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EXECUTIVE SUMMARY  
 

The Minnesota Tree Improvement Cooperative completed its 31st year in 2012 with 
ten full members and seven supporting members.  Dr. Andrew David, Associate Professor 
with the Department of Forest Resources, directed the Co-op while Carrie Pike, Research 
Fellow, managed day to day operations.  Pike began a split 50% appointment as Interim 
Director of Operations at the Cloquet Forestry Center in January 2012.  Jim Warren 
provided field and technological assistance, and Egon Humenburger provided field 
assistance on other projects as needed.  Julie Hendrickson, a recently graduated Masters 
student, assisted with field work in summer and fall 2012.  A workshop was held on 
October 25 at the Cloquet Forestry Center to commemorate 30 years of the MTIC.  Two 
business meetings were held: January 26 at the Cloquet Forestry Center and April 5 at the 
North Central Research and Outreach Center in Grand Rapids.   

  
In 2012, controlled pollinations were made on red pine trees at St Louis County.  

Seed source control was a leading topic at the SAF webinar in February.  A new grafted 
white spruce orchard was planted into General Andrews nursery, and a white pine 
germplasm study was established at the Hubachek Wilderness Research Center and Eveleth.  
Cones were collected from jack pine, black spruce and white spruce orchards.  White pine 
from Tofte was grafted at the USDA Forest Service nursery in Toumey, MI.  

 
Establishment of a demonstration/research area for Intermediate Stand Treatment 

will be finished on two sites at Blandin and one site at the MN DNR.  Thinning will 
commence at the 2nd generation jack pine populations in St Louis County / IRRRB.  In 
early 2013, ten and 20-year measurements will be completed on the white spruce 
comparison trials planted in 1993 and 2003, respectively.  In fall 2013 cones from 2012 red 
pine breeding will be collected and seed extracted.  
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A LETTER FROM THE DIRECTOR 
 

Dear Cooperative Members, 
 
As I write this the MTIC is already well into its 31st year of providing well adapted, improved 
seedlings for reforestation efforts.  We did not get here by accident; we got here by providing 
quality seedlings through a leveraging of our strengths.  In the past year we have installed a 
white pine disease garden trial, archived white pine grafts of the Ahlgren’s best material as well 
as slow-rusters from the Tofte planting, rogued jack pine and red pine seedling seed orchards and 
collected and stored pollen to facilitate advanced generation breeding in several species. In the 
next year we will be poised to make advanced generation crosses in all three native pines, jack, 
red and white.  Carrie Pike should defend her thesis providing crucial information on how 
improved white spruce families grow compared to non-improved, as well as white spruce 
seedling phenology and growth response to different winter warming scenarios.  It promises to 
be a busy year! 
 
As we have discussed at previous annual and spring planning meetings we have been open to 
establishing silvicultural trials as they benefit our cooperators and as time and money allow. A 
good example of this would be the establishment of demonstration trials for the Interagency 
Information Cooperative.  Carrie Pike and I have also been involved in a small project with Dr. 
Howard Hoganson investigating the effect of planting improved red pine on the annual allowable 
cut and residual land values.  If you saw Howard’s presentation at the fall workshop or had the 
chance to catch it at the recent Minnesota Forest Resources Partnership meeting you know that it 
is quite thought provoking.  If possible we may look for a way to archive the slides for others to 
view.   
 
Finally, I would like to acknowledge an addition and a loss to our extended team.  As Carrie’s 
interim appointment as the Director of Operations at the Cloquet Forestry Center extended 
beyond the expected time we were able to bring on Julie Hendrickson, a former graduate student 
of mine to assist with field work. A grateful thank you to Dr. Greg Cuomo, Head of the Research 
and Outreach Centers, for the financial assistance to make her hire possible.  Secondly, I would 
like to thank Carrie Sweeney at the USFS’s Oconto River Seed Orchard for her long-time 
collaborations in our white pine research.  Carrie recently moved from ORSO to the regional 
office in Milwaukee, which is a great professional move for her. We will miss her insight and 
spirit on collection trips. 

 
Sincerely, 
 
Andy David 
 
Andrew David 
Associate Professor  
Director MTIC 
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INTRODUCTION 

The Minnesota Tree Improvement Cooperative (MTIC) completed its 31st year of 

operation in 2012.  Dr. Andy David served as Director and Carrie Pike, Coordinator, 

started a 50% appointment as Interim Director of Operations of the Cloquet Forestry Center 

in January 2012.   Jim Warren, Egon Humenburger and Julie Hendrickson provided 

technical and field assistance.  Membership roles in the MTIC remained the same from 

2011, with two exceptions:  BIA started a supporting membership and Beltrami County 

dropped from full to supporting membership.   

The economy remains weak nationally and internationally.  In Minnesota, the Verso 

Paper mill in Sartell and the Georgia-Pacific hardboard plant in Duluth closed permanently 

in 2012, dealing a blow to the forest products industry.  Weather in 2012 has raised new 

fears about the effects of climate change following the 500-year floods in St. Louis and 

Carlton counties in June, and the unprecedented flooding on the East Coast following 

Hurricane Sandy in late October.  On a better note, SAPPI mill in Cloquet is undergoing a 

$170 million dollar expansion to convert wood pulp to cellulose for the international textile 

industry.  The sustainability of the forest products industry given low demand for pulp and 

paper products and continued mill closures remains in question.   

Tree improvement efforts pressed onward.  In 2012, our field work-load was 

unusually high because several plantings’ regular measurements coincided this year.  The 

sites we couldn’t complete in the fall will be completed in early 2013 and reported in the 

next annual report.   

Pike continued her Ph.D. research toward a Natural Resources Science and 

Management graduate program in the Biology, Ecology and Conservation Management 

track major through the Forest Resources Department at the University of Minnesota with 

an anticipated completion date pushed back to 2013.  

This report summarizes activities and accomplishments from January 1 to December 

31, 2012.  It is organized into five major sections: Administration, Finances, Seed Orchards, 

Species Reports, and Outlook.  An Appendix, containing progress reports from current and 

future projects that involve MTIC staff or resources, follows the Outlook section.  The 
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summaries provided have not been peer-reviewed or published, and thus the results are 

subject to change upon final analysis.   

 

ADMINISTRATION 

The MTIC operates under the leadership of Dr. Andy David (Director/Associate 

Professor), Carrie Pike (Research Fellow-Forest Resources and Interim Director of CFC) 

and Jim Warren (Research Fellow-Forest Resources).  Egon Humenburger, Assistant 

Scientist, assists on projects as needed.  Andy and Egon are based at the North Central 

Research and Outreach Center (NCROC) in Grand Rapids.  Lastly, Julie Hendrickson was 

hired in 2012 with separate funds to assist Carrie with research and MTIC work.  Julie 

completed her M.S. in Natural Resources Science and Management at the U of M in fall 

2012, studying genetic variation in ash seed collections, advised by Dr. Andy David.     

The Advisory committee formally met twice in 2012: January 26 at the Cloquet 

Forestry Center and April 5 at the North Central Research and Outreach Center in Grand 

Rapids.  This committee consists of representatives from each member organization and 

meets to facilitate feedback and communication between members and staff.  In addition to 

regular orchard visits; Carrie, Jim and Julie spent two days in July 2012 touring the MN 

DNR hardwood orchards in southeastern Minnesota.  Pike attended the annual meeting of 

the Superior-Woods Tree Improvement Association in Thunder Bay on October 1.  On 

October 25 MTIC co-hosted a workshop with the Sustainable Forests Education 

Cooperative (SFEC) at the Cloquet Forestry Center to commemorate the completion of the 

30th year of the MTIC.  Speakers included Dr. Howard Hoganson, Dr. Andy David, Rick 

Klevorn, Carrie Pike, Paul Charrette, and Dr. Bill Parker.  

 
Presentations  
 
David, A. October 25, 2012. Testing the seed zone concept.  Commemorative workshop of 
 the MTIC at the University of Minnesota’s Cloquet Forestry Center, Cloquet MN. 
 
Pike, C. February  21, 2012. Effects of winter warming on growth and phenology of white 
 spruce.  SFEC-sponsored Climate Change seminar at the University of Minnesota’s 
 Cloquet Forestry Center.   
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Pike, C. October 2, 2012.  Seed source control for forestry applications in Minnesota. SFEC 
 sponsored webinar.  Cloquet, MN.  
 
Pike, C. October 11, 2012.  Recommendations for tree seed transfer in the 'edgy' state of 
 Minnesota.  Annual workshop of the Superior Woods Tree Improvement Association.  
 Thunder Bay, ONT. 
 
Pike, C. October 25, 2012. Tree seed, timber yields and transfer guidelines: 30 years of 
 progress in the Minnesota Tree Improvement Cooperative.  Commemorative 
 workshop of the MTIC at the University of Minnesota’s Cloquet Forestry Center.  
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Seed Orchards 
 

Seed collections from orchards in 2012 were down from past years.  Flooding in June 

diverted resources away from forest management towards cleanup and road repairs.  The 

MN DNR is still reconfiguring the state nursery program after last year’s legislation that 

prohibits tree sales to private landowners.  New orchards established in the last few years 

(white spruce, red pine, white pine) are not yet up to production.  Three grafted red pine 

orchards planted in 2011 have shown moderate survival in 2012.  These are the first grafted 

red pine orchards the Co-op has ever planted, so they were set up as experiments without 

guarantees of success.  The combination of cleft grafts and planting the grafts within a few 

months of grafting may eliminate the “pot rot” that nurseries have encountered with 

containerized red pine used for grafting.  Seed production from all orchards will need to 

increase to meet future demand.   

The acres of MTIC orchards are shown in Table 5.  Table 6 shows the current status 

of all Picea orchards, and Table 7 shows all Pinus and Larix orchards.  All ‘active’ research 

trials related directly to the MTIC are shown in Table 8.   

 

 
Table 1. Acres of seed orchard by species and orchard type. 

Orchard Type Black 
spruce

White 
spruce

Jack 
pine

Red 
pine

White 
pine

Tam-
arack

Total 
acreage

First Generation Clonal 8 16 --- --- 11 --- 35
First Generation Seedling Seed 5 4 24 26 --- 4 63
Improved First Generation Clonal --- 10 --- 3 --- --- 13
Second Generation Full Sib 4 11 6 --- --- --- 21
Total acreage by species 17 41 30 29 11 4 132
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Table 2. Picea spp seed orchards actively managed by the MTIC. 

Species Orchard Type Organization Planting Date Planted
Size 
(ac)

Live 
Trees

Minnesota DNR Eaglehead 17-May-78 2.7 472

Blandin Paper 
Company

Blackberry 22-May-78 2.5 596

U of M CFC Plantation "U" 22-May-78 2.5 3168
1st Gen. Clonal U of M CFC Airport 40 01-May-95 1.1 238

Koochiching Big Falls 19-May-89 2.3 67
Koochiching Larsaybow 27-May-98 4.0 59

Minnesota DNR Sturgeon Lake 01-May-79 1.3 812
Minnesota DNR Split Rock 27-May-92 2.4 262

Totals: 8 Orchards 16.4 5,412
Lake County Two Harbors 02-Sep-87 1.0 183

Minnesota DNR Cotton 01-May-77 12.0 206
St. Louis County Ellsburg Rd. 11-May-88 1.5 189

UPM-Blandin Arbo 01-May-76 1.5 121
Minnesota DNR Split Rock 02-Sep-01 3.7 255
Carlton County Gillogly Road 01-Apr-03 2.1 78

Red Lake Redby 01-Apr-04 0.9 157
UPM-Blandin College 05-Sep-00 2.9 780
Lake County Ostman Pit Road 06-Jun-05 1.3 824
Itasca County Wabana Lake 20-May-03 1.8 690

Minnesota DNR Eaglehead 03-Jun-03 1.8 401
Minnesota DNR Eaglehead 01-May-05 1.3 409
St. Louis County Ellsburg Rd. East 06-Jun-03 2.1 302

UPM-Blandin Feeley 01-May-05 2.4 900
Totals: 14 Orchards 36.3 5,495

Black 
spruce

1st Gen. Clonal

1-1/2 Gen. 
Clonal

2nd Gen. 
Seedling

1st Gen. Seedling 

Improved 1st 
Gen. Clonal

White 
spruce
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Table 3. Pinus spp and Larix laricina orchards actively managed by the MTIC. 

Species Orchard Type Organization Planting Date Planted Size (ac) Live Trees

Crow Wing 
County

Crow Wing 04-Jun-85 2.1 247

Iron Range 
Resources

Calumet 16-Sep-82 1.7 220

Minnesota DNR Longprairie 18-May-84 4 465
Minnesota DNR Nickerson 15-May-84 2.4 387

Carlton County Gillogly Rd. 28-Jun-83 5.5 183

Red Lake Nation Redby 29-Apr-87 1.8 516

St. Louis County Ellsburg Rd. 10-May-88 1.6 279

Crow Wing Co.  / 
MN DNR

County Line 01-May-99 2.6 603

St. Louis / Iron 
Range Resources

Ellsburg Rd. 
East

12-May-99 3.78 2064

Totals: 9 Orchards 25.5 4,964
Itasca Greenhouse Sayward 16-Jun-05 0.8 401

Minnesota DNR Split Rock 25-May-93 1.0 87

Minnesota DNR St. Francis 15-May-85 3.0 319
Red Lake Nation Cooks Rd. 05-May-11 2.2 207

St. Louis County Ellsburg Rd. 02-May-90 1.1 233

St. Louis County
Ellsburg Rd. 

East
21-Jun-99 2.5 187

Totals: 6 Orchards 10.6 1,434
Cass / Beltrami/ 

Hubbard Counties
Blind Lake 10-Sep-91 5.3 400

Minnesota DNR Cotton 29-Jul-81 4.5 462

Minnesota DNR Eaglehead 25-Jun-81 3.6 128

Carlton County Gillogly Rd. 10-Jul-81 6.6 461

St. Louis County Ellsburg Rd. 09-May-88 5.5 531

Carlton County Gillogly Rd. 01-May-11 0.5 65
Red Lake Nation Cooks Rd. 05-May-11 1.3 50

St. Louis County
Ellsburg Rd. 

West
01-Jun-11 1.5 62

Totals: 8 Orchards 28.8 2,159

Tamarack
1st Gen. 
Seedling

Minnesota DNR Split Rock 12-May-08 4.3 2,005

Totals: 1 Orchard 4.3 2,005

1st Gen. 
Seedling 

Jack pine

1st Gen. 
Seedling

1st Gen. 
Clonal

Red pine

2nd Gen. 
Seedling

White pine
1st Gen. 
Clonal
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Table 8. Active MTIC research trials. *Indicates that measurements at these sites were not 
yet started in Fall 2012. 

Species Planting Type
Year 

planted
Organization Planting Name

Last 
measured

Next 
Scheduled

Full-sib progeny 
test

1995 U of M CFC-Airport 40 1995 --

Comparison trial 2008 Koochiching County Manitou 2012 2017
1993 Minnesota DNR Dago Lake Rd 2012 2022

1993
Potlatch Forest Holdings, 

Inc.
Orr 2012 2022

1993
Plum Creek Timber 

Company
Gordon 2012 2022

1993 Blandin Paper Company Hwy 61 2012 2022

1995 U of M CFC-Airport 40 2005 2015

2003 Koochiching County Little Fork 2012 2022
2003 Minnesota DNR Side Lake * 2012 2022

2003
Potlatch Forest Holdings, 

Inc.
Brookston 2012 2022

2003 St Louis County Jean Duluth Rd 2012 2022
2003 UPM-Blandin Wilson Lake * 2012 2022
1986 Lake County Finland 2005 2015
1986 Minnesota DNR Nickerson 2005 2015
1986 Minnesota DNR Ross Lake 2008 2015
1986 St Louis County Rabbit Lake 2005 2015
1986 UPM-Blandin Nine-mile 2005 2015
2003 Itasca County Wabana Lake 2012 2016
2003 St. Louis County Ellsburg East 2012 2016
2003 Minnesota DNR Eaglehead 2012 2016
2005 Lake County Ostman Pit 2009 2014
2005 Minnesota DNR Eaglehead 2009 2014
2005 UPM-Blandin Feeley 2009 2014
1999 St Louis / IRRRB Ellsburg East 2008 --

1999 Crow Wing / MN DNR County Line Rd 2008 --

2007 Beltrami County Lake Bemidji 2011 2016

2007
Potlatch Forest Holdings, 

Inc.
Lake George 2011 2016

2007 U of M CFC 2011 2016
2007 St Louis County NE Grade 2011 2016
1999 St Louis County Ellsburg Rd 2008 --
1999 USFS Grand Marais 2008 --
1999 ORSO ORSO 2008 --

2nd generation 
population

Jack 
pine

White 
pine

Progeny test for 
blister rust 
resistance

Red 
pine

Comparison trial

Black 
spruce

Comparison trial

Progeny test

2nd generation 
population

White 
spruce
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Cone Collections  
 
In 2013, cones were collected from jack pine, black and white spruce orchards (Table 9).  
 
 

Table 9. Cones collected by MTIC members in 2012 
Species Agency / Industry Orchard # bushels

Red Lake Redby 21.0
Crow Wing / MN 

DNR
County Line Rd 6.0

Black spuce
Koochiching 

County
Big Falls 4.0

MN DNR Eaglehead 2.0
Blandin Blackberry 6.0

White spruce Carlton Co. Gillogly Rd 1.0
Blandin College 4.0

Total number of bushels collected 44.0

Jack pine

 
 
 

SPECIES REPORTS 

Black spruce  
Black spruce cone crops were spotty, high on some genotypes and low on others.  A 

small crop was harvested at MN DNR Eaglehead orchard.  Blandin’s Blackberry posted a 

modest cone crop from which six bushels were picked. Approximately four bushels of cones 

were harvested at Koochiching County’s Big Falls and Larsaybow orchards.  The black 

spruce orchards at MN DNR Split Rock and in Koochiching County are producing cone 

crops periodically and are accessible from the ground.  A black spruce/tamarack workshop 

is schedule for February 13, 2013 by the Sustainable Forests Education Cooperative that 

will address a number of issues pertaining to health and silviculture of lowland forests. 

We assessed survival on a seedling trial planted in northern Koochiching County on 

a lowland site.  Survival of planted seedlings was 63%, and the woods run source was 

significantly taller than the improved orchard source.  We used SAS Proc mixed with 

replication set as a random variable and source as a fixed variable with p < 0.05.  Average 

height for improved sources and woods run was 69.5 cm (SE = 1.83) and 76.4 cm 
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(SE=1.88), respectively.   We're not sure if the woods run sources were better adapted to the 

conditions or if the differences are due to random variation, due to the tremendously high 

variation within the site. This site will be measured again in 2017.   

 

White spruce 

Several of the young improved first-generation orchards are producing seed.  These 

include Red Lake’s Redby, Carlton County Gillogly Rd and Blandin’s College orchard.  

More white spruce grafts will be added to Koochiching County’s Big Falls orchard complex 

to provide the county with their own seed source.  We visited the DNR’s Split Rock 

orchard in 2012, which had been abandoned due to low survival.  We were surprised to find 

that many grafts had become established since the site was abandoned, so we plan to survey 

the survival in early spring 2013.  This orchard was built using the top 25 genotypes from 

the 1986 progeny test and represents an elite source of white spruce with some of the highest 

expectations for volume growth in the MTIC.  An additional new grafted white spruce 

orchard was established at the General Andrews Nursery in Willow River to supplement the 

DNR’s need for improved white spruce seed.  These grafts were made from the existing A 

and B blocks at Willow River that had been slated for removal.  This new orchard will 

contain a wide range of selected genotypes from our program representing a diverse seed 

source.  Seed from Split Rock - if the orchard is reclaimed - will have higher genetic gains 

because only the top clones are represented.   

Also in spring 2013, staff will complete data collection at the white spruce 

comparison trials.  The unusually high workload in 2012 due to the coincidence of five and 

ten year measurements at many MTIC tests precluded our ability to complete the work last 

fall.  The MTIC has worked hard to establish two different comparison trials to test the full 

range of improvements that are possible with white spruce.  The first one was planted in 

1993, and the second one was planted exactly ten years later in 2003.  Both sites required 

measuring this fall for 20 and 10 year measurements, respectively.  We began collecting 

twenty-year tree heights and diameters at the four sites planted in 1993: Potlatch - Orr, 

DNR - Dago Lake Rd, and Plum Creek - Gordon WI.  Blandin’s - Hwy 61 site will be 
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visited and possibly measured, but mortality there was high at the previous measurement 

year.  Of the four comparison trials planted in 2003, Potlatch – Brookston was completed, 

Kooch County – Little Fork is mostly completed and St Louis Co - Island Lake is finished. 

The Blandin Paper – Wilson Lake site will be started and hopefully completed in early 

spring 2013.  The MN DNR – Side Lake will be visited from a different entrance (the 

original entrance was flooded by a beaver dam), and we’ll attempt some measurements at 

that site as well.  We expect to post final results either in the 2013 annual report or as a 

supplement to a monthly report.  

 

Jack pine  

Plans for thinning the St Louis County/IRRRB Ellsburg Rd East were delayed by 

the flooding in June 2012 that significantly affected the workload of the St Louis County 

Land Department.  They plan to conduct the thinning in 2013.  The Crow Wing/MN DNR 

County Line Rd site was completed, and remaining trees were used for cone collections in 

2013.    

First generation orchards are approaching 30 years old and rapidly becoming too 

large for practical cone harvesting.  Several sites are still used for cone production:  IRRRB-

Calumet, Carlton County-Gillogly Rd, and MN DNR-Long Prairie.  St. Louis’ Ellsburg 

Rd is largely out of commission but may be thinned for cone collection in the near future.  

MN DNR Nickerson has received some management and will also be used for cones when 

available.  Both Cass-Beltrami-Hubbard’s-Deep Portage, and MN DNR-Bemidji are pretty 

rough and not used for cone collections anymore.  Organizations that have need of jack pine 

seed should consider revisiting these orchards even if it is a one-time collection based on 

harvest.   

We hope to establish grafted orchards (improved second-generation orchards), in the 

future along with a third generation population.  We need to work with the MN DNR to 

determine the feasibility of grafting in the future at General Andrews.  We may need to 

work with IRRRB for grafting if we can use their growth chambers that are currently not 

used to grow trees.  Finally, we should consider testing open-pollinated seed for a future 

seed source trial of second-generation sources.  This trial could be set up to test growth in 
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different seed zones or floristic zones to help us deploy improved seed in the future.  Seed 

will be collected as early as 2013 for this effort.   

 

Red pine 

We visited the new red pine grafted orchards established in 2012, and were satisfied 

with the survival, given the experimental nature of the work.  Survival was 43%, 35%, and 

78%, for St. Louis County - Ellsburg Rd West, Red Lake-Cooks Rd, and Carlton County – 

Gillogly Rd, respectively.  Grafts will be made in 2013 at General Andrews and planted 

either at Cass County’s Willard Lake site or either of these new orchards. 

We made 32 controlled crosses on 17 trees in June 2012 for a future second-

generation population, and for a study to measure the effects of inbreeding on the phenotype 

of red pine.  Mesh bags will be placed in early spring 2013 to protect cones from insects and 

squirrels.  The cones will be picked in fall 2013, extracted, stored and combined with 

previous seedlots.  

A working plan for the General Andrews Nursery is still being developed, so tree 

improvement will be limited to existing orchards for the time being.  We’re hopeful that a 

new slate of grafted red and jack pine orchards can be housed on the nursery grounds in the 

future.  Plans for a new grafted red pine orchard to serve the Bemidji area for the DNR or 

other interests in western MN should also be finalized.  

We’re also hopeful that we can complete red pine tree breeding in the next few years.  

Once we determine that sufficient seed is produced, sites for these second generation 

populations will need to be identified.  Management of first-generation orchards should 

continue with the goal to alleviate spacing constraints, and collect cones when feasible.  

Efforts to control burgeoning cone and seed insects should continue.   

 



 
Minnesota Tree Improvement Cooperative, Annual Report for 2012 

 
 

15 

White pine 

Early survival at Red Lake’s new grafted orchard, Cooks Rd, is excellent.  No cones 

were found at MN DNR St Francis orchard, or St Louis Ellsburg Rd.  MTIC staff hope to 

visit and survey the St Louis County site 989-A in 2013 after it was visited last winter. 

Additional work to improve blister rust resistance was done in collaboration with 

staff from the USDA Forest Service’s Oconto River Seed Orchard in Wisconsin.  Scion 

from 70 genotypes was collected from Tofte in January, and grafted at Toumey nursery in 

Watersmeet Michigan.  These grafts will be added to ORSO as a new collection for future 

seed production.   

Carrie Sweeney left ORSO for a silviculture position with USFS, and Scott Rogers –

an employee since 2008 at ORSO – is acting Manager.  In fall 2012, ORSO staff inoculated 

roughly 30 families with blister rust for their screening program.  The seedlings were grown 

from seed collected from Tofte white pine.  In spring 2013 they plan to record leaf spots, 

conduct mortality checks, and plant them outside to monitor for another year or two.  They 

anticipate inoculating seedlings from 40 families, half with origins in Tofte, and half from 

ORSO genotypes.   In addition, they have added grafts of trees with origins in the Superior 

National Forest to bolster their genotype collection.   

 

Tamarack  
Survival at the MN DNR tamarack orchard near Split Rock is outstanding, and will 

be formally assessed in 2013.  Tree heights will also be taken for the first time since the site 

was established in 2008.  This site will be used for seed collection via a rolling block method 

and not rogued, but the data might reveal some interesting results about seed transfer in 

tamarack since we know the county from which each seed source was collected.  The 

collections were made largely in the northern third of the state.   
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 OUTLOOK 
 

Congratulations to the MTIC for 31 years of hard work!  We celebrated this 

landmark at our fall workshop on Oct 25 at the Cloquet Forestry Center by distributing 

certificates to all current members, recognizing our founding members, and offering several 

talks about the value of tree improvement.  Nationally, the economy is showing signs of 

improvement, but locally the forest products industry in Minnesota is still in the midst of a 

recession.  Sappi’s investment in the Cloquet mill is one sign of optimism in an otherwise 

gloomy outlook for the forest products industry.  We are optimistic that better times lie 

ahead for forestry in Minnesota! 

Carrie’s half-time position as Interim Director of Operations reduced MTIC salary 

obligations this year, so reserve funds were not tapped in FY12.  The first search attempt for 

a new Director of CFC was unsuccessful, so Carrie’s split appointment will remain at least 

through FY13.  We are grateful to CFANS for support with Julie Hendrickson’s 

appointment assisting with field work and Carrie’s research during FY13.  

The DNR continues to re-organize their nursery program following FY11 legislation.  

The new reliance on private nurseries for forest tree seedlings and concerns for the effects of 

climate change on our forests have increased the prevalence of topics pertaining to seed 

source control and seed transfer guidelines.  Carrie has participated in numerous discussions 

and conducted talks in support of the MTIC work and is working to develop approaches for 

reforestation in the future in a warmer climate.   
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2013 Cooperative Work Plan 
 
White spruce 

• Orchard management: cone picking, sanitation, topping, tag placement. 
• Add more grafts to Big Falls orchard in Koochiching County (grafts are 

overwintering at CFC). 
• Finish measuring tree heights and diameters at Orr and Gordon white spruce 

comparison trials established in 1993 (20th year measurements). 
• Finish measurements on white spruce comparison trials planted in 2003 at Blandin 

Wilson Lake and Koochiching Little Fork (10th year measurements) 
• Mortality survey for MN DNR Split Rock orchard.  

 
Jack pine 

• Pollen collection from top trees in each second-generation family.  
• Thinning at St Louis county / IRRRB 2nd generation jack pine orchard.  
• Thin out old orchards and collect cones! 

 
Red pine 

• Grafting in 2013 and plant grafts into orchards spring 2013. 
• Tree breeding and collect cones from 2012 crosses.  
• Thin out old orchards and collect cones!!!! 
• Monitor and manage new grafted orchards.   
• Finish rogueing Cass/Beltrami/Hubbard Blind Lake orchard? 

 
White pine 

• Survey survival at white pine progeny test “989-A” at St Louis County 
• Monitor disease garden sites planted in 2012. 
• Plant partial disease garden trial at Namebini site 
• Finalize plans for progeny test (acquire seed, ship to grower, find other sites).  

 
Tamarack 

• Assess survival and measure tree heights at DNR Split Rock orchard.   
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APPENDIX 

White pine research update 
A. David 

 
In 2012 much of the work in white pine went to establishing trials and archiving 

grafted material while still wrestling with the issue of occluded stomates as a mechanism for 

blister rust resistance. We established two disease garden trials at Eveleth and the Hubachek 

Wilderness Research Center and planted grafts of eleven Ahlgren selections at CFC and 51 

Tofte slow-ruster selections at Grimsbo Farm near Grand Rapids.   

The disease garden trial is intended to test blister rust resistance in white pine parents 

and seedlings side-by-side.  This summer, two replicates of the disease garden trial were 

established at the Eveleth DNR station (site of the old USFS nursery) and on site at the 

HWRC.  Unfortunately, there were only enough parental grafts to put out at one site 

(Eveleth) where they were arranged adjacent to their respective progeny in 10 tree row 

blocks for ease of viewing.  Two additional blocks of seedlings only were installed.  At 

HWRC all three blocks were seedlings only.  Both sites were enclosed with a five foot fence 

of high tensile wire with chicken wire attached.  This type of fence does not exclude deer as 

much as offer a deterrent to access.  We have used this fence model with very good success 

at Eveleth for the white pine regional provenance trial and expect that at HWRC there will 

be sufficient desirable foods outside the fence that deer will not be tempted to enter the 

enclosure.  There are some leftover seedlings that will be planted in spring 2013.  There are 

not enough seedlings to make a complete site replication and it is likely that they will be 

planted and fenced on private land north of Duluth that is in a long-term conservation 

easement.   

Due to small crowns and tight spacing, cone production at the Fall Lake seed 

orchard had been poor and we were in danger of losing some of the best Ahlgren genotypes.  

So a few years ago we grafted these genotypes with the intention of planting them out in a 

second location not only for ease of breeding but also to preserve a second copy of the 

genetic material the Algren’s valued most highly from their blister rust breeding program.  

This spring we planted three ramets each of 11 selections at the CFC white pine breeding 
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arboretum. We will monitor these grafts for cone production and make crosses as soon as 

possible so that the Ahlgren parents can be formally tested in a genetic field trial.   

 This past year we also planted three ramets of each of the Tofte slow-ruster selections 

we made back in 2011.  Recall that these selections were the top 50 genotypes that had 

evidence of long-term survival with blister rust.  In effect they have demonstrated the ability 

to coexist with blister rust for 20 years or more.  These trees, most with a single, linear 

canker, may represent genetic combinations that attenuate the growth of the fungus instead 

of preventing infection.  Although not as desirable as complete immunity, a tree that can 

survive with the blister rust fungus for a long period of time would be desirable for getting 

white pine back on the landscape and would be the basis for a polygenic breeding program 

for resistance.   

A few years ago it was hypothesized (Smith 2005) that stomates occluded with 

needle waxes would be a likely mechanism of rust resistance in eastern white pine.  We 

decided to test this theory in two ways 1) comparing field grown trees with and without 

P327 in their pedigree and 2) looking at needles from genotypes in the breeding program 

across a gradient from resistant to susceptible.   

Because occluded stomates had been demonstrated in P327 needles we decided to 

collect needles from surviving individuals at a high rust risk plantation site that had either a) 

P327 as a parent or b) did not have P327 as a parent. Our hypothesis was that these field 

grown trees that had P327 as a parent should have a higher incidence of occluded stomates 

than trees without P327 in their pedigree.  Environmental scanning electron microscopy 

(eSEM) of the needles indicated no difference in wax mediated stomatal occlusion between 

P327 and non-P327 families. This suggested that the observed stomatal occlusion on P327 

was due to environmental conditions not genetic background.  

We also broadened the scope of the investigation to compare field grown needles 

collected from 41 genotypes along a gradient of resistance: resistant, likely resistant, likely 

susceptible and susceptible.  Our hypothesis is that occluded stomates, or partially occluded 

stomates, are more likely to be found on the most resistant genotypes than susceptible ones.  

Needle samples from each of the different genotypes across the resistance gradient were 

collected and environmental scanning electron microscopy (eSEM) was used to visualize 
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the condition and level of stomatal occlusion.  In the coming year these eSEM images will 

be analyzed for evidence of stomatal occlusion to see if there is any correlation between 

level of resistance and level of occlusion.   

Additionally, we intend to test the importance of genetics and environmental 

influences on needle occlusion by placing grafts of P327 and H111 (a susceptible genotype 

with no evidence of stomatal occlusion) along with seedlings derived from each parent in 

both greenhouse and outdoor conditions.  After a period of one to two years needles will be 

collected, photographed using eSEM and analyzed for occluded stomates.  

 

Literature Cited 

Smith, J. 2005. Host-pathogen interactions in rust disease pathosystems.  Ph.D. dissertation, 
University of Minnesota, 170p. 
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Red pine comparison trial 2007 

Introduction 

Red pine, Pinus resinosa, is the most planted tree in the state of Minnesota.  It is 

favored for its ease of plantation culture as it grows rapidly, has few endemic pests, and has 

excellent wood for lumber.  Genetically, red pine is an anomaly possessing a fraction of the 

genetic variation of other wind-pollinated conifers (Walter and Epperson 2001).  

Provenance trials reveal that the species can tolerate broad geographic transfers (Wright et al 

1972), and has a low population structure (Boys et al 2005).  Because of its limited genetic 

variation, it was a secondary addition to the tree improvement program in Minnesota.  The 

first red pine orchards (Cotton, Eaglehead and Gillogly Rd) were established in 1981 using 

seedling seed orchards derived from plus tree selection of wild trees.  We estimated genetic 

gains of 12% (volume), if rogued using combined index selection, in an analysis of 15-year 

heights and diameters at one orchard (David et al 2003).  This level of improvement 

exceeded early expectations of 1-2% in height gains.   

 In total, members of the MTIC established eight seedling-seed orchards across 

Minnesota and Wisconsin, most of which were established in the late 1980s or early 1990s.  

Currently, seed is collected and used for reforestation from four remaining orchards:  St 

Louis County’s Ellsburg Rd, MN DNR Eaglehead, Carlton County (formerly Potlatch) 

Gillogly Rd, and MN DNR Cotton orchard.  Cass Beltrami Hubbard County’s Blind Lake 

orchard remains only partially rogued, and three orchards in Wisconsin have been 

abandoned due to land sales (Plum Creek Ashwabay, Plum Creek Petenwell, Mosinee 

Barnes).   

Members of the MN Tree Improvement Cooperative expressed an interest in 

planting orchard seed alongside a wild source with the objective to measure the actual 

improvements in volume that are possible using improved sources.  In addition, member 

organizations expressed an interest in measuring the productivity that is possible through 

good silviculture in the form of intermediate stand treatments. This trial was planted in 2007 

to address these questions.   
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Methods 

Open-pollinated seed was collected from each of three seedling-seed orchards, plus one 

woods run source from northern Minnesota (Table 1).  The seed was collected from Carlton 

County's Gillogly Rd orchard near Cloquet, MN DNR Eaglehead orchard near Sandstone, 

and St Louis County Ellsburg Rd north of Cotton.  Seed was sent to a private nursery 

(Itasca Greenhouse, Inc) based in Cohasset MN where it was germinated and grown into 

4A styroblock containers in fall 2005.  Seedlings were planted in early spring 2007 into each 

of four sites (Table 1).   

 
Table 1. Number of trees planted per seed source at each of four sites in the MTIC 2007 

red pine comparison trial. 

Carlton 
Gillogly

DNR 
E'head

St Louis 
Ellsburg

Woods 
Run

UM CFC 300 0 300 300
Beltrami Lk Bemidji 300 0 300 300
Potlatch Lk George 300 0 300 300
St Louis NE Grade 300 300 300 300

Seed source

Org. Site

 
 

Seedlings were planted into a randomized complete block design with three 100-tree 

blocks of each of four seed sources.  Eaglehead (E'head) source was only planted at one site 

(Potlatch's Lake George) due to insufficient number of seedlings.  Two sites were located in 

the eastern half of Minnesota: at the Cloquet Forestry Center (CFC) and in St Louis 

County’s Northeast Grade (near Brimson).  The other two sites were located in western 

Minnesota near Bemidji.  Lake George is located approximately 20 miles south of Bemidji, 

and Lake Bemidji is within a mile of the eastern shore of Lake Bemidji.    

 
 
Results 

 Survival was highest at Lake George and Lake Bemidji with 61 and 60% survival, 

respectively (Table 2).  Survival at CFC (56%) was lower than Bemidji, attributed to 

winterburn at the site the first year after establishment, and deer browse that occurred 

shortly after planting.  Survival was lowest at Northeast Grade because of deer browse.  
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Trees were tallest at CFC and shortest at Northeast Grade.  Data for tree heights was 

normally distributed for the CFC, Lake Bemidji and Lake George sites, but was highly 

skewed at Northeast Grade due to the number of short trees that had been browsed, or were 

leaning over.  The Coefficient of Variation reflects the amount of variation within each site 

and was highest at Northeast Grade and lowest at UM CFC and Potlatch Lake George 

(Table 2).    

 
Table 2.  Survival (% alive) at four sites, along with average tree heights (Site Mean) in 
cm, and Coefficient of variation which represents the amount of variation in the stand 
(higher values = higher variation).   

Org. Site
No. 

Planted
No. 

alive % Alive
Mean 
Height

Coef.  
Variation

UM CFC 900 503 0.55889 99.6 26
Beltrami Lk Bemidji 900 536 0.59556 80 32
Potlatch Lk George 1200 605 0.50417 83.8 27
St Louis NE Grade 900 289 0.32111 53.5 50  

  
 Analysis of variance (SAS, Proc mixed) was used to assess significant differences for 

tree heights among seed sources at each site, with rep as a random variable and seed source 

as fixed.  No significant differences could be detected among sources at CFC (p 

value=0.51), but were significant at p<0.10 at Lake Bemidji and Northeast grade.  

Differences in tree heights were highly significant among sources at Lake George (p=0.013).   

 At Lake George, seed from the MN DNR E'head orchard were significantly larger 

than the woods run source (Figure 1).  The average tree height of seedlings from the E'head 

source was 7.5 cm taller than the woods run source, a difference in height of roughly 9%.   

Seed from the other two orchards were intermediate to both the woods run and E'head 

orchards.   At Lake Bemidji, the woods run source exceeded the Gillogly Rd orchard by 8 

cm, or approximately 9%.  
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Figure 1.  Least-squared means for seed sources at Lake George site near Bemidji, MN.  Letters above the 
bars indicate significant differences using Tukey’s test in proc mixed, with adjustments for multiplicity.  
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Figure 2.  Least-squared means for seed sources at Lake Bemidji site managed by Beltrami County Land 
Department.  Letters above the bars indicate significant differences using Tukey’s test in proc mixed, with 
adjustments for multiplicity. 
 
 
Discussion  

 We found significant differences for five-year tree heights among sources at two of 

the four sites.  We were not able to detect differences at two sites, CFC and Northeast 

Grade.  Deer browse was responsible for the skewed data and poor survival at Northeast 

Grade.  At CFC, browse has been managed by bud capping but early mortality occurred 

that we attributed to a combination of browse the year after planting and winter burn.   
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 Deer browse, drought and other environmental factors typically affect red pine 

growth at this young age.  Once seedlings are established, differences in their genetics will 

become more apparent.  At Lake George, the site with the highest survival, orchard sources 

from E'head were significantly taller than woods run.  At Lake Bemidji, woods run sources 

were significantly taller than Gillogly Rd orchard but by a small margin.  Average tree 

heights, for the tallest and shortest sources, differed by 9% at both Lake George and Lake 

Bemidji sites.  This figure is higher than we expected given the anticipate volume gains at 

year 15 of 12%.   

 Unfortunately, the E'head source is only represented at one site (Lake George) where 

it was superior to the woods run source.  All three orchards had been rogued at the time of 

seed collection; E'head and Gillogly Rd using family selection while Ellsburg Road was 

rogued using combined index selection.  Since E'head is the most southern of the orchards, 

it is possible that epigenetic mechanisms contribute to the relative superiority of this source 

to the more northerly orchards.  This has been reported for white spruce, where seed 

collected from northern orchards exhibits a shorter growing season by ceasing growth earlier 

in the summer than seed from southern orchards (Carles et al 2011).     

 The MTIC has established three new grafted orchards, with additional ones planned.  

The gains from these orchards should exceed gains from seedling-seed orchards, and will 

improve seed supplies of red pine for the future.   
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White spruce 2nd generation population: ten-year results 

 
This section reports ten year measurements.  Five-year measurements were reported in the 2007 

and 2009 Annual Reports.   

 

Introduction 

White spruce is a significant timber species in Minnesota, with an active tree 

improvement program.  The Tree Improvement program is comprised of two different 

populations:  selections from the Ottawa Valley of Ontario, and selections from Minnesota.  The 

Minnesota population was selected from an open-pollinated progeny test.  The original parent 

trees in the progeny test were selected from northern Minnesota.  Seeds were planted in one 

location in Grand Rapids, MN.  The planting was measured and thinned (using forward 

selection) and converted to a seedling-seed orchard, now referred to as UPM-Blandin’s Latimer 

seed orchard (formerly Audette and later Zigmund).  Selections were utilized as ortets and parent 

material for the MTIC’s tree improvement program in the early 1980s.  As such, sources from 

the Latimer orchard have become the primary parent material of sources originating in 

Minnesota.   

The Minnesota population was bolstered by selections from other cooperating agencies in 

the Lake States.  Most genotypes were grafted and placed into the A- and B- block breeding 

arboretums at the General Andrews Nursery in Willow River.  The objective of the breeding 

arboretums was to create a clone bank containing at least one ramet from each of 250 genotypes 

in the MTIC program.    

 

Methods 

Tree breeding took place in Willow River in the years 1998, 2000, and 2002.   Based on 

ten-year tree data (heights) from the MTIC white spruce progeny test, all parent genotypes in the 

arboretum were ranked using 10-year tree volumes. The family with the largest volume was 

ranked number 1 and the smallest family was ranked 250.  A positive assortative mating design 

(PAM) was used to determine mating pairs, in which the genotype with rank 1 was mated with 

rank 2, rank 3 mated with rank 4, etc.  Gender was determined based on flower availability.  If 
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male or female “inflorescence” (herein referred to as “flowers”) were not present then that 

genotype was not crossed.  Some adjustments in the PAM were made to accommodate variations 

in flower patterns.  From breeding work in 1998 and 2000, 56 full-sib families were produced.  

Seeds were sent to Potlatch nursery for germination in fall 2002, and were grown in Ray Leach 

"Cone-tainer" RLC4 Pine Cell (UV Stabilized).   In 2003, 49 families were planted at two sites 

(Itasca-Wabana Lake and MN DNR-Eaglehead), and 56 were planted at St Louis County-

Ellsburg Rd East.  Each site contained 16 reps, single tree plots, planted at 8 x 8 ft spacing.  One 

border row was planted around each site containing woods run material provided by the land 

manager.  Tree heights were measured using a height pole or a hypsometer to the nearest 

centimeter after five and ten growing seasons.  Results after five years are reported previously 

(MTIC Annual Reports for 2007 and 2009).  The results after ten years are reported here for the 

sites planted in 2003.  Analysis of variance was performed using general linear models in SAS 

(version 9.2) with the model:  

 
Yijkl=µ + Si + Rj + Fk+ SiRj + εijkl 

 
where S=site (3 sites), R=rep (16 at each site), F=full sib family (49 at Wabana and Eaglehead, 

56 at Ellsburg Rd).  Narrow-sense heritability was calculated with the equation: 
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Results 

Survival after ten years was unchanged at Eaglehead and Ellsburg Rd, and only slightly 

different at Wabana (Table 1).  Mortality at Ellsburg Rd was attributed to droughty soil and 

heavy grass competition.  At Eaglehead, competition was a factor in mortality along with 

frequent low spots.  Mortality at Itasca was not attributable to any specific agent.  Trees were 

tallest at Wabana Lake and shortest at Ellsburg Rd (Table 1).   
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Table 1. Survival after five and ten growing seasons by site. Site mean is the average tree height at each site.   

Org. Site
No. 

Planted
No. 

alive
Site Mean 

(cm)
Coef.  

Variation 2007 2012
St Louis Ellsburg Rd East 896 368 138 29 43% 41%
MN DNR Eaglehead 784 396 212 27 51% 51%
Itasca County Wabana Lake 784 690 278 23 88% 88%

% Survival2012

 
 
 
Table 2. ANOVA table after five (2007) and ten (2012) growing seasons.  Significance for the term “family” is 
reported in Table 3.   

Source df 2007 2012
Site 2 <.0001 <.0001
Rep 15 0.0006 0.003
Site*Fam 94 NS NS

p-values

 
 
 
Table 3.  Significance of “family” at each site and narrow-sense heritability for Wabana Lake.   

Org. Site
Family p-

value h2i
St Louis Ellsburg Rd East NS N/A
MN DNR Eaglehead NS N/A
Itasca County Wabana Lake <0.001 0.19  

 
At year five and again at year ten, no significant family * site interaction was found (Table 2).   

The absence of g x e interaction (Table 3) is consistent with early data from the white spruce 

progeny test (Klevorn, 1995).  The lack of a g x e interaction is interpreted to mean that families 

perform consistently across sites.  In other words, the family with the tallest trees at one site also 

has the tallest trees at another site.  This is a helpful result, because it means that we can establish 

one breeding population for the state instead of having multiple populations in different 

locations.  Differences among families were significant only at Wabana Lake (Table 3), where 

environmental factors were the lowest of the three sites.    

Heritabilities at Eaglehead and Ellsburg Rd were incalculable because the numerator 

(additive genetic variance) equaled zero.  This occurs when variation due to the environment is 

higher than the additive genetic variation that can be detected.  Typically this occurs at sites 

where seedlings are stressed and survival is low.  Because of the high environmental variation, it 
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is difficult to assess the ‘quality’ of the genotypes.  Narrow-sense heritabilities for height at 

Wabana Lake were reasonably high at 0.19, higher than reported by Klevorn (1995), but lower 

than Nienstaedt and Riemenschneider, D. (1985).  This modest heritability means that we can 

make selections at Wabana Lake to further advance the tree improvement program.  In 2014, 

after ten year measurements are taken at the additional three sites, we will calculate breeding 

values for all genotypes at all six sites and make advanced generation selections using ten year 

data.  At that time, we can also begin propagating trees for additional improved second-

generation orchards, and for a breeding arboretum to facilitate the production of controlled 

crosses in the future.  
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