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REFORESTATION MONITORING 

Introduction 

Since 2007, the Division of Forestry’s Reforestation Program (RP) 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 Wisconsin. Many of these sites are 
then revisited after the third and seventh year of establishment to examine the health and 
vitality of the seedlings and plantations. The sites included are public and privately owned, 
large and small acreages, and single or mixed species plantings. This monitoring also allows 
for interactions and discussions with landowners and land managers.  

Personnel 

The Regeneration Specialist, Jeremiah Auer, directed a team of limited term employees 
(LTEs) in 2021. Michael Ard participated in his seventh field season, and Margaret Schwark 
in her second. This crew was effective, and while Jeremiah accompanied on occasion, this 
duo was responsible for most of the data collection statewide. 

Weather Conditions 

Planting and growing conditions in late spring were conducive to seedling establishment. 
However, by early summer, the northwest, west and southern third of Wisconsin 
experienced significant periods of drought, including some areas of extreme drought. This 
continued for most of the growing season. The central and northeastern portion of the state 
began to dry in June but, after a few storms, returned to normal precipitation levels. 

Site Selection and Plot Installation 

Sites are selected from among landowners who order a minimum of 3,000 seedlings, a 
volume that can cover approximately 3 acres of land, from the Wisconsin DNR tree nursery 
program. The landowner’s main objective must be to establish a forested environment. 
Other goals, including wildlife habitat and erosion mitigation can be considered, but the 
management techniques must focus on developing a forest. 
 
After the site is selected, plots are installed randomly within the planted area. Areas greater 
than 10 acres receive six plots, and sites with less than 10 acres receive three plots. Each 
plot center is marked with a wooden stake and orange flagging. The corners are 
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established at 20.87 ft. at bearings of SW, NW, NE and SE. Each seedling within the plot is 
marked with an identification whisker (the first of which is blue, with red whiskers 
designating the other seedlings) and is mapped to ease data collection in the third and 
seventh years. 
 

Plot Installation 2021 

The 2021 field season was again impacted by the COVID-19, but staff were able to navigate 
safety guidelines and complete fieldwork. Staff established plots on 28 sites, representing 28 
ownerships. Of these sites, 13 are located on public lands, and 15 on private property. The 
counties with sites established in them are Ashland (1), Brown (1), Columbia (1), Dane (1), 
Dodge (2), Door (1), Douglas (1), Juneau (1), Kewaunee (1), Langlade (1), Lincoln (1), 
Manitowoc (1), Marinette (2), Monroe (1), Outagamie (2), Pepin (2), Richland (1), Rock (1), 
Sauk (1), Shawano (1), Vilas (1), Washington (1), Waukesha (1) and Winnebago (1). This 
allows us to monitor seedling growth and development in a wide variety of soils and 
conditions. 
 

After the growing season, staff also remeasured monitoring sites on plantations from 2019, 
after their third growing season. Staff revisited 26 of the original 30 sites, representing 14 
public and 12 private properties. Again, these sites were scattered across Wisconsin, in the 
counties of Bayfield (1), Burnett (1), Calumet (1), Clark (1), Columbia (1), Door (1), Douglas 
(1), Dunn (1), Grant (1), Jackson (2), Lincoln (1), Manitowoc (2), Marinette (1), Pepin (1), 
Richland (1), Sheboygan (2), St. Croix (1), Trempealeau (1), Vilas (1), Walworth (1), 
Washburn (1) and Wood (2).  
  

Finally, staff visited 29 sites after their seventh growing season. They were originally 
established in 2015 and remeasured in 2017. This is the first year that the new protocol was 
fully utilized. These sites are found in Adams (1), Burnett (3), Clark (1), Douglas (2), Fond 
du Lac (1), Florence (3), Grant (1), Jackson (2), Juneau (2), Marinette (1), Monroe (2), 
Oconto (1), Portage (2), Rock (1), Sauk (2), Shawano (1), Vilas (2) and Waupaca (1) 
counties. There are 20 public and nine privately owned sites.  
 

Data Analysis 

Year 0 

Data was collected on 2,038 newly planted seedlings at 28 sites. All seedlings originated at 
a DNR nursery. Overall, seedlings had a survival of 80.7%. A further breakdown shows 
63.2% are considered healthy, 17.5% are lightly damaged (indicating a seedling, while 
impacted by some type of minor damage such as mechanical impacts, incorrect planting 
technique, insect or disease, is able to overcome this damage and survive), 11.7% suffered 
some form of heavy damage (indicating the seedling is damaged to the point that it would 
not be able to recover and likely die prior to being surveyed again after the third growing 
season) and 8.1% were dead. Compared to previous years, 2021 seedling survival is 
slightly below the average. 
 

Public lands: Public land sites are typically planted with more conifers than hardwoods, 
and plantings tend to be larger in size. However, that was not the case in 2021. Of the 
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1,128 seedlings sampled on public lands, 38% were conifers and 62% hardwoods. Overall, 
seedling health was slightly below the overall average of 80.7%. The conifers performed 
well, with 92% healthy or exhibiting light damage. It is not easy to estimate the impact of 
browse or girdling during the early summer when the data was collected, as conifers 
generally suffer from these impacts during mid-to-late winter when there is much less 
sustenance available to wildlife. Thus, not surprisingly, no seedlings exhibited signs of 
browse. Unfortunately, over 24% of seedlings were planted deeper than suggested, an 
improvement over previous years, but still high. While this doesn’t typically impact survival 
or health in the first growing season, it can be detrimental in later years.  
 

Private lands: Private lands tend to have smaller plantings with a greater species diversity. 
In 2021, this trend continued. Of the 910 seedlings sampled, most were conifers. The 
seedlings did well. The overall rate of healthy and slightly damaged trees was only slightly 
higher at 81.3%, compared to their public land counterparts. As most seedlings were 
conifers, browse was minimal. When it did occur, it was focused on sugar maple and red 
oak. Over half of the sugar maple is dealing with oppressive browse, along with about 24% 
of the red oak. The other hardwoods have only been minimally impacted to this point.  
 

