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M. Villeneuve Dr. J. F. Webber
Min. des Ressources naturelles B. C. Ministry of Forests
Service de L'Anetoration des Arbes Glyn Road Researoh Station
2700 Rue Einstein 1320 Glyn Road
Ste. Foy, Quebec Viotoria, British Columbia
GIP 3W8 V8W 3E7

Dr. E. White
Natural Resouroes Canada
Pacific Foresty Cente
506 West Burnside Road
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V8Z 1M5

Joan Wild
Ontario Ministry of Natural Res
Ontario Government Bldg.
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J. H. Woods Katherine Yaktmchuk
B. C. Ministry of Forests Pine Ridge Forest Nursery
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Dr. Alvin Yanchuk Dr. Francis Yeh
B. C. Ministry of Forests University of Alberta
Research Branch Dept. of Renewable Resources
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B. C. Ministry of Forests Forintek Canada Ltd.
Research Branch 319 Rue Franquet
1450 Government Skeet Ste. Fov
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Peter de Groot
Natural Resources C anada
Forest Pest Management Instihrte
P. O. Box 490
Sault Ste. Mane. Ontario P6A 5M7
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C.T.I.AJA.C.A.A.
25th BUSIFTESS MEETING

MIIIUTES

Alvin Yanchuk chaired the 25th Business Meeting of the CTIA/ACAA held in the David Lam
Auditorium, Maolauring Building, Viotoria, British Columbia on Thursday August 31,1995.

283. Minutes of the 24th Meeting
(as pnnted in the proceedings from the 24th meeting (Part I))

Motion: The minulss of the 24th Business Meeting be approved as published.
Moved by: J. Dojaok
Seconded by: J. Klein
Carried.

284. Membership

28/..l HonouraryMembership

Motion: That the following members of the CTWACAA be nominated "honourary" membership
for the outstanding contributions to the field of genetics and hee improvement in Canada during
their oareer.

Don Fowler
Chris Heaman
Kris Morgenstem
Graham Powell
Oscar Sziklai
Ben Wang
Louis Zsuffa

Moved by: J. Klein
Seconded by: D. Simpson
Carried.

2842 New Active Members

S. Y. Zhang

Brian Barber

MathewKoshy

N.R Canada-Maritimes, N.B.
B.C. Ministry of Forests

University of New Brunswick
University of New Brunswick
University of British Columbia
Petawawa National Forestrv Institute
University of Toronto

Forintek Canada Corp.
Sarnte-Foy, Quebec

B.C. Forest Service
Victoria, British Columbia

Univ. of British Columbia
Vancouver, British Columbia.

The names of nominated new active members were presented as follows:

Lurda DeVerno Natural Resouroes Canada-Mantime
Fredericton. New Brunswick

Motion: That the nominalsd new active members be dulv elected.
Moved by: M. Stoehr
Secondedby: K. Tosh
Carried.



2843 New Corresponding Members

The following were recorded:

Chang-Yi Xie

Frederick D. Beall

Tim Gylander

2E5.

286.

247.

B.C. Ministry of Forests
Victoria" British Columbia

Nafural Resouroes C anada
Sault Ste. Marie, Ontario

Weyerhaeuser Canada Ltd.
Drayton Valley, Alberta

Chair's Report

On behalf of the B.C. Forest Service and University of Victori4 I would like to thank you for partieipating in
the 1995 joint meeting of the Canadian Tree Improvement Assooiation and the Western Forest Genetics
Associationr This is he first joint meeting of these two organizations and we feel the timing could not be better.

I would like to acknowledge and thank: John Russell, Miohael Stoehr, and Pat McGuire (Organizing
Commiftee), John Owens (University of Victoria sponsor), Jack Woods (field trips), Michael Carlson (art
designs), Sally Aitken (WFGA Chair) and John Barker (Western Forest Produots), Yousry El-Kassaby @aoific
Forest Products), Glen Dunsworth (MacMillan Bloedel) for industrial sponsorship of field tours and Joy
Lavereau (CTIA Executive Secretary, Editor and Treasurer).

We would like to take this opportunity to acknowledge the pioneering efforts of the late Dr. Alan On-Ewing,
and dedioate this meeting in his honor.

Treasurer'g Report

The financial statement for the period of July 30, 1993 to July 30, 1995 was prepared by Treasurer Joy
Lavereau and was tabled for membership information and aooeptance (see attachment #1). The
statement shows a balance of $7,175.53 in the assooiation's aooount as of July 30, 1995 and G.I.C.'s
totalling $23,000.00.

Motion: That the financial statements as presented be accepted.
Movdd by: D. Simpson
Seconded by: M. Stoehr
Camed.

Financial Contributions

British Columbia Vf*irt y of Forests
Centre for Forestry Biology, University of Victoria
Westem Forest Products
Pacific Forest Products
MacMillan Bloedel

Motion: That the CTWACAA of the 25th meeting express our sincere appreciation to these
contributors.
Moved by: J. Klein
Seoondedby: K. Tosh
Carried.
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28S. Editor's Report

The proceedings wEre printed and distributed to all active members, Canadian universities and

libraries, all participants of the 24th meeting, sponsoring and honourary members during April 1995

Two hundred and ninety-seven proceedings were mailed. .

A form letter advising the theme of the 24th biennial meeting the prooeeding oontext and a request
for a twenty dollar donation to obtain one copy, was sent to all corresponding members, U.S.A
addresses and other foreign countries. There were 23 donations from Canadian addresses, 20 from
U.S.A addresses and other foreign. counties obtaned26.

289. Educationalcommittee

289.1 Canadian Tree Improvement Association biennial "Soonsored Student Awareneqs":

To promote students' knowledge and understanding in tree improvement activities and forest
genetics researoh, the foresky faoulties of Canadian universities were enoouraged to nominate a

student for the sponsorship to attend the 25th CTIA/ACAA meeting. The following students
received the award which provided all the costs of meeting, including registration, accommqdaliqa,
pre-conference tour and travel:

Susan Boyes Lakehead University
Denise Donelle University of Monoton
Pegry Hickey University of New Brunswick
Martin Perron Laval University
Pia Smets University of Brititsh Columbia
Barb Thomas University of Alberta
Vasilios Tsarouhas Unrversity of Toronto

Sponsorship of these students is paid by the executiyg semmittee of each biennial meeting through
regishation fees.

2892

The following students received a cash award, for recognition of oral presentations grven at the 25th
CTIA/ACAA meeting in Victoria, British Columbia.

JohnRunions ForestBiolory,Uoiv. of Victoria $500.00
Victoria- British Columbia

Rungna Pattaavibool Forest Biology, Univ. of Victoria $300.00
Victoria- British Columbia

Martin Perron Fao. de Foresterie, Univ. Laval $200.00
Ste. Foy, Quebec

Motion: To grant the 1997 executive committee to establish a series of CTWAC AA student

recogrition awards for oral presentations, posters, or other contributions and draw no more than

$1000.00 per meeting.

290. Working Groups Reports

Tree Seed Working Group

The Tree Seed Working Group held its regular Biennial Business Meeting on August 28, Lggl.Four issues

of the TSWG News Bulletin (No.. 20-23) were published in the past two years and distributed to all members
(about 250) and32lnstitutions. Hugh Schooley, Editor of the TSWG News Bulletin since 1985, retired from
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Forestqr Canada in 1995. Hugh was instrumental in developing a sound periodical for tree seed managers
and scientists throughout Canala and abroad- His oontinued support will be deep$ missedl

Ron Smith (CFS - Maritimes) has accepted to become our next TSWG News Bulletin Editor.
Motion: That the name of Ron Smith be accepted as the new Editor.

Moved by: Dave Kolotelo
Seconded by: Howard Frame
Caried. Thanks Ron for your zupportl

In l994,Hugh Schooley organized a Tree Seed Discussion Group on the lnternet (see News Bulletrn No. 2l).
It is a great way to correspond with colleagues around the wodd. Ron Smith has accepted to look after the
Disoussion Group. The move from Petawawa National Foresty Institute (PI.IFD to CFS-Maritimes should
occur early this fall. All members of the Discussion Group will be informed of the change in due course.

PNFI has since 1985 covered the printing and mailing cost of the News Bulletin. We would like to
aoknowledge this continued support over the years. Since PNFI will terminate its mandate as a result of the
Federal Government cutbacks, we needed financial support for oontinuing the publication of the News
Bulletin. Dr. Geritt van Raalte, Science Director - Forest Resouroes, CFS-Maritimes, has agreed to take over
the cost related to publishing and mailing the NewsBulletin.

It was suggested that the News Bulletin be available to the Discussion Group on the lnternet. I will address
Ron Smith on this.

Dave Kolotelo, Peter de Grool and Guy-E. Caron have accepted to continue as Coordinator of the Tree Seed
Processing and Testing Working Party, Coordinator of the Cone and Seed Insects Working Party, and
Chairman of TSWG, respectively.

Dave Kolotelo coordinated this yeafs Workshop in Victoria. The Workshop, like the CTWACAA meeting,
was well organized and well attended. Dave also organizndtwo tours to the BC Ministry Tree Seed Center
in Surrey on August 27 and September l. Our sincere thanks to Dave for his dedication towards the sucoess
of the Workshop.

For the fust time, the TSWG will have its.presentations refereed. Dr. D.B. Burgess, Co-Editor of the Foresfiy
Chronrcle, has agreed to the publication of a Special Issue sometime n 1996.

The TSWG will host another Workshop at the 26th CTWACAA meeting to be held in Quebec City,n lgg7.
St6phan Mercier, Ministdre des For6ts du Qu6bec, will coordinate that workshop and will aot as liaison to the
organizing committee of the 26th CTIA/ACAA meeting.

Finally, a short discussion was had on the role ofCFS on seed researoh throughout Canada. Seed researoh
will now be headed by CFS-Maritimes. It is hoped by all that the National perspective be respeoted. As
Chairman of the TSWG, I will hansmit this information to the Administation at CFS-Maritimes.

This concludes my report!
Guy-E. Caron Charperson l99I-97

2gl. Business arising from previous meetings

291.1 Distribution of proceedings

Motion279.2: Distribution of the 25th CTIA/ACAA proceedings will be determined by the 1995 executive
committee.

Distribution of the 25th CTIA/ACAA proceedings will be "gratuitous" copies be sent to all
active members, all participants of the meeting, all Canadian universities and libraries,
honourary members and sponsors of the meeting.

Motion:
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Moved by: J. Klein
Seconded by: M. Stoehr
Carried.

291.2 Name change of CTWACAA

Motion 279.3: That an official name change be held off, until members were advised of the proposal and
that the 1995 executiye committee would be responsible for notification of the motion to all
active members.

A questionnaire was sent to all active members in Maroh 1995. The results were as follows:
Canadian Tree knprovement Association : 26 Votes
Canadian Forest Genetics Association - 9 Votes
Other : 11 Votes

The 1995 Executive committee stated the name "Canadian Tree lmprovement Association" will not changed.

2913 Retirement

Motion 289. 1: That in light of the pending retirement of Dr. E.K. Morgenstern, that the ourrent
CTIA/ACAA executive compose and send a letter on behalf of the CTIA/ACAA to the
Faculty of Forestrlr, Universify of New Brunswiok urging the Faculty to maintain a staff
position in forest genetics.

Kathy Tosh advised a letter was sent to the University of New Brunswick. The faculty was uncertain
regarding maintaining a position due to University restraints.

292. New Business

292.1 Closure of P.N.F.I.
With the closure of Petawawa Nafional Forestry Institute, the Canadian Tree Inprovement
Assooiation would ask Natural Resources Canada,Maritime Region to take on the responsibility of
Editor, Treasurer, and Exeoutive Secretary ofthe Association.

Natural Resources - Maritimes, confumed commitment to maintain all aspects of the Canadian Tree
Improvement Association.

292.2 Funding
The Science and Sustainable Development Directorate and the Petawawa National Forestry Institute
64vs sq 'rmited 5 000 dollars for the printing and distibution of Part I and Part II of the 25th
CTIA/ACAA proceedings.

2923 Guy Caron asked if the Canadian Tree Improvement Assooiation would be interested in paying the
publishing costs of "four" Tree Seed Working Group papers. After some discussion the members
decided it was too expensive due to page printing costs. However, the Association would be pleased
to publish the four papers in the "Prooeedings of the twenty-fiffh meeting", Victoria, B.C.

292.4 Proposal for Support
Lauren Fins, Professor of Forest Genetics at the University of Idaho sent a propsal to the 1995
CTIA/ACAA Executive Committee requesting support for a project on the "History of Forest
Genetics in North America" . The funding request of $3500.00 would be used for tavel expenses to
record and make available the oral history of forest genetics and tree improvement aoross North
America, as remembered and told by the prominent pioneers of the forest genetics and tree
rmprovement in the U.S. and Canada.
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I ntroduc t ion(of the proposal)
In the earliest days of westward expansion in the United States, forest manilulation consisted of a log-and-
move on mentality. The best speoies and individuals were harvested with little thought to regenerating the
stands to the same species mix or to the same level of genetic integrity. Later, when planting began to come
into vogue, there was still very little understanding that there were oritical adaptive differences between
populations of the same species. Seed dishibution was hardly monitored and often the criterion for
purchase was the lowest price. As a result, many poorly adapted trees were planted throughout the west.
As forest geneticists began to study and understand population variation, their work has a major influsnes
on the planting practices in operational forest management. Today, no modern forester would consider
planting without fust matching the seed source to the planting site . . .

After some discussion, it was decided that the documentation of this historical information was important
and that the CTIA/ACAA would put $2000.00 aside for the proposal, on the condition that L. Fins reoeive
five supporting offers from other sectors.

Motion: That the CTWACAA support Lauren Fins with Two thousand Canadian dollars, for the
proposed manusoript "A History of Forest Genetics and Tree Improvement in North
America". On the condition, that L. Fin receive five supporting offers from other sestors.

Moved by: M. Meagher
Seconded by: J. Woods
Carried.

293.

293.r

Future Meeting

Location of the 1997 meeting

Michel Villeneuve confirmed that the 1997 CTWACAA meetingbe jointty hosted by Yves
Lamontagne @dinistere des For€ts), Jean Beaulieu (Natural Resouroes Canada), and Jean Bousquet
(Universit6 Laval) and will be held in Quebec City.

Location of the 1999 meeting

Unfortunately, Weyerhaeuser Canada is unable to jointty host the 1999 CTIA/ACAA meeting wirh
the prairie provinces.

Location of the 2001 meeting

Tentative support from Northern Ontario to hold the 2001 meeting.

Election of New Executive

The following slate of offroers for election to the 1995/97 CTIA/ACAA exeoutive:

293.2

2933

294.

Chairperson:

Vice-Chairperson:

M. Michel Villeneuve
Min. des Ressources naturelles

MM. Jean Beaulieu (symposium)
Ressouroes nafu relles C anada
Jean Bousquet (organisation locale)
Universit6 Laval

IMme. Arianne Plourde
Ressources naturelles Canada

Secretary:



I4

295. Adjournment

Motion: That the members of the CTIA/ACAA thank the executive for their efforts ovsr the past
two years and for an exoiting and sucoessful meeting.

Motion: That the 25th business meeting of the CTIA/ACAA be adjourned.
Moved by: Dennis Joyce
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Attachment# l.

CTIA/ACAA
Financial Statement

July 30, L993 to July 30, 1995

Cash Balance July 30, 1993 $ 2,726.78

Credit:
lnterest earnings (GIC, Aocount)
Donations for 24th Meeting Proceedings
24th Meeting advanoe retum

Total Credit

$ 2,214.57
1,387.39
1,035.51

$ 4,637.47 $ 4,637.47

Guaranteed Investment Certificates:

GIC Principal
GIC Prinoipal
GIC Principal

Total GIC's

Guaranteed Investment Certificates :

GIC Principal
GIC Prinoipal
GIC Principal

Total GIC's

(as ofJuty 30, 1993)

(as ofJuly 30, 1995)

$10,000.00
8,000.00
6,000.00

$24,000.00

$10,000.00
7,000.00
6,000.00

$23,000,00

Deposited back into account (from GIC) $ 1.000.00

Debit:
Forestry Chronicle
Film processing
Money order fees
Service charge

Total Debit

$ I,118.r5
66.37
3.25

.95

$ I,r88.72 $ 1.188.72

Cash balanoe Juty 30, 1995
Invested GIC balanoe

Total Holdinss

I 7.175.s3
823.000,00

83!,!1s.s3
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WESTERN HEMTOCK BREEDING PROGRAM

John King and Charlie Cartwright

B.C. Ministry of Forests
Research Branch

1450 Government St.
Victoria, B.C.

v8w 3E7

First Generation Testing

Three series of tests evaluating 1.t4low elevation open-pollinated parent are
undergoing 15 year measurements, with data analysis confirming 10 year results. Three more
recent polycross series test a further 182 parents, with the first 5 year measurements completed in
194, and preliminary selection made.

High elevation (over 500 m) trial establishment was concluded this year with the
out-planting of 91 polycross families on 2 sites. These augmertt 33 parents out-planted in 1993,
and 10 included in Mike Meagher's 1979 series.

Advanced Gmeration Testing

Advanced generation breeding is executed in conjunction with the Hemlock Tree
Improvement Co-op (Hemtic). The program components are 5 regional units, each comprised of
5 disconnected 6 tree diallels (30 selected parents). Crossing for the 3 northern elements,8.C.,
Forks and Gray's Harbour, was 807o complete asof '94,with 950 isolations made this spring. The
southern 2 elements, Cavenhams and Tilamook, were 50% completg but similarly strong
crossing efforts were made this year. Field test establishment will corunence with sowing
January'95 and will extend over 2 years, and 12 sites ranging from Northern Vancouver Island to
Central Oregon.

Realized Gain Trials

Verification of per hectare gains has been a recent program focus. Realized gain
trials provide not only accurate estimates, but also strong demonstration of the value of selected
materials to silviculturists. Three series will be established. The first, out-planted in 1992, has
blocks representing the advanced generation (Hemtic) orchard, roqued fiist generation orchards,
and a standard comprised of 14 wild stand seedlots. Early results (height age 4) over 3 sites show
gains at 30Vo for the second generation, andl2%o for the roqued orchard. (see figure 1).

Other Research

Additional substantive program initiatives entail genecology installations.
Specifically, provenances from California to Alaska are represented in 5 coastal trials monitored
annually for frost damage and survival. Twelve much smaller sites have been planted
throughout B.C., covering all the major vegetation zones in which hemlock occurs. Data bearing
on seed transfer in general, (but in particular selected southern [Hemtic] material), adaptability,
and value of specific provenances will be garnered from these sites.
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To ensure product quality, wood and pulp property testing was initiated in 1993.
All parents in B.C.'s first generation tests are assessed for specific gravity. In conjunction with
Papercan (Vancouver), further screenings for fibre length and other properties of importance to
pulp quality are evaluated.

SITKA SPRUCE BREEDING PROGRAM

Spruce Weevil Studies

Research of appropriate genotypes for deployment to weevil hazard areas
concentrates on mode of inheritance of resistance, and screening selections from putatively
resistant populations. A diallel mating design, using parents identified by provenance research
and the interior spruce breeding program, has been constructed to investigate trait inheritance.
To broaden the base of resistance, 3 series of screenings have been established evaluating 218
open-pollinated parents. Each consists of several disease garden sites, as well as a low hazard
area trial to assess growth potential. Identical stock was provided to interested American
industry co-operators to establish additional tests. Two further series are planned.

Low Weevil Hazard Spruce

Testing for low hazard lands has proceeded to the point of completion of
crossings the Queen Charlotte / North Vancouver Island seed orchard. As well, selections have
been made from provenance tests at Holberg and on the Queen Charlotte Islands. Access to
tested parents in European programs will also provide advanced generation materials.

Hvbrid Spruce

Collections from the wild and from hybrid sources in provenance tests started in
1994, with additional forays planned this year. Field testing is envisioned 3 to + years hence. The
focus of the information gathering is to understand the dynamics of introgression in the hybrid
zone, and identify optimal seed sources for the area.

Figure 'l .
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LODGEPOTE PINE BREEDING PROIECT EP77O

Michael Carlson and fohn Murphy

B.C. Ministry of Forests
Kalamalka Forestry Centre

3401Resen'oir Road
Vernon, B.C.

vI.B 2C7

The British Columbia Lodgepole pine breeding project, F,P770, began with
breeding zone delineation and parent tree selection in 1975. At that time the annual planting of
the species was approximately 10 million seedlings. By 1985 a total of 7,562 trees had been
selected for testing in 5 breeding zones. Within a'year after selection most of these trees had been
grafted into clonebanks and wind pollinated seed collected. Between 1984 and 1988, 36 wind
pollinated test plantations were established on 18 sites in 5 breeding zones of the B.C. southern
and central interior. Total tree heights were measured after 5 field seasons and a site-weighted
selection index computed to rank trees in each zone (-300 trees per zone)

Starting in 1990, the top 1520 Vo of the tested parents in each zone were grafted
and planted at orchard sites in the dry warrn southern interior Okanagan Valley. Today (1995)

six of the seven rogued first generation orchards are nearly complete with fuU seed production
expected, on average, for all seven by 2005. The annual planting requirement for the species is
now more than 70 million. When full orchard production is achieved some 56 million or about
SOVo of the required number will come from these orchards. Estimated genetic gains for 6year
height range from 5 to'l,9Vo.

Controlled crossing to create second generation selection families began in 1995.
The pilodyn was used in 10 year old progeny tests to rank parent trees for wood relative density.
This information combined n'ith lO-year height rankings was used to construct breeding
populations with subpopulations (group) structure emphasi2ing relative density in some
breeding gtoups and height growth in others. Small partial factorials rangrng from 5x5 to single-
pair matings are used starting with top ranked parents and descending to parents at about the
40th percentile in each breeding zone.
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PACIFIC FOREST PRODUCTS TIMITED
SAANICH FORESTRY CENTRE

TREE IMPROVEMENT PROGRAM AND FOREST GENETICS ACTIVITIES

Yousry A. El-Kassaby

Pacific Forest Products Limited
Saanich Forestry Centre
8067 East Saanich Road

Saanichto!,rB.C.

Keywords: seed orchards, seed production, gene conservation, research.

SEEDORCFIARDs

The seed orchard program was reviewed and a consolidation plan for Nootka
and Saanichton seed orchard complexes was completed. The number of seed orchards, species,
orchard design, and the genetic status of the orchards have changed accordingly. The current
state of PacifiCs seed orchards is as follows:

1. The Saanichton high-elevation Douglas-fir seed orchard was removed and replaced by
three new seed orchards:

Western hemloclg clonal-row moving front seed orchard was established with the parent
material from the Hw co-op (i.e., advanced generation).
Sitka spruces, clonal-row from trees with known resistance history (i.e., advanced
generation).
White pine, clonal-row with resistance mechanisms as blocks (i.e., advanced generation).

The Saanichton low-elevation Douglas-fir seed orchard was upgraded with forward and
backward selections, so contamination to the 2nd generation seed orchards is not an issue.

New western redcedar seed orchard ftedge) was established.

The seed production for the 1993-95 is as follows:

1993-94:54 kg Douglas-fir, 7 kg western hemlock, 2 kg Pacific silver fir, and 1 kg yellow-
cedar.

- 1995 represents the first appreciable cone crop from the Douglas-fir 2nd generation seed
orchard.

Gene Conservation

1. Pacific yew (Y.A. El-Kassaby, Pacific Forest Products Ltd. & A.D. Yanchuk, B.C. For. Serv.):

A study was conducted to appraise the level and stmcture of genetic diversity
and differentiation among populations representing several of Pacific yew natural range
geographical regions in B.C. The study revealed that the sampled populations were clustered

a.

b.

c.

2.
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within geographic regions and that geographic regions were highly differentiated from each
other. The unique structure of genetic differentiation provided information that was critical for
the conservation strategy of this species. The adoption of a regional approach to conservation
was recorunended.

2. Ex situ conservation of tree seeds (D.G.W. Edwards, Canadian Forest Service & Y.A. El-
Kassabn Pacific Forest Products Ltd.):

A research project was initiated to evaluate the effectiveness of ex situ gene
conservation for B.C. forest tree species. The traditional (crop plant) approach to ex situ gene
conservation relies on rejuvenation of the genetic resource through frequent replacement with
fresh seeds. This rejuvenation can not be accommodated in forest trees due to their long sexual
maturation process, so seeds must be stored, often for many years. This project evaluates
whether their genetic integrity remains unchanging over long term storage.

Evaluations of viability changes during storage were carried out by means of the
accelerating aging concept commonly used by biologist and engineers. The species tested include
Douglas-fir, Sitka spruce, white spruce, western hemlock, mountain hemlock, and lodgepole
pine. In all species, reductions in seed viability were observed as seeds aged. Without exception,
all observed reductions in seed viability were genotype specific (i.e., some genotypes experienced
more rapid and more substantial losses than others). This indicates that the original genetic
constitution of the seedlots was altered during simulated storage. It is recommended thatex situ
gene conservation for forest tree species should be implemented on an individual genotype basis
so that significant changes to the genetic base can be identified. Changes in the protein matrix of
seeds is currently being evaluated to determine if constituents can be used as markers to predict
viability losses during storage. The identification of these markers will enhance the use of seed
banks as a viable option for forest tree gene conservation efforts.

3. Impact of forest management practices on the genetic diversity (Y,A. El-Kassaby, Pacific
Forest Products Ltd.):

The results of a decade of research on the impact of forest management practices
were summanzed. Figure 1 demonstrates the various steps that might affect the genetic
diversity. This study evaluated the effect of selection, breeding, seed orchard genetics and
management, seed biology and handling, seedling production, and plantation management on
the genetic/species diversity. The results could be summarized in the following points:

d.

e.

a.

b.

c.

f.

8.

h.

Information related to forest tree species domestication was mainlv devoted to the senetic
cons€quences of domestication rather than evaluation of the procebs itself.
The pr'ocess of domestication of forest tree species is fraemen^ted and follows the dassical horizontal
orga-nization of management systems, thus making evaluation difficult.
SyEtematic monitorinE of the various steps of the ilomestication process (selection-breeding methods
aird shategies and sedil and seedlins pro?uction) has identified iases of unintentional dir&tional
selection frhere senetic diversitv coifd be affected.
Phenotypic seleciion has been pioyel to be an effective method for capturing the majority of genetic
vanauon ex$nng ln narural populatrons,
The proqress froir breedine bobulation to production populations did not substantially reduce
genetic iariability, howeveiihb chance foirare, endefiialelic loss increased with thi reduction of
the number of parental trees in seed orchards.
The utilizationbf a breeding strategy that provides for sampling over several geographical locations
and selection for various golls, as iell as idaptation to dilferen't environment! (i.4., Multiple
Population Breeding SystEm) was proven to tre effective
Understanding the 5prfues biologyand the role of biology on genetic diversity was proven to be of
great importance.
The need for change and/or.the.implementation of management practices was proven to be effective
ln ennanqng tne genetrc vanaDltlty.
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Tree breeding programmes for Interior Douglas-fir and western larch were
initiated in 1982 and7987, respectively. The objective of both programmes is to develop seed that
has been selectively bred to produce trees with improved volume growth and quality, while
maintaining acceptable levels of adaptation and genetic diversity. The breeding strategies for
both species are based on recurrent selection for general combining ability, wind-pollinated
genetic testing, and soil-based clonal seed orchards.

SELECTION OFBASE POPULATIONS, GENETIC TESTING, AND SEED ORCHARDS

- In both prograrrunes, the selection of base populations from wild stands has been
completed. Over 1700 Douglas-fir trees were selected in eight breeding zones, and 509 western
larch trees were selected in two breeding zones. Nearly all of these selected trees have been
propagated by field-grafting and established in clone banks and breeding arboreta.

In total, 1661 Douglas-fir families are in field tests across 39 sites in the eight
breeding zones. By spring 1995, 608 western larch families will be in test across 17 sites inlhe two
breeding zones. In all of these tests, individual tree height and condition has, or will be, recorded
after three, six and ten field seasons. For Douglas-fir, first-phase clonal seed orchards will be
established on the basis of family field performance after six growing seasons. Currently,
Douglas-fir seed orchards have been established for the Central Plateau, Cariboo Transition,
Quesnel Lake, and Shuswap Lake breeding zones. Field-grafting has begun for the low elevation
West Kootenay seed orchard. In 1990, two clonal first-generation western larch seed orchards
were established at the Kalamalka Forestry Centre. These western larch orchards are expected to
come into production by about 1998.

SUPTIORTIVE RESEARCH

Several research proiects have been recently initiated to support the Douglas-fir and
western larch tree breeding programs. Studies in Douglas-fir include intervarietal hybridization,
elevational displacement of seedlots, genetic variation in juvenile wood relative density, and
genetic relationships among traits associated with shoot elongation and total tree height. Studies
in western and subalpine larch include estimation of mating system parameters in natural and
seed tree stands, genetic variation within and among natural B.C. populations, and interspecific
hybridization.
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The objective of this project is to produce genetically improved planting stock of
white and Engelmann spruce (Piceaglauca [Moench] Voss and P. angelmannfi Parry).

Twenty-year height and diameter measurements were carried out for the better
performing plantations in the Prince Rupert and East Kootenay Selection Units. A total of nearly
38,000 trees were measured (18,400 in the East Kootenay and 19,500 in the Prince Rupert
Selection Units).

In general, trends continued as in previous years. Families that were identified as

outstanding performers at age 6 remained outstanding performers at age 20.

Weevil studies were continued. RoryMclntosh is conducting a thorough study of
weevil behaviour at the Kalamalka Forestry Centre. He has acctrmulated a tremendous data base
on weevil activities and response by the host.

A national weevil symposium was hosted jointlyby the B.C. Forest Service and
the Pacific Forestry Centre in Richmond during January 7994. The aim of the symposium was to
consolidate scientific knowledge on the white pine weevil and to develop a strategy for future
research. The successful symposium had a total of 85 participants. Thirty three papers were
presented and the proceedings were published (FRDA report 225).

Wood density assessments continued and continued to surprise as well. While
there was no correlation between height traits and pilodyn pin penetration among the PGSU
selections, there was a small but significant correlation among the Prince Rupert Selection Unit
families (r=0.35) and a strong correlation among the East Kootenay Selection Unit families
(r=0.79).In addition, the spread of pin intrusion in the PGSU families was only two units in
magnitude, while the PRSU had a spread of about five units and the EKSU families demonstrated
a spread of over 8 units. The ramifications of these results are interesting since it demonstrates
that in the EKSU selection fast growth will result in reduced wood density.

A number of crosses were made utilizing putatively weevil resistant and
susceptible families. Seedlings were established in demonstration plantations and will be
evaluated as attacks take place. Some of the seedlings are potted and will be made available for
various studies where caging of weevils is required.

Second generation breed material is being raised in containers and will be out
planted in 1996. These plantations will provide the basis for second generation selections.
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An open pollinated progeny hial will evaluate the genetic potential of eastern
Canadian white spruces in our collection. This will enable us to incorporate outstanding eastern
Canadian families into our breeding program. As some of these families exhibit fast growth and
strong weevil resistance they will be a great asset to the program.
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"OPERATIONAL'' PROGRAM OF SELECTION AND RUST SCREENING

Support for tree selection, seed collection, stock rearing and rust inoculation, plus
grafting of selected trees, is provided by the B.C. Forest Service under a Memorandum of
Understanding. Following external review of the projectin199,4, and in response to other
pressures, the decision was made to phase out the program at PFC. Following the 1995

inoculation, our last, we will have screened2gT and 2'1,6 trees from the Coastal and Interior areas,
respectively. Final examination of stock inoculated in 1995 will require about 5 more years. Seed
coliectionsin 1994 were conducted only from trees selected for further study.

Clones of Interior seedlings selected to date will join Idaho selections to form a
resistant seed orchard to be established by the BC Forest Service at Vernon for the Interior. This
will be the third seed orchard stemming from our program; the other two are on the CoasH one a

"forward-selection" orchard composed of seedlings, the other a'backward-selection" orchard
based on parents identified by our screenings. Both of these orchards are established by
industrial cooperators.

Adequate rust spore density was achieved on 1+1 open-pollination family stock
in both 7992 and 193. Family means of spots per seedling ranged from about 1 to 9. Surviving
stock from previous inoculations was examined and seedlings exhibiting "slow canker growth"
were cloned. Seedlings remaining uncankered after2years are placed in a disease garden for a

second inoculation. To the end of 7994,717Interior and 219 Coastal clones have been produced.

RESEARCH PROGRAMME

Rust infection on Idaho F2 material planted in 1984 by the B.C. Forest Service
was less than on untested local seedlots, while growth vigour was good, indicating potential for
this seed in southern B.C. However, inconsistent results from Coastal sites mean that its use on
the Coast cannot be recommended. Analyses of data from the field trials assessed in 1992 led to
recommendations concerning seed transfer to and within B.C.

' Controlled mating of parents judged superior from our operational rust
inoculation ended in 1994. Seedlings will be used in further trials and in field "demonstration"
plantations. Two plantations containing families from "wide" vs. "narrow" outcrosses were
established in 1994 on B. C. Forest Service seed-orchard sites. Results will test the inference that
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western white pine varies little geographically. Final assessment of a "rust races" test was made in
194; analyses of results are in draft.

Plantations of unscreened seedlings from selected parents have been established
annually, with the last being planted in 1995. More plantations to contrast families differing in
needle spotting and cankering incidence were established, bringing the total to four.

The study involving proteins is being approached in three different ways. In one
approach, i.e. pathogenesis-related proteins, resistant (Rr) and susceptible (rr) white pine
seedlings were inoculated with white pine blister rust (WPBR) fungus and foliar protein patterns
were analyzed by 2dimensional gel electrophoresis in conjunction with densitometry and
comPuter-assisted gel image analysis. In resistant seedlings, both enhancement and suppression
of the biosynthesis of proteins were observed. By contrast, only suppression of the biosynthesis of
proteins was observed in susceptible seedlings. Two acidic proteins, 36.7 kDa and 28.1 kDa, were
detected in large amounts. The 35.7-kDa protein was suppressed in susceptible seedlings at day 3
while the 28.1-kDa protein was enhanced in resistant seedlings at day 9. In another approach,
bark proteins of white pine trees displaying slow canker growth - a form of WPBR resistance -
were analyzed. A 10.5-kDa protein unique to this resistance type was identified and partially
characterized. In the third approach, a series of monoclonal antibodies (Mabs) to WPBR was
generated. Although most Mabs were shown to be cross-reactive to western white pine proteins,
two Mabs were specific to WPBR. These two Mabs will be used to identify immuno-
cytochemically the pathogen in resistant and susceptible trees during initial infection. In additioru
a "cold" protein was shown to be differentially expressed in resistant and susceptible white pine
trees, indicating its potential use as a marker for resistance.

DNA markers, isozymes and virulence phenotype were used to examine
population structure and breeding system in the rust. Mendelian segregation of alleles was
demonstrated, confirming previous results indicating the rust is heterothallic and out-breeding.
Changes in virulence may occur as a result of reassortment of virulence determinants during
sexual reproduction. This work was carried out in collaboration with the U.S. Forest Service
Institute of Forest Genetics, Placerville California.

No association with geographic region in B.C. was apparent with DNA markers.
A relatively low degree of restriction-site variation was observed, consistent with the view that
blister rust in B.C. originated from a single introduction of diseased seedlings and has a relatively
limited genetic base.

Clones of two disease-response genes (chalcone synthase and phenylalanine
ammonia lyase) have been isolated from white pine. Chalcone synthase is coded by a
polymorphic multi-gene family. Work is in progress to determine whether any of these
polymorphisms correlate with disease resistance.
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Gene Namkoong, Head of the Forest Sciences Departrrent at UBC, was awarded
the prestigious Marcus Wallenberg Award on September 22,7994, in Stockholm for his
contributions to population genetics, quantitative genetics and forest conservation research. His
acceptance presentation was entitled "An evolutionary concept in breeding." Gene was also
successful in seorring funding for two chairs in forest genetics who are expected to join the
Faculty of Foresbry later this year. These two chairs will make a large inpact on teaching and
research in population, guantitative, and forest conservation genetics at UBC. During Gene
Namkoong's first two years at UBC, his research group at UBC has rapidly expanded and
includes many visitors from academic and government institutions around the world. The
research being conducted by Gene's group includes three main areas: 1) the evolution and
maintenance of genetic variance in natural and artificial populations; 2) the evolution and
genetics of norms of reaction in forest species; and 3) biodiversity, particularly the impact of
habitat disturbance on species and genetic interactions. In fohn Carlson's group, research
relevant to tree improvement includes genetic linkage mapping, DNA markers for early
selection, molecular cytogenetics, DNA fingerprinting, DNA diversity, and genetic engineering of
specialty tree genotypes. Specific projects are described below.

MANAGING FOREST TREE GENETIC VARIANCE FOR CLIMATIC CHANGE

Mathew P. Koshy and Gerre Namkoong

A method for genetically pre-conditioning populations for the uncertain futures
presaged by climatic change is to generate populations with high genetic variance in traits that
condition response to climatic variables. Either by selective breeding for population divergence,
or using natural provenance differences, F2 and advanced generation hybrids can be developed.
These can provide high variances and, depending on the population differences in traits that
have diverged, the correlations in the advanced segregating generations can also be different
from that which exists in one presently available population. Basic equations for relating the
increase in genetic variance to the population divergence forlong ternr selection models on
mutation-selection balance are available and can predict the rate of increase in genetic variance as

a function of the mutation-selection balance in finite populations. Current research is to extend
the predictions to conditions of replicate populations as well as partial intercrossing between
replicate and divergent selection populations, and to include pl€iotropic and linkage effects.
Experimental research is to createi 20 sets of non-inbred crosses, each with Fl and F2 families of
the same grand-parental genotypes but from widely sEiarated provenances of Douglas fir from
coastal and inland sources in British Columbia. Washington, Oregon and California. These are to
be grown and tested for growth rhythm and droughtiresp6nse traits and estimates derived for
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the predicted genetic variance. The crosses for this study have been already completed.
Theoretical models for F2 genetic variance also have been developed. Seeds from these crosses
will be collected in September. Growth trials will follow in March, 1995.

DYNAMICS OF GENETIC VARIATION IN RESOURCE USE EFFICIENCY
IN LODGEPOLE PINE

Pia Smets and Gene Namkoong

The response of trees to limitations of soil moisture and nitrogen is considered to
be a major factor affecting fitness. Therefore, water and nutrient use efficiencies are expected to
be major determinants of fitness in the fluctuating environments of forests. Techniques for
measuring these efficiencies have been developed such that genetic variations have been detected
in efficiency indices in various tree species including conifers. However, two dimensional norms
of reaction to simultaneous water and nitrogen variables have not been estimated, and the
consequences of derived genotype by environment interactions on the population genetics have
not been explored. Therefore, the mechanism for the maintenance of genetic variation in water
and nitrogen use efficiencies and the effects of management on the conservation of genetic
variation in naturally and artificially regenerated stands remains unknown. This experimental
work consists of estimating water and nitrogen use efficiencies on full and half-sib families of
lodgepole pine to obtain two dimensional response surface norrrur of reaction for families, and to
test for differences among them. Models of these derived norrns of reaction will then be used in
analyses of population genetic dynamics. The domains of attraction for genetic polymorphism
will be examined for several models of the joint effects of soil moisture and nitrogen availability.

A COMPARATTVE STUDY OF GENOTYPE BY ENVIRONMENT INTERACTION
IN FOREST TREE SPECIES

Jan Svejgaard Jensen and Gene Namkoong

One of the obvious problems in management of genetic resources is the existence
of interaction between genotypes and the environments in which they are in. Some of the
interactions, i.e. the relation between growth and origin of some tree species, can be very
predictable whereas others are unpredictable. There are several different terms and definitions
for interaction and the basic assumptions are often very simplified. The phenotypic trait is a
combination of genotypic and environmental effects. If the phenotypic trait could be described by
an oPerator that could "convert" genotypic characters into phenotypic, then there is no
interaction. However, if this operator is not to be defined, there would be interaction. The
relationship between environment and response is non linear for many traits. Many traits could
also work interactively in an unpredictable way. The methods are often developed for
agricultural practice with large numbers of genotypes and environments. The purposes of these
methods have been selection for stable or unstable genotypes. Later it has become important to
tFouP the genotypes on basis of their performance in order to define breeding zones and seed
zones. Stability can be described by the variability of genotype performance in different
environments, as well as by the slope of performance over different environments compared to
mean perforlnance of the genotypes. Another way to describe stability is to measure the change
of rank of genotypes over different environments. This is called "trr.e interaction" by many
authors, and can be described by the correlation between genotypes. In linear statistics the total
interaction is easy to calculate, but it is possible to make a breakdown of components. True
interactions can be separated from interactions due to heterogeneous variance. The total
interaction can be caused both by the nature of the genotypes and the environments. Stability
statistics can be divided into different groups depending on whether they are based on the
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deviations from the average genotype effect or on the genotype and whether or not they
incorporate a regression model on the environmental index. At least ten different statistic
parameters have been proposed by several authors. We are applying these methods on different
types of materials to investigate their similarities and interrelationships.

GENECOLOGY OF DOUGLAS.FIR IN THE SUB.MARITIME SEED.ZONE: TESTING
SEED TRANSFER GUIDELINES

Francisco Luna-Lopez |. and Gene Namkoong

This study forms part of a comprehensive study on the genecology of Douglas-fu
in the sub-maritime zone undertaken by the Ministry of Forests to determine the patterns of
genetic variation within the SM zone, from 49 degrees to 53 degrees latitude and altitudes from
50 to 1200 meters above sea level. This part focuses on seedling shoot and root growth, and
physiological traits like water use efficiency and frost hardiness. We will also look into the
comparative dynamics of evolution of genetic variance in fitness related traits of Douglas-fir in
the coastal, interior and transition zone. A pilot study which included 44 families from nine
different sources within the SM zone plus five families from coastal zone evaluated seedling
growth and physiological traits and assessed the genetic variability in about 2700 seedlings.
Drriog this phase, seedling height, collar diameter, and shoot and root ratio were measured in
nursery. Physiological traits like relative water use efficiency using carbon isotope
discrimination, relative water content of leaves, seedling water potential and cold hardiness were
also measured. Preliminary results showed significant variability between families and between
provenances for growth traits. Physiological traits showed significant variability among
provenances. In general, provenances from lower altitudes and southern latitudes showed better
growth compared to the other provenances. Based on these results an augmented design for the
first phase of the study was developed. The augmented design includes Z families from77
provenances from the SM zone plus families from coastal and interior zones. A farm field test
which follows the nursery trial will evaluate the early growth stages. The information generated
in this study will be useful for the definition of boundaries in seed and breeding zones.
Subsequent observations in diverse environments will help to establish age trends in genotype x
environment interactions and norms of reaction for growth and water use efficiency traits. This
study will also help to understand the comparative dynamics of evolution of genetic variance in
Douglas-fir in the coastal, interior and transition zones.

GENETIC VARIATION IN WESTERN RED CEDA R IHUIA PIJCATADONN SEEDLINGS

Marilyn Cherry and Gene Namkoong

To determine whether the apparent lack of genetic variation in western red cedar
(Thuja plicata Donn), as previously inferred by isozyme and terpene studies, would hold true for
quantitative seedling traits, a provenance study was initiated to investigate patterns of variation
in seedling growth and survival characteristics, cold temperature acclimation, and response to
inbreeding. Seedlings from ten coastal and ten interior provenances, half with family structure
(five families/provenance), were grown for three years at one coastal (Vancouver) and one
interior (Salmon Arm) location. Twenty-three potted clones were both self-pollinated and
polycrossed at Cowichan Lake; resulting progeny were monitored for growth and frost
hardiness. Genetic variation could be detected from the first year, and increased annually. The
narrow-sense individual heritability, assuming some inbreeding, of final heights of trees growing
in Vancouver was 0.37. Height, root collar diameter, acclimation, and declamation exhibited
mainly within-population variation, while variation in dry weight measurements, foliar nutrient
content, survival at Salmon Arm, and maximum cold hardiness was evident mainly between
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Populations. Coastal vs. interior differences were noted in first-year heights, root collar diameter,
and in height and survival at Salmon Arm following a severe winter in which hees suffered
major desiccation damage. ln general, adaptive traits appeared to show more between-
population differences, while traits under less selective pressure showed mainly within-
population variation. Provenances displaying the greatest variation at the family level were
those from the southern B. C. coast. Between-population variability appeared to be highest in the
B. C. interior, and lowest in northern B. C. populations. Elevation influenced all traits displaying
Provenance variation. Location effects occurred, but little genoty?e by environmental interaction
was found. Plasticity was evident in timing of growth initiation and cessation, timing of
acclimation and declamation, and in degree of maximum hardiness reached per year.
Acclimation was apparently triggered by exposure to low temperatures. Early traits showed
little evidence of inbreeding depressiory but there seemed to be a trend towards gradual
expression of inbreeding dJpression over time, at least in traits under selective piessure. This
research showed that western red cedar is much more complex than previously believed, and
substantial genetic variation exists in several traits of this species.

BIODIVERSITY MONITORING AND MANAGEMENT: DEVELOPING TOOLS USING
PARAMETERS OF DISTURBANCE COMPONENTS

Fredrik von Euler and Gene Namkoong

Understanding the regulation of biodiversity is necessary in order to explain its
natural Patterns and to predict the effects of human activities. Disturbance agents, both natural
such as fires and windblows, and human activities such as logging and pollution affect different
arrays of variables of the physical environment. Quantifying disturbance directly in terms of such
physical variables is problematic for many reasons: i) Identifying the relevant variables may be
difficult, ii) Measuring the variables may not be practicable, and iii) The comparison of
disturbance effect of different agents may be impossible. However, regardless of the physical
variables, all disturbance agents by definition have some net effect on the abundance of at least
some species in a local assemblage, which is expected to affect species packing and species
interaction parameters. We are developing practical measures of disturbance based on species
interaction and species packing in local species assemblages, and a predictive model for local
species richness, based on energy and disturbance information. We are doing this by analyzing
species-abundance data from published plot studies. Such data is available from a large number
of faunistic and floristic surveys in Canada (e.g. B.C. Ministry of Forests) and around the world.
The relationship between species richness, disturbance and energy are being studied for vascular
plants, birds, and other classes of organisms. The feasibility of extmding methods for species to
"higher" taxa such as families will be investigated, and specifically, geographical scale problems
will be addressed. Statistical properties of estimators will be evaluated using data generated by
simulation models, adapted and extended from published work.

GENETIC ANALYSIS OF THE RISK OF CLONAL PLANTATIONS IN FOREST TREES

Yong-Bi Fu, Gene Namkoong and ]ohn E. Carlson

Establishment of commercial populations by use of clonal propagules has been
made in several tree species and expected to greatly increase with advanced biotechnology in the
future. A great concern for clonal forestry is lhe piobability of catastrophic losses in these clonal
plantations with a uniformity of genetic diversity due to an unforeseen disastrous event such as
insect or pathogen attacks. One possible alternative is to apply a number of clones in such
plantations to ensure genetic diversity and protect against risk of extensive loss. What is the
minimum (safe) number of clones in forest clonal plantations is an important, but controversial,
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question. Some theoretical studies on this question have been made. These studies mainly
emphasize the reduction of risk by considering the number of clones and the probability of the
event occurrence. We intend in this investigation to address the "effective" genetic diversity for
various nature of stochastic events, given a number of clones in a plantation. The effective
genetic diversity required to reduce the risk for stochastic events such as forest fue and tropical
itorm may be low, liss depending on the number of clones; for events such as pest and pathogen
attacks may be high, thus with the need of using more clones. We examine this issue by
specifying various genetic models for the analysis of risk in plantation failure and defining
effective genetic diversity for different stochastic events.

PURGING DELETERIOUS GENES IN VARIOUS TREE BREEDING SCHEMES

Yong-Bi Fu and Gene Namkoong

Every initial breeding population of forest trees has a certain level of genetic load
(i.e., deleterious genes). Whether these deleterious genes can be purged to a minimum for an
increased population fitness by appropriate breeding means presents a great concern for tree
breeders ai well as conservation geneticists. The answer to this question is less clear and the fate
of deleterious genes is expected to depend on both the nature of the genetic load and the level of
applied inbreeding. To address this issue, we are currently conducting a theoretical investigation
by computer simulations. Three commonly applied tree breeding schemes are examined: selfing,
full-sib mating, and half-sib mating. Various genetic models of inbreeding depression are used
that take into account selection and dominance levels as well as multiplicative and synergistic
interactions. The overall objective is to examine the behavior of purging deleterious genes and
the patterns of offspring fitness in a breeding population over 10 generations by three breeding
schemes. This is done first by examining the deleterious genes reducing viability and then those
genes influencing feorndity traits. Results obtained so far (mainly on viability selection) aPPear
to suggest that it is possible to purge high numbers of deleterious genes in a breeding population.
Practical implications of these findings will be explored.

ANALYSF OF DNA DIVERSITY IN WESTERN RED CEDAR

jeff Glaubitz and |ohn Carlson

We are engaged in a comprehensive study to estimate genetic variation in
western red cedar at the DNA level. We have taken the unique and demanding approach of
analyzing all three genomes, i.e. the chloroplast, mitochondrial and nuclear genomes, with RFLP
markers. Populations were sampled from across the entire natural range of western red cedar,
including coastal8.C., interior B.C., the Charlotte Islands, Utah, Washington, Oregon and
northern California. This work will result in an extensive RFLP data base, valid for comparison
with previous reports on isozymes which uncovered very little genetic diversity in western red
cedar. This study is being conducted in collaboration with Y. El-Kassaby, of Pacific Forest
Products, Ben Sutton and Craig Newton of B.C. Research, Inc., and fohn Russell of the B.C.
Ministry of Forests and is supported by the Canadian Forest Service's National Forest Genetic
Resources Centre and the B.C. Ministrv of Forests.
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POPULATION GENETICS OFTHE EASTERN WHITE PINE WEEVIL, PISSODES STROBI

Kornelia Lewis, John Mclean and John Carlson

We have completed an extensive assessment of the extent of genetic variability,
prsprrlsfien subdivision, and host specificity in weevil populations in Bridsh Columbia. We chose
RAPD markers, a DNA marker system based on PCR amplification of unassigned loci, with
which to obtain data on genetic variability at the DNA level. The data was analyzed by several
statistical approaches all of which revealed the same result that weevil populations from the
interior of B.C. have greater genetic similarity to populations feeding on fack Pine in eastern
Canada than do B.C. interior weevil populations to those feeding on Sitka spruce in coastal B.C.
This information is relevant in the effort to breed for weevil resistance in spruce.

POPULATION GENETICS OF ENDOCRONARTIUM:

LiJuan Sun, Bart Van der Kamp, Eleanor White and fohn Carlson

We have used RAPD markers and RFLPs to assess the extent of variability at the
DNA level, the existence of races, the mode of inheritance (life rycle), and the course of the
spread of infection for the western gall rust fungus Endoctonartiumlurhussii. Spores from
individual galls were sampled from forest stands across the province. Preliminary results clearly
indicate that western gall rust is not uniform in British Columbia but rather that variability exists
both within and between populations. This variability suggests either the presence of a sexual
stage in the life cycle of wlst-ern gall rust or that substantiil somatic recombination events occur.
Further studies based on inoculations of seedlings with spores from single galls and multiyear
sampling schemes are undenrray to determine how this variability has been generated.

PATERNITY ANALYSF IN A WHITE SPRUCE OPERATIONAL SEED ORCHARD USING
RAPD MARKERS

Yong-Bi Fu, Gene Namkoong and John E. Carlson

Paternity analysis with genetic markers (such as isozymes) has been an
important tool for understanding how the magnitude of gene dispersal by pollen influences
mating system and the composition of seed crops, and provided critical information for seed
orchard management. However, the power of this analysis is limited because of the lack of
sufficient genetic markers. Random Amplified Polymorphic DNAs RAPDs) are a new class of
genetic markers with great advantages in terms of unlimited number of loci and easiness in
assay. In this investigation, we explore the potential of using RAPDs in paternity analysis. DNA
fingerprints for all95 trees in an operational interior spruce seed production orchard were
developed using RAPD marker (accomplished earlier by postdoctoral fellows Yong-Pyo Hong
and Robin Davidson). The advantage of DNA fingerprinting was demonstrated in that all clones
could be uniquely identified and their gametes followed, as opposed to fingerprinting with
isozymes in which rare alleles permit the gametes of only a select few trees in the orchard to be
followed. For application of the DNA fingerprints in paternity analysis, we first examined the
effectiveness of using RAPDs to evaluate the success of supplemental mass pollination, a widely
used technique in seed orchard management. We geno$4ped seeds of eight maternal trees from 4
and 12 mixed pollen donors in an interior spmce seed orchard, as well as maternal and 12 known
paternal trees. By implementing a maximum likelihood method, we aim at determining with
more confidence the proportion of seeds of a maternal hee from each of 12 mixed pollen donors.
Secondly, we will determine the number of offspring per parental trees using paternity analysis
with DNA fingerprints to estimate the effective population size in the seed orchard. The estimate
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of the effective population size can be made if the number of offspring per parental trees is
known. This provides scientific evaluation of effective population size of 20 as presently
accepted by the BC Forest Service. We have also recently shown that the RAPD marker system is
suitable for DNA fingerprinting and paternity analysis in western hemlock seed orchards. We
studied competition among two hemlock pollen sources, and confirmed that fertilization was
primarily accomplished by only one superior pollen source, regardless of any timing advantage
given to the less viable source. This was assessed using the DNA fingerprints for 6 parental
clones. A computer-assisted system was set up during the hemlock seed orchard project for
automating the analysis of DNA banding patterns on electrophoretograms for DNA
fingerprinting. This project is being conducted in collaboration with foe Webber and Mike Stoehr
of the B.C. Ministry of Forests and Ben Sutton of B.C. Research, Inc.

GENETIC LINKAGE MAPS FOR DOUGLA$FIR AND MARKERS FOR QTLS:

Hesham Agrema, Jason Broome, and fohn Carlson

We have completed an NSERC strategic research proiect to construct genetic
linkage maps for Douglas-fir with RAPD markers. Two "single-tree" linkage maPs were
constructed for parent trees DF60 and DF69 from the B.C. Ministry of Forests coastal Douglas-fir
tree improvement program. We also constructed a genetic linkage map for the F1 progeny from

cross of DF60 and DF59, using markers from the maps of parent trees DF60 and DF59. With the
F1 linkage map we were able to identify several QTLs for wood density, volume and height. The

phenotypic data were collected by B.C. Ministry of Forests staff during 15 years of progeny trials.
Our success in mapping QTLs in full-sib progeny from two elite clones of similar provenance
encouraged us to conduct studies for mapping further Quantitative Trait lpci governing
important traits in Douglas-fu, and with other important families of coastal Douglas-fir. We
pioneered the approach of constructing genetic linkage maps for single'trees using haploid
megagametophyte DNA. To increase access to the RAPD technolory, we have distributed 700
RAPD primers, at cost, to over 200 research groups around the world. DNA markers permit the
early selection of genetically superior seedlings. After a DNA marker has been found that is
associated with a given trait, ifs use in indirect selection can greatly accelerate breeding
programs and ensures that the best genotypes are deployed from seed orchard and nursery
production programs. The QTL markers we detected for wood density in Douglas-fir are
presently being evaluated in additional families and progeny tests. This project is being
conducted h collaboration with fack Woods and colleagues of the B.C. Ministry of Forests.

GENMC LINKAGE MAPS FOR WHITE SPRUCE AND DNA MARKERS FOR
WEEVIL RESISTANCE

Yong-Pyo Hong, Jeff Glaubitz, and fohn Carlson

Genetic linkage maps were constmcted with RAPD markers for four parent trees
in the interior spruce tree improvement program, in collaboration with Gyula Kiss at the B.C.
Ministry of Forests Kalamalka Research Station, utilizing megagametophyte DNA and our
"single-tree" mapping approach. We have searched for DNA markers from these maps linked to
weevil resistance. Destruction of spruce trees by the terminal weevil (Pissdes strobi) causes
massive loss of spruce hees in B.C. forests, both coastal and interior. We have identified several
DNA markers that appear to be associated withweevil resistance based upon preliminary tests
with half-sib progeny families in the spruce tree improvement program. large scale tests with
these putative weevil-resistance markers are now underway with over 700 half-sib progeny that
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have been well characterized for weevil susceptibility and resistance. We also hope to integrate
weevil resistance markers into the spruce clonal propagation progrcm of BC Research, Inc.

MOLECULAR KARYOTYPES FOR SPRUCE AND DOUGLA$FTR

Garth Brown, Vindhya Amarasinghe and fohn Carlson

We developed a fluorescence in situhybidization (FISH) technique for
physically mapping cloned DNA on conifer root-tip chromosomes. With FISH, we have localized
the major ribosomal DNA (rDNA) loci to 14 chromosome sites (nucleolar organizers) in white
sPruce - one rDNA site on each of 7 separate chromosome pairs (2n=24),12 chromosome sites in
Sitka spruce and at least 8 chromosomes in Douglas-fir. We have also mapped two loci for 55
RNA in Douglas-fir, white spruce, and Sitka spruce and a centromeric repeat DNA to several
white spruce, and Sitka spruce chromosomes. With these probes, all24 white spruce and Sitka
sPruce chromosomes and all25 Douglas-fir chromosomes can be unambiguously identified in
root tip cytological preparations without recourse to morphological characters. This capability
should be useful in characterizing spruce hybrids. We are also interested in using FISH to study
the organization of the conifer nucleus and for correlating genetic linkage maps with metaphase
chromosomes. This requires a FISH protocol with increased sensitivity to permit the reliable
mapping of single copy genes on conifer chromosomes, on which we are presently working.

ENGTNEERING OF SPECIALTY GENOTYPES OF HYBRID POPLAR AND SPRUCE

P. Dharmawardhana, Monica Schmidt, Madoka Gray-Mitsumune and John Carlson

Plantation forestry provides the opportunity for large scale deployment of
"clones" derived from tissue culture that have been engineered for traits necessary to achieve
madmum productivity. We have established protocols for genetic engineering of hybrid poplar,
Douglas-fir and interior spruce. There are numerous traits that can only be obtained in tree
species through gene transfer. At this time, we are focusing on modification of the lignin
biosynthesis pathway and uptake of heavy metals. We are collaborating with Brian Ellis in the
Plant Science Deparfinent and Carl Douglas in the Botany Department at UBC on an NSERC
Strategic Research Grant project with a long term target of modifying lignin content in hybrid
poplar and conifers. Through this research we hope to learn enough about the genes controlling
lignin synthesis and the biochemical pracess of lignification during wood development to devise
a strategy for breeding or genetically engineering trees with altered lignrn composition. This
research might lead to hybrid poplar more suitable for lumber production by an engineered
increase in wood density or in spmce with altered lignin composition requiring less or no
chemical bleaching during pulp production. We are also interested in transferring genes for
heavy metal tolerance and uptake into poplar so that hybrid poplar could be grown on
contaminated sites which would accomplish both remediation of those sites and the production
of a tree crop. Such research should also lead to poplar hybrids that can accommodate the build
up of heavy metals in sludge treated soils.
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YELLOW.CEDAR, WESTERN REDCEDAR AND PACIFIC YEW
GENETIC RESEARCH, CONSERVATION AND IMPROVEMENT

j. H. Russell

B. C. Ministry of Forests
Cowichan Lake Research Station, Box 335

Mesachie Lake, B. C.
voR 2N0

YELLOW-CEDAR PROVENANCE RESEARCH

Preliminary results from 5 year data from the yellow-cedar range.wide
provenance study have shown minimal growth and maladaptation differences related to seed-
source elevation among coastal British Columbia populations, when grown at low elevation
(<200 m). This has prompted a revision to seed transfer guidelines, with an unlimited downward
transfer of seed sources. Frost-hardiness of seed sources when grown at high elevation sites also
appears to be unrelated to elevation of source-origin, however, this will need to be further
evaluated.

YELLOW-CEDAR BREEDING

Twelve partial diallels from wild-stand phenotypic selections are completed,
and the first series of cloned progeny tests have been sown. Four tests will be ouFplanted in
1997 with one-year-old rooted cuttings from 95 full-sibs (5 diallels), represented by 20 clones per
family and 3 ramets per clone per site. The next series will be outplanted in 1998. Twelve more
diallels are currently being completed.

REDCEDAR GENETIC STUDIES

Preliminary data from various redcedar genetic studies Ministry of Forests,
University of British Columbia, B.C. Research, Pacific Forest Products) have shown that genetic
variation in morphological, physiological and molecular traits exists contrary to earlier isozyme
results, and that some of the variation is adaptive. As well, there is evidence of high selfing rate
in seed orchards, minimal inbreeding depression in flowering, seed and early growth traits, and
delayed inbreeding depression in growth upon out-planting.

PACIFIC YEW GENE CONSERVATION

Five hundred clones from throughout the range of Pacific yew in British
Columbia have been planted in the gene archives at Cowichan Lake Research Station.
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PROGRESS REPORT FOR CANADIAN TREE IMPROVEMENT
ASSOCIATION

Ben C.S. Sutton

Forest Biotechnology Centre
B.C. Research Inc.

3550 Wesbrook Mall
Vancouver, B.C.
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My work involves research direction of the Forest biotechnology Centre. About
two thirds of the activities of the Centre are directed towards tree improvement-related
technologies. These indude: Somatic embryogenesis of conifer species, molecular genetics and
physiological genetics. The principal scientists in these areas of research are Dr. David Cyr and
Ms. Fiona Webster in somatic embryogenesl , Dr. Craig Newton in molectrlar genetics and
Dr.ESteven Grossnickle in ecophysiolJgy.

SOMATIC EMBRYOGENESIS RESEARCH AND DEVELOPMENT

Somatic embryogenesis (SE) work over the past two years has been focused on
three principal areas: 1). Iarge scale establishment and testing of embryogenic clones for the
interior spruce tree improvement program in British Columbia G.C.).2). Scale up and
operational implementation of SE production systems. 3). Application of SE to Sitka spruce
weevil resistant families. Progress in each of these is summarized below.

DeveloPment of a clonal selection program for interior spruce using somatic embryogenesis

This work was initiated to apply SE to the interior spruce breeding program by
establishing a clone bank and deploying plants (somatic seedlings) for clonal selection trials, and
in parallel, to address the limitations of this technology. The limitations include: a significant
influence of genotype on the success of the process and the need to define and exploit clonal
variation for accelerated selection. firis follows a project in which 253 genotypes were
established from 12 families betr,r'een 1991 and 1992,200 of these were delivered to the nursery in
193 and planted in the field in 1994 and 1995. The strategy for donal selection using SE has been
outlined in a 1993 publication involving BCRI and the B.C. Ministry of Forests (Sutton et al. 1993).

'Over the last two years establishment, storage and deployment of embryogenic
lines from a range of elite weevil-resistant crosses of interior spruce (Prince George selection unit,
Kalamalka arboretum) have been pursued intensively. To date, 556 gmotypes from 18 families
have been successfully produced and stored in cryopreservation. Approximately 50Vo of these
genotypes, without cultural improvements, produce suitable numbers of embryos for somatic
seedling production. For the first round of clonal selection field trials from these crosses (spring
1996),320lines from 11 families were delivered to the nursery in Mardr 1995 in sufficient number
to be deployed on two to three field sites. BCMoF personnel will subsequently deploy these
somatic seedlings in the field trials (Chris Hawkins, Red Rock Res. Stn. B.C.). In the next two
years we anticipate bringing the total number of genotypes deployed from these families to 1,000.
This will allow selection of the top SVo of the clones within five or six years, based on weevil
resistance and growth.
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Significant progress has been made on the other objectives of the project
including the development of methods to improve induction from recalcitrant families. For
maturation, a protocol for improving performance of poor clonal lines has been developed and
was assessed using 100 genotypes from the 1994-95 embling production run for clonal selection
trials. Selected physiological studies of genotypic variation between clones were initiated during
the summer of 19F,4 and are still in progress. Emphasis has been placed on 5 clones representing
high, medium and low growth-ranked families. Preliminary results from these shrdies indicate
very significant clonal differences with respect to seasonal water relations, photosynthetic and
transpiration rates, and instantaneous water use efficiency

Somatic Embrvoeenesis Development for Weevil Resistant Sitka Spruce

Reforestation with Sitka spruce in B.C. has declined dramatically, largely because
of the risk of severe damage of young stands by terrrinal weevil @isfides strobi). SE technology
represents a significant opportunity to multiply weevil resistant material rapidly and also to
select and maintain individual progeny in a juvenile state. During7997 and7992, B.C. Research
delivered a total of 8,500 seedlings of Sitka spruce from SE. This work showed that, while
deployment of plants was possible SE of this species required further development for routine
use. In view of this, a development project was initiated in 194 with the goal of improving the
induction and stabilization of ernbryogenic cultures, improving embryo production and
establishing lines (genotypes) from resistant families for field testing and subsequent operational
production.

We have used seed for induction of embryogenic clones from 9 open pollinated
families and 3 provenance sources which have substantially increased resistant to weevil.
Research on this material indicated that media formulation had a significant impact on induction
frequencies. Additional promotive factors have been identified. With the best treatments, initial
induction frequencies approached those presently achieved for interior spruce, with values for 8
sources ranging from 23 to 52 Vo. Currently, approximately 200 genotypes from the 12 sources
have been produced and cryopreservation is being completed. BCRI anticipates deploying more
extensive trials of somatic seedlings from weevil resistant open pollinated families in 1995 and
197. This will result in planting stock with an average 307o increase in weevil resistance (based

on progeny test results). Selection of individual lines and deployment of full sib families (not
currently available) will result in further improvement in next few years.

Large scale production systems for somatic embryogenesis

In order to use SE in operational reforestatiory production volumes in the
hundred's of thousands to millions, must be achieved. For this reason we have engaged in an
intensive effort to implement rapid multiplication of somatic embryos, bulk handling systems
and efficient nursery delivery. This has resulted in a system which can be used to produce several
hundred thousand embryos, dry them and germinate them in bulk without the need for
individual handling. Following bulk germination the small germinants are transferred to nursery
containers. Development of the somatic seedlings, while somewhat slower immediately
following transplant, allows the production of good quality planting stock.
Using this system approximately 30,000 plants were produced in 1994 and a further 100,000 in
195. These production mns incorporated about 40 clones from top ranked families of the interior
spruce breeding program (Prince George selection unit), Field trials have been deployed by the
Ministry of Forests, Fletcher Challenge Canada and Northwood Pulp and Timber in the central
interior of 8.C..

In the last year we have published data from earlier nursery production and field
trials in which somatic seedlings were compared with genetically related seedlings. This data
showed that the somatic seedlings reached all stock quality requirements for reforestation and
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had survival and growth increments in the field which were similar to the seedlings (Grossnickle
et al. 194; Grossnickle and Major 1994a; Grossnickle and Major 7994b).

MOLECULAR GENETICS RESEARCH AND PHYSIOLOGICAL GENETICS

The primary focus of molecular genetics research has been the development of
genetic markers for specific applications in tree improvement and seed orchard management.
These have included pure population genetics studies in which infonnation about population
stmcture is required in ordir to providle a basis for designing breeding units and aefiiring seed
transfer guidelines. In additioru an intensive effort has been made to identify and develop highly
polymorphic markers which can be used reliably in distinguishing seed orchard parents. The
latter enables one to measure pollen contributions, pollen contamination and selfing.

Development and apglication of highly polymorphic markers

Two types of markers have been developed and applied over the past two years:
1). Hyperpolymolphic DNA probes derived from the nuclear genome.2). PCR primers which are
used to detect polymorphisms in the chloroplast genome.

An extensive screening of regions of the spruce genome led to identification and
cloning of a highly polymorphic region. This can be used as a probe to generate fingerprints for
resolving individual spruce trees and for detecting contributions of unique alleles to the progeny
in seed orchards. This probe has recently been used in a study of genetic diversity (with
Dr. Michael Stoehr, Ministry of Forests B.C.). The objective of this study was to determine the
influence of seed orchard production and reforestation on genetic diversity in interior spruce. For
this purpose three stands from each of two watersheds were sampled to represent the native
forest. As a comparison seed orchard parents, seed derived from this orchard and a plantation
planted with seedlings grown from the orchard seed, were also sampled. The data set consists of
DNA fingerprints for a total of about 500 trees. Final analysis of the results of this study will be
completed in the near future.

Using an analogous region to that identified as polymorphic in spruce, a study
was initiated with western red cedar. In this case, an important issue was to determine the rates
of selfing in individual red cedar families. Conventional approaches using isozymes had proved
somewhat challenging since very little polymorphism was detected in this species. Using the
highly polymorphic region (not homologous with the equivalent region from spruce) it is
possible to detect relatively high levels of polymorphism and to use this to estimate selfing. This
work is continuing with the Ministry of Forests in association with Dr. fohn Russell (breeder for
western red cedar).

Chloroplast polymorphism has been exploited specifically for studying seed
orchard management issues. A report a few years agoby Hipkins and Strauss demonstrated that
significant polymorphism exists in a specific region of the Douglas-fir chloroplast genome. We
developed PCR primers which amplify this region and used them in a series of tests with an
experimental (2nd generation) meadow orchard at Saanich 8.C.. Pollen contributions from
within the orchard and from outside the orchard were measured. Rates of selfing of the
individual parents were also determined. One example of a management practice, supplemental
mass pollination (SMP), was studied; in this case the effect of flowiring phenology on itre
receptivity individual clones at the time of SMP was evident. The principal advantages of this
method over those available previously is the ability to distinguish most individual trees
unambiguously (70Vo) under operational conditions; this results from the high degree of
polymorphism and the uniparental inheritance. Our recent results suggest that, using the same
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generalizd approach, it should be possible to achieve similar, or higher, levels of discrimination
in a routine manner with a range of the commercial conifer species.

Genetic and phvsioloeical analvsis of Sitka / interior sDruce hvbrids

We recently published a paper showing that ribosomal DNA could be used to
determine the extent of hybridization between Sitka and interior spruce . This information is
expressed as an index (Si rDNA) which reflects the relative abundance of the ribosomal DNA
banding patterns specific to each species. When applied in a survey of spruce in northwestern
B.C. a gradation of introgression was found which followed longitudinal and topographical
trends (Sutton et al. 194).

Another study has been conducted in 193 and early 1994 to determine the
relationship between the index (Si rDNA) of a range of hybrids and physiological traits of
adaptive significance (Grossnickle et al. 1995). The objective was to determine the physiological
significance of hybrid make-up as determined by DNA markers and to use this information in
defining the tolerance limits for moving hybrids within the introgression zone. Seed sources
ranging from pure Sitka spruce to interior spmce, as well as intermediate types, were used in the
study. Clearrelationships with the DNA index could be shown for fi'oot hardiness, drought
tolerance and gas exchange characteristics. As might be expected, interior spruce types were
considerably more hardy with respect to drought and frost but had lower photosynthetic rates
under optimal conditions. Howeve& when seedlings were soil-droughted, interior spruce
populations maintained higher net photosynthetic rates due to their inherent drought tolerance.
We are optimistic that such information can be used to deploy spruce hybrids in an optimal
fashion for plantation forestry.

CONCLUDING REMARKS

Studies are continuing in the evaluation of clonal material derived from SE and
we are ti^ki.g up with other researchers using this material. We have observed, as might be
predicted, that variation within clones is substantially less than within seedlots or families. It
appears there is considerable potential for using embryogenic clones for a range of research
studies which can then be integrated to provide a much more precise understanding of plant
function and the role of genetic variation. Such studies should lead to a better fundamental
understanding of spruce physiology as well as adding to the selection criteria which can be used
in the breeding program.

Finally, B.C. Research Inc. gratefully acknowledges the support of the B.C.
Ministry of Forests, the National Research Council of Canada (collaborative work with the Plant
Biotechnology Institute and direct funding), the Science Council of British Columbia, and
industrial clients including: Pelton Reforestation, Western Forest Products, Canadian Forest
Products, Pacific Forest Products, MacMillan Bloedel,International Forest Products, Northwood
Pulp and Timber and Fletcher Challenge Canada, who supported work in one way or another
over the years.
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SEED PRODUCTION RESEARCH

Restmcturing of our seed production research program began :rr.lggzand is now
fully implemented. We have three main components to this program. Acquiring basic
knowledge of the reproductive biology of all tree improvement species including studies on cone
induction, pollen management, supplemental pollination technique, and seed and cone
maturation. This information forms the basis for seed orchard management research which is
currently emphasizing the genetic quality of orchard production in mature orchards and cultural
techniques for the establishment of new orchards (i.e., amabilis fir). The third component of our
research is wild stand production, including studies on the factors affecting nahrral reproduction
in wild stands and successful regeneration in partial cuts. Included in all of these three research
areas are new studies on genetic diversity from seed orchards, plantations and natural stands.

Clonal Row Douelas-fir Orchard

A Douglas-hr (P*udotsugamenziesii) micro orchard was established in 1991 with
the long term objective of determining area based yields and genetic quality of seed produced
from parent trees ananged in clonal rows and maintained under 2 crown pruning regimes (tree

height kept at 2 and 3 meters). Two of the four blocks were first induced in 1994 using GA477

only and the remaining two blocks were treated in 1995 (girdling pltrsGA4l) as part of our

biennial induction scheme. The 1995 flowering response to the 1994 induction produced an
average of about 20 seed cones and 200 pollen cones per tree. We found no significant flowering
response to three dosages levels of GA417but variation due to clones was significant.

The evaluation of supplemental mass pollination (SMP) efficacy was enhanced
by our ability to determine the male parent of a Douglas-fir embryo or seedling using DNA
techniques. The pollm parents are identified by amplifying a hypervariable region of the embryo
chloroplast DNA using the Polymerase Chain Reaction (rcR). By pre-rreening potential pollen
donors for a SMP polymix, easily identifiable male parents can be selected. In addition, if all
orchard clones are genotyped this way, estimates of outside orchard pollen contamination can
also be obtained. In this study, six clones out of 20 growing in.the clonal row orchard received an
SMP treatment by directly applying pollen to unbagged individual female strobili. SMP efficacy
ranged from4OVo to74% depending on the female parent. Ortside orchard pollen contamination
was reduced to 9Vo, a reduction of 9To fuom untreated, open-pollinated controls (18Vo outside
contamination on average).

To test the hypothesis that natural selfing may be higher in this hedged, clonal
row orchards, we used the same genetic marker as described above to determine the paternal
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parent in open-pollinated seeds collected from individual clones of this orchard. If the
hypervariable chloroplast DNA fragment in the embryo is of the same size as the hypervariable
chloroplast DNA fragment of the associated megagametophyte, then the embryo is a self. In a
study of approximately 85 seeds (on average) from each of six open-pollinated families, natural
selfing rates ranged from 0 Vo to \9Vo, with an average of 5.5Vo, Thus, clonal rows and hedged
crowns do not seem to contribute to natural selfing in this Douglas-fir clonal row orchard. Both
the SMP efficacy and selfing study have been carried out in cooperation with BC Research Inc.,
Vancouver.

Container Seed Orchard Research

The advantages of a container approach to seed production is fully appreciated
but not yet realized in interior spruce. Experience to date with white/engelmann spruce
container orchards at Cobble Hill and Skimikin Seed Orchards has shown consistent flowering
(pollen and seed cones) resulting from the induction protocol but yields have seldom exceeded
10-15 filled seed per cone (FSPC). In spite of several attempts to improve pollen quality and
pollination technique, yields have remained disappointiogly low. In the past two years, we have
focused on the pre- and post-pollination environmental (temperature) conditions the grafts (in
particularly the root) were exposed to. In general, exposing the developing cones to constant
temperatures of 24'C during the pre'zygotic cone development results in significantly fewer
seeds than lower temperatures. However, even the best yields did not exceed 25-30 FSPC. Last
year, we concentrated on prepollination conditions and attempted to protect the pots (root
development) from direct exposure to sun. The spring of 799,4 was relatively cool and seed yields
were considerably better (average about 4G45 filed seed per cone). However, comparable yields
at the Cobble Hill Container Orchard were still low (12 filled seed per cone). We will continue to
use the container approach for seed production research but the operational pilot program has
been disbanded.

Pollen Management Manuals

A manual (Webber and Painter 1995) describing the ex situ handling and
application of Douglas-fir pollen is now in print. This manual details the procedures for
collecting, dryrng, extracting storing testing and reapplying pollen to meet specific orchard
management objectives. A similar manual has been distributed for interior spruce (Webber 1991)
and a seed production manual forwestern hemlock, emphasizing both pollen handling and
techniques for crown management and cone induction in both soil-based and container stock, is
in preparation.

Western Larch Flower Induction

Seed orchards of western larch (Laix occidentalid have been established but
significant production will notbe available for a few more years. We are taking two approaches
for enhancing western larch'seed production. First we are investigating various seed orchard
flower induction techniques. Results from a E9aGA417 by girdling trial showed thatGA417
alone resulted in a small increase in both seed and pollen cone production but the single
treatrnent of girdling was significantly better and a combination treatment of GA417 and girdling
was best. Timing of these treatments was also significant. Treatments applied at long-shoot (LS)

bud flush were significantly better than when applied at about 807o elongation of LS. Our second
approach to increasing western larch seed production is to test the feasibility of inducing natural
stands. A young natural stand of western larch (12-15-years-old) growing near Invermere, BC
was girdled in 1994 but no flowering occurred. A second girdling treatment has been re-applied
to the same hees and in 1996 we will compare flowering response to shgle and repeated girdling.
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We are also monitoring pollen cloud density and meteorological factors to help explain crop
periodicity, cone abortion and cone yields.

Abies arubilis and, Abics lasiacarpa fud, Pt oduction

Harvesting activity in the mid- to high-elevation areas has increased in the last
few years and so has interest in seed procurement of amabilis and sub'alpine fir. Established
amabilis fir seed orchards have yet to produce any significant seed (they have produced
considerable pollen crops, however). While the grafts seem to be sexually mature, they lack
vigour and crown development and are unresponsive to the few induction studies attempted. It
is our hypothesis that early cultural treatments of the grafts as well as the warrn, dry Saanich
peninsula orchard sites were not conducive to establishing vigorous crown development.
Cultural studies have begun with the obFctives of determining the barriers to establishing
vigorous crowns in amabilis fir. This material will also be used for future flower induction
studies. We will begin similar studies for sub-alpine fir in 195.

Pollen Contamination Effects

The long-term effects of out-side seed orchard pollen contamination on growth
rate, phenology, growth rhythm and ultimately, survival are being studied in coastal-interior
transition Douglas-fir (P*udotsuga mnziesiil. We initiated a trial that compared seedlings sired
by outside orchard (coastal) pollen with seedlings sired by within-orchard pollen. Nursery results
indicated that seedlings from the contaminating pollen sources grew significantly faster in a
coastal climate (Stoehr et al. 1994). To further evaluate their performance in the field, plantations
were established on a coastal, an interior and a transition zone site. Parameters evaluated will be
bud flushing growth differences (early growth, time and amount of maximum growth rate,
growth cessation) and survival.

Genetic Dversitv and Tree lmprovement

We also investigatd the effects of domestication on the genetic diversity of
interior spmce (Picea glauca x mgelmnnnii). The genetic diversity of a total of 350 trees from nine
natural stands representing three watersheds in the Shuswap-Adams low elevation breeding
zone (SAL) was measured using isozymes. Simultaneously, the 100 clones of the SAL seed
orchard were also evaluated. Finally, 120 seeds from a bulked seed lot of the SAL orchard and
120 seedlings raised from the same seed lot and growing in a 2-year- old plantation were also
evaluated. Results indicated that the orchard is genetically very similar to the natural stands. The
seed lot was genetically very diverse, however, there were some alleles present that were the
result of outside-orchard pollen contamination. The diversity in the plantation was still high, but
suggests some unintentional directional selection in the nursery. A follow-up to this study will be
done on families collected in the orchard and nahrral stands to assess variation levels in
quantitative traits in a common garden study.

Other studies, such as pollen monitoring and the rating of orchard seed lots (Xie

et al. 1994), effects of crown pruning (Stoehr et al. 195) and identification of constraints to seed
production in alternate silviculhrral systems with western larch as seed tree stands and
sheltenpoods are on going.
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BACKGROUND

The coastal Douglas-fir breeding program is direcH primarily at sites from 0 to
700m elevation west of the coast mountains and south of 51 degrees latitude in coastal B. C.
First-generation selection and breeding was completed in the 1950's and early 70's for this zone,
and testing proceeded with both diallel and open-pollinated material. Second-generation
selections began in 191.

SECOND4ENERATION BREEDING

Selection for a second-generation breeding population is currmtly about 80
percent complete. Propagation and early cone induction is a priority. Both potted and soil-
based ramets are being used for breeding as we learn more about how to handle grafts from
young Douglas-fir hees, and how to induce flowering within 2 to 3 years of grafting. Induction
methods used are principally stem injections of GAn,, in combination with either girdling or root
pruning.

Thebreeding strategy entails a complimentary mating design, with a polymix
used for GCA testing all clones. The population is divided into small sublines of from 72to20
clones, and full+ib mating within sublines is being done so each clone is induded in at least two
crosses. Inbreeding is avoided in this generation and there is no coancestry between sublines.
Breiding is complete for the first three sublines, and nearly complete for an additional five
sublines.

REALZED.GAIN TRIALS

Linking genetic gain predictions with growth and yield information systems is
needed when improved material is being extensively used operationally. Realized-gain trails
will provide the data to 1. link stem-volume breeding values predicted from progeny test data
with actual area-based yield gains, 2. evaluate breeding and selection strategies in a more
operational setting, 3. modify growth models (TASS) to account for predicted genetic gain, and 4.

demonstrate genetic gains.

A first series of Douglas-fir realized-gain trials was established in 1992 with four
genetic levels and a single stand density. Early results are promising, and show height gains to
be close to those predicted. Seed from non-tested fust generation orchards is showing early
height gains of about seven percent over natural-stand seed. A second series of trials will be
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planted in the spring of 7996with three genetic levels, four stand densities and three levels of site
index.

SUPPORTRESEARCH

Research in support of the breeding program continues, including low-level
inbreeding effects, early selection, wood density evaluation and cooperative work on frost and
drought hardiness. In addition, testing to evaluate geographic patterns of genetic diversity in the
coast-interior transition zone is progressing with a field project and a cooperative project with the
University of B. C. (Francisco Luna, Dr. Mathew Koshy and Dr. Gene Namkoong). The LIBC
work will investigate patterns of early gtowth, frost hardiness and water-use efficiency.
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One major initiation in the past two years was the assessment of pest damage at
lodgepole pine provenance trials. We have assessed test plantations at 59 locations throughout
interior British Columbia and extending into southern Yukon Territory. The main objectives are
to develop predictive models for the assessment of pest hazard of planting sites, and to study
patterns of provenance variation in pest tolerance as a supplement to seed transfer guidelines
and selection of resistant seed sources for planting and tree improvement.

Our assessments focus on stem rusts, needle diseases, pine terminal weevil and
rodent damage, the most couunon above-ground pests plaguing plantation lodgepole pine. We
have nearly completed the field assessment and comprehensive analyses of the data are in
progress. Large site differences and provenance variation were evident. Particularly interesting is
the high resistance to stem rus! western gall rust in particular, of provenances from the
lodgepole and jack pine contact zone. Degree of resistance, expressed as number of infection
sites, showed positive correlation with the distance of provenance origin to the boundary of the
contact zone. We advance the hypothesis that jack pine introgression may be evolutionarily
related to the resistance of lodgepole pine to western gall rust. High resistance of these
provenances from the hybridization zone is unequivocal - stable across diverse site environment.
Unraveling the genetic and physiological mechanism of resistance requires inter/multi-discipline
approach.

Lodgepole pine is now the number one planting species, accounting for about
35Vo of. the total planting in British Columbia. The pest information is not only of commercial
value to tree improvement and integrated pest management, it also provides a valuable database
for climate modeling to assess the impact of global warming on forest pests.

Because of the potential for short rotation and valueadded products, hardwood
species are becoming an important component in plantation silviculture. This has created
opporhrnities for studying genetics of hardwood species. On the coast, we have started studies
for black cottonwood, red alder, bigleaf maple and Sitka alder since 1992. We have completed the
nursery testing and established three long-term field tests of red alder. Provenance sampling of
black coftonwood is nearly completed, which covered all the major river drainages on the coast.

Nursery testing and isoenzyme studies of Sitka alder are in progress. A study of bigleaf maple
will be started this year. All the hardwood studies are cooperative involving scientists inside and
outside B.C. Ministry of Forests. In about five years, we will have a solid knowledge base on seed

hansfer, seed source selection, and genetic potential in selection and breeding of coast hardwood
species.
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Drti.g the past two years, our research activities continued in the areas of
molectrlar, population, evolutionary and conservation genetics, speciation, biosystematics,
genetic implications of silvicultural management, and molecul,ar markers for disease resistance
and other quantitative traits, and genome mapping. We also initiated a project on genetic
implications of silvicultural management of eastern white pine (Pdnus strobus L.) in Ontario, and
on ectomycorrhizal inoctrlation of conifer seedlings.

Since the last report, two graduate students completed their degree programs in
forest genetics.

MOLECULAR, POPULATION AND EVOLUTIONARY GENETICS, SPECIATION, AND
BIOSYSTEMATICS

Isozrrme studies

Data analysis has been completed and manuscript preparation is in progress for
a (Rapra and Dancik) study completed earlier on population genetic structurg variation and
evolution of Engelmann spruce (Picea engelnanniiParry), white spruce (P. glauca (Moench) Voss)
and their putative natural hybrid complex in Alberta. Phambu. D. Khasa (Ph.D., Laval
University), who joined us as a postdoctoral fellow rn7994, and Dancik have completed a genetic
diversity study in two closely related tropical species Racosperma auriculiforme (Cunn. ex Benth.)
Pdley and R. mngnun (Willd.) Pedley using multivariate analysis of allozymes and
morphometric traits. Populus isozyme studies with Dr. Burton V. Barnes, University of Michigan,
continue.

Molecular Genetics

Om Rajora published his studies on intraspecific and interspecific chloroplast
(cp) DNA variation and genome relationships of Populus species and hybrids. He also completed
examination of variation in cpDNA and nuclear genes in trembling aspen (P. tremuloides Michx.)
in Alberta, and RAPD variation of P. x canadensis cultivars. Rajora, with the assistance of research
assistant Manjit Sekhon, completed a study on genetic diversity of white spruce populations in
Saskatchewan. Khasa is studying the population genetic structure and evolution of the P.
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mgelnunnii-P. glauca complex using RAPD analysis and has identified species-specific RAPD
markers. Khasa and Dancik have also started a shrdy on population genetic diversity, breeding
systems rnLanxlyalliiPatl. using microsatellite DNA analysis, in collaboration with Barry
Jaquish of the B.C. Ministry of Forests.

Variation anC differentiation

Barbara Thomas is completing a Ph.D. study, under the supervision of Ellen
Macdonald and Bruce Dancik, on variation and difterentiation of trembling aspen in Alberta. She
studied morphology and gas exchange traits. Rob Wright completed a Ph.D. study on the
genecology of seedling root growth, stomatal frequency and seed mass in jack pine (Pinus

banhsiana Lamb.) under the supervision of Ross Wein and Bruce Dancik. Christine Hansen has
completed an M.Sc. study on genetic variation in early field perfonnance of white spnrce in
central Alberta. Iconard Barnhardt is completing his M.ft. study on early performance of
Douglas ffi (Psuedotsuga meruiesii Mirb.) Franco) on five ecologically diverse sites in southwest
Alberta.

MOLECULAR MARKERS FOR DISEASE RESISTANCE AND OTHER QUANTITATIVE
TRAIIS, AND GENOME MAPPING

Rajora, and Dancik, with the assistance of research associate Faten Kamel-Aly
and research assistant Renato Vitic, completed the study on trembling aspen decay and stain and
genetic fingerprinting of clones. DNA variation related to wood decay resistance in aspen has
been identified, and data analysis and manuscripts preparations are in progress. We have also
developed and initiated a project on molecular markers for quantitative traits and genome
mapping in aspen.

The study on identifying molecular genetic markers for resistance to western gall
rust (WGR), caused by Enilocronartiumlurknessdf (|.P. Moore) Y. Hiratsuka, in jack pine
progressed well. Om Rajora, with the assistance of Renato Vitic, has identified about a dozen
potential DNA markers for WGR resistance. F, hybrid seeds from the reciprocal controlled
crosses within between WGR-resistance and WGR-susceptible genotypes have been collected,
and are ready for raising F, progeny for genetic linkage mapping analysis.
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MANAGEMENT, AND

Rajora and Dancik, with the assistance of Manjit Sekhon, partially completed the
study on determining the impac'ts of silvicultural practices on genetic diversity in white spruce
using RAPD analysis, and the study is in progress using RFLP analysis. Heather Cobban began a
M.Sc. shrdy to examine genetic diversity in white spruce artificial regeneration vs. natural stands
using microsatellite DNA analysis.

Rajora, George P. Buchert of the Ontario Forest Research Institute and Dancik
conducted a project on genetic implications of silvicultural management of eastern white pine in
Ontario. The study was initiated by Buchert and has been conducted by Rajora in partnership
with BioGenetica Inc. Rajora has completed the genetic diversity analysis of the preharvest and
postharvest and the mating system analysis of preharvest old-growth populations of white pine
using allozymes. The data analysis and the first manuscript from the study has been completed.
We continue the study by examining genetic diversity of preharvest and postharvest populations
and natural regeneration using microsatellite DNA, RAP-D and RFLP analyses.
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As an expansion of the on-going white spruce study in Saskatchewan, Rajora
initiated a proiect on deterrrining genetic diversity of white spruce populations from
ecologically-distinct sites in the Prince Albert Model Forest to develop ecosystem gene
inventories and to assist gene conservation strategies.

TREE IMPROVEMENT

Rajora maintained collaboration with the Western Boreal Aspen Cooperative
regarding the trembling aspen improvement program. Dancik and Rajora taught a short-course
in tree improvement to industrial foresters.

Ruichuan Arangis continuing his Ph.D. program under the supervision of
Dancik and Dick Pharis (U. of Calgary) on biochemical and genetic approaches to very early
selection of Pinus radiata. Deogratias Rweyongeza began an M.Sc. study (supenrised by Dancik
and Francis Yeh) on acsessment of growth performance of Scots prne (Pinus syluestris L.) on three
sites in Alberta.

MYCORRHIZAL RESEARCH

Khasa and Dancik have initiated a project on inoculation techniques for
ectomycorrhizal development on conifer seedlings with Alberta Environmental Protection.
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This report summarizes the progress of the Alberta Land and Forest Services
(L.F.S.) genetics and tree improvement programme for the period 7993-7995.

PROGRAMME DEVELOPMENT

In order to provide additional resources for the growing programme needs and
new projects, a new rnoktingfund function was started rn7994 at the Tree Improvement Cenhe to
raise revenues to supplemmt regular tree improvement budgets. Programme development
during the report perid emphasized broadening partnerships with forest industry with
particular attention to smaller forestry operators in the province. Three new industries (Manning
Diversified Forest Products Ltd., Canadian Forest Products Ltd.- Hines Creek and Vanderwell
Conhactors (1971) Ltd.) joined the cooperative tree improvement program during 1994-95.

GENETIC MPROVEMENT

Assembly of Breeding Stock

Field selection of superior parent trees to provide material for L.F.S. and
L.F.S./Industry cooperative projects continued. Dre to budget constraints and increased
industry participation, L.F.S. selections were minimal including only two Scots pine (Pinus
syloatris) and two tamarack (Iarklarbina). Selections made as part of the L.F.S./Industry
projects included 131 white spruce (Picu glauca),45 black spruce (Picearurinna), 14 lodgepole
pine (Plnus contorta) and two jack pine (Pinus bankiatu).Industry participants in these
cooperative projects included Alberta-Pacific Forest Indushies, ANC Timber Ltd., Blue Ridge
Lumber (1981) Ltd., Canadian Forest Products Ltd., Manning Diversified Forest Products, Millar
Western Industries Ltd., Sunpine Forest Products Ltd., Weldwood of Canada Ltd., and
Weyerhaeuser Canada Ltd.

Genetic Testing

White spruce progeny trials for breeding Region "D" were measured in 1993 at 10
years from seed. Eight- and l0-year heights were measured and plant vigour and white'pine
weevil damage were assessed. Significant family differences were found for all traits.
Heritabilities for 10-year height were 0.19 (individual) and 0.74 (family) and gains of SVo in height
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are predictd relative to the unselected population if the topfi%of families are selected.
Progeny trial results will form the basis for the first roguing of the Region "D" seedling seed
orchard.

Field testing of selected aspen (Populus tremuloiites)clones was initiated in 1993.
Aspen propagated by root suckers from 9 phenotypically superior clones and from 4 clones
selected for divergent wood quality were established in two trials.

Field screening of lodgepole pine half-sib families for resistance to western gall
rust(Enilooonartiumlurknresii) continued. Of Tz6inoculated families from breeding Region "C",
20 resistant, 13 intermediate and 45 susceptible families were outplanted in 1993 on a high
infection field site to confirsr field resistance and susceptibility. In 193, 112 families from
breeding Region "81" were greenhouse inoculated and 18 resistant, 13 intermediate and 38
susceptible families were outplanted in 1994 on a high infection field site.

Lodgepole pine half-sib family tests for breeding Region "82" were measured at
age 5 in 194. Mean survival for the two test plantations wasSTVo and 85%. Mean incidence of
western gall rust was2iVo and.7.67o, respectively and mean severity of infection was 0.72 and
0.05, respectively. Severity was assessed on an arbitrary scale of 0 (no WGR symptoms) to 5
(maximum infection as evidenced by multiple stem and branch galls). Mean height of the two
plantations was 51 cm and 60.5 cm, respectively.

Two series of white spruce progeny tests were outplanted in794. The trials for
breeding Region "E' are comprised of 54 open-pollinated half-sib families and those for breeding
Region "H" are comprised of 54 families. Three field trials were planted in each of the two
regions.

A field trial was established in 1994 in cooperation with B.C. Ministry of Forests
to evaluate resistance of a set of lodgepole pine open-pollinated families and seed sources to
porcupine and snowshoe hare damage. The test material contained in the trial originate from
Alberta and B.C. seed sources found to be less susceptible to porcrrpine and snowshoe hare
damage in a northern latitudinal provenance test series in British Columbia.

In 1995, stock was seeded for Siberian larch (Iani sibqiu) provenance /progeny
trials that will be outplanted in 19%. The trials are comprised of 58 open-pollinated half-sib
families from Charga, Southern Siberia. The seed was obtained from the National Forest Genetic
Resources Centre, Petawawa National Forestry Instifute.

Seed Orchards

The first improvement thinning of the Region "Bl" seed orchard was completed
in 1993. Thinning was based primarily on ll-year field performance results from four half-sib
family field trials. In addition, Gyear performance results from the field trials and seed orchard
performance results assessed rn1992, were taken into account.

The objective of the thinning was to remove one half of the poorest families in
each set of 12 families. Accordingly, family sets were ranked by height, gall rust susceptibility
and survival. A total of 8,145 trees were removed leaving 8,354 trees for seed production.

The Region "C" lodgepole pine seedling orchard consisting of 3,400 seedlings
from 114 families was etablished at the Blue Ridge seed orchard site near Whitecourt in August
194. Oltplanting of the Region "D" white spruce clonal orchard at the Blue Ridge seed orchard
commenced. These two projects are done cooperatively with Blue Ridge Lumber Ltd. The
Region "G" white spruce clonal orchard located at Huallen was expanded in 1994 to meet
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industry's increased seed needs. This project is done cooperatively with Weyerhaeuser4rande
Prairie and Canadian Forest Products4rande Prairie. Establishment of the Region "B2"
lodgepole pine clonal seed orchard at Huallen commenced. This project is done cooperatively
with Weyerhazuser€rande Prairie and Weldwood. The Region "F' Douglas-fir (Pseudotsuga
menziesii) orchard and the Region "2" western larch(Larix occidentalis) clonal seed orchards were
established near Brooks. The site proved to be unfavourable and the orchards were relocated to a
site at the Crop Diversification Centre-South, also near Brooks, during the spring of 1995.

Production of grafts for the Region "I" white spruce and the Region "82"
lodgepole pine projects is underway. Grafting is also being done for two new black spruce
proiects.

Work is being done on getting two additional seed orchard sites for new seed
orchard developments. A site near Olds and a site near Fairview are being pursued.

The first year that any collectable amount of seed was produced in any seed
orchard was 1993. Sufficient seed was collected to meet 2Vo of the 1994 reforestation
requirements. White spruce did not flower in 1994. The only seed orchard crop collected was
from the Region "Bl" lodgepole pine seedling seed orchard at Huallen. From this orchard,8.3 kg
of seed was collected. A crop twice as large is projected for 1995.

In 1995 the Huallen Seed Orchard Cooperative was formed with all industries
h"tiog a share in the seed orchards established at Huallen. Management and maintenance of the
site has been contracted out to the Tree Improvement Centre - Commercial Partnership
Operations.

TREE IMPROVEMENT RESEARCH

Species Testins

The species testing program has been ongoing since 1978. Results from
numerous field trials throughout Alberta on various site types have identified Douglas-fir, Scots
pine and Siberian larch as promising new forestry species in Alberta. Since the late 1980's species
testing has concentrated on identifying appropriate site types and promising seed sources of
native and exotic species for forestry use in Alberta.

Sixteen year ass€ssments of two U.S.S.R. Scots pine seed source trials established
in central Alberta (il 04'N, 112 12'W) and northern Alberta (59 08'N, 177 34'W) were completed.
Survival at both sites was good, averag1ng88%" at the central Alberta site and 78Vo at the northern
site. The best Scots pine seedlot in the central and northern Alberta test sites outperformed the
local lodgepole pine seed sources by 21,Vo andl?Vo, respectively. Mean heights were 5.1 m and
5.0 m, respectively, for the central and northern Alberta sites. This compares to 4.8 and 4.3 m,
respectively, for the control lodgepole pine seed sources. Ten and twelve year results indicated
that the top five performing seedlots at each site originated from latitudes similar to those of the
test sites. This was also the case for the central Alberta site following the sixteen year assessment.
At the northern site, however, this was no longer the case. Four of the top five seedlots at the
northern site originated from latitudes 5223'N to 55o42'N. A southern Siberian seedlot from
Kustanaisk Krai, U.S.S.R. (52o80'N, 53'5YE) was ranked third at the central Alberta site and first
at the northern site. The Scots pine plantation at central Alberta continues to suffer significant
porcupine damage. The lodgepole pine control trees were left untouched.

In 1994 a Douglas-fir planting was established at Pine Ridge Forest Nursery with
Proven hardy northern seedlots. Test material was grown with seed collected from more
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northerly stands in Alberta and established in transplant beds for four years at Pine Ridge to
screen out less winter hardy trees prior to establishing a field planting. Winter hardy seedlings
were established in a replicated planting containing white spruce as a 'check'.

A comprehensive review of 21 Siberian larch demonstration and research
plantings and 22 Siberian larch operational reforestation plantings is underway. Objectives of the
review are to evaluate the suitability of Siberian larch for large scale reforestation projects;
identify appropriate areas and site types in Alberta where Siberian larch can be used; and,
develop appropriate reforestation policy regarding the use of exotic tree species.

Provenance Studies

Fifteen year height perfonnance of a Canada range'wide white spruce
provenance trial in central Alberta was assessed in 193. Mean survival and height for the
plantation wereS0Vo and242 cm, respectively. The top ten performing seed sources had mean
sunzival and height of 87Vo and 298 cm, respectively. The top ten performers included seed
sources from Saskatchewan, Manitoba, Ontario and Quebec. Mean survival and height of the
two local seed sources were90%o and 258 cm, respectively.

To carry out more detailed field testing of the promising exotic seed sources
identified in this trial, three white spmce provenance trials were established in 1993 and1994.
Two additional Canada range.wide seed source trials were also established in 1993 to
supplement information gained from the central Alberta trial.

In the early fall of l993,Interior Douglas-fir @ntdotsuga menziesii var. glauca)
provenance trials representing eight native Alberta sources established on five ecologically
diverse sites were assessed for three year field survival, total height and plant health score.
Preliminary results from these trials indicate substantial provenance differences for all three
traits. Percent survival and 3-year total height also showed relatively strong clinal relationships
with geographic variables. Growth and survival showed a significant (P=0.05) inverse
correlation. Northern and lower elevation provenances tended to grow faster but exhibited
poorer early survival in comparison to southern and higher elevation sources. Site by
provenance interactions were significant (P=0.05) for percent survival but not for total height or
plant health score.

The range of performance for traits by site was also large with the best
performance for all three occuring on a site near Rocky Mountain House which was furthest
outside the natural range for Douglas-fir. These results indicate significant early provenance and
site effects for these traits and the possible opportunity for movement of Douglas-fir outside its
natural range, but also the need for careful decisions about deployment on sites both within and
outside its natural range.

Seed Production Studies

A study to monitor the effect of relocation using large tree spades on the growth,
flowering and seed production of a white spruce seedling seed orchard and a lodgepole pine
seedling seed orchard located at Pine Ridge Forest Nursery was continued. Three years after
transplanting frees in the lodgepole pine seed orchard showed significant reductions in height
growth and crown width but not in diameter growth when compared to undisturbed trees.
Mean height of the transplanted and undisturbed trees was 4.6 m and 5.0 m, respectively. The
transplanted lodgepole pine trees produced significantly more cones than the undisturbed trees.
Mean number of cones produced was 158 and 55, respectively, for the transplanted and
undishrrbed trees. Mean number of seeds per cone was 23 and 15 for transplanted and
undisturbed trees, respectively. The same trend in cone producHon and number of seeds per
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cone was observed four years after treatrnent. The hansplanted bees produced an average of 174
cones per tree and 18 seeds per cone compared to 84 cones per tree and 19 seeds per cone for the
undisturbed trees. These trends suggest that the use of large tree spades may be an effective
cultural treatrnent to reduce height growth and promote increased cone production in lodgepole
pine seedling seed orchards.

Similar results for growth characteristics were obsenred in the. white spruce
seedling seed orchard. Transplanting significantly reduced height, crown and diameter growth
of the white spruce. Mean heights, crown widths and diameters for the transplanted trees three
years after treatment were 4.8 m,2.7 m and 7.9 crn, respectively, compared to 4.3 m,2.2 m and 5.8
cm, respectively, for the undisturbed trees. Three years after freatment the white spruce seed
orchard experienced a significant cone crop. The transplanted trees produced on the average 207
cones per tree and 25 seeds per cone compared to 98 cones per tree and 23 seeds per cone for the
undisturbed trees. Results suggest that transplanting enhances cone production without
affecting seed yield.

Fifteen year results were srunmarized on flowering and seed production
monitoring of white spruce grafts of northern Alberta origin, outplanted at four geographically
diverse locations in British Columbia and Alberta. The study corroborated earlier results that
indicate that Pine Ridge Forest Nursery and the Grande Prairie seed orchard sites are suitable for
establishing grafted white spruce seed orchards. Results indicate that commercial cone crops can
be expected at these sites every five to six years.

Grafts from early flowering white spruce trees grown under an accelerated
growth rearing regime were established in a seed production study. Forty+ight grafts from three
clones were established in the trial. Scions were collected from three white spruce trees in an
experimental seed orchard established in 1980 with l-year old stock grown under 24-hour lights
and given high rates of macro-nutrients. These trees began producing significant numbers of
female flowers at 4 years of age.

In7992,work commenced on developing an ocrrlar floser/cone production
rating system for white spruce and lodgepole pine seed orchards in Albe*a. The objective of the
system is to provide seed orchard managers with a reliable tool to predict flower and cone crops.
Analysis of data has shown that the ocular system consistently underestimates realized cone
crops. The system is being reviewed to decide if it can be modified to become a practical tool for
seed orchard managers to reliably estimate flower and cone crops.

Over the past three years there has been a significant increase in interest shown
by the forest industry in Alberta for the use of native black spmce for operational reforestation in
Alberta. A seed production monitoring program has been set up to develop information on the
early flowering and seed production characteristics of black spruce grafts in managed seed
orchards. Information will be used to plan and manage black spruce seed orchards being
established and/or expanded.

Graftins Prosram

In 1994, a study was initiated to delineate patterns of graft incompatibility in a
Scots pine seed orchard. The grafts are between 5- and 8-years from time of grafting and show
needle chlorosis and stunting, differential growth of scion and rootstock at the graft union,
abundant flowering and insect infestations. Clonal differences in incompatibility will be
investigated.
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PLANT PROPAGATION, WOOD AND SEED TECHNOLOGY

Plant Propasation

Drring the report period stock production consisted of 75,994 seedlings for
rootstock utilization,8,497 coniferous and hardwood seedlings for experimental trials and5,347
grafts.

A total of tl41 white spruce secondary grafts and &42 white spruce grafts from
new selections were completed in 1994. A77% success rate and a54Vo success rate respectively
were achieved. With an837o success rate,SST lodgepole pine grafts were completed. Other
species grafted included 419 black spruce and 40 Scots pine. Use of an artificial cold hardening
period was implemented on an operational scale in 1994. A reduction of the time required to
produce grafts for outplanting is achieved by introduction of a second growth cycle in a 12-

month period.

In 1994, a total of 7297 hardwood seedlings were prduced for supply to Alberta
Pacific Forest Industries. These seedlings were grown from seed ftomZ7 balsam poplar (Populus

balwmifera),7 hembling aspen (Populus tremuloides), and 48 cottonwood (Populus ileltoides var.
occidentalis\ seedlots.

In 1995, a total of.T2ffiseedlings were produced for a Siberian larch
provenance /progeny trial. These seedlings were produced from seed collected in 1990 in
Charga, Southern Siberia.

Wood Technolosv

Relative density and fibre length measurements of wood samples collected from
selected parent trees continued. Species tested were white spruce,lodgepole pine, black sPruce,
jack pine, tamarack and willow (Salix\. A total of 355 relative density and 335 fibre length
assessments were completed. Based on the recommendation of Dr. Lars Bach from the Alberta
Research Council, an additional45l fibre length assessments were completed on the Z-80 age
bracket for wood samples received prior to 193.

Seed Technolow

A total of l2}seedlots were added to the genetics seed bank. Of these seedlots,
57Vo were white spruce, 78% were lodgepole pine, and 29Vo were black spruce. The seedbank
presently contains 3,735 seedlots.

Quality of seedbank seedlots continues to be monitored annually by testing a set
of reference seedlots representing about}Vo of seedbank entries. New seedlots are added to the
testing program every few years to replace depleted seedlots and sample new seedbank entries.
Mean germination of lodgepole pine seedlots in the seedbank has declined from 87 percent in
1981 to 837o in 1995 and mean germination of white spruce seedlots has declined from 91% in
1981 to 857o in 1994. Mean germination of aspen, plains cottonwood, and balsam poplar, has
declined 5 to76Vo after 4 years of testing.

The ultra-low temperature seed storage study started cooperatively with the
National Tree Seed Centre at Petawawa, is now in its 7th year. Average germination for white
spruce after7 years storage at 40oC was found tobe79 percent compared to a baseline mean
germination of 82Vo at commencement. For lodgepole pine, mean germination at -80oC storage
wasETVo compared to an average baseline germination of 84Vo at -20oC storage. The study is
considered complete afterT years of testing and results indicate that -80'C storage temperature
does not offer any advantage over conventional -20oC storage.
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Kelntord* Quantitative and population genetics, genomic mapping early selection, applied tree
breeding and improvement, isozyme, RAPD and quantitative trait.

During the past two years, our research continued with theoretical and
experimental investigations of population genetic structure in lodgepole prne (Piruts contorta
Dougl) and trembling aspen (Popttlus tranuloides Michx.), and retrospective early genetic
evaluation and selection in lodgepole pine and jack pine (P.banlcsinna Lamb.). The scope of our
Jesearch has also extended to include Cunninglumia lanceolata l^amb. from People's Republic of
China (Yeh et a|.7994), Ptrrcarrys fiucrnarpusKvrz. from Thailand (Liengsiri et a1.1995) arul
Picea syhnstns L. from Swedm (Yazdani et aL.7995). We also initiated new studies of western gall
rust(Endwoturtiumharknwsii Q.P. Moore) Y. Hiratsuka) to investigate geographic variation,
resistance breeding, host-fungus interaction and QTL.

GENETIC STRUCTURE AS REVEALED BY ISOZ)alvtES, RAPDS AND QUANTITATIE TRAITS

A major foctrs was on developing the genetic framework for studying
"multiloctrs genetic stmcture" at isozyme loci (Yang and Yeh 1993; Yeh et a|.794). We found
multiloctrs genetic sbtrcture was extensive in natural populations and the estimates of multilocus
population differentiation were on average, more than three times the single-locus estimates at
isozyme loci. Results suggests that population subdivision, founder effect, occurrence across
diverse environments and historical events were contributing factors in the gmeration and
maintenance of multilocus gmetic structure.

The use of random amplified polymorphic DNA (RAPD) in trembling aspen
from I populations in Alberta proved useful for studying nucleotide divergence between
populations (Chong et a[. 7994) and genetic stmcture (\eh et a1.1995). We could differentiate
among all trees in any population from their multi-band RAPD phenotypes amplified with 5
random primers. Shannon's phenotypic diversity indo< ranged between 0.58 and 0.59, averaging
0.65. Analysis of molecular variance showed the among-population component accounted for
2.5Vo of the variation and significantly different from zero at the2Vo level of probability. This is
identical to the 3% among-population differentiation at isozyme loci ([elinski and Cheliak (1992).
Isolation by distance might have been an important factor in the genetic differentiation of this
clonal angiosperrr. Agreement between patterns of population structure revealed by isozymes
and RAPDs in trembling aspen from Alberta might suggest that neutral forces were likely to be
invoked than selection to explain the maintenance of genetic variation.

We developed F-statistics for quantitative traits to estimate population
differentiation and completed a comparative study of genetic stmcture of lodgepole pine using
both quantitative traits and isozymes (Yang et aL.7995). Two of 5 quantitative traits were neutral
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and the remaining 4 were under divergent selection. In contrast, all 19 isozymes tested neutral.
This suggests that it is important to choose judiciously among the available markers for assessing
diversity and genetic stmcture.

APPLIED TREE BREEDTNG AND IMPROVEMENT

We conducted collaborative research on genetics and breeding of lodgepole pine
with the Alberta Land and Forest Service and the Alberta Tree lmprovement Cooperative and on
genetics and breeding of jack pine with Northern Forestry Centre, Forestry Canada. Retrospective
early testing and selectiory multiple trait index selection, geographic variation and host-fungus
interaction in western gall rust (WGR) incidence, and mapping for WGR resistant genes have
been major components of our sfudies.

Retrospective Earlv Testine And Selection

We reported the pattern of gmetic variation among seedling traits in the
greenhonse for two growth periods NIu et al.195a). We completed the theoretical framework
and experimental verification on genetic gains due to retrospective early selection under three
selection schemes: (1) early selection for tree field traits based on single seedling traits, (2) early
selection for tree field traits based on multiple seedling traits and (3) index selection combining
early seedling and tree field kaits (Wu ef al.7995b). We also examined the effect of GE interaction
on gteenhouse'field correlations in retrospective shrdies (Wu ef al.'1,995c; Lu 1995). Our results in
lodgepole and iack pine suggested that, growing seedlings under carefully designed greenhouse
conditions (e.9., large number of families, effective experimental layout on greenhouse benches,
seed weight adpshnent selection of target early traits, use of suitable genetic and statistical
equations, and the possible mimicking of field [nutrient/moisture] conditions) allowed
retrospective test to be an effective tree improvement tool. Collaborative research with Dr. R.P.
Pharis showed that gibberrellin class of hormones were useful early traits for indirect selection of
field growth.

Early testing also facilitated the study of genetic variation in traits of total
biomass partitioning (stem, branch, needle and root) and architecture (harvest index, shoot-root
biomass ratio and sturdiness quotient) in a large number lodgepole pine families (Wu and Yeh
195). Levels of heritability and gmetic conelation suggest that selection procedures that exploit
additive genetic variance and covariance might be practiced.

Western Gall Rust Resistance

Geographic variation in WGR isolates across British Columbia, Alberta,
Saskatchewan, Manitoba and Ontario suggested host (lodgepole and jack pine) specificity as
revealed by RAPDs (Li et al. 1995). We also initiated a half-sib QTL analysis using RAPDs to
identify host (lodgepole pine) loci involved in WGR resistance. We believe future breeding for
WGR resistance will be more efficimt using known RAPDs to select and track resistant genotypes
because size of breeding population will be made small and pedigree for resistance will advance
at a faster rate.
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The primary obiectives of the tree improvemmt programme at the PFRA
Shelterbelt Centre is to develop genetically superior trees and shrubs for shelterbelt and
agroforestry planting in the prairie provinces of western Canada. From 1991 to 1993 the
Programme has focused on poplar (Populus spp.), Scots pine (Pdnzs sylznstris L.), Siberian larch
(Inix sibiriu Ledeb.), green ash (Fruxinus pennryknnica Marsh. var. subintegerrima (Vahl.) Fern.),
bur oak (Qrcrcusmnuocar?a Michx.) and choke cherr,r (Prunusairginiana var. melanocarpa (A.
Nells.) Sarg.

SCOTSPINE

Two full-sib and four half-sib progeny tests were evaluated in 1994. Three
superior families with superior forrr, colour and density were idmtified. These families are
being used for production of Chrisfrnas tree in the prairies. Progeny tests were established in
multi-row forestbelts. The perforrrance of families for forestry applications will be investigated.
All Scots pine seed grown for shelterbelt and agroforestry plantings in 1995 originates from a one
hectare seedling seed orchard located at the Shelterbelt Centre. This orchard provides the prairie
tree planters with fast growing, drought tolerant Scots pine with minimal winter browning.

STBERIAN LARCH

Three lardr species Fials were evaluated in 194. Data showed that Siberian
larch was well adapted to prairie growing conditions. Other larch species, including Iardx
anrolepis, Larix gmelinii and, Larix olgmsis were not as well adapted. Rogurng of a 1987 clonal seed
orchard was completed. This seed source has proven to be superior to other sources tested. This
source establishes easily and has superior growth and form.

GREEN ASH

Collections of green ash seed from xeric habitats in the northern Great Plains
have been completed. A total of eO populations have been sampled. Seedlings are being
propagated for outplanting in 195. The sources will b€ utilized for drought tolerance screening.
This is a co-operative project with the USDA Forest Service at Lincoln, Nebraska.

A three hectare first generation clonal seed orchard has been completed. The
orchard will be coming into production within the next two to three years. Progeny tests
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initiated in 1989 were evaltraH in 1993. Superior familie were identified and data collected is
being used to rogue the seed orchard.

POPLAR

The native population of plains cottonwood in southern Saskatchewan was
sampled in 194. Seed and ctrttings were collected from 15 populations in the Saskatchewan
River Valley. Seed is being propagated for progeny testing and ctrtting beds of superior trees
have been established.

In 1995, a new female poplar P. x'CanAm'selected from an open pollinated
population of P. x 'Walker' was introduced for planting in the northern Great Plains. 'CanAm'
was released ceoperatively with the USDA, Agriarlture Research Service and the USDA,
Natural Resources Conservation Senrice. 'CanAm'is a vigorous tree with superior drought
resistance.

BUR OAK

ln 1993, rangewide provenance tests of bur oak were planted at two sites in
Saskatchewan and one in Manitoba in 1993. Sixty families are included in the test. This is a co-
operative proiect with the USDA, Forest Service, USDA Agriculture Research Service, and USDA,
SoiI Conversation Service. ObF'ctives of the project are to: 1.) d*ermine the nature and extent of
genetic variation present among open-pollinated progenies of bur oak from selected sources in
the Great Plains; 2.) idmtify best adapted sources of bur oak for planting in the Great Plains; and
3.) provide germplasm that can be used for selection and trait improvement as well as advanced
generation breeding.

CHOKE CHERRY

The native range of choke cherry in Manitoba and Saskatchewan was sampled in
1993 and 1994. A total of 175 population were collected. Germplasm is being propagated for
provenance testing in 1996. Piotocols for micropropagation of superior plants were streamlined.

NATTVE PI.ANT COLLECTIONS

Assembly of native woody plant germplasm is under way. This proiect focuses
on the collection and genetic improvement of native shrub seed sources for use in consenration
tree plantings. Seventeen differmt species have been collected with emphasis placed on silver
buffaloberry, round-leaved hawthorn, snowberry, Wood's rose, and highbush cranberry. In 1993

and 1994 over 350 accessions were collected
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The primary goal of the Morden tree improvement program is the development
of superior hardy plants for the landscape industry in prairie Canada. A diversity of species of
both trees and shnrbs are involved in the various projects.

POPTAR (Populus)

Goal

Development of superior fast growing, cold tolerant and disease resistant dones.

Progress

Approximately 30 selections have been made over the last three years. These
include both inter-specific and intra-specific hybrids. Selected populations were approximately
20 years old and near mature size.

AS}l(Frartnus)

Goal

Development of new inter-specific hybrids and the selection of superior green
and white ash clones.

Proeress

Two new hybrids between black and Manchurian ash will be introduced to the
commercial industry this season. Both are very hardy and have superior growth rates and form.
Both hybrids are perfect flowered, unlike either parent. A population of white ash seedlings are
being screened using a ultra-low temperature freezer with the goal of identifying individuals
with good cold tolerance. Green ash seedling populations are being evaluated for growth and
resistance to ash plant bug.
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BIRCH @etula)

Goal

To idmtify sources of resistance to bronze birch borer.

Procress

A second generation of seedlings derived from putatively resistant parental
material was sown and will b€ field planted for further study. Parmtal lines have been
propagated and will be evaluated further under different environmental conditions.

LINDEN (Jilis)

Goal

To develop superior inter+pecific hybrids adapted to prairie growing conditions.

Proeress

A little leaf linden has been selected as a maternal parent based on seed
germination testing. Controlled crossing using a diversity of other Tr'&a species is underway.

MAPLE (Acer)

Goal

To select superior Red maple and hybrids between Red and Silver maple for
prairie growing conditions.

Proqress

Controlled crossing between Acer species is underway with dz oitro embryo
rescue techniques being deployed. Success to date has been limited.

OTHERSPECINS

A wide range of shrubby species including Ro*,Potentilln,Ribes, Amelanchicr,
Philadclphus, Weigeh are being developed for landscape potential. A wide range of characteristics
are being evaluated but cold tolerance is a principal issue in all studies.

GENETIC RESOURCES

The Morden Research Centre has been identified as a "node" on the Agrictrlture
and Agri-Food Canada genetic conservation network Hardy landscape plants in the Morden
arboretum are part of this program.



74

MANAGEMENT RELATED STUDTES

Goal

^A,sexual propagation of iack pine for application in tree improvement programs.

Progress

Research activities have focussed on developing procedures for operational
asexual propagation of jack pine (Pdrus banlcsisw Lamb.). A more detailed summary of resulb
appears elsewhere in this proceeding and two abstracts are presented in the poster section.
Methodology for rooting iack pine long shoots ctrttings ha been developed which has yielded
rooting frequencies of 80I0f,Vo for ctrttings from plant < 3 years old,4040Vo from plants 4-6 yearc
old and 20407o from plants 7-10 years old. lnvestigations into strategies for improving shoot
multiplication and rooting frequencies has involved induction of proliferated dwarf shoots
through pruning and cytokinin treatrnmts and the in vitro ctrlture of cotyledons from
germinating seedlings. Using these approaches, targeted goals for operational propagation are
expected to be met. Furthermore, field trials are undenpay to assess performance of rooted
cuttings. Additional field trials wil be planted in 1995 and7997. An operational manual
outlining key features for asexual propagation of jack pine is under preparation and should be
available by April 1995. Financial support from the Canada-Manitoba Partnership Agreements in
Forestry is gratefully acknowledged. The authors also appreciate cooperation and support
provided by Mr.John Dojack Manitoba Department of Natural Resources) and Ms. Dianne
Roddy (Weyerhaeuser Canada Ltd.).
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The tree improvement programmes established for iack prne (Pinus banksiana
Lamb.), black spruce (Picea mariana (Mill.) B.S.P.) and white spruce (Picea glauu (Moench) Voss)
are being managed through the cooperatives with Repap Manitoba, Pine Falls Paper Company
and Canadian Forest Service. This report highlights the progress which occurred from 19&1995.

IACK PINE

The Hillside Pedigree Orchard was expanded in 1994 with the addition of 7312
seedlings of 18 full sib. families. The first cone crop was harvested from the initial orchard in the
fall of 1994 producing 2.9 kg seed.

A second 507o roguing was completed at the Interlake jack pine mass selection
seed orchard (lvISSO) in 194. A third 50% roguing was completed at the Cranberry Portage
MSSO also in 1D4. In 7915 a third 50% roguing is planned for the Root Lake MSSO and a fourth
and final roguing at the Simonhouse orchard.

BLACKSPRUCE

In |une of 7994 a 7.0 hectare seedling seed orchard was established in the Nelson
River breeding zone in co-operation with Repap Manitoba.

An ongoing maintenance programme on existing family tests and seed orchards
is being undertaken with members of the co-operatives.

WHITE SPRUCE

Due to budgetary resbaints, a change in strategy from a container seed orchard
Program for the Saskatchewan River Breeding Zoneto a soil based clonal orchard planted in
fune, 195, was undertaken.

Height measurements were taken, five years after plantin g, on2family tests in
the Mountain Breeding Zone.
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SI.JMMARY

The crrnent tree improvement programmes are progressing well. The past
experience of working within co-operatives has been very positive. 'Memorandums of
Understandingi' have been prepared to enter into new co-operatives in breeding zones where
harvesting will increase.
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TREE IMPROVEMENT UNDER THE CANADA-MANITOBA
PARTNERSHIP AGREEMENT IN FORESTRY
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Keywords: Pinus banlsiatu, jackpine, seed orchards, mass selection, Best Linear Prediction, stem
quality, western gall rust, wood density.

Forest genetics by the Canadian Forest Service in the prairie provinces started
about 1960, but the earliest proiect ttrat is still active is the jack pine (Pinusbanksiana Lamb.)
breeding programme for parts of Manitoba and Saskatchewan, which began n7967. From 1970,
whm the former Winnipeg centre closed, until 191, forest genetics staff were located in
Edmonton. Family test and done bank plantations were established for the breeding programme
from 7972 to 7977, as were provenance test plantations for jack pine and black spruce (Picu
truriana Mill.) B.S.P.). Breeding program results supported establishment of a jack pine seed
orchard programme in Winnipeg under the Canada-Manitoba Forest Renewal Agreement of
798H9. When the Canada-Manitoba Parhrership Agreement in Forestry (CMPAID began in
1991, forest genetics staff were relocated to ManilobiDistrict Office.

The CMPAIF tree improvement programme was intended to assist the Province
of Manitoba in gaining independmt tree improveurent capability, while maintaining the ability
to respond to opporfunities in the other prairie provinces, and to capture forest genetics
knowledge available from the region's test plantation assets. Prognmme activities are intended
to (1) continue establishment and development of jack pine seed orchards, (2) develop more
efficient delivery of genetic improvement, especially by controlled pollination and vegetative
propagation, and (3) initiate a second generation of jack pine breeding.

The Canadian Forest Service forest genetics prograrnme in this region will end in
7996.

IACK PINE SEED ORCHARDS

Developmmt of the Northern and Interlake mass selection seed orchards by
Manitoba Forestry Branch continued. By 7998, plots planted with tl8 or 25 trees from one stand at
1-m spacing in 1986 and 1987 will have been thinned in four mass selection steps to 1-3 trees,
and harvesting of cone crops will begin. Tree pair measurements taken at each thinning are
showing a useful amount of genetic variation among the 32 source stands for each seed orchard,
and a substantial phenotypic effect of mass selection. A plan has been drafted for genetic quality
verification and second-generation breeding following completion of mass selection.

The Hillside Road jack pine seed orchard comprises 6 ha planted in 1988 with
first- cousin progenies and a 4.ha expansion area planted in 1994 with full-sib progenies. All of
the parent trees were in family test plantations, mated in 1985 after selection on lFyear
measurements (Klein 7986), or in 1992 after selection on l$-year measurements (Klein 1992). Both
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sets of progenies were rescored based on breeding values of height, dbh, stem quality, resistance
to western gall rust, and wood density at2f27 years, estimated by Best Linear Prediction (BLP).

The new scores are being used for genetic upgrading of the seed orchard. Four 1988 entries with
the lowest scores of the lE planted were replacd,by 7992 progenies to accomplish the first step.
Planting of grafts of high-+coring family test trees unrelated to any of the progeny entries, in the
expansion area, will complete the upgrade. Most of the required grafts are now on hand. The first
cone crop was hanrested in 1993, with relatively balanced contributions from the 14 entries
planted in 1988.

APP LIED TREE IMPROVEMENT RESEARCH

Gain capture from superior jact pine tenotypes by contsolled pollination offers
the prospect of greater genetic control and fledbility compared with reliance on wind pollination.
Early results from trials of crown shaping and nitrogen fertilization suggest that sufficient
numbers of seed cone flowers might be produced on trees kept under 2 m in height, while pollm
production on these trees is suppressed by high doses of nitrogen. That outcome would improve
prospects for relatively efficient conholled mating. A research contract conducted by Morden
Research Station, Agriculture and Agri-Food Canada has come close to achieving a system for
vegetative multiplication of control- pollinated iack pine seedlots.

Results from all CMPAIF tree improvement experiments, including flowering
response to crown shaping and nitrogen fertilization, quantification of realized Barn, a
retrospective progeny test (all of these with jack pine), and ctrltural treahnents to enhance early
growth of black spruce seed orchard seedlings, wil be reported in the coming year.

SECOND GENERATION BREEDING OFJACK PINE

Selection of candidate parents has been completed for the second generation of
the eastern breeding district jack pine breeding program, using BLP based on family test
performance to 21 years from planting. The best 64 unrelated hees had a mean predicted gain of
78Vo for wood dry weight, and TOVo for stem quality and resistance to western gall rust
(Enilocroturtiumlurhtqsdr 0. P. Moore) Y. Hiratsuka) (Klein 1995). A draft breeding plan is under
consideration by Manitoba Forestry Branch. Matings to produce second generation progenies
will be performed on grafts of 116 candidate parents, most of which are now growing in
containers.
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This report outlines my activities in seed orchard pest management from 19&95.

CONE AND SEED PEST MANAGEMENT

Studies to develop a pheromone'based pest management system for cone beetles,
Conophtlnrus spp., centered around the development of a practical and easy-teuse trap and bait
system. The effects of trap type, lure type and dosage, trap colour and height, and the use of
monoterpene were investigated. Manuscripts describing these studies are in preparation and
should be published \rithin the next reporting perid. The chemical identification of the
pheromones and the results from earlier work were published (Birgersson et al. 195; Fierce et al.
195). A life history study of the white pine cone borer, Eucosna tocullionana Heinrich, was
completed and the manuscripts are in preparation. A life table study of jack pine cones was
published (de Groot and Fleming 1994). Reviews of cone and seed insects, their management and
monitoring were published (de Groot 799'4; de Groot 7995a; de Groot 7995b, de Groot et al.7994;
Turgeon et al. 1994).

CONE CROP MONITORING AND DECISION SUPPORT SYSTEM

A Cone Crop Monitoring System (CCMS), Information Management System
(IMS) and the Decision Support System (D&9) were developed for seed orchard management.
The CCMS collects and processes data on the size of the cone crop and expected damage. The
IMS provides information on the damage potential of insect pests, pest control products
registered in Canada for cone and seed ins€cts, and estimates the efficacy of the products. The
DSS uses this data and inforrration and asks the user for additional information about protection
costs and seed values to calculate the consequences of various decisions. Although developed
specifically for use in jack pine and black spruce seed orchards in Ontario, many of the
procedures and much of the information are applicable to conifer seed orchards in most of North
America. A user manual that provides stepby-step instructions on the use of the systems on IBM
compatible PCs and a field data logger, and a copy of the software (DO$based), wil be available
in late 1995 or early 196.
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Ioint (University of Guelph, Environment Canada and Ontario Ministry of
Natural Resources TOMNRD pollen dispersal studies have been on-going at the Island Lake seed
orchard, near Chapleau, Ontario since 1989. These studies were completed in 1994 and have
resulted in the production of computer software that can be used to manage pollen
contamination at any seed orchard @OLDISP v.1.0).

The software is based on a Lagrangian Markorr-chain atmospheric dispersal
model which was modified to simulate the dispersal of contaminant pollen from the surrounding
natural stand into the Island Lake seed orchard. Pollen diffusion in the atrnosphere, impaction on
tree branches and receptive seed cones and deposition to the ground are all included in the
model.

Model inputs, including physical and vegetation data and meteorological data,
were collected at Island lake during the pollination season for Pieu mariana and, Pinus banksiana
n7992 and 193. These specific input data were used with the model to predict pollen dispersal
at that site. Predicted pollen dispersal was compared to the measured dispersal of artificially
released and natural pollen. Model predictions and measured dispersal agreed reasonably well
providing a validation of the model at the Island Lake site.

fire model was incorporated into an interactive program shell which can be used
to examine strategies which reduce pollen contamination at other orchards. In order to use the
model at other orchards, the model inputs were generalised; thus, the generalised model should
be tested at a site other than the original. Discussions are on-going with OMNR to that end.

Where pre-existing contamination problems have been identified at a seed
orchard, the software will predict the relative effectiveness of different, physical anti-
contamination scenarioo envisioned by the seed orchard manager. These physical anti-
contamination scenarios may be the establishment of buffer zones of varying width, or the
establishmmt of wind breaks (to provide pollen filfation) of any particular configuration. The
project final report is available, and the software and user manual are available at the discretion
of the OMNR from Randy Ford (Phone: 7O*567-3372).

Other publications have resulted as spin-offs from this work:
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