healthy ones 
and are easily recognized in the field . Because this disease cannot 
be carried by s eeds , i t  is safe to use s eeds collected from an 
infested area . The life cycle o f  this rus t  is rather complicated , 
having five different spore stages . Also , this  fungus needs another 
group of plants in addition to spruce to complete its life cycle . . 
Species o f  wintergreen (FyroZa spp . )  are alternate hos t s  of the 
f ungus . Preliminary results by Dr . J . R .  Sutherland (Paci fic Forest  
Research Centre , Victoria , B . C . )  show that levels of infection are 
p re dictably proportional to the population of infected wintergreen 
plants in the s tands . Spruce cone rus t is  important in situations 
such as seed orchards and designated seed collecting areas . Control 
measures have not been established , but in certain situations 
eradication o f  wintergreen plants should be effective and may b e  
e conomically feasible . 

SEED-BORNE DISEASES 

Many plant diseases are known to be carried and diss eminate d  
b y  s ee ds . Our knowledge in this area is s till very s canty ; however , 
s everal cases have b een documented in recent years . A soil-borne 
fungus , Ca Zoscypha fuZgens , that was found in England s everal y ears 
ago originated in spruce seeds sent from wes tern Canada and was found 
to be damaging to seeds (Salt 1974) . This fungus has since b een found 
in Canada (Paden et a Z .  1 9 7 8 ,  Sutherland and Woods 19 77) . A pathogen 
of a s eedling diseas e ,  Ascochyta piniperda , is also known to be 
carried by seeds of conifers . 



SEED STORAGE FUNGI 

Under certain seed s torage conditions , growth of various 
fungi are encouraged and o ften cause mortality of seeds . A study in 
the U . S . S . R .  isolated 78 different species of fungi from p ine and 
spruce seeds (Prisyazhnyuk 1960) and indicated that methods of cone 
collection , condition of transport , and s torage environment were 
important factors . Dr . Sutherland suggests that if storage conditions 
are proper , which means low in temp erature and moisture , this 
problem should not cause much concern . To understand and cope with 
the problem o f  seed-borne diseases and seed s torage fungi ,  it is 
important to consider thos e  problems in relation to various tree seed 
activities such as cone collecting , transportation , storage , seed 
extraction, and presowing treatments . 
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QUICK METHODS FOR DETERMINING SEED QUALITY IN TREE SEEDS 

Carole L .  Leadem 
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ABSTRACT 

In cons iderat ion of the length of time required for the 
completion of a standard germination t est , s everal quick methods for 
det ermining seed quality are d iscussed . The b iochemical and physio­
logical bas is and general methodology for the t etrazolium chlorid e , 
the hydrogen peroxid e ,  and the X-ray contrast methods are described . 
The quick tests were performed on s eeds of five coniferous species 
from British Columbia,  then the t ests  were compared for thei.r . ability 
to predict germinat ion percentages obtained in a standard incubator 
t est . Of the thr ee quick tests , the X-ray contrast predictions most  
often agreed with standard germination test  r esults . The versatility 
of X-rays for monitor ing the collection , proc es sing and damage of 
s eeds is also examined . A numb er of examples illustrating the use 
o f  X-rays is included . 

INTRODUCTION 

The standard germination test is perhaps the most familiar 
method for determining s eed quality ; it is conduct ed in controlled 
environment chambers and generally takes 6 to 8 weeks to complete 
(Association of Official S e ed Analyst s ,  1 9 7 8 ;  International S eed 
Testing Associat ion , 1 9 7 6) . Half of the t esting period is r equir ed 
for strat ification , a moist chilling tr eatment needed by most  conif er 
s eeds for rapid and complete germination . After s tratif ication, 
s eeds are transf err ed to warm, short days  (20-30 C,  8 hrs light) to 
s timulate germination . The s eeds are grown for an additional 3 - 4 
weeks , and the t est  is t erminated after final germination counts have 
b een made .  The germination t est has b een considered the s tandard 
by which most other s eed assessment methods  are evaluated because it 
is an actual measure of growth and with minor modif ications , the 
r esults can usually be r elat ed to the performance of seeds in the 
f ield . 

However , the germination t est  has a distinct drawback--
almost two months are required for its  completion . Becaus e of its 
length , a numb er of quick procedures have been propos ed for assessing 
seed quality . Quick tests are generally bas ed upon some special 
b iochemical or physiological f eature of the s eed and require correlation 
with the germination percentage obtained in a s tandard germination 
t est . There are three commonly known and us ed quick tests : the 
t etrazolium chloride tes t ,  the hydrogen peroxide tes t ,  and the 
X-ray contrast test . The biochemical or phys iological basis and the 
g eneral methodology of each t es t  are discus sed in the following 
section . In add ition , the three methods are compar ed and examined 



for their ability to predict  the germination obtained in a standard 
test . The last section deals with the us e of X-rays for assessing 
indicators of quality other than germinability . 

THE USE OF QUI CK TESTS FOR ASSESSING SEED QUALITY 

Tetrazo lium chloride (TZ) 

The t etrazolium chlorid e test  is based upon the chemical 
r eaction 

Tetrazolium chloride + H
+ 

(colorless)  
-----7 Formazan 

(red) 

In healthy, physiologically sound areas of the seed hydrogen ions 
released dur ing respiration combine with the colorless TZ solution 
to form a red precip itat e ,  formazan ,  in the tissue . Weak, d ead , 
or damaged parts  of the seed remain as white or light ly colored 
areas . To allow penetration of the t etrazolium chlorid e ,  s eeds are 
soaked in water for 24 hours , then the seed coats are partially 
cut , and the seeds ar e incubat ed in the TZ solution for 4- 1 6  hrs 
at  room t emperature .  Af t er incubat ion , the seeds are cut in half 
and the staining pattern is evaluated . Diff erential staining o f  
the endosperm and embryo allows the analyst to d ef ine live,  weak, 
or dead areas of the s eed (Moor e ,  197 3 ;  Simak and Kamra ,  1 9 63) . 

The hydrogen peroxide t est is a growth test in the same 
sense as the germination test , but results of the H202 test can be 
obtained within a week . H20 2 stimulates respiration and enhanc es 
early germination without the need f or stratif ication.  S eeds are 
prepared f or the test by clipping the radicle end of the s eed , then 
placing the seeds in a 1% H202 solution. Aft er incubation for 3-4 
days , germinated s eeds ( > 1  mm rad icle protrusion) are count ed and 
removed . Ungerminat ed seeds are transferred to fresh H202 for an 
additional 3-4 days . After all germinat ed s eeds have been counted , 
the test  is t erminated at the end of the s econd incubation period . 