Public Lands Private Lands 

 No. Seedlings % No. Seedlings % 

Healthy 674 59.8 615 67.6 

Light Damage 231 20.5 125 13.7 

Heavy Damage 152 13.5 75 8.2 

Dead 71 6.3 95 10.4 

Total 1128 100.0 910 100.0 

Table 1: 2021 Seedling Health Year 0 
 

Year 3 

These 26 sites were planted in 2019. The first two growing seasons had relatively good 
growing conditions, with only the past year being quite dry in some areas. Staff returned to 
the plots and assessed previously measured seedlings. In most cases, returning to the site 
was easy as we had maps and markings for each plot and tree. However, we were unable to 
revisit four sites. In these cases, a private landowner did not return emails or calls. On the 
public lands, a site was a total disaster and was not able to be measured. In addition, four 
plots could not be located on two sites due to GPS problems. 
 

In Year 0, data was collected on 1,654 seedlings. Of these, 71.8% were healthy, 19.2% 
were slightly damaged but growing and expected to survive, 5.4% were heavily damaged to 
a point they were unlikely to recover, and 3.6% were dead. In Year 3, a total of 1,491 
seedlings were measured on 26 sites, considerably fewer than Year 0 as the missing sites 
and plots represented 163 seedlings with an unknown fate. Of the seedlings that were 
remeasured, 51.1% were healthy, 10.3% were slightly damaged, 10.5% were heavily 
damaged and 18.2% were dead. The number of surviving and thriving seedlings dropped 
from 1,505 to 1,016 from Year 0 to Year 3. We are currently re-evaluating our seedling 
marking techniques as it has proven difficult to revisit individual seedlings in recent years. 
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2019 2019 Year 0  2021 Year 3  

 No. Seedlings % No. Seedlings % 

Healthy 1,187 71.8 846 51.1 

Light Damage 318 19.2 170 10.3 

Heavy Damage 90 5.4 174 10.5 

Dead 59 3.6 301 18.2 

Unknown 0 0.0 163 9.9 

Total 1,654 100.0 1,654 100.0 

Table 2: 2019 Comparison of Seedling Health from Year 0 to Year 3 

Year 7 

These sites were established in 2015 and remeasured in 2017. These are the final 
measurements to determine if the sites developed to a point where they could be considered 
successful or unsuccessful. For the purposes of this monitoring, a successful planting is one 
with greater than 450 seedlings per acre and above the impacts of deer browse and 
competing vegetation. Originally, 34 sites were measured. Then, in 2017, 24 were revisited to 
monitor seedling survival and growth. The 10 sites not revisited were off-limits due to flooding 
denied access and staff constraints. In the final year, staff revisited 29 of the original sites, 
five of which were not visited in 2017. Of the 29 sites, 20 are public and nine are privately 
owned. The public sites have 11 successful plantings and nine unsuccessful. The private 
sites have six successful plantings and three unsuccessful. This represents a success rate of 
55% on public lands and 67% on private lands, an overall rate of 57%. The seven sites that 
weren’t visited were not included in the totals as we are unable to determine their success. 
 

The nine failed sites share some commonality: flooding, heavy woody competition and 
oppressive deer browse. In the north, the competition tended to be Rubus spp, red maple 
and woody shrubs. In the south, box elder was the main competitor. There was one site 
completely flooded during the third growing season and another that was destroyed by 
flooding in the fourth or fifth year. Some of these began with lower initial stocking levels and 
were more susceptible to failure with even moderate mortality. 
 
Only three private land sites didn’t have a written plan; two were successful. Of the six with 
written plans, four were successful. The unsuccessful sites all suffered from extreme deer 
browse. 
 

2015 2015 Year 0 2017 Year 3 2021 Year 7 

 # Seedlings % # Seedlings % # Seedlings % 

Healthy 2.653 82.6 1.261 39.3 1.206 37.5 

Light Damage 243 7.6 222 6.9 161 5.0 

Heavy Damage 129 4.0 48 1.5 179 5.6 

Dead 187 5.8 513 16.0 776 24.1 

Unknown 0 0.0 1.168 36.4 890 27.7 

Total 3.212  3.212  3.212  

Table 3: 2015 Comparison of Seedling Health from Years 0, 3 and 7 
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Overall Conclusions 

This is the seventh year with the regeneration monitoring current protocol. We completed 
one full measurement cycle (first, third and seventh years of growth) and have noticed some 
trends.  
 

1. Plantations with professionally created planting plans tend to do better than those 
without (see table below). 

 

 Planting 

Plans 

2012 2013 2014 2015 Overall 

Success 

  + - + - + - + - + - 

Public Lands Yes 6 4 13 2 8 2 11 7 72% 28% 

 No 0 0 0 0 0 0 0 0 0% 0% 

Private Lands Yes 3 2 4 0 8 0 5 2 83% 17% 

 No 4 5 0 1 0 0 2 0 40% 60% 

Table 4: (+) Successful plantings (-) Unsuccessful plantings 
 
 

2. Seedlings planted on public lands by private contractors are more likely to be planted 
deeper than what is suggested. Contract crews are planting 90%+ of the public land 
sites, mostly by hand. Since 2015, an average of 40% of seedlings planted on public 
lands were planted too deep (>2” below the root collar). Planting depth has improved 
in recent years, but it remains to be seen if this will continue. Deeply planted 
seedlings can be susceptible to fungal infection in the lower stem. 

 

Public Lands Planting 2015-2021 

Year Planting Depth 

 Acceptable 
Deep (soil level 
>2” above root 

collar) 

Shallow (soil level 
>2” below root 

collar) 

2015 88.2 % 11.2% 0.6% 

2016 42.6% 55.6% 1.8% 

2017 45.1% 52.0% 2.8% 

2018 32.5% 58.0% 9.6% 

2019 33.7% 56.3% 10.0% 

2020 63.8% 36.2% 0.0% 

2021 71.7% 24.3% 4.0% 

Average 55.7% 40.4% 3.9% 

Table 5: Public Lands Planting 2015-2021 

 
The Reforestation Monitoring effort has proven useful and allows the RP to gather 
information about seedling performance and plantation establishment statewide and stay 
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abreast of any short- and long-term challenges or trends. In addition to providing valuable 
data on plantation performance, customers and staff interact and provide an opportunity for 
idea exchange and advice. The 2021 planting and growing season was mixed. Areas of 
adequate precipitation and care seemed to do well. However, those in areas of droughty 
conditions and those less cared for did not. Continued data collection and analysis will 
continue to provide the information needed to assist landowners and property managers in 
maintaining and growing their forests. 
 

