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Introduction 

The Wisconsin Department of Natural Resources’ (WDNR) Reforestation Program is comprised of 
three linked efforts: 
 

1)  The Reforestation Monitoring Program monitors reforestation efforts, primarily through 

the periodic assessment of tree seedling survival, growth, and long-term health and productivity.  The 
information obtained from this data is used to inform tree growers on the best practices and 
strategies for producing optimal reforestation results; 
 

2)  The State Forest Nursery Operations produces and ships forest tree seedlings for 

reforestation and conservation purposes to customers throughout Wisconsin.  Seed is also sold for 
direct seeding, and to private nurseries for the production of tree seedlings for reforestation in 
Wisconsin; 
 

3)  The Tree Improvement Program is a WDNR collaboration with the UW-Madison 

Department of Forest and Wildlife Ecology to conduct forest genetics research and ‘applied tree 
improvement’ via the establishment of tree seed orchards and supporting trials.  The trees in these 
seed orchards have been selected for superior performance and for being well-adapted to 
Wisconsin’s growing conditions.  Seed from the seed orchards is utilized by the State Reforestation 
Program 
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Reforestation Program 

 
Reforestation Monitoring 

 

Introduction 

Since 2007, the Division of Forestry’s Reforestation staff has examined a sample of Wisconsin’s 
forest plantations during their initial year of establishment to assess the successes and failures of 
tree planting throughout the state of Wisconsin.  A subset of these sites was selected for further 
monitoring after the 3rd and 7th year of establishment to examine the health and vitality of the 
seedlings and plantations. The sites included both publicly and privately-owned plantings, large and 
small acreages, and single species or mixed species plantings. This monitoring also allows for 
interactions and discussions with landowners and land managers beyond any conversations at the 
time of planting.  
 

Personnel 

The Regeneration Specialist, Jeremiah Auer, directed a team of limited term employees (LTEs). In 
2018, we rehired Michael Ard and Kendra Preusser. In their second season together, they again 
worked effectively as a team and traveled the state, visiting new plantations and establishing 
regeneration monitoring sites. On occasion, they were accompanied by Bradley Schmidt, another 
Reforestation Program employee working at the Griffith Nursery, and Margaret Schwark, another 
reforestation LTE from the Forest Products Program, to finish data collection at seasons end. 
 

Weather Conditions 

Planting and growing conditions were generally favorable statewide.  It was a late spring and a cool 
and wet start to summer. As the summer progressed, Wisconsin’s climate gradually warmed and 
continued with adequate precipitation. Then the state experienced warm and very wet conditions 
into the fall. Seedlings should have received adequate precipitation regardless of where they were 
planted in Wisconsin in 2019.  
 

Landowners 

In 2019, a total of 1,493,771 seedlings purchased from the Reforestation Program were planted by 
public land managers on federal, state, county, tribal or municipal forest lands. Private landowners 
accounted for far more orders, 1,044 versus 59, but slightly fewer seedlings, 1,066,922. Seedlings 
purchased or provided by the Reforestation program for Arbor Day, research, inter-state exchange, 
youth groups or promotional events totaled 107,175 seedlings. These seedlings were not included in 
these public/private land totals, but found their way to the greater Wisconsin landscape. 
 

Site Selection and Plot Installation 

Sites for monitoring are selected from among landowners who order a minimum of 3000 seedlings, 
a volume that can cover approximately 3 acres of land. The landowner’s main objective must be to 
establish a forested environment. Other goals, including wildlife habitat and erosion mitigation 
plantings, could be included but the management techniques must focus on developing a forest 
and not simply performing a landscaping function. 
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After the site is selected, plots are installed randomly within the planted area. Areas greater than 
10 acres receive 6 plots and sites with 3–10 acres receive 3 plots. Each plot center is marked with a 
wooden stake and orange flagging. The corners are established at 20.87 ft. at bearings of SW, NW, 
NE, and SE and marked using a nail and flagging, the same as plot center. Each seedling within the 
plot is marked with an identification whisker (the first of which is blue, with pink whiskers 
designating the other seedlings) and is mapped to ease data collection in the 3rd and 7th years. 
 

Plot Installation 2019 

After adjusting for data collection using an iPad and new software, the crew became quite 
proficient. Plots were established on 29 sites, representing 29 different ownerships, from 
plantations established in the spring of 2019 (Year “0”). Of these sites, 15 were located on public 
lands and 14 were on private property. The sites were located in several counties (Bayfield-1,  

Burnett-1, Calumet-1, Clark-1, Columbia-1, Door-
1, Douglas-1, Dunn-1, Grant-2, Jackson-2, 
Juneau-1, Lincoln-1, Manitowoc-2, Marinette-1, 
Pepin-1, Richland-1, Sheboygan-1, St. Croix-1, 
Trempealeau-1, Vilas-1, Walworth-1, Washburn-
1, Washington-1, Waupaca-1, Wood-2) scattered 
throughout the state. This allows us to monitor 
seedling growth and development on a wide 
variety of soils and forest communities. 
 
Following the growing season, staff also 
remeasured monitoring sites on plantations from 
2017, after their 3rd growing season. Again, these 
sites were scattered across Wisconsin’s counties; 
(Adams-1,Bayfield-1, Calumet-1, Columbia-2, 
Dodge-1, Door-1, Grant-1, Jackson-1, Jefferson-1, 
Juneau-1, Kewaunee-2, Lincoln-1, Manitowoc-1, 
Marinette-2, Milwaukee-1, Outagamie-1, 
Ozaukee-1,  Sheboygan-1, Trempealeau-1, St. 
Croix-1, Vilas-2, Walworth-2, Waushara-1, and 
Wood-2). This included 13 public lands sites and 
17 private lands sites. The remeasure allows us 
to determine how well individual seedlings 
performed. 

    White pine within a newly established plantation 

Staff then visited 20 sites previously evaluated in 2013 and 2015. The 2013 visit utilized the old, 
now obsolete protocol, but the 2015 remeasurement utilized our current one. These sites have 
completed their 7th growing season and were found throughout Wisconsin’s counties: Burnett-1, 
Fond du Lac-6, Green Lake-1, Kewaunee-1, Lincoln-1, Manitowoc-1, Marinette-1, Richland-1, 
Oneida-3, Vilas-2, Waupaca-1and Waupaca-1). These sites represented 15 public owned sites and 5 
privately owned. While these sites were not completely measured using the new protocol, we can 
draw some conclusions as to the health and development of the tree seedlings and plantations 
overall. 
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Data Analysis 

Year “0” 
Overall: Data was collected on 1,654 newly planted seedlings. Of these, 71.8% were considered 
healthy, 19.2% were lightly damaged (indicating the surveyor felt the seedling, while impacted by 
an assortment of different agents-- mechanical impacts, incorrect planting, insect or disease, etc., 
would overcome this challenge and survive), 5.4% suffered some form of heavy damage (indicating 
the surveyor felt the seedling would not be able to recover and would be dead when surveyed 
again after the 3rd growing season), and 3.6% were dead.  For our purposes, 91% of all seedlings 
planted were living and/or had only minor damage.  In comparison to previous years, 2019 seedling 
survival was slightly above average. 
 
Public lands: Public land sites are typically planted with more conifers than hardwoods. In 2019, this 
trend continued. Of the 1,112 seedlings for which data was collected, 74% were hemlock, pine, and 
spruce; with over one-third being jack pine. These conifers performed well, with 88% healthy or 
lightly damaged. Of the 15 public lands sites studied, only 6 contained any hardwoods. These 
seedlings fared even better than the conifers, with over 90% survival. There were a variety of 
species planted, but most were oak (53%). It is difficult to estimate the impact of browse or girdling 
during the early summer when the data was collected.  Conifers are not usually browsed until the 
mid- to late-winter months when there is much less herbaceous material available for browsing. 
However, as far as impacts evidenced by mid-summer, 74% of the planted hardwoods, on 5 of the 6 
sites, were subject to moderate to heavy herbivory.  
 
Private lands: Private land plantings tend to be smaller, thus fewer seedlings are sampled. In 2019, 
the 542 seedlings represented 33% of all seedlings visited. Private lands planted slightly lower 
percentage of conifers than the public lands, 66%. Landowners had better overall conifer survival 
than their public lands counterparts at just over 95% of seedlings healthy or slightly damaged, and 
the hardwoods did even better at 97% survival. The impacts and effects of browse and girdling 
were much lower than on the public lands. On private lands, only 2.6% of hardwoods that are more 
prone to browse (aspen, oak, maple) experienced moderate to heavy levels of herbivory.  

    

 

 

 

 

    

 

 

 

           Newly established reforestation monitoring plot on the Black River State Forest 
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Year “3” 
These 30 sites representing 25 ownerships (13 privately owned, 17 publicly owned) are scattered 
throughout Wisconsin. The past 3 growing seasons had good growing conditions save for a few areas 
of extended dry weather and some dramatic thunderstorms in September 2018 and July 2019. 
These sites were established in 2017 using the new protocol and were resampled in 2019. Staff 
returned to the plot centers and assessed seedlings previously measured. In most cases, returning to 
the site was easy as we had maps and markings for each plot and tree. 
 
In Year 0, data were collected on 2,442 seedlings from 32 sites. Of these, 78.4% were healthy, 11.3% 
were slightly damaged but growing, 2.7% were heavily damaged to a point that it is unlikely they can 
recover and 7.7% were dead. In Year 3, a total of 2,155 seedlings were measured on 30 sites. The 
missing seedlings are a result of 2 sites not being revisited (one was destroyed; we were denied 
access to remeasure on the second) and two plots within the remeasured sites could not be re-
located. Of the seedlings that were remeasured, 56% were healthy, 9% were slightly damaged, 5% 
were heavily damaged and 29% were found dead. The mortality rate for those healthy and slightly 
damaged in Year 0 to Year 3 is about 30% (missing sites/plots removed). 
 
Year “7” 
Originally, 118 sites were visited and measured in 2013. Then, in 2015, 23 of those sites were 
revisited to ascertain seedling survival and growth after their 3rd growing season. The 2013 
measurements were taken using the original protocol. However, the 2015 and 2019 revisits used the 
new protocol. The 7th year measurements were made on 20 of the previously mentioned sites. The 
staff attempted to visit all those sites measured at the 3rd growing year, but landowner denials, 
scheduling, and ownership changes reduced the number of sites visited.  
 
Overall, of the 20 sites, 15 are publicly owned and 5 were privately owned. The public sites have 13 
successful plantings and 2 considered unsuccessful. The private sites have 4 successful sites and 1 
unsuccessful. This represents a success rate of 87% on public lands and 80% on private lands; with an 
overall rate of 85%. 
 
The Reforestation Program has an annual target of 75% of tree plantings being considered successful 
after the 7th growing season. In 2019, sites initially planted in 2013, had a success rate of 85%. In 
general, the high success rate can be explained by the higher percentage of conifer only sites 
monitored, higher percentage of publicly owned sites being measured, very favorable weather 
patterns over the previous decade and an uncommon amount of follow-up maintenance by 
landowners and managers. 
 

Future Considerations 

The reforestation monitoring protocol is working well. The addition of an iPad and new software to 
record the data has improved the downloading workload. We continue to adjust techniques and find 
better tree marking materials, but no major changes are being considered.  
 

Conclusions 

The reforestation monitoring protocol is working well. The addition of an iPad and new software to 
record the data has improved the downloading workload. We continue to adjust techniques and find 
better tree marking materials, but no major changes are being considered.  
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Overall, the 2019 planting and growing season was successful for tree plantations in Wisconsin. 
 
 

Regeneration Trials 

 

Introduction 

In addition to supplying landowner and managers with quality nursery stock, the Reforestation 
program also endeavors to act as a reservoir of information and experience in all things 
reforestation. To that end, at times, we will create experiments to test chemicals used in site 
preparation, deer browse mitigation equipment, seedling lifting and storage techniques, and related 
subjects. 
 

Extended Summer Storage 

The Emerald Ash Borer (EAB; Agrilus planipennis), an exotic wood-boring insect, has become well-
established within the forests of Wisconsin. The native white ash (Fraxinus americana), green ash (F. 
pennsylvanica), black ash (F. nigra) and blue ash (F. quadrangulata) are quickly vanishing from the 
landscape, either by the activity of the insect or through discriminatory management practices by 
forestry professionals. While ash is typically found as a small component of many forest cover types, 
especially large wetland forests of the north or along river bottoms, it can make up a very high 
percentage of some forest types. To preserve these sites in forestlands, it will be important to 
encourage species that have similar site requirements as ash. However, if these species are not 
present, they will need to be introduced via some reforestation effort; either direct seeding or 
artificial regeneration techniques. Bareroot seedlings are typically distributed in the spring for 
planting. Unfortunately, this time usually coincides with very wet conditions in the aforementioned 
ash sites.  
 
To mitigate the flooding challenge, seedlings could be planted after the sites have dried; typically, 
during the early summer. It has been documented that seedlings, especially hardwoods, can survive 
extended periods of cold storage and remain viable. We tested this premise to evaluate the viability 
and growth of selected tree species after extended cold storage.  Seedlings were lifted during the 
spring of 2019, graded, packed and then stored in cold storage until mid- to late-June. Half of the 
seedlings were stored with sphagnum moss, an oft used medium to retain moisture around delicate 
roots and known to possess anti-bacterial properties.  
 
The species selected can tolerate periodically wet sites and would be appropriate choices to replace 
ash. Those selected included black spruce (Picea mariana), tamarack (Larix laricina), aspen (Populus 
spp.), white birch (Betula papyrifera), silver maple (Acer saccharinum), red maple (Acer rubrum) and 
swamp white oak (Quercus bicolor). The control group was planted at the Griffith Nursery on May 15-
16th whilst the weather was warm and fair. The stored seedlings were held and planted on a warm, 
breezy, sunny July 1-2. In most cases, the seedlings were still dormant, except for a few white birch, 
red maple and tamarack that showed signs of bud break and growth. Ample precipitation and 
relatively weed-free conditions allowed the seedlings to grow unimpeded by climatic or competitive 
events. 
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The initial planting had only one seedling not break dormancy. The second planting had a few more, 
but remarkably almost all seedlings survived and began to grow. The seedlings were then measured 
in early October to determine survival. There will be another measurement in Spring 2020 to 
ascertain true survival over one full growing and dormancy season, but anecdotal evidence suggests 
that late planting did impact the survival of the black spruce, tamarack and aspen. Other species 
showed very little impact from the late planting. A more complete summary will follow with the 
coming spring’s measurements. 
 
 

Seed Collection and Sales 

 
2019 Harvests 

Seed production and collection in 2019 was again varied and challenging. The late spring provided a 
bounty of silver and red maple, bigtooth and quaking aspen and river birch. Juneberry fruited in 
earnest in mid-summer, enough so that even the birds were unable to plunder all fruit present. Late 
summer provided a wealth of conifer seed. Early in the summer, staff noticed very good crops of 
white spruce, jack pine, white cedar, tamarack and hemlock.  
 
The white spruce cone harvest in August at Sawyer Creek near Spooner produced a total of 50 
bushels of cones clean from debris.  A full description of this harvest is given in the Tree Improvement 
Annual Report on page 17 of this document. 
 
This seed is considered an improved seed source, originally coming from selections made by the 
United States Forest Service. Unfortunately, even with a focused effort on collecting the seed, we 
were not able to harvest all that was available as the weather conditions caused the cones to ripen 
quickly. Regardless, the harvest produced over 50 lbs. of clean seed.  
 
Autumn brought a great crop of red oak, but very little white and swamp white acorns. These 
phenomena were pronounced regionwide as the nurseries in Minnesota, Iowa, Illinois and Indiana 
remain in need of acorns from the white oak family. The entire state also had a terrific crop of 
hazelnuts. We did receive some yellow birch, but not nearly enough to satisfy our needs. The 
tamarack and hemlock cones, whilst present in good numbers, did not have an adequate supply of 
pickers and therefore stayed mostly in the forests. Our hope is to train a new generation of seed 
harvesters and fill our needs quicker and easier when crops are available.  
 

Seed Sales 

In addition to seed collected and stored for use in producing nursery stock, any seed volumes above 
our need threshold (typically 7 years for conifers, 3 years for hardwoods), are made available for 
direct seeding efforts on public or private lands, nursery stock destined for reforestation efforts or 
research efforts. The reforestation program provided over 173 lbs. of stored seed (mostly conifer, 
with a small amount of hardwood) and 69.0 bushels of fall produced seed (acorns and black walnuts) 
to county and state forest managers, university research projects, private and public nurseries and 
private landowners. 
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Nursery Production 

 
Spring 

The 2019 nursery season began with the start of lifting operations on March 27 at Wilson State 
Nursery in Boscobel.  Reforestation staff spent three days digging miscellaneous species that are 
inefficient to lift with a large crew and in the process supplied enough stock for grading operations to 
begin on April 1.  On April 2 seedling lifting began in earnest with the start of the contract lifting crew.  
Lifting operations finished on April 19 with 2,503,000 trees lifted.  Grading operations wrapped up on 
April 30 with 2,463,000 trees graded. A new 36-inch-wide grading belt was installed to replace an old 
24-inch belt. This upgrade improved the efficiency and accuracy of grading hardwoods. It allowed for 
bundles of five seedlings as compared to 25 seedlings per bundle by each grader. Grading duties were 
split between a locally hired LTE crew, the contract labor lifting crew, and two grading crews at the 
Wisconsin Secure Program Facility maximum security prison, located just across the highway from 
Wilson State Nursery.  The remainder of trees shipped were bulk or bed run, not graded.  Total 
distribution for the year was just over 2.73 million seedlings. 
 

 
Lifting 1-0 jack pine at the Wilson State Nursery 

 
 

Other than the usual weather setbacks and some inventory shortages on a few species, the spring 
lifting, grading, and distribution process proceeded relatively smoothly.  Wilson State Nursery was 
fully staffed, and once again personnel from the Hayward State Nursery and Griffith State Nursery 
were on hand throughout the lifting season to add their expertise. The only major setback was the 
late arrival of a shipment of red pine from Minnesota DNR’s Badoura State Nursery, delayed due to 
frozen conditions in their nursery until the end of April.  

Spring 2019 was the final harvest of seedlings in the multi-year fumigation study.  Red pine and white 
pine were harvested and analyzed for size and root mass to compare the effectiveness of 4 different 
soil fumigant treatments: 1) no fumigant, 2) metam sodium, 3) chloropicrin, 4) and a 67:33 ratio of 
methyl bromide/chloropicrin.  Preliminary results were presented by Roger Bohringer at the 
Northeastern and Southern Nursery Meeting in New Jersey. A final report on the results is pending.  
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In addition to seedling lifting, grading and distribution, spring is the time to finish seeding those 
species not sown the previous fall.  In May we sowed tamarack, black spruce, white spruce, and some 
white birch, red and white oak, in addition to the usual spring-dispersing species like silver maple, 
elm, aspen and river birch.  Our experimental spring-seeded red oak beds did great, but the white oak 
failed to germinate, and the seed rotted in the ground. 
 

 
Grading operations at the Wilson State Nursery 

 

Summer 

One of the first summer projects in the nursery was the germination inventory in June.  Fall planted 
seed begins germinating in April, and by June germination is complete enough to assess results.  2019 
was one of the best years in recent memory for germination success.  Nearly all species were at or 
above target densities.   
 
Spring seeded species also germinated very well.  The one exception was white spruce, but its poor 
germination appears to be a more a result of poor seed quality than environmental factors.  Black 
spruce and tamarack beds seeded adjacent to the white spruce had excellent germination. All three 
of these species have historically been very inconsistent producers when fall sown, especially in years 
with poor snow cover.  Spring planting will be the norm in the future. 
 
During fall 2018 seeding, we continued to experiment with the use of DeWitt germination fabric over 
the seedbeds of various species.  All small seeded shrubs (dogwoods, ninebark, Juneberry), white 
birch, quaking aspen, and yellow birch were covered immediately after planting with 0.5 oz fabric.  All 
covered seedbeds, spring or fall sown, performed very well under the germination fabric including 
seeded aspen.  Germination rates were so high relative to historic rates that we will be adjusting 
seeding rates down to compensate, as some species were well past target densities. The higher 
germination success is partly due to a microclimate under the fabric that encourages a rapid and 
more uniform germination, but even more importantly the fabric acts as a very effective mulch over 
the winter months, protecting the shallow-sown seeds from erosion.  Two-year germinants, such as 
basswood, winterberry, and viburnums, lie dormant in the soil for 19 months before germinating.  
This leads to serious issues with seedbed erosion and weed establishment in the beds prior to 
germination.  We have been trying to solve that by covering these beds with DeWitt’s heavier and 
more durable 1.5 oz fabric.  This fabric is designed more for use as a frost blanket in horticultural 
operations, but it seems to perform well as a germination mulch also.  
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(L to R) Various row covers April 19,2019 at Wilson State Nursery:  Hardware cloth over acorns, heavy row fabric 

over 2-year germinants, light row fabric over 1-year shrubs, killed winter wheat in yet-to-germinate plum, 
germinating choke cherry, and two beds of white oak with straw mulch and living winter wheat cover. 

 
 
In mid-June we experimented once again with sowing red maple under germination fabric.  Past trials 
failed due to mechanical damage from the relatively large but fragile seedlings rubbing on the fabric.  
To counter this, the seed was sown in one-inch deep trenches but not covered with soil. After sowing 
they were then covered with 0.5 oz germination fabric.  This allowed the newly germinating seedling 
room to straighten under the fabric, avoiding the mechanical damage of our previous test.  Some 
seedlings were buried as the trenches eroded and filled with sand, but overall the test was successful, 
and produced our best stand of red maple to date.   
 
We did one other mulch test on white oak.  In recent years we have put a light straw mulch, at a rate 
of 6-8 bales per row on all white oak beds, as well as planting a living mulch of winter wheat (50 
lbs/ac) just ahead of the acorn seeder.  This has worked, but results have been inconsistent, and even 
with ‘clean’ straw it introduces a lot of weed eed.  This year, in response to disastrous germination in 
2018, we increased the straw mulch to 25 bales per row, resulting in about 2 inches of shredded 
straw, which was also covered with hydromulch to hold it in place.   This straw was hand-raked into 
windrows and burned off in April just ahead of germination.  Two rows were mulched with 0.5 oz 
germination fabric instead of straw, and one row was left uncovered, with only the winter wheat for 
protection.  The rows with germination fabric did germinate about one week earlier than the rest, but 
otherwise the test proved inconclusive.  All white oak beds showed excellent germination, even the 
row that had no mulch.  
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The final experiments we performed for the year were some informal herbicide trials.  We had 
anecdotal evidence that Prodiamine, our primary pre-emergent herbicide for hardwoods, was 
causing unacceptable levels of stunting and even some mortality on several species.  Approximately 6 
weeks after germination, on June 11, we sprayed test beds of several species with 24 oz/ac of 
Prodiamine.  An assessment on July 6 comparing them to adjacent unsprayed beds found the 
following:  Ninebark-severe stunting, White Birch-moderate mortality and severe stunting of 
survivors, Juneberry- very light stunting but acceptable, Silky Dogwood-moderate stunting but 
healthy, Red Osier Dogwood- no apparent negative effect.  Based on these results, we will be 
modifying our herbicide plans and will be performing similar tests on more hardwood and shrub 
species in 2020.  
 
The 2019 growing season was relatively cool and very wet, presenting some challenges to nursery 
staff.  The frequent rains were good for the stock’s water needs, but they also wash away fungicides 
and leach away fertilizer.  The wet, cool conditions were also excellent for the dispersal and growth of 
fungal pathogens.  Despite frequent and regular preventative fungicide treatments, some shrub and 
hardwood species were plagued by leaf blights, and our annual testing revealed a slight spike in the 
incidence of Diplodia infection in the red pine beds, although rates were still within acceptable levels. 
Stock growth rates were initially poor but hardwoods and shrubs were helped along by a warmer 
than normal July, and the growing season was extended further by a much warmer than normal 
September, causing concerns that the stock may not harden off before winter set in.  
 
In addition to the fungal issues, 2019 was a banner year across the entire Midwest for the potato 
leafhopper, Empoasca fabae.  Although primarily thought of as a pest of alfalfa, this tiny green, 
migratory insect can cause significant damage to hardwood seedlings.  Its toxic saliva leads to 
distorted leaders and stunting, and it can have an economic impact even at relatively low densities.  
We achieved moderate control with traditional contact insecticides, but because of its migratory 
nature a new wave of potato leaf hoppers can arrive riding on each southern storm front.  Multiple 
insecticide applications were needed to keep them in check.  Systemic neonicotinoid insecticides 
provide more long-term control, but up to now the nursery has been reluctant to use them due to 
the potential danger they pose to bees and other pollinators.  If potato leaf hopper continues to 
occur at 2019 levels, we may need to re-evaluate the use of systemic insecticides.  
 

        
 Fall-sown red pine seed germinating at Wilson Nursery           Juneberry and winter wheat under fabric April 19, 2019 
                                                                                                                                              at Wilson State Nursery 
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Fall 

2019 was a poor mast year for all species except red oak.  Because of this, the nursery sowed only 
10.6 acres of the 12 acres we had fumigated and prepped for seed.  An acre of the unplanted ground 
was slated for white oak.  The rest was to be swamp white oak beds.  What little seed we were able 
to procure for these two key species was poor quality and will likely not yield many seedlings.  We 
will carry a portion of the 2018 white and swamp white oak seeding (currently 1-0 stock) over to 
distribute as 2-0 seedlings in 2021, but the poor mast year for these two species could create a critical 
shortage if it is followed by another poor mast crop this fall. The amount of red oak, bur oak, and 
hard maple sown was increased somewhat to compensate for the lack of white oak and swamp white 
oak, but not nearly enough to utilize all of the prepped ground. 
 
Due to the catastrophic blowdowns across northern Wisconsin in July, the nursery nearly doubled red 
pine seeding, planning for a projected demand of 1.1 million 2-0 red pine in 2022.  We also increased 
the number of beds devoted to wildlife shrubs, due largely to increased demand from Wisconsin 
Department of Transportation, which is planting shrub hedges as living snow fence and creating 
valuable habitat at the same time.   In addition to increasing shrub beds in the nursery, we are also 
experimenting with a couple new shrub species; black elderberry and button bush.  Both should be 
valuable habitat additions as attention focuses on reclaiming lowland hardwood stands threatened 
by emerald ash borer. 
 
 
 
 

Wisconsin Tree Improvement Program 2019 Annual Report 

 

 
Stuart Seaborne harvesting white spruce cones at Sawyer Creek on August 24, 2019 
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2019 Highlights 
Three events stand out as the most notable accomplishments of 2019.  The first few months were 
focused on writing, editing, and finally presenting to the Division of Forestry’s Strategic Leadership 
Team the final version of the Strategic Plan 2019-2029 Wisconsin Forest Genetics Program for 
approval.  Spring was also devoted to planning, prepping and ultimately planting a 5-acre butternut 
canker trial at the Bell Center hardwood orchard, adding a sizable new planting to the Wisconsin Tree 
Improvement Program.  The third major accomplishment of 2019 was the mid-August white spruce 
cone harvest at Sawyer Creek that yielded 58 lbs. of clean seed. 
 
There were several other highlights in 2019.  A Bobcat with a Fecon head was used in May to mow 
the dense understory under the Lake Tomahawk white spruce, creating access for future activities 
such as cone harvests.  Dead side-branches were lopped from the white spruce trees at Sawyer Creek 
this summer and from the jack pine trees at Black River Falls this fall.  The white spruce at Mead were 
marked for a future thinning to achieve more optimal spacing.  The grafted red oak at Bell Center 
produced acorns for the very first time and were collected.  Finally, the red pine orchard at Hayward 
planted in 2014 had their first ever height measurements taken in October, 2019. 
 
 

             
Stan Klais measures the Hayward red pine in October, 2019       Gary McCormick mows the aisles of the new butternut 
                                                                                                                                      trial at Bell Center in September, 2019 

 
 

Strategic Plan 2019-2029 
The Strategic Plan 2019-2029 Wisconsin Forest Genetics Program was the culmination of a 1 ½ year 
process to define the current and future direction of the program over the next decade.  Much 
attention was given to the writing of this document and the information it contained.  Stuart 
Seaborne, Ray Guries, and Joe Vande Hey were primary contributors and editors of the plan, though 
contributions were made by a number of forestry experts including Jeremiah Auer (WDNR – 
Regeneration Specialist), Greg Edge (WDNR – Silviculturist), Andy Stoltman (WDNR – Forest Inventory 
Analyst), Andrea Diss-Torrance (WDNR – Invasive Forest Insects Program), Don Kissinger (WDNR – 
Urban Forestry), and Carrie Pike (USFS – Regeneration Specialist).  The final version of the Strategic 
Plan 2019-2029 was presented to the Division of Forestry Strategic Leadership Team in May 2019, 
and was subsequently approved. 
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The Strategic Plan 2019-2029 identified the goals for the Wisconsin Forest Genetics Program, namely: 
1. The development of biologically sound tree improvement practices that lead to increases in 

forest productivity and forest health in Wisconsin; 
2. The conservation of forest genetic resources in long-term breeding programs in order to 

maintain a broad genetic base that can provide future ecological benefits and accommodate 
potential future changes in climate, pest pressures, forest management practices, or demand 
for products. 

 
In the near term, our efforts will focus on using available information and resources to continue to 
improve the genetic quality of our present-day forest tree nursery stock.  Long-term, our efforts 
involve maintaining a genetic diversity within our principal reforestation species. 
 
The plan discusses which species the program emphasizes, and how our planned efforts for the next 
ten years compare to the previous ten years.  Red pine, white spruce, black walnut, red oak, and 
butternut will be maintained at previous levels of emphasis as in the past.  White pine will be 
considered reduced in emphasis, as we are no longer working with southern Appalachian white pine.  
Jack pine is being advanced in the program based on plans to create a 4th generation breeding 
population. 
 
Areas of tree improvement which are not active currently but may be explored in the coming years 
include “assisted migration” (moving seed or seedlings to seed zones they might not otherwise 
reach), insect and disease resistance breeding, seed production areas, silviculture and genetic field 
trials, urban tree planting stock, a white oak cooperative, and increasing eastern white pine wood 
specific gravity.  Resources required to achieve program goals limit our ability to take on many new 
initiatives.  We hope to increase efficiencies by consolidating new plantings onto former nursery 
properties.   
 
 
 

Butternut Canker Trial at Bell Center 
On May 6 and 7, a new 5-acre butternut canker disease trial was planted adjacent to the existing 
hardwood orchard at Bell Center.  This planting is a collaboration between the U.S. Forest Service 
Hardwood Tree Improvement and Regeneration Center (HTIRC) at Purdue University and the 
Wisconsin DNR.  Its purpose is to determine whether durable resistance to butternut canker 
(Ophiognomonia clavigignenti-juglandacearum) exists in native butternut trees.  The HTIRC team 
consisted of Jim McKenna (tree breeder), James Jacobs (forest pathologist), Paul Berang (geneticist), 
and Scott Rogers (seed orchard manager).  Several assistants also helped with planting the bareroot 
saplings.  The Reforestation Team was represented by Stuart Seaborne and Joe Vande Hey, with 
Roger Bohringer and Jeremiah Auer also contributing expertise. 
 
Site preparation began by establishing the fence lines delineating the whole trial area.  The field to be 
planted was mostly corn stubble from a 2018 crop, and it needed to be mowed twice to chop up the 
residue fine enough so the tree planter would not clog.  Wire flags were precisely laid out and used to 
mark the row ends in the field for the tractor driver to follow during planting. 
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A total of 3000 butternut trees representing 40 families and a susceptible type were planted.  Eight 
people worked for a total of 13 hours each (104 total hours) over the course of two days to plant the 
trial.  Care was critical to keep the trees organized and correctly ordered for planting.  Weather and 
field conditions were favorable, and we completed the planting operation without complication. 
Timely maintenance was important for successful establishment of the new trial.  Herbicide 
(RoundUp and Pendulum, a pre-emergent herbicide) was band-sprayed around the saplings, and the 
planting was mowed with the tractor and DR mower several times during the year.  On September 18 
the aisles were lightly tilled with a rotovator, and a pasture mix sown to act as a cover crop and 
suppress weed growth.  2019 had plenty of rainfall with no droughty periods, and there was no 
mortality due to poor growing conditions. 
 

 
The new butternut canker trial at Bell Center in late summer of 2019 

 

White Spruce Cone Harvest at Sawyer Creek 

Collecting white spruce cones for seed was a high priority goal for this year, as the nursery inventory 
for white spruce seed was very low.  Fortunately, cone formation was good at Mead, but even better 
at Sawyer Creek, so a harvest was conducted at Sawyer Creek (south of Spooner) in August, 2019. 
 
Stuart Seaborne worked with Hayward Nursery Field Foreman Ray Aguilar and Hayward LTE Stan Klais 
to prepare the site and harvest the cones.  The perimeter was mowed, and dead side-branches were 
removed from approximately 2/3 of the orchard to facilitate machine access.    
 
Because the trees are now 50’-60’ tall, an 80’ aerial lift was rented for the harvest, with cone 
collection beginning on August 20.  To harvest, Stuart and Stan went up in the lift bucket to the tops 
of the trees where most of the cones form.  One person would pull a cone-laden side-branch towards 
the bucket while the other person lopped most of the branch off.  We left a section of each branch 
near the trunk to promote branch regrowth and reduce negative impact.   
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While a small percentage of the cones had already become brown and begun to open, most of the 
cones were at the proper ripeness for collection and not open.  Green and brown cones could often 
be seen on the same branch, and some trees were definitely riper than others overall.  Harvest might 
potentially have begun the previous week, but it was still within the timeframe for optimal collection. 
Once the branches with the cones were collected on the aerial lift and piled into a trailer, they were 
driven to Hayward and spread out on a large tarp to dry indoors.  After two weeks of drying, a crew 
from Gordon Correctional Center (GCC) assisted Ray and Stan in removing the cones by hand from 
the branches.  The cones were now ready to begin the seed extraction process. 
 
The final numbers for the white spruce cone harvest at Sawyer Creek are: 

• 50 bushels of screened cones produced 58.4 lb. of clean seed, an excellent yield 

• The labor of Ray, Stan and Stuart for the harvest operation at the orchard totaled 112 hours 

• Ray, Stan and the GCC crew totaled 107 hours to strip the cones from the branches 

• Four different stages of processing the cones were necessary to extract the final pure seed, 
requiring 67 hours of combined labor from Ray and Stan.  

 

           
Stan Klais smiles at the bountiful white spruce cone crop harvested from Sawyer Creek August 20-24, 2019 

 

 

Acorn Harvest at Bell Center 
On October 10, Joe Vande Hey and Stuart Seaborne collected acorns from the grafted red oak at Bell 
Center.  These were the first acorns ever harvested from these red oak trees, which were planted 
between 2004-2006.  About 1 bushel of acorns was collected and sown at Wilson State Nursery. 
 

Lake Tomahawk White Spruce Fecon Work 

The orchard had a very dense understory of spruce, fir, and pine saplings that was too thick and tall 
to mow just with a tractor brush hog.  It was identified as a priority maintenance item in the 2019 
Work Plan.  At the very end of May, Griffith Nursery LTE Michael Ard operated a Fecon machine to 
clear the aisles of these volunteer trees.  Stuart lopped saplings too close to the bases of the spruce 
trunks to use the Fecon, receiving assistance for one day from Joshua Coady, a UW-Madison senior 
Forestry student.  Access for mowing and cone harvest now exists for the Lake Tomahawk white 
spruce. 
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Sawyer Creek White Spruce and Black River Falls Jack Pine Lopping 
Extensive work to lop dead side-branches at both the Sawyer Creek white spruce and the Black River 
Falls jack pine plantings was completed in 2019.  It became a priority for the Sawyer Creek white 
spruce when it was decided that a cone harvest would be conducted here, and that an aerial lift 
would be used.  Stan Klais from Hayward Nursery used a chainsaw pole pruner and Stuart Seaborne 
used loppers to remove all the dead branches up to 8’ from the ground.  Lopping and sawing has now 
been completed on 3/4 of the trees, with the rest to be done in 2020.  
At Black River Falls, the jack pine had been thinned by 50% in November, 2018, and removing the 
dead branches became a more feasible task.  The trees are at a good stage of growth for some branch 
removal as the trees grow larger and start to shade out the lower branches.  Most of the branches 
lopped off were already dead.  Two-thirds of the orchard was lopped this fall, with plans to complete 
this work in 2020.  Michael Ard helped with the lopping over several days at Black River Falls. 
 

Mead White Spruce Thinning Project 

Established in 1982 on six acres, this orchard was partially thinned between 2007 and 2010 based on 
the most recent height measurements taken in 1996.  Orange paint is still visible on trees marked at 
that time to be cut down.  Another thinning of approximately 300 trees is necessary to create more 
optimal spacing for increased cone production potential.  Using the 1996 measurements, the old 
paint marks and on-site observations of size and spacing, the white spruce trees to be harvested were 
identified and marked with blue paint in June 2019.  Joshua Coady, the senior UW Forestry student, 
worked with Stuart to complete this.  The tree harvest will be done through a state contract with a 
private company at the earliest possible date. 
 

Hayward Red Pine Data Collection 

All the red pine in the 2014 Hayward planting were measured for height and evaluated for form by 
Stuart Seaborne and Stan Klais on October 16, 2019.  This data has been entered into computer 
records and will be analyzed to help identify families that have better potential for increased growth. 
 

Lake States Tree Improvement Coordination Meeting 

On October 8, a sub-group of the Northern Forests Genetics Association (NFGA) met in Rhinelander, 
WI to discuss Lake States tree improvement activities coordination.  Representatives from forest 
genetics groups in Wisconsin, Minnesota, Michigan, and the US Forest Service were in attendance, 
including Ray Guries and Stuart Seaborne from the Wisconsin Tree Improvement Program and Joe 
Vande Hey, WDNR Reforestation Team Leader.  Greg Edge, WDNR Silviculturist, also attended due to 
his background working in Wisconsin tree improvement and his knowledge of the program’s history.  
Carrie Pike (USFS-Regeneration Specialist) was the meeting organizer and facilitator. 
The meeting began with an update of the tree improvement activities within the Lake States region.  
This was followed by Carrie Pike introducing a plan for a webinar series on genetics and tree 
improvement.  The discussion then moved on to various topics involving hardwoods, such as assisting 
migration through selecting seed originating from one zone south of a given planting site, 
emphasizing genetic diversity, creating seed collection areas, grafting potential and difficulties, and 
selecting seed from precocious trees to promote earlier seed production in offspring.   
 
After lunch, the conversation turned to discussing tree cooperatives as they exist now in Minnesota 
and Michigan, and the potential for other collaborations which would make possible the sharing of 
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resources and information between those working in forest genetics in the Lake States.  We all 
agreed on the need for more communication, information, and the sharing of resources, but there 
was also recognition of the limitations the individual programs have for taking on new or larger 
projects to meet forest improvement needs and to protect from the threat of disease and pests. 
 
Resolving the issues identified is an ongoing process.  The Lake States Tree Improvement group will 
plan to meet every other year, alternating with years that the NFGA meets. 
 

Orchard Maintenance 

Ongoing maintenance of the various orchards often involves the mowing of perennial vegetation, 
brush, and volunteer saplings that grow underneath the trees.  If left unchecked, these plants 
compete with the orchard trees for resources and become increasingly difficult to control.  Herbicide 
is also used when necessary for control around the bases of the trees or of a vigorous understory 
species.  In November 2019, a DNR crew from Griffith Nursery applied Garlon herbicide to half of the 
orchard as a dormant stem spray for control of an established oak (Quercus sp.) understory beneath 
the red pine trees at the Ten Mile Creek Orchard.  The other half will be completed in 2020. 
 
Tree Improvement plantings that were mowed to some degree in 2019 were the jack pine at Black 
River Falls, the white spruce at Mead, Sawyer Creek and Lake Tomahawk, and the hardwoods at Bell 
Center.  Bell Center requires mowing multiple times each year to control the vigorous growth of the 
grasses and herbaceous weeds there.  The establishment of the new butternut canker trial this year 
doubled the area here requiring mowing and made it even more of a priority.  All the Hayward 
plantings receive regular mowing and other maintenance from staff there. 
 
The ongoing effort to open up access in many of our plantings by lopping off dead side-branches 
continued in 2019.  Most of the lopping this year was at the Black River Falls jack pine and the Sawyer 
Creek white spruce plantings.  At least two-thirds of the trees at both places have had this work done 
on them.  The rest we hope to complete in 2020. 
 
 
 

        
The white spruce orchard at Sawyer Creek before and after lopping off dead side-branches in August, 2019 
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Overview of Tree Improvement Program Work Plan for 2020 

A Tree Improvement Program Work Plan for 2020 has been submitted to the WDNR as a companion 
document to the TIP Annual Report for 2019.  It details the specific tasks planned for each planting in 
2020 and highlights every project where assistance from the Reforestation Team is requested.  
Accomplishments in 2019 for each orchard are also described in this document.  The following is a 
summary of the Work Plan and its primary goals for 2020 
 

Propagation 

The Tree Improvement Program will begin grafting 150 white spruce scions at the Nevin Forest Health 
greenhouse in March, 2020.  The scion wood will be collected from selected spruce at Sawyer Creek, 
and surviving grafts planted at Hayward Nursery.  The program is also working with Carrie Pike, 
Regeneration Specialist at USFS, to determine which jack pine will be used to generate future 
plantings.  Pollen from yet-to-be-chosen jack pine be will be collected in early May and stored for 
future use. 
 

Cone Harvest(s) 

Because of labor, equipment and timing required, one major cone harvest is all that can be managed 
in a season.  Which cones to harvest are determined by nursery needs and cone formation for a given 
species and planting.  The successful white spruce cone harvest and seed extraction in 2019 made the 
need for white spruce seed less urgent, but we will prepare to take advantage of an abundant crop if 
one occurs.  The jack pine at Greenwood, Ten Mile, or Black River Falls will be monitored for cone 
production and a potential harvest.  Black walnut nuts and red oak acorns will be monitored at Bell 
Center and collected if necessary.  The red and white pine plantings will have cone formation noted, 
but neither species is considered a high priority need at present. 
 

Maintenance 

All the plantings in the Forest Genetics program are monitored annually for short-term and long-term 
maintenance needs, including understory control and dead branch removal to provide improved 
access.  Mowing is planned for many of the plantings using the tractor and the DR mower.  The Bell 
Center hardwood orchard and trial site doubled in size in 2019 and requires the most frequent 
mowing of all the program plantings.  The new butternut trial will be band-sprayed in spring 2020.  
Branch removal for the Black River Falls jack pine and the Sawyer Creek white spruce will be 
completed in 2020.  A crew from Griffith will complete the spraying of Garlon at the Ten Mile red pine 
in the spring of 2020. 
 

Thinning 

The jack pine at Hauer Springs need to have approximately half of the trees removed to achieve more 
optimal spacing in the planting.  Once the dbh or height data has been collected, it will be determined 
which trees should be culled out, and these trees marked in the field.  Thinning the planting will 
happen by the end of 2020.  We continue to investigate feasible methods for removing trees marked 
for thinning at the Black River Falls white pine and Mead white spruce. 
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Data Collection and Analysis 

The jack pine trees at Black River Falls will have their height measurements, pine-oak gall rust scores, 
and form ratings taken in February, 2020.  It will take 4 days to record this data.  Once the data is 
collected, it will be entered into a new file for later analysis.  This is the second time noting the 
planting.  The jack pine at Hauer Springs will have dbh and possibly height measurements taken in fall 
of 2020.  This data will be used to determine which trees are best to thin out.  Height measurements 
were taken in 2019 of the red pine at Hayward, and this data will be analyzed to help identify families 
that have better potential for increased growth. 
 

Record Keeping and File Maintenance 

As part of the work the Reforestation Team is doing with Carrie Pike on our jack pine genetics and 
propagation, we will be consolidating information to make it easier to access, and organizing the files 
which record the history of the program.  Creating new files as needed and entering recently 
collected data is an ongoing responsibility. 
 
 

 
Acorns from the grafted red oak at Bell Center harvested in October, 2019. 