X-ray contrast (X-C) 

In the X-C t echnique ,  contras t agents are used to aid in 
the interpretation of s eed X-rays . Both the X-ray contras t and 
t etrazolium methods are staining t echniques ; however , the two tests 
d if f er in that in the X-C test the staining of the seeds occurs in 
d ead and damaged ar eas , while in the TZ test staining occurs in live 
and healthy portions ( S imak, 1974a ; 19 74b) . The recent introduction 
of vapourous contrast agents in place of liquid contrast  ag ents has 
simplif ied the X-C methods so that draining and drying the seeds 
after staining is unnecessary ; this r evision will  probably encourage 
mor e  seed t esting facilities to use  the X-C test . To stain a sample 
of s eeds , approximat ely 100 ml of chloroform (or other organic solvent 
r ich in chlorine molecules) are poured int o a f lask and the seeds  are 
suspended in mesh bags for s everal hours above the vapours . Aft er 
exposur e ,  the seeds are removed , placed on top of the X-ray f ilm, 
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and X-rayed . X-ray int erpretat ion of seed qual ity is based both upon 
the degree of staining and the d egree of endosperm and embryo develop­
ment (MUller-Olsen ,  Simak , and Gustafsson , 1 9 5 6 ;  Kamra,  1 97 1 ) . 

Comparison of the tetrazo lium chloride� hydrogen peroxide� and 
X-ray contrast quick tests 

The princ ipal criterion in choos ing a quick t est  should b e  
how well the quick method predicts actual germination . Studies 
conducted in our laboratory provide an example of how eff ectively 
the TZ , H202 , and X-C quick tests as sessed seed quality . British 
Columb ia s eed sources of Abies amabi lis� Picea g lauca� Pinus contorta� 
Pseudotsuga menziesii� and Tsuga heterophy lla were tested by each of 
the quick t es t  methods . Standard germination tests were us ed as the 
controls . Both quick and standard germination t ests were conducted 
on 1 00-seed samples withdrawn from reasonably good quality lots , 
and treatments were replicat ed four t imes . In Figures 1-3 , the 
percentage germination predict ed by each quick test is compared to 
the percentage of s eeds which actually germinated in a standard test 
(C) . P ercentages marked with an asterisk (*)  denote assessments which 

were s ignif icantly different from the controls at the 5% level . 

Assessments of s eed quality provided by the TZ test agreed 
r easonably well with standard germination results for three of the 
f ive  species , but TZ r esults were significantly dif f er ent f or Tsuga 
heterophy lla and Abies amabi lis (Figure 1 ) . The H20 2 t est poorly 
predicted germination performance in all species except Picea glauca 
(Figure 2) . Hydrogen peroxide predictions tended to be too cons erv­
at ive , underestimating actual germinat ion in all five species . Of 
the three quick tests , X-ray contrast predict ions of s eed lot quality 
most often agreed with standard germination t est results (Figure 3 ) . 
Only the quick test r esults for Abies amabi lis were signif icantly 
different from control germination r esults . However , A .  amabi lis is 
frequently known to exhibit pronounced dormancy , thus the discr epancy 
between the X-ray contrast predictions and control p ercentages may 
l ikely reflect shortcomings in our und erstanding of the germinat.ion 
requir ements of A .  amabi lis rather than inherent diff icult ies with 
the X-C test . Nevertheless , the X-ray contrast t est  appears to have 
good potential , so our studies are continuing . 

OTHER INDICATORS OF SEED LOT QUALITY 

The successful interpretation of X-rays does not always 
require the us e of contrast agents , nor are X-rays limit ed to 
predicting germinat ion performance .  X-ray radiographs can b e  used 
to monitor and evaluate many aspects of cone and s eed processing and 
storag e .  A substantial amount of infonnation may be gained from the 
use of the X-ray t echniqu e .  Cone collect ion supervisors who are 
interes ted in endosperm and embryo maturity b efor e cone collections 
can eas ily trace the course of crop d evelopment by X-raying s eed 
periodically throughout the growing s eason (Figur es 4-8) . Radiographs 
can ass ist pathologists and entomologists  in the early diagnosis of 
diseas e and insect attack b efore maj or problems d evelop in s eed 
orchards and wild stands (Figures 9- 10) . X-rays can monitor the 
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FIGURE 1 .  COMPARISON OF TETRAZOLIUM CHLORIDE QUICK 
TEST AND GERMINATION PERFORMANCE OF 5 CONIFERS 

Explanat ion of notations for Figur es 1 to 3 .  The 
percentage germination pred icted by each quick test is 
compared to the percentage of s eeds which germinat ed 
in the contro l (C) . Controls were s tratif ied for 
3-4 weeks at  2 C,  then germinat ed under 8-hr day s  
at 30 c/20 C ( o r  2 0  C constant f o r  west ern hemlock) 
for 3-4 weeks in a controlled environment incubator . 
P ercentages marked with an aster isk denote ass essments 
which were significantly dif f er ent from controls at 
p = 0 . 05 .  The t-test was used to make statis t ical 
comparisons . Spec ies abbrev iations are Sw=white spruce 
(Picea gZauca) ; Df=Douglas f ir (Pseudotsuga menziesii) ; 
Pl=lodgepole pine (Pinus contorta) ; Hw=west ern hemlock 
(Tsuga heterophy Z Za) ; Aa=Amabilis fir (Abies amabi Zis) . 
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FIGURE 2 .  COMPARISON OF HYDROGEN PEROXIDE QUICK 
TEST AND GERMINATION PERFORMANCE OF 5 CONIFERS 
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FI GURES 4 - 1 2 .  SELECTED RADIOGRAPHS OF CONIFEROUS SEEDS . 

All X-rays are lo.ngitud inal sectio.ns . S,pecies shewn are Abies amabi lis 
( Figures 9 ,  10) and Pinus contorta ( Figures 4-8 and 1 1-1 2) . 

Fig . 4 .  No.rma l ,  fully devel­
o.ped s eed . Embryo. co.mplet ely 
f ills the embryo. cavity . 
Co.tyledo.ns ( C) and radicle 
( R) can b e  easily s een . 
Gameto.phytic t is su e  ( endo.­
sp erm , E) surro.unds and 
pro.vides no.urishment fer the 
develo.ping s eedling . The 
s eed c o.at ( S )  is the hard 
o.uter co.vering which 
pro.t ec t s  the fleshy endo.sp erm 
and embryo. . Germinab le . 

Fig . 7 .  Inco.mpletely devel­
o.ped s eed . The endosperm has 
develo.ped , but do.es net 
co.mpletely f ill the seed . 
The embryo. is mis s ing . 
No.ngerminabl e .  

Fig . 10 . Insect damage . An 
insect has eaten part o. f  the 
endo.sperm , bu t the embryo. 
remains intac t .  It is 
po.ssible that this seed 
might germinate if s �wn , but 
pro.bably wo.uld b e  subj ect to. 
deter io.rat io.n in s to.rage 
f ro.m fungus o.r e ther 
patho.gens . 

Fig . 5 .  Empty s eed . Neither 
endo.sperm o.r embryo. has 
d evelo.p ed , but the s eed co.at 
is clearly visible . 
No.ngerminab le . 

Fig . 8 .  Incomplet ely d evel­
o.ped seed . The endo.sp erm 
do.es ne t fill the s eed and 
the embryo. o.ccupies o.nly 
half o.f the embryo. cavity . 
In so.me instances seeds o.f 
this type can b e  allo.wed 
to. mature so. that full 
develo.pment can o.ccur . 
May be germinabl e .  

Fig . 1 1 .  Mechanical damage.  
Cracks can be s een in the 
endo.sperm and the embryo. , 
but the seed c o.at is s till 
entir e .  No.ngerminab l e .  

Fig . 6 .  Undevelo.ped s eed . 
There is no. embryo. d evel­
o.pment and the endo.sp erm 
has develo.ped o.nly s lightly 
No.ngerminabl e .  

Fig .  9 .  Insect damage.  A 
s eed chalcid larva 
(Megastigmus s pp) has 
co.nsumed the ent ir e  
co.ntents o. f  the s eed . 
No.ngerminab le . 

Fig . 1 2 .  Mechanical damag e .  
A large po.rt io.n o. f  the 
s eed co.at is mis sing , and 
the inner co.nt ents o.f the 
s eed have been bro.ken in 
half . No.ngerminabl e .  
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various stages of cone extraction to d et ect mechanical seed damage 
from processing equipment (Figures 1 1- 1 2) . With the use of polaroid 
X-ray f ilm (Edwards ,  1 97 3 )  or similar quick pro cessing methods , X-ray 
results can b e  received in suf f icient time to adj ust equipment and 
prevent fur'th-er damage to s eed s .  Regular X-ray assessment dur ing and 
af ter s eed lot processing can b e  used to check the efficacy of 
cleaning operations and final lot purity . Figures 4 to 12 give an 
indication of the versatility of radiographs . X-rays could poten­
t ially be employed during all stages of s eed procurement and us e ,  
from the initial stages o f  s eed d evelopment t o  the f inal det ermin­
ation o f  lot purity before sowing . 

It  should b e  realized that qu ick tests are not as reliable 
as standard germinat ion tests ; also , while  they provide the analyst 
with some data on a s eed lot in less time than a s tandard germination 
t est , most  quick t ests require mor e  analyst hours to complet e .  The 
estimat e  of s eed qtralHy that they provide ar e fr equently only 
approximat ely related to actual germination , whether this b e  in the 
f ield or the laboratory . However , whatever the means of ass essment , 
the final determinant of s eed quality will b e  careful handling of 
the s eed its elf . 

ACKNOWLEDGEMENTS 

I would like to give special thanks to Ken MacLeod and 
LeORa Kyle for their capable t echnical assistance in performing 
the quick t ests , and thanks also to Dr . G eorge Edwards , Canadian 
Forestry S ervic e ,  Vic toria , B . C . , for the radiographs us ed in this 
paper . 

REFERENCES 

Associat ion of Off ic ial Seed Analysts . 1 97 8 .  Rules for testing 
seeds . Jnl . S eed Technol . 3 ( 3 ) : 1 - 1 2 6 .  

Ching , T . M . , and M . C .  Parker . 1 958 . Hydrogen peroxide for rapid 
vaiability tests for some conif erous tree seeds . For est 
S c i .  4 :  128- 1 3 4 .  

Danielson , H . R. 1 9 62 .  Quick-tests for d et ermining v iability of Douglas 
fir seed . Proc . Joint Mtg .  West . For . Nursery Council and 
Intermtn.  For . Nurs erymen ' s  Assn . , Olympia , Washington . 
pp . 104-1 1 0 .  

Edwards , D . G . W .  1 973 . Polaroid f ilm for rapid seed radiography . 
Proc . IUFRO Int I .  Symp . on seed proc es sing , Bergen , Norway , 
Vo l .  1 ,  Paper No . 6 .  

Gordon , A . G .  and D . C .  Wakeman . 1 9 78 . The identif ication o f  sampling 
problems in fores t tree seed by X-radiography . S eed S c i .  
and Technol . 6 (2) : 527-535 . 

International S eed Tes t ing As soc iation . 197 6 .  Int ernational rules for 
s eed testing . S eed Sci .  and Technol .  4 :  3- 177 . 

71 



72 

Kamra , S .K .  1 963 . Determination of mechanical damage on Scots p ine 
seed with X-ray contrast method . Studia For . Suecica 
8 : 1- 1 9 . 

1 9 64 .  Determination of s eed qua lity by X-rays . Adv . Front . of 
Plant Sciences 9 : 1 1 9-1 29 .  

1 97 1 .  The X-ray contrast method for testing germinability of 
Picea abies s eed . S tud . For . Suecica 90 : 1-28 . 

Moore , R. P .  1 9 6 9 . History supporting t etrazolium s eed testing . Proc . 
Int . S eed Testing Ass .  34 ( 2 ) : 233-242 .  

1 973 . Tetrazolium t esting prac t ices and guides . Proc . InFRO 
Int I .  Symp . on seed proc essing , Bergen , Norway , Vol . 1 ,  
Paper No .  1 4 .  

MUller-Olsen, C . , S imak , M .  and A .  Gustafsson . 1 9 5 6 .  Germination 
analysis by the X-ray method : Picea abies Karst . Med d .  
Stat . Skogsforskinst .  4 6  ( 1 ) : 1 - 1 2 .  

S imak , M .  1 97 0 .  Germination analyses o f  Abies alba seed . Proc . IntI . 
S eed Testing Assn . 35  ( 2 ) : 3 6 1-367 . 

1974a . Vaporous X-ray contras t agents for testing s eed viability 
of Pinus si lvestris L .  Pro c .  S eed X-ray Symp . , Macon , GA . 
pp . 29-4 0 .  

1 974b . Some problems conc erning X-ray contras t methods used 
in forestry seed testing and research . Inst . for 
Skogsforyngring . Rappor t er Och Upp satser No . 55 . 14 p .  

and S .K .  Kamra . 1 9 63 . Comparative s tudies on Scots pine s eed 
germinability with t etrazolium and X-ray contras t metho ds . 
Proc . Int . S eed Tes t .  Assn .  28 ( 1 ) : 3 - 18 . 

Woodstock , L . W . 1 969 . Biochemical tests for s eed vigor . Proc . Int I .  
S eed Tes t . Assn . 3 4  ( 2) : 2 53-263 . 



MEASURING QUALITY OF TREE SEED 

B . S .P .  Wang 
Canadian Forestry S ervice 

Petawawa Nat ional Fores try Ins titute 

INTRODUCTION 

As we have advanced into the phase of intensive forest  
management r ecently , the current annual requirements for tree seed 
for reforestation has been estimated . at 4 . 1  billion viable s ee ds 
in Canada and this is expected to increase to 7 . 3  billion by 1987  
(Morgenstern 19 78) . The productivity and the es tablishment o f  
s tands depend upon the quality of s ee ds use d .  Although we have no 
forest s tatistics of losses of productivity or reforestation due 
to the use of inferior s eed quality on hand , estimated agricultural 
crop loss es in the United States were reported ranging from 5% up 
due to the use of inferior s eeds and 1- 2% loss due to blind sowing 
without a knowledge of s ee d  quality at time o f  sowing . The situation 
in forestry pract ice is p robably much worse than in agriculture for 
we have to deal with unfamiliar wild populations and harsher environ­
ments . I t  was from this background that the importance of measuring 
seed quality was recognized , developed and practised . 

I t  has b een pointed out by fores ters that b etter forests 
are from better seeds (Isaac 1949 ; Orr-Ewing 195 7) . For this 
reason , we should s trive not only for improving seed quality but 
also for efficient utilization of seed through proper assessment 
of its quality . I f  the e conomic us e of seed in forestry practic'e 
follows a cours e  of development similar to agriculture , it is 
conceivable that the quantity of seed required for refores tation 
in the future may decrease due to rapid improvement in seed quality , 
methods of seed treatment and sowing , and seedbed preparation 
(Scott  & Longden 19 72) . 

This paper describes the various es tablished methods used 
for measuring s eed quality and discusses its  value to reforestation . 

WHAT IS  SEED QUALITY ?  

Seed quality is  the function of seed source , genetic 
improvement , germinability and vigour . I t  includes genetic and 
physical and physiological qualities . As we are s t ill dealing 
with wild population in fores try , the genetic quality o f  tree s eed 
has to b e  determined by provenance research and certified at source . 
The physical quality covers characteristics such as size and shape , 
lOOO-seed weight , purity , numb er of s eed per unit measure (g  or kg) , 
mois ture content , and damage from ins ects , diseases and processing . 
In practice , the last five characteristics are most important . 
Physiological characteris tics include viability , germinability and 
vigour . 
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WHY MEASURE SEED QUALITY ?  

I t  i s  very risky t o  sow s ee d  o f  unknown source and quality . 
To avoid failure and minimiz e  loss and was t e ,  especially when 
genetically improved s eeds are used in the future , it is essential 
that seed quality be tested for determining sowing rates in nurs ery 
and greenhouse s tock production , direct s eeding or marketability of 
commercial seeds . While only s eedlots o f  highes t quality are 
economical for use in container s eedling production , s ee dlots 
requiring special pre- treatments for maximum germinat ion such as 
breaking dormancy , surface s terilization, recleaning etc . will b e  
detected b y  seed quality evaluation . 

WHEN IS SEED QUALITY MEASURED? 

Although the physical quality of s eedlots does not change 
much under normal s torage conditions , physiological quality changes 
from the time of harvesting . The r?tes o f  physiological change in 
seed depend upon the species , its initial quality and storage 
conditions . For operational practice , seed qual ity , especially 
phys iological quality , should b e  measured at least on two important 
occasions : immediately after s eed processing , and immediately 
before sowing if  the seed has b een s tored . 

WHERE IS  SEED QUALITY MEASURED? 

The assessment o f  seed quality requires special t echniques , 
equipment and trained personnel . In the s eed trades the demand for 
such s ervice has led to the development of standard pres criptions 
for testing seed quality and the formation of the Association o f  
Official Seed Analysts (A . O . S . A . ) i n  1908 and the International 
Seed Testing Association ( I . S . T .A . ) in 19 24 . 

S ervices for s tandard seed quality tes t ing are available 
from officially accredited seed testing laboratories which conduct 
requested tests s trictly according to the es tablished standard 
prescriptions in published rules and procedures , and issue test 
certificates at reasonable fees . However , as pointed out by 
Bonnor ( 19 74) , the value o f  s tandard testing of seed quality cannot 
b e  over emphasized because the basis for the development of such 
rules is a compromise o f  accuracy , uniformity , practicality and 
economics . Rules for tes ting seed quality are up-dated from time 
to time based on new research findings . 

HOW IS  SEED QUALITY ASSESSED? 

One of the maj or problems in seed quality assessment is 
sampling . Fortunately equipment and procedures have been developed 
to draw and handle unb iased representative samples to be teste d . 
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For various standard tests of s eed quality , one should consult the 
rules and procedures des cribed in the rules for seed testing (A . O . S . A . , 
19 70 ; I . S . T . A .  19 76) and Bonnor ( 1 9 74 )  for the required size of 
s eed samples and their sampling and handling procedures . 

Purity Analys is 

Purity analysis is to determine what proportion of the 
working sample is pure seed of the test species and what propor tion 
is made up of other species and non-seed material . This is done 
by s eparating the working sample into three components : (1 )  pure 
seed of the test species , ( 2 )  o ther s eeds and ( 3) inert matter 
( leaves , broken twigs , broken s cales , wings , rocks and other non- seed 
material) . The working samp le is a reduced sample from the submitted 
sample . Each component is  weighed and expressed as a percentage by 
weight of the total working sample as follows : 

Purity (percent ) = weight of the test species component X 100 
weight of the working sample 

Purity is important for calculating sowing rates especially 
for small sized s eeds such as birches which usually have low purity 
because o f  difficulty in removing inert matter in seed processing . 
Since purity analysis is the first tes t to be made , it provides 
pure seeds for other tests such as germination . 

Mois ture content 

Mois ture content is determined with the submitted seed 
sample and no t the pure s ee d  component . I t  can be measured by quick 
but not so accurate electric or electronic mois ture meters , or by 
an oven-drying method .  The s t andard oven method is to dry seeds 
of prescribed sample size according to species at 105 ° C  for 16 hours . 

Moisture content of seeds can b e  expressed as a percentage 
of their wet or dry weigh t ,  although wet weight is used in 
international trade . 

Genuineness and Source 

One should always examine seed samples carefully to check 
whether the s eeds are true to the species name on the lab el .  Source 
would be difficult to distinguish except by certification at the 
collecting points . However , seeds of certain species can be 
dis tinguished by broad geographic s our ce ( e . g . , Douglas-fir from 
coas tal sources vs . interior sources ) (Allen 1960) . 
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Germination Potential 

Germinat ion potential of seeds can be tested either by 
growth tes ts or by quick biochemical or excised embryo tests . 
S ince the quick test techniques will b e  dis cussed  by Dr . Carole 
Ledum , this paper will focus on growth tests . 

The growth test principle of  both A . O . S . A .  and I . S . T . A .  
is to u s e  the most  favourab le environments possible and practical , 
so  that test results reflect the maximum germination potential 
of  the s eed . Germination t es ts are conducted with the seeds from 
the pure seed component of  the purity analys is . Usually , samples 
of at leas t 400 seeds have to b e  use d  for each test and the s ee ds 
have to be divided into replicates of 100 , 50 or 25 s eeds . 

Tes ting regulat ions pres cribe the germination medium ,  
temperature , mois ture , photoperio d ,  time and pretreatment to 
be  used , as well as procedures for counting and evaluating 
germinants , and r eporting of  results , etc . (I . S . T . A .  19 76) . 

S ince laboratory t es t ing is conducted under the mos t  
favourable germinat ion conditions , how could the test r esults 
be used for nursery or field sowing ? Ideally , laboratory test 
results and nurs ery emergency results are perfectly correlate d  
with a correlation coefficient of 1 .  However , this has r arely 
happened .  Stein (1967 )  has demons trated the actual correlation 
between laboratory t est results and nursery performance 
( Figure 1) . 

In examlnlng the reasons for the dis crepancy , one cannot 
help but find the following factors : 

(a) the differences in test anq application environments ;  

(b)  failure to compensate some o f  the key factors influencing 
field seed germination; 

( c) lack of proper s eed preparation and pretreatment ; and 

Cd)  need for improving laboratory test criter ia for proper 
germinant evaluation .  

To solve these p roblems , one should use complementary t es ting 
techniques such as vigour tes ting and stronger , vigorous seedling 
criteria for germinant evaluation within the specified tes t period . 
This will dis count any seeds germinated weakly with low vigour . 
Light is often a critical factor for s eed germination in the field 
as sown seeds are usually covered by a layer of soil or mulch 
material . Also , temperatures in the field are often far from 
optimum or rarely within a range favourable to some seeds . All 
thes e can be completely or partially overcome by prechilling 
pretreatment . 
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FI G URE I 

COMPAR I SON O F  L ABORATO RY G E R M I N AT I O N  TES T R E S U LTS W I T H  
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IMPACT OF SEED QUALITY ON COSTS OF NURSERY STOCK 

D . G .W . Edwards 
Canadian Forestry Service 

Pacific Forest Research Centre 
Victori a ,  B . C .  

The meaning o f  "high quality seeds "  is usually limited to 
those physical and biological conditions of the seeds mos t obvious to 
the nursery operator . That is , seeds mus t be  clean , sound and 
consistently produce thrifty , vigorous seedlings (Deneke and Landis 
19 78) . Mos t  reforestation programs now r ecognize the importance of 
us ing p lanting stock from seed sources of proven adaptability to the 
p lanting site , so  seed source mus t also be  included as a component 
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of seed quality . This paper is limited to the e conomic impact that 
physical quality of seeds may have on the production of seedlings , 
s ince genetic quality cons iderations are dis cussed els ewhere (see 
Pollard 1981) . 

As with mos t  other commodities , high quality usually means 
high cos t  and two maj or components of the cost of high quality s eeds 
are recognizab le :  the cost  of seed procurement and the cos t of 
maintaining high viability unti l  the s eeds germinate in the nursery . 
However ,  low seed quality is also associated with high cost seedling 
production . Deteri orating seed quality may be caused by inferior 
seed processing , imp roper storage or o ther factors , and to illus trate 
how this may affect nursery cos ts , consider the hypo thetical example 
shown in Fig . 1 .  

The number o f  seeds that will germinate and result in an 
es tablished seedling is correlated dire ctly with s eed viability 
( dis regarding losses to diseas es and pests ) . The amount of s eeds 
required to p roduce a given number of s ee dlings depends not only 
upon seed viability , but also upon species and seedlot . In this 
examp le ,  it has been assumed that 200 g of s eeds with a viability 
o f  90% (point W) will p roduce 10 , 000 s eedlings . As quality decreases , 
the amount o f  seeds mus t increase to yield the same number of 
s eedlings - twice the amount at 45% germinability (X) , three times 
at 30% (Y) and more than four times at 2 0% (Z ) . The lower set o f  
numbers ( Fig . 1 ,  italicized) shown opposite the four points on 
the graph represent seed costs based on a unit p rice of $ 45/kg , 
which might be the current p rice of seeds collected from wild 
s tands . Although the cost of such seeds is low relative to the 
cos t  o f  the overall reforestation p rocess , i t  should not be  
overlooked . 

Suppose , however , that seed-orchar d ,  genetically improved 
seeds are to be used at a unit p rice of $ 300/kg . The corresponding 
seed costs are shown in bold face and it is clear that if the 
physical quali ty of s eed-orchard seeds is low , s eed cos ts become 
enormous . Even if  these costs  could be  met , nursery p roduction 
likely would be compromised s ince the additional quantities of 
such seeds might not be available . 
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Fig . 1 .  The effect o f  seed quality on the amount of 
seeds required to produce 10 , 000 seedlings 
(hypothetical) • 
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Poor quality seeds involve not only greater s eed costs 
because of the larger amounts that mus t be obtained and used , 
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but also incurs the additional operational expenses of ( i )  p reparing 
and sowing the extra s eeds', and ( ii)  s ince s owing densities vary 
more as seed quality decreases , the cos t o f  s eedbed thinning . To 
compensate for the lack o f  germinants in some cavities , i . e . , 
" germinant downfall" , container production systems use sowing 
devices that place s everal seeds in each container with each 
pass (or  the containers are p assed through the sowing device 
s everal times) .  For seedlots with 85% or higher viability , 
only one seed p er cavity is required , while two s eeds should be 
used for 75%- 85% quality , and three seeds for 60- 75% quality 



( Vyse and Rudd 19 74 ; Tinus and McDonald 1 9 7 9 ) . Multip le sowing 
increases the chance of having at least one seedling in a cavity 
because only a few cavities without seedlings can be tolerated as 
container-growing space is expensive . As a rule , seedlots of  
less than 60%  viability should not be used ,  s ince this involves 
i)  excess ive thinning of multiple seedlings in some cavities 
later on , and ii) was te of  valuable s eeds (Vyse and Rudd 19 74) . 
S ince this problem is a widely encountered one , a computer program 
for determining the number of containers expected to produce a 
certain number of seedlings , the optimum number of seeds to be 
sown in each cavity to minimize the amount of seeds used , as well 
as the amount of  transplanting and thinning of excess seedlings 
necessary for a given seed quality has b een developed (Balmer 
and Space 1977) . Cos t  factors for the s eeds used , and for the 
op erations of s owing , thinning and transplanting may also b e  
determined if there i s  adequate ancillary information . 

The impact of poor seeds on operational costs was 
des cribed by Van Eerden ( 19 77) 1 . The British Columbia Container 
Nursery Working Group (CNWG) cons idered seed quality p roblems 
to b e  the mos t  s ignificant impediment to continued expansion of 
the container nursery p rogram in 19 75-1976 . As a minimum 
accep table s tandard of s eed quality , i t  was sugges ted that only 
lots that p roduced a germinant in 80% of the cavities , after a 
s ingle s owing , should be used .  Owing to general s eed s carcities 
and shortages of s eeds from particular sources , seeds of less 
than 70% viability had continued to be sown , despite a recommendation 
(Vyse and Rudd 19 74) that such lots should be rej ected . The 
consequential costs of thinning seedlings , as well as the wastage 
of seeds , inherent in the p ractice of multip le s eeding to 
compensate for germinant downfall , can be considerable (Van Eerde� 
1977) 2 , as the following illustrates . 

The B . C .  Ministry of Forests ' p lanting program requires 
about 75 million trees each year , which calls for app roximately 
1800 hectolitres ( 5000 bu) of cones , at an average cos t  of 
$200 , 000 . Althougq no specific financial terms are available 
to des crib e  the reduction in plant yields because of poor s eed 
quality , it was estimated that seedling downfall (blank cavities) 
approached 30% which , in terms of 1977 dollars , cost approximately 
$560 , 000 . Two-thirds of this downfall was attributed to poor 
seed quality and to problems in seed distrib ution (uniformity 
of s owing) . Thus , the initial crop es tab lishment p roblems with 
container stock resulted in a loss of  $375 , 000 for 1977 . When 
the cos t  of thinning multip le s eedlings (about $ 100 , 000 for 

2 

Van Eerden , E .  19 77 . Review of  s tatement of cone and seed 
research needs and priorities . Report to the British Columbia 
Joint Cone and Seed Comm . , Dec .  19 7 7 ,  4 p .  Unpub . 

Van Eerden , E .  197 7 .  loc o  cit . 
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weeding and thinning the 19 7 7  container-seedling crop) was added 
on , it was clear that the consequence of poor seeds created an 
operational loss o f  nearly $500 , 000 per year for container s tock 
alone (Van Eerden 1977) 3 . Part o f  this expenditure could be 
s aved by us ing the highes t quality seeds . 

The economic penal ty incurred by us ing poor s eeds is 
further exemplified in data (Tab le 1) for container-produced 
Picea enge lmannii seedlings in Co lorado (Deneke and Landis 1978) . 
The difference in revenue p roduced ( $66 , 800) is s ignifi cant . 
Although seed quality cos ts are more subs tantial in container 
nurs eries , they should not be overlooked in the more traditional 
bareroot nursery . 

Table 1 .  The effect of seed quality on production costs of 1 mi l lion 
Enge lmann spruce seedlings �n a container nursery . 

S eeds sown per cavity 
Amount of seeds used (kg) 
Seed cost at $ 60/kg 
Proportion of emp ty cavities 
Number of seedlings p ro duced 
Seed cost/lOOO seedlings 
Revenue produced at $ 200/1000 

seedlings 

SEED QUALITY 

86% 
3 

12 
$ 720 

6% 
9 9 4 , 000 

$0 . 72 

$ 1 9 8 , 800 

(Germinability) 

38% 
6 

24  
$ 1440 

34% 
660 , 000 

$ 2 . 18 

$ 132 , 000 

The use of seeds of known orlgln and those that are 
genetically improved means handling smaZ Zer seedlots and ensuring 
their absolute integrity as they p rogress through the nursery and 
onto the p lanting site , resulting in higher costs in all ope rations 
( cone handling , seed p rocessing , s torag e ,  seeding and lifting , 
sorting and transportation of the resultant seedlings) .  Because all 
costs are greater with imp roved s eeds , it is important that nursery 
operations ensure that the high quality of the seeds is p rotected 
and maintained ,  and that efficient use , i . e . , the highes t recovery 
of plantable seedlings per unit  of seeds sown , is made . To achieve 
this , the importance of testing germinability so that p recise sowing 
rates can be calculated cannot be over-emphasized . By the same 
token , field fores te rs and seed orchardis ts should take the utmost 
care that cone collections are made at the right s tage of cone 
maturity , and that cones are correctly cared for in the field and 
are prop erly transported since an unpredi-ctable , but s ignificant , 
loss in seed quality may occur before the seeds reach the pro cessing 
plant (Deneke and Landis 1978) . S imilarly , s eed p ro cessing s taff 
mus t  take every pre caution to prevent extraction and process ing 
damage , and s trive to provide seeds of the highes t quality so that 
optimal economies in nursery operations · can be obtained . 

3 Van Eerden , E .  19 7 7 .  loc o  cit . 
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ATTENDEES AT THE 

SEED WORKSHOP & PINE RIDGE FOREST NURSERY TOUR 
NORTHERN FOREST RESEARCH CENTRE 

NOVEMBER 14 , 15 , 1979  

ADAMS , B .  
North Canadian Forest Ind . 
Box 100 
Grand Prairie , Alta . T8N 3A3 

ALTMANN , Dick 
P ine Ridge Forest Nursery 
Alberta Forest Service 
Box 750 
Smoky Lake , Alta . TOA 3CO 

AU , P eter 
P ine Ridge Forest Nursery 
Alberta Forest S ervice 
Box 750 
Smoky Lake , Alta . TOA 3CO 

BALDWIN , Kirk 
Forest Resources 
P . O . Box 7 
Fort Smith , N .W . T .  XOE OPO 

BALL , W . J .  
Northern Forest Research Centre 
Canadian Forestry S ervice 
5320 - 122 S t .  
Edmonton , Alta . T 6H 3S5 

BARKER, Neil 
Alberta Forest S ervice 
Lands Branch 
Edmonton , Alta . 

BARNARD , Frank 
Western Tree S eeds Ltd . 
Blind Bay , B . C .  VOE 1HO 

BERRY , T .  
Alberta Forest S ervice 
Athabasca , Alta . TOG OBO 

BOYD , Murray 
P rocter & Gamble Cellulose ,  Ltd . 
P . O .  Box 1020 
Grande Prarie , Alta. T 8U 3A9 

BRACE , L . G .  
Northern Forest Research Centre 
Canadian Forestry Service 
5320 - 122 S t .  
Edmonton, Alta. T 6H 3S5 

BRANTER, K.  
Alberta Forest S ervice 
S lave Lake , ALta.  TOG 2AO 

BURNS , Tim 
S impson Timber (Alta . ) Ltd . 
Box 1079 
Whitecourt , Alta . TOE 2LO 

CAMERON , A .M .  
Reid , Collins & Ass .  Ltd . 
1078 West Pender S t .  
Vancouver , B . C .  V6E 3X4 

CEREZKE , H . F .  
Northern Forest Research Centre 
Canadian Forestry Service 
5320 - 122 Street 
Edmonton , Alta.  T 6H 3S5 

COAST , Albert 
S impson Timber (Alta . ) Ltd . 
Box 1079 
Whitecourt ,  Alta . TOE 2LO 

DANIELS , Frits 
S impson T imber (Alta . ) Ltd . 
Box 1079 
Whitecourt , Alta.  TOE 2LO 



DAVIDSON , Campbell 
PFRA - Tree Nursery 
Indian Head , Sask. SOG 2KO 

DERMOTT . C .  
Alberta Forest Service 
Petroleum Plaz a ,  S .  Tower 
9915 - 108 S t .  
Edmonton , Alt a .  T5K 2C9 

DEWHIRST ,  K.  
Alberta Forest S ervice 
Slave Lake , Alta . TOG 2AO 

DHIR , Narinder 
Alberta Forest Service 
Petroleum Plaza , S .  Tower 
9 9 15 - 108 S t .  
Edmonton , Alta .  T5K 2C9 

EDWARDS , George 
Pacific Forest Research Centre 
Canadian Forestry S ervice 
506 West Burnside Road 
Victoria , B . C .  V8Z lM5 

EDWARDS , Ivor 
Northern Forest Research Centre 
Canadian Forestry S ervice 
5320  - 122 St . 
Edmonton , Alta . T 6H 3S5  

EDWARDS , John 
Procter & Gamble Cellulose , Ltd . 
P . O .  Box 1020 
Grande Prarie , Alta . T8V 3A9 

FERDINAND , S teve 
Alberta Forest  Service 
P etroleum Plaza , S .  Tower 
9915 - 108 S t .  
Edmonton , Alt a .  T5K 2C9  

FEDENHEUER, A .  
Syncrude Canada Ltd . 
10030 - 107 S t .  
Edmonton , Alt a .  T5J 3E5 

FLAIG , Lyle 
Procter & Gamble Cellulose Ltd . 
P . O .  Box 1020 
Grande Prairie , Alta . T8V 3A9 

FLINN , Patricia 
Pine Ridge Forest  Nursery 
Alberta Forest Service 
Box 750  
Smoky Lake , Alta . TOA 3CO 

FRONING � Klem 
Northern Fores t  Research Centre 
Canadian Forestry S ervice 
5320 - 122 St . 
Edmonton � Alta . T6H 3S5 

GREENHORN � L .  
North Canadian Forest Ind . 
Box 100 
Grande Prairie , Alta .  T8V 3A3 

GRUBER , Dave 
PFRA - Tree Nursery 
Indian Head , Sask. SOG 2KO 

HADDON , Brian 
Petewawa National Forestry Ins t . 
Canadian Forestry S ervice 
Chalk River , Ont o KOJ lJO 

HAMILTON , Dorthy 
Alberta Forest S ervice 
Bag 3 0  
Whitecourt ,  Alta . TOE 2LO 
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HAMILTON , Rog�r 
Alberta Forest Service 
Petroleum Plaza , S .  Tower 
9 9 15 - 108 S t .  
Edmonton , Alta.  T5K 2C9 

HELLUM, Kore 
Dept . of Forest  S cience 
University of Alberta 
714 Chemical-Mineral Eng . Bldg . 
Edmonton , Alta . T 6H 2G8 

HIRATSUKA, Yasu 
Northern Forest Research Centre 
Canadian Forestry Servic� 
5320 - 122 S t .  
Edmonton,  Alt a .  T 6H 3S5 

HUBER, Ralph 
Northern Forest Res�arch Centre 
Canadian Forestry Service 
5320 - 122 S t . 
Edmonton , Alta . T 6H 3S5 

KING , Pau l  
Alberta Forest Service 
Petroleum P laza , S .  Tower 
9 9 15 - 108 S t .  
Edmont on , Alta . T5K 2C9 

KLEIN , J . I .  
Northern Forest Research Centre 
Canadian Forestry S ervice 
5320  - 122 S t .  
Edmonton , Alta . T6H 3S5 

KOWALYK ,  K .  
Alberta Forest Service 
Rocky Mt . House ,  Alt a .  TOM 1TO 

LAFLEUR, Larry 
Pine Ridge For�st Nursery 
Alberta Forest Service 
Box 750  
Smoky Lake , Alta . TOA 3CO 

LALOR, M . K .  
Forest  Techno1ogy-NAIT 
11762 - 106 S t .  
Edmonton , Alta .  T5G 2R1 

LATIMER, Ray 
Ministry o f  Natural Resources 
Ontario Tree Seed  Plant 
Angus , Ont o  LOM 1BO 

LEADEM, Carole 
Research Division 
B . C .  Forest  Service 
5 14 Government S t .  
Victoria , B . C .  V8W 3E7 

LICSKO , Zoltan 
Alberta Forest Service 
Bog 30 
Whitecourt , Alt a .  TOE 2LO 

LUCHKOW , S t eve 
Alberta Forest Service 
Petroleum P laza,  S .  Tower 
9 9 15 - 108 S t .  
E dmonton, Alta .  T5K 2C9  

MASSEREY , L .  
Dep t . o f  Tourism & Renewable Resources 
For�stry Branch 
4 9  - 12 S t .  East 
Prince Albert , Sask. S 6V 1B5 

McKEEVER , D .  
A1b�rta Forest S ervice 
P eace River , Alta .  TOR 2XO 



McLEOD , Rick 
S impson Timber (Alta . )  Ltd . 
Box 1079 
Whitecourt ,  Alta . TOE 2LO 

MIHJLOVICH , Milo 
Alberta Forest Service 
Petroleum Plaza , S .  Tower 
9 9 15 - 108 S t .  
Edmonton , Alta . T5K 2C9 

MITCHELL , Ray 
S impson Timber (Alta . ) Ltd . 
Box 107 9 
Whitecourt , Alta . TOE 2LO 

MORIN , Wendy 
Northern Forest Res earch C entre 
Canadian Forestry S ervice 
5320 - 122 S t .  
Edmonton , Alta . T 6H 385 

NOWASAD , J .  
Alberta Forest Service 
Rocky Mt . House ,  Alta.  TOM ITO 

PELCHAT , A .  
Alberta Forest  Service 
Lac La Biche , Alta . TOA 2CO 

PELCHAT , M .  
Alberta Forest S ervice 
Lac La Biche , Alta . TOA 2CO 

POLLARD , D . F . W .  
Pacific Forest Res earch Centre 
Canadian Forestry S ervi ce 
506 West  Burnside Road 
Victoria , B . C .  V8Z IM5 

QUINTILIO , Craig 
Alberta Forest S ervice 
10811 - 84 Ave . 
Grande Prairie , Alta . T8V 3J2 
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REFFLE , Ron 
Ontario Ministry of Natural Resources 
Box 129 
Swastika , Ont o POK ITO 

REMPEL , Larry 
Dep t .  of Tourism & Renewable Resources 
Forestry Branch 
49 - 12  St . East 
Prince Albert , Sask . S 6V lB5 

ROSS ,  Shannon 
Forest Technology-NAIR 
117 62 - 106 S t .  
Edmonton ,  Alta . T5G 2Rl 

RUTHERGLEN , Heather 
B . C .  Forest Service 
Duncan Seed C entre 
P . O .  Box 816 
Duncan , B . C .  V9L 3Y2 

SAMBROOKE , G .  
Alberta Forest S ervice 
10811 - 84 Ave .  
Grande Prairi e , Alta . T8v 3J2 

SCHLIF , Janet 
Pine Ridge Forest Nurs ery 
Alberta Forest S ervice 
Box 750  
Smoky Lake , Alta . TOA 3CO 

SEYMOUR, N .  
Albert Agriculture 
Provincial Tree Nursery 
R . R .  # 6  
Edmonton , Alta . T5B 4K3 

STRAKA, A .  
Alberta Agriculture 
Provincial Tree Nursery 
T . T .  116  
Edmonton , Alta . T5B 4K3 
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SWAlLE , Brian 
Ministry of Natural Resources 
Ontario Tree Seed Plant 
Angus , Ont o  LOM lBO 

SZIKLAl , Peter 
St . Regis (Alta . )  Ltd . 
Hinton , Alta . TOE lBO 

THOMPSON ,  G .  
Alberta Forest Service 
Box 900 
High Level , Alta . TOH lZO 

THOMPSON ,  John 
Dep t .  of  Tourism & Renewable Resources 
Forestry · Branch 
49 - 12 S t .  East . 
Prince Albert . Sask. S 6V lB5 

THOMSEN , J .  
Alberta Forest S ervice 
Athabasca , Alta . TOG OBO 

VAN BORRENDAM , Wim 
Alberta Forest Service 
Petroleum Plaz a ,  S .  Tower 
9 9 15 - 108 St . 
Edmonton , Alta . T5K 2C9 

VOGEL , Klaus 
Dept . of Natural Resources , Mines & 

Environment 
Forest Management Section 
P . O .  Box 46 
1495 St . James S t .  
Winnipeg , Man . R3H OW9 

WALKER, N . R. 
Northern Forest Research Centre 
Canadian Forestry Service 
5 320 - 122 S t .  
Edmonton , Alta . T 6H 3S5 

WALLACH , B .  
Alberta Forest Service 
Edmson , Alta . TOE OPO 

WANG , B . S . P . 
Petawawa National Forest lnst . 
Canadian Forestry Service 
Chalk River , Ont o KOJ lJO 

WlNN , Rex 
P ine Ridge Forest Nursery 
Alberta Forest S ervice 
Box 750 
Smoky Lake , Alta . TOW 3CO 

WlESlNGER , Frank 
1065 Grain Exchange Bldg . 
1 6 7  Lombard Ave .  
Winnipeg , Man. R3B OW2 

YAKlMCHUK , Kathy 
P ine Ridge . Forest Nursery 
Alberta Forest Service 
Box 750 
Smoky Lake , Alta . TOA 3CO 

YOUNG , Dennis 
Procter & Gamble Cellulose Ltd . 
P . O .  Box 1020 
Grande Prairie , Alta . T8V 3A9 

ZALASKY ,  H .  
Northern Forest Res earch Centre 
Canadian Forestry S ervice 
5320 - 122 S t .  
Edmonton , Alta . T 6H 3 S 5  