REGENERATION TRIALS 

Introduction 

In addition to supplying landowners and managers with quality nursery stock, the RP also 
endeavors to act as a reservoir of information and experience in all things reforestation. To 
that end, we sometimes undertake experiments to test the efficacy of herbicides used in site 
preparation, chemicals that claim to mitigate deer browse, seedling lifting and storage 
techniques, etc. In 2021, the RP repeated a previously established trial that measured the 
impacts of extended storage on seedling survival. The other trial was to gauge the impacts of 
protective tree tubes on hardwood seedlings in a wooded environment. This last trial was a 
pilot to determine if a larger one is warranted. 

Extended Summer Storage 

Historically, it was assumed that bare root seedlings must be planted in early spring to take 
advantage of ideal weather conditions and give the seedling the best chance for survival. 
However, the floodwaters of some bottomland sites do not recede until late spring or early 
summer. The RP performed a storage trial in 2019 to test the effects of long-term storage on 
bottomland tree species and seedling performance after mid-summer planting. That trial 
determined that extended storage did not have a significant impact on the survival of aspen 
(Populous spp.), silver maple (Acer saccharinum) or swamp white oak (Quercus bicolor). In 
2021, RP staff replicated that same trial with similar species to confirm those results. The 
final analysis will be included in the 2022 Annual Report. 

Tree Shelter Pilot Project 

After two growing seasons, the tree shelter pilot study concluded. This study was created to 
gauge the effectiveness of commercially available seedling protection devices and their 
impacts on seedling growth.  
 
The results suggest that black walnut seedlings are well suited for any of the seedling 
protection devices we employed. Only one seedling died during the study, and that was a 
result of a large snag crushing it and the tube, hardly a result of the tube’s influence.  
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The red and white oak seedlings did show a different result. 
The control and solid tube with holes in the upper half 
performed well. However, the Blue X rolled plastic sheet and 
Tubex combi-tube did not. Both of these protection devices 
had under 50% survival for red oak (Blue X tubes: 20% and 
Tubex combi-tubes 40%) and white oak (blue X tubes: 40% 
and Tubex combi-tubes 50%). 
 
Some external influences may have impacted survival; 
animals knocked over several tubes during winter, and the 
most likely culprits are deer. These tubes were returned to 
their respective seedlings in the early spring, but this did 
leave the seedlings exposed to the elements and herbivory 
for some time. 
 
The results suggest a larger study is warranted.  
 
 
 
 

 

 

 

SEED COLLECTION 

Seed Production and Collection 

The seed production and collection in 2021 was exciting. During late May, most of the state 
was hit by high winds and cold temperatures. The spring-seeded species, silver maple, red 
maple and river birch had most of their crop, which appeared plentiful, scattered hither and 
yon. The summer was dry, causing some concern as to the development of mast crops. 
However, the members of the white oak group produced very heavily, one of the largest 
crops in memory. The RP met and exceeded our bur and white oak purchase goals easily. 
Even though we didn’t procure as much swamp white oak as we had hoped, it was far more 
than in previous years. Red oak did not produce many acorns, probably due to a heavy frost 
in May 2020. Black walnut was plentiful, and the bushels of raw seed yielded high. Hazelnut 
had a bumper crop, so much that we were able to sell it as seed to customers and supply our 
own. While some conifers were plentiful, collecting them has become a challenge as 
experienced collectors have dwindled, and this year’s cones ripened considerably sooner 
than normal. White spruce, especially in the seed orchards, had a bumper crop, and staff was 
busy collecting and cleaning cones for weeks. White cedar also produced a bumper crop, 
and staff gathered a large quantity from the Wilson and Griffith State Nursery windbreaks. 
Hemlock produced a good crop, but red and white pines, which have been more sought after 
in recent years, did not. And while our seed in storage has dwindled in recent years, we have 
reached out within the Great Lakes region and have procured seed. Luckily, the network of 

Tree Shelter Pilot Project 
Spring 2022 

Species Treatment 
Rate of 
Survival 

OR 1 70% 

 2 100% 

 3 20% 

 4 40% 

 

OW 1 100% 

 2 90% 

 3 40% 

 4 50% 

 

W 1 100% 

 2 100% 

 3 90% 

 4 100% 

Table 6: Tree Shelter Pilot Project - 
Spring 2022 rate of survival 

Treatment - Key 
1 (RM) Rigid mesh tube (control) 

2 (ST) Solid tube with holes drilled in upper half 

3 (BX) Blue X rolled plastic sheet 

4 (TC) Tubex Combi-tube 

Species - Key 

OR Red oak 

OW White oak 

W Black walnut 
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seed collection sites has provided the opportunity for several smaller-scale pickers to expand. 
To accommodate the increased need for seed, the RP plans to increase its seed purchasing 
and collecting infrastructure in the coming years. 

 

Seed Sales 

In addition to seed collected and stored for use in producing nursery stock, any seed volumes 
above our need threshold (typically seven years for conifers, three years for hardwoods) are 
made available for direct seeding efforts on public or private lands, nursery stock destined for 
reforestation efforts or research efforts. In FY 2021, the RP provided almost 350 pounds of 
stored seed (mostly conifer with a small amount of hardwood) and 56.0 bushels and 51 
pounds of fall-produced seed (hazelnuts, acorns and black walnuts) to county and state 
forest managers, university research projects, private and public nurseries, and private 
landowners. 
  

Table 7: Fall 2021 Seed Collection Totals 

Conifer and Hardwood Seed Collection 2021 

Species 
Nursery Goals 

(bu/lbs.) 

Direct Seeding 

Needs (bu/lbs.) 

Total Needs 

(bu/lbs.) 
Purchases 

Surplus/

Deficit 

Cedar, White 16.0 bu 0.0 bu 16.0 bu 23.2 bu +7.2 bu 

Pine, Jack 1,000.0 bu 0.0 bu 1,000.0 bu 248.8 bu -751.3 bu 

Pine, Red 600.0 bu 0.0 bu 600.0 bu 2.2 bu -597.8 bu 

Spruce, White 350.0 bu 0.0 bu 350.0 bu 221.5 bu -128.5 bu 

Birch, Yellow 10.0 bu 0.0 bu 10.0 bu 0.2 bu -9.8 bu 

Cherry, Black 1,200.0 lbs 0.0 bu 1,200.0 lbs 599.9 lbs -600.1 lbs 

Oak, Bur 125.0 bu 14.0 bu 139.0 bu 140.0 bu +1.0 bu 

Oak, No. Red 85.0 bu 50.0 bu 135.0 bu 66.0 bu -69.0 bu 

Oak, Swamp white 285.0 bu 0.0 bu 285.0 bu 114.8 bu -170.2 bu 

Oak, White 355.0 bu 3.0 bu 358.0 bu 420.7 bu +62.7 bu 

Walnut, Black 400.0 bu 62.0 bu 462.0 bu 624.0 bu +162.0 bu 

Cranberry, Highbush 100.0 lbs 0.0 lbs 100.0 lbs 85.7 lbs -14.3 lbs 

Hazelnut, American 50.0 bu 11.6 bu 61.6 bu 83.9 bu +22.2 bu 

Plum, American 50.0 bu 0.0 bu 50.0 bu 3.5 bu -46.5 bu 
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DISTRIBUTION 

COVID-19 was still at the forefront of everyone’s minds coming into 2021. Due to the 
drastically scaled-back 2020 seedling distribution season (only 65 of the 2,196 orders were 
able to be filled), the nursery was entering the spring of 2021 with nearly double the normal 
workload. 
 
Much of the stock slated for distribution in 2020 was not lifted that spring. It was instead 
carried in the nursery beds for one more year, in addition to the stock already in the ground 
that was seeded for 2021 distribution. Of the orders from 2020 that had been cancelled and 
refunded due to COVID-19 precautions, 1,854 orders were re-instated in 2021. This meant 
the nursery had to lift and process 1.9 million trees intended for 2020 distribution in addition 
to the 2.9 million in new sales for 2021, all in the same five-week period normally required to 
distribute one season’s trees. Further complicating matters, the supplemental seedling 
grading operation normally performed at the neighboring Wisconsin Secure Program Facility 
was not available in 2021 due to a large construction project underway at the prison. With the 
extra security requirements and COVID-19 concerns, the stock could not safely be moved in 
and out of the prison as in past years. 
 
The nursery developed an operational plan beginning in the fall of 2020 to help ensure a 
successful spring distribution. This started with fall lifting and grading 1 million seedlings in 
November 2020. Champion Forestry supplied a 10-person crew to do the lifting and grading 
while nursery staff provided support. Numerous precautions to mitigate COVID-19 risks were 
set up at the nursery. Our spring labor contractor, Superior Forestry Service, was asked to 
supply two separate 10-person crews instead of the one crew normally utilized. One crew 
was strictly a grading crew working in the nursery’s grading facility. The other crew would do 
all the seedling lifting and, when unable to lift due to weather or breakdowns, would grade 
seedlings on a second grading belt set up in the DNR Wildlife Management’s shop building 
located elsewhere on the nursery property. The Wildlife Management staff generously offered 
us the use of their building for the spring lifting season. Having separate buildings allowed the 
two contract crews and their associated support staff of nursery employees to stay 
segregated so that in the event of a quarantine, one crew could hopefully stay in production. 
Additional precautions such as social distancing on the grade belt, mask use and plastic 
barriers between workstations were also implemented to reduce the risk of COVID-19 
exposure.   
 
Spring seedling lifting began on March 22, and the final lift was done on April 20. Grading 
operations began on March 25, and both crews finished grading on April 23. The two-crew 
system and COVID-19 protocols worked well, and the season was successfully wrapped up 
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with no known virus exposures and no lost time due to illness. All orders were packed, and 
the final semi left the nursery on May 6. Distribution season lasted six weeks from start to 
finish, successfully spring lifting and grading 3.8 million seedlings. Including an additional 1 
million trees lifted and graded in the fall of 2020 that were stored in the cooler over the winter, 
the RP packed and delivered more than 4.8 million seedlings to customers across Wisconsin 
over this six-week period.  
 

SPRING SEEDING 

Even as distribution season was winding down, it was time to begin prepping for spring 
sowing operations. Although most of the seed is sown in October, there were still 12 species 
(20 different seedlots) to be sown in the spring. Some species, like tamarack and black 
spruce, are planted in the spring to reduce the risk of seedbed erosion over the winter 
months. These seeds are planted very shallow as even a modest wind can erode and destroy 
the bed. Other species like aspen, river birch, cottonwood, red maple and silver maple are 
spring seed dispersers. These species require the collection of fresh seed prior to planting 
unless there is an adequate supply already in storage.  
 
Sowing of stored conifer seed went well but procuring and successfully growing fresh 
hardwood seed proved to be a problem. As mentioned above, central Wisconsin had a very 
good crop of silver and red maple seed, but a large storm event hit just as the seed was 
ripening. This made for good seed dispersal but unfortunately made it nearly impossible to 
collect seed for the nursery. Because of this, red and silver maple beds are well below goal, 
and very poor germination of the red maple seed from storage made the problem even 
worse. A call went out to foresters to help in locating aspen seed. Several small lots were 
collected and sown, but germination was very poor, and only one aspen seedlot showed 
much success. Unfortunately, it wasn’t planted until late June, and despite having decent 
germination, it failed to reach saleable size before the end of the growing season.  
 

GERMINATION 

Fall-sown seed typically begins germinating in early April with the appearance of hard maple 
and a handful of other early bird species. By the end of seedling distribution season in May, 
germination is going strong, and all but the slowest species are up. If seed hasn’t shown up 
by mid-May, when the hickory begins to germinate, then it is probably safe to assume it’s a 
failed seedlot. All seedlots are inventoried in June to assess overall success. Germination 
was quite good in 2021. There were a few seed failures (red maple, hemlock, aspen and 
alder), but overall, most species germinated at or above target bed density. Some species, 
such as river and white birch, were at two to three times target density. Seedling beds will 
generally self-thin to at or near target bed density as the trees get big enough to create intra-
species competition. This is especially true in small-seeded, shade-intolerant species such as 
white birch and aspen. Because of this, nursery managers subtract heavy shrinkage buffers 
from germination inventories that are abnormally high. Species that are more shade tolerant, 
like most conifers, may need to be manually thinned if they are over inventory by too large of 
a margin at germination. This is a costly, labor-intensive process, but it will result in stronger 
seedlings and lower cull rates in the finished product. 
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Table 8: Deviation from Target Bed Density 

 
Seed shortages on some species like hemlock, silver maple, white oak and swamp white oak 
mean that we are far short of the planned number of beds. For some species, such as yellow 
birch, we had no seed at all. Extra beds of other species, like river birch and red oak, were 
sown because there was available bed space and surplus seed to fill it. Smaller deviations 
from the target number of beds are likely due to sowing slightly above or below the target 
per/bed seeding rate. 
 

Species 

Deviation From 
Target Number 

Of Beds 
(0% = Target) 

 

Species 

Deviation From 
Target Number   

Of Beds 
(0% = Target) 

Cedar, White 14% Basswood -13% 

Fir, Balsam 25% Birch, River 33% 

Hemlock -37% Birch, White -40% 

Pine, Jack -11% Cherry, Black -3% 

Pine, Red 6% Hackberry 0% 

Pine, White 8% Maple, Hard -22% 

Spruce, Black -4% Maple, Silver -57% 

Spruce, White -7% Oak, Bur 8% 

Tamarack 9% Oak, Red 31% 

 Oak, Swamp -85% 

 Oak, White -98% 

 Walnut 3% 
Table 9: Deviation from Target Number of Beds 

 
In fall 2020, an informal experiment was performed to test the use of germination fabric on 
fall-sown white spruce. The goal is to determine if germination will improve by increasing the 
seedbed protection from erosion and desiccation. Two rows were sown and covered with 
germination fabric (test), while two others were sown and covered with raised shade cloth 
(control). Four other rows were spring sown into the same block in May and covered with 
raised shade cloth right after sowing. The germination fabric was removed from the 
experimental rows at the first sign of germination, and the rows were immediately covered 
with the standard treatment of raised shade cloth. Analysis of the germination inventory 
showed no significant difference between the various treatments. This may be in large part 
due to the presence of good snow cover all winter, reducing the potential for soil erosion and 

Species 

Avg Deviation From 
Target Bed Density 

(0% = Target) 

 

Species 

Avg Deviation From 
Target Bed Density 

(0% = Target) 

Cedar, White 25%  Basswood -35% 

Fir, Balsam -40% Birch, River 240% 

Hemlock -100% Birch, White 232% 

Pine, Jack 25% Cherry, Black -66% 

Pine, Red 59% Hackberry -45% 

Pine, White 112% Maple, Hard 43% 

Spruce, Black 83% Maple, Silver 18% 

Spruce, White 59% Oak, Bur -29% 

Tamarack 62% Oak, Red 37% 

 Oak, Swamp 0% 

 Oak, White -31% 

 Walnut -13% 
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desiccation of the seedbeds. As expected, the fall-sown seedlings are slightly larger than the 
spring-sown rows, but this variation typically disappears during the second growing season. 
 

WEATHER CONDITIONS 

Spring weather conditions presented some challenges for seedling germination and survival. 
Germination typically proceeds best under humid, warm, and sunny conditions. Spring of 
2021 was none of the above, with April having 11 and May having six nights of sub-freezing 
temperatures. Total rainfall for the 
entire month of April was a mere 
0.64 inches, and from March 24 to 
June 26 (64 days), there were only 
two rain events greater than .5 
inches. The nursery received a 
combined .82 inches of rain May 2-
3, another .74 inches on May 27 
and no further rain until June 17. 
Even with irrigation, it was difficult 
germinating conditions. Constant 
irrigation leads to soil compaction 
and the formation of a surface crust 
that seedlings have difficulty 
breaking through. This was a major 
factor in causing delayed 
germination in some species, 
especially jack pine, red pine, and 
white pine. Good winter snow cover meant the beds never suffered the usual wind erosion, 
so as a result, the seed of all three was slightly too deep, and still covered with hydromulch in 
April. Normally this mulch has blown away by spring along with varying degrees of surface 
sand, so nursery staff ‘cheat’ by sowing the seed slightly too deep in the fall. All three pine 
species showed very spotty or non-existent germination as of April 30, and the seedlings 
struggled to break free of the surface crust. If not for the May 2-3 rain event (.82 in.) and 
associated warm overnight temperatures, it is uncertain if this seed would have ever 
emerged.  
 
Late June brought substantial rains to help mitigate the worst of the drought conditions, but 
rainfall was still below normal. July rainfall was also scarce but arrived as three well-timed 
rains approximately a week apart. On Aug. 7, the nursery was spared any serious damage 
when a very large and destructive tornado passed less than a mile south of the property. That 
storm failed to produce any measurable rainfall. The rain we did receive in August came in 
two separate spans, on Aug. 8-10 and a series of showers Aug. 23-28. After that, the rains 
turned off with no measurable rainfall for four weeks until we received .04 inches of rain on 
Sept. 24 and finally .20 inches on Oct. 1. The dry ground conditions going into fall were good 
for fall sowing and seedling lifting, but the low soil moisture is a concern for next year’s crop 
that is overwintering in the relatively dry seedbeds. 
 

Figure 1: Drought-starved nursery lawn June 16, 2021. Tree 
got supplemental water.  
WI DNR photo 
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CULTURAL PRACTICES 

Once the last of the pine seedbeds finally germinated in May, the nursery settled into a 
routine summer. The lack of rain made germination season challenging. Wilson Nursery has 
relatively coarse sandy soil with very little water-holding capacity, so newly germinating beds 
need to be closely monitored and frequently irrigated. This makes fungicide applications 
challenging but much less challenging than working around rainy weather. The lack of rain 
meant no missed or delayed fungicide applications, leading to a very low incidence of 

Table 10: Monthly Precipitation (in.) for Boscobel 

Table 11: Weekly Spring Precipitation for Boscobel 
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Diplodia detected in our fall red pine survey. Every year the nursery works with Forest Health 
staff to do a comprehensive survey of all red pine beds, culturing seedling tissues to search 
for asymptomatic Diplodia infection. Wet weather in May and June creates perfect conditions 
for Diplodia spores to spread, and unexpected rains can potentially wash off recently applied 
fungicides.   
 
Weeds were kept largely in check with well-timed applications of pre-emergent herbicides, 
primarily oxyfluorfen (Goal) on the conifers and pendimethalin (Pendulum AquaCap) or 
prodiamine on the hardwoods. Hand weeding by nursery staff effectively dealt with any 
weeds missed by the herbicides. Potato leaf hoppers appeared in the nursery very early in 
the growing season, raising concerns that they could develop into a serious problem. This 
pest migrates into the state every year from the south and reproduces rapidly. They are a 
small sucking insect whose saliva acts as a toxin in plant tissue, causing distorted growth. 
Even at relatively low population levels, they can cause significant stunting in nursery stock, 
especially troublesome on oak seedlings. While present all summer in 2021, they never 
seemed to reach problem levels until mid-July, when we found it necessary to treat the red 
oak, hackberry and birches. One field of 1-0 red oak was moderately stunted and will be held 
to 2-0 as a result. 
   

SUMMER NURSERY WALKS 

In 2021, the DNR Forest Health team scheduled monthly stock walks at the nursery. In the 
past, Forest Health staff have always been very responsive if nursery staff brought a problem 
to their attention, but they didn’t necessarily have a good feel for the day-to-day nursery 
operations. Our hope was that by including Forest Health staff in monthly stock walks, they 
would become more familiar with the various stock issues throughout the growing season 
and therefore be better able to recognize and diagnose potential problems. The addition of 
new observers also helps spot potential problems that nursery staff may miss, and it makes 
nursery staff question why things are done the way they are. Overall, the visits were a great 
success and very educational for both Forest Health and nursery staff. Plans are to continue 
with monthly visits in 2022.  
 

FUMIGATION AND FALL SEEDING 

Prepping for fumigation began in July, with sulfur amendments to lower soil pH followed by 
subsoiling to break up the hardpan. Fields were then plowed, disked and leveled with a land 
plane. Sedge peat was added to adjust the organic matter content of selected fields, with the 
target soil organic matter of 2%. Fourteen acres of hardwood/shrub ground was fumigated 
with a methyl bromide/chloropicrin mixture (MBC-33) at a rate of 300 lbs./acre on Aug. 9, 
2021. An additional four acres of conifer ground was fumigated with straight chloropicrin (Tri-
Pic 100) on Aug. 26, 2021, at a rate of 175 lbs./ac. Both chemicals were shank injected and 
sealed with plastic tarps. Tarps were removed two weeks after application, and the ground 
was prepped for planting.   
 
Fall seeding began on Sept. 30, 2021, with the sowing of four rows of black walnut. It 
wrapped up a month later, on Oct. 28, 2021, with the sowing of the last few bushels of white 
oak acorns. Seeding plans called for an ambitious 19 acres of new seeding, including 3.4 
acres each of white oak and swamp white oak. Fumigation was reduced to 18 acres, based 
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on the number of seed that could realistically be procured. At $4,360/acre, there is no point in 
fumigating ground if the seed is not available to fill those beds. There was a bumper crop of 
white oak, and the RP was able to procure enough seed to plant 3.6 acres, exceeding our 
goal. However, swamp white oak seed was much harder to come by, and despite a 
moderately good acorn crop and our best efforts, we were only able to procure enough seed 
to sow 1.4 acres of the target 3.4 acres. Seed for several other species came up well short of 
goal, with yellow birch (80% short of goal) and red oak (17% short of goal) being the most 
significant. For shrubs, we had no Juneberry seed and very little choke cherry (67% short of 
goal) or elderberry seed (78% short of goal) to sow. 
 
Even with the pre-fumigation reduction to 18 acres, there are extra acres of fumigated ground 
available beyond planned spring seeding needs. Provided seed is available, we intend to 
significantly increase beds of silver maple and red maple in the spring to help meet the 
growing demand for bottomland hardwoods and offset the shortfall in swamp white oak. 
Aspen and river birch seeding will also be increased to take advantage of the available bed 
space and we would like to experiment with a production-scale trial of American elm. We 
have grown very limited quantities in the past, but there seems to be growing demand for the 
species for inclusion in bottomland plantings. While not resistant to Dutch Elm Disease 
(DED), these fast-growing seedlings should still help capture bottomland sites and hopefully 
survive long enough to help shade out the reed canary grass competition, provide wildlife 
habitat and hopefully reach seed-bearing age.   
 

FALL LIFTING AND GRADING 

Fall lifting and grading proved to be successful the previous season. We decided to continue 
this practice for several reasons, including getting firm inventories of several species early in 
the sales season, showing no significant effect on seedling quality and allowing for a quicker 
start to distribution in the spring. Fall lifting began on Nov. 1, 2021, with the arrival of a nine-
man contract crew from Northwoods Forestry. Weather and lifting conditions were good 
throughout November, and contract lifting and grading operations were wrapped up on Nov. 
18, 2021. The final tally lifted was 798,000 seedlings, of which 400,000 were conifers. All 
seedlings were graded. Conifers graded on target to slightly above target. Hardwoods and 
shrubs ran short for most species. There was a 16% inventory shortfall of lifted hardwood and 
shrub seedlings, with only 333,000 yielding as graded trees of the 398,000 estimated during 
inventory. Most species fell within the inventory buffers we established prior to beginning 
seedling sales on Oct.4, but some species ran significantly short of estimated inventory, 
leaving us with fewer trees than existing sales for those species. A stock trade with Iowa 
DNR and Illinois DNR was able to cover some of the shortages but unfortunately, several 
aspen and white birch customers were required to take substitutions or refunds. Saleable 
inventories for species not yet sold out and not yet all lifted, such as red oak and river birch, 
were adjusted down to account for the poor yield of the fall lifted and graded stock, assuming 
the remaining stock will trend the same. Seedlings that are fall lifted and graded are carefully 
packed into sealed seedling boxes or large field crates and placed in cold storage (26 to 28 
degrees Fahrenheit) for the winter. They will then be thawed prior to handling in the spring. 
Seedlings will be monitored for quality. Fall lifting and storage does not work for all species as 
quality suffers, but for those that it does, it is a great way to mitigate frozen soils and 
inclement weather in spring. 
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2021 HIGHLIGHTS 

The Tree Improvement Program (TIP) not only met its objectives set at the beginning of the 
year, but also accepted yet another new project in 2021. Here are a few highlights from the 
year. 
 

• Critical field projects were completed, such as roguing trees in several plantings, 
mulching the remaining branch material and mowing the Ten Mile red pine oak 
understory. 

• Preparations continued at three current jack pine orchards to ready them for open 
pollination. This will provide seed for use in future jack pine progeny tests, with seed 
collection beginning as early as 2022. 

• Several shared research projects have resulted from the Wisconsin TIP’s collaborative 
relationships with other tree improvement experts at universities and federal agencies 
at the state and federal levels. These include the butternut canker trial established at 
Bell Center in 2019 and a new white oak progeny trial spearheaded by the RP.  

• In August, a major white spruce cone harvest was conducted at two separate seed 
orchards, resulting in over 120 pounds of clean, improved seed for the Wisconsin DNR 
tree nursery. 

• Plans were made to improve the Forest Health Lab’s greenhouse for jack pine 
seedling propagation. The development of that infrastructure will be a sizable portion 
of efforts in early 2022. 

• Regular maintenance activities such as mowing and side-branch removal were 
performed at various orchards. The white spruce orchards at Mead and Sawyer Creek 
were prioritized for this work to prepare for the late-summer cone harvest. 

• Raymond Guries, Professor Emeritus from the University of Wisconsin-Madison, Dept. 
of Forest and Wildlife Ecology, formally left his position as supervisor of the Wisconsin 
Tree Improvement Program. 

 
Details regarding work accomplished in 2021 are described in the following sections. For a 
specific summary of the tasks completed at each of the TIP orchards, see the accompanying 
document 2022 Work Plan Wisconsin Tree Improvement Program. 
 

 

 

 Tree Improvement Program  
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WHITE SPRUCE CONE HARVEST 

Going into 2021, inventory of 
improved white spruce seed had 
dropped to a five-year supply at 
current nursery seeding rates. 
Thus, harvesting a cone crop for 
seed became a high priority at the 
Mead and Sawyer Creek white 
spruce seed orchards. Fortunately, 
cone development for 2021 was 
significant at both orchards by 
June, so two separate harvests 
were planned. 
 
Mead white spruce orchard was 
planted in 1982 on six acres in 
Marathon County. The trees were 
initially marked for roguing in 2019 
to promote better growth and cone 
production in the remaining trees 
and to improve the overall 
genetics of the orchard. Once we decided to conduct a harvest at Mead in 2021, Brad 
Schmidt and Stuart Seaborne re-marked the trees on July 12. From there, they decided that 
controlling the tall and dense elderberry understory should be made a priority to allow future 
equipment access. The orchard was mowed thoroughly with the tractor and the DR mower by 
mid-July. 
 

Challenges at Mead were 
coordinating the harvest of 
trees being rogued with the 
ripeness of their cones and 
having both the culling and the 
cone collection happen 
simultaneously. The contracted 
logging company was 
scheduled to harvest the logs 
on Aug. 16, and the contracted 
labor crew for picking cones 
was able to start the following 
day. 
Harvesting the cones was a 
joint effort. An aerial lift crew 
picked cones in the trees along 
the orchard’s edges while a 
seven-man contract crew on the 
ground used pruners to snip 

cones off the lower branches. Kevin Christison and Michael Ard from Griffith Nursery made 
up the lift crew, hand-picking cones and cutting cone-laden branches from the tops of the 

Figure 2: Kevin Christison collects white spruce cones from an 
aerial lift at Mead seed orchard in August 2021. 
WI DNR photo 

Figure 3: Rogued branches laden with cones during harvest at 
Mead white spruce seed orchard in August 2021. 
WI DNR photo 
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trees. Stuart separated the cone-bearing branches from the piles of branches left over from 
the roguing, making it easier for the contract crew to come through and snip off their cones. 
 

The white spruce cone harvest at Mead brought in 82 bushels of cones, 
yielding 71.6 pounds of clean seed in 2021.  
 
The Sawyer Creek white spruce orchard was planted in 1989 on 10 acres in Washburn 
County. The plan for collecting white spruce cones here was to rent an aerial lift and do all 
cone collecting from the lift. In late July, the orchard was mowed, and any dead side-
branches still present in 25% of the orchard trees were removed in preparation for harvest. 
The harvest was conducted from Aug. 9-20 by Ray Aguilera, Stan Klais, Jeremiah Auer, Mark 
Caldwell and Margaret Schwark. Cones and cone-bearing branches collected were 
transported to Hayward Nursery and laid out on tarps to prevent molding. A work crew from 
Gordon Correctional Center came to Hayward Nursery starting Sept. 13 and separated the 
cones from the branches by hand over three days, taking a total of 85.5 person hours to 
complete the task. 

 
Sawyer Creek’s 2021 white spruce cone harvest grossed 103 bushels of 
cones, yielding 50.6 pounds of clean seed. The total amount of clean seed 
harvested from the two orchards was over 122 pounds! 
 

MARKING, ROGUING AND MULCHING 

Roguing trees from an orchard improves the overall genetics by measuring for traits such as 
height, form and disease tolerance and then selecting the poorer performers for removal. 
Roguing is also used to maintain wide spacing and large crowns. This improves the health of 
the orchard and increases the potential for growth and cone production. Thinning orchards is 
especially important for younger progeny tests being converted to orchards. They are planted 
at trial widths (e.g., 8 feet x 8 feet) and can rapidly outgrow such dense spacing, which 
significantly reduces the large crowns that are desired for future cone production. 
 
The first step of the process is marking the trees to be removed with blue spray paint. After 
the spacing needs are considered, unfit trees are determined by observation, height, or 
volume data. Felling and bucking the trees can then be accomplished using chainsaws, skid-
steers with grinders, or logging equipment operated either by the DNR or contractors. The 
remaining limbs and branch piles are then able to be mulched using a skid steer with a 
grinder attachment. This allows for easier access and faster decomposition. 
 
Stan Klais and Stuart Seaborne marked 455 white spruce trees at Sawyer Creek in a single 
day on Sept. 30. A DNR feller training course subsequently rogued the orchard in December 
2021. Stuart and Margaret Schwark marked 926 white pine in the spring and 287 red pine in 
the fall at Lake Tomahawk. On July 12, 300 white spruce at Mead were re-marked by Stuart 
Seaborne and Brad Schmidt, and these were subsequently rogued during the 2021 cone 
harvest. 
 
The Hauer Springs jack pine planting marked in 2020 was also rogued in 2021. A DNR feller 
training course led by Forester Ranger James Kujala cut down about half of the trees in the 
stand on March 3, 2021, and the remaining half was completed by a different class in 
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January 2022. A total of 182 trees were cut down, and 121 jack pine trees remain at Hauer 
Springs. 
 
Mulching the limbs and branch material left behind in the Black River Falls white pine after 
the December 2020 roguing was performed by Griffith staff in January 2021. The remaining 
piles of limbs and branches at the Mead white spruce orchard from August’s roguing were 
mulched by Kevin Christison and Jeremiah Auer in December 2021. 
 

 

JACK PINE PROGENY TESTS 

A modified Jack Pine Breeding Plan was developed at the beginning of 2020 for creating the 
next generation of progeny tests from the most recent generations of genetics within the 
program. The jack pine plantings at Black River Falls (third generation index population), 
Hayward Nursery (third generation breeding population) and Hauer Springs (second 
generation breeding population) are currently being managed for the harvest of open-
pollinated cones to use as the seed sources for these future tests. 
 
Each of these plantings were originally planted as four trees/family/rep. In order to greatly 
reduce the chance of sib crossing, as the four family trees in each rep were planted in a row 
together, it was decided to rogue each site to one tree/family/rep. Jack pine cones develop 
over two years. Initial pollination occurs in the spring of the first year, with both cones and 
seed reaching full maturity by August of the second year. Therefore, each planting needed to 
be completely rogued before pollen release in the spring of the first year so that cones could 
be collected the following year. 
 
The Black River Falls jack pine planting was completely rogued in 2020, so cones can 
potentially begin to be collected in August of 2022, despite 2021’s spring flower crop being 
considered only fair. This site was mowed with a tractor brush-hog in 2021 to control the 
understory and mulch any remaining branch material still within the orchard. 
 

Figure 4: Mulching branches at Black River Falls 
white pine, January 2021. 
WI DNR photo 

Figure 5: White spruce logs after roguing at Mead 
seed orchard, August 2021. 
WI DNR photo 
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The Hayward jack pine planting was completely rogued in 2020, with a cone harvest 
conducted following the roguing. The cones were collected by pulling, not snipping, which 
unfortunately caused widespread branch dieback in these trees. Because this impacted cone 
formation from the 2021 pollinations, cone harvests for progeny testing will now begin here in 
2023 from the pollinations that will occur in 2022. The site is well-maintained by nursery staff. 
 
The Hauer Springs jack pine roguing was not completed until December 2021, so cone 
harvests for progeny testing will also not begin here until 2023. A feller training course 
performed the roguing, and the trees are still on the ground within the stand. Plans have been 
made to remove the trees from the site and to mulch the remaining limbs and branch material 
in 2022. 
 

COLLABORATIONS: TRIALS AND 
INFORMATION SHARING 
 
The Wisconsin RP collaborates on projects and shares information with other tree 
improvement groups and forestry experts, including the USFS Oconto River Seed Orchard 
(ORSO), Northern Forest Genetics Association (NFGA) and the Hardwood Tree 
Improvement and Regeneration Center (HTIRC) at Purdue University. These relationships 
continued to be successful and productive in 2021. In addition to our ongoing work with the 
butternut canker trial at Bell Center, the Wisconsin RP agreed to participate in a new white 
oak initiative in 2021. 

The White Oak Initiative  
 
The White Oak Initiative is a group of industry, nonprofit and government partners interested 
in working together to ensure the long-term sustainability of white oak. The White Oak 
Initiative began as these partners, including the bourbon industry, recognized the long-term 
decline in white oak throughout the historical range of the trees. White oak can be a 
challenge to regenerate, and current regional conditions have conspired to suggest that the 
increased need for white oak lumber, including barrel making, will deplete the resources.  
 
Laura DeWald, Tree Improvement Specialist in the Department of Forestry and Natural 
Resources at the University of Kentucky, is organizing the initiative’s acorn collection efforts, 
propagation of acorns into seedlings and establishment of progeny tests. Laura met virtually 
with RP team members Joe VandeHey, Jeremiah Auer and Stuart Seaborne, as well as DNR 
Silviculturist Greg Edge, on June 21, 2021, to discuss how Wisconsin could partner and 
benefit from becoming involved in the White Oak Initiative. The group agreed that the project 
fit our strategic goals for forest genetics and was a beneficial partnership in which to 
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participate. The RP agreed to oversee the 
collection of white oak (Quercus alba) acorns 
from across the southern two-thirds of Wisconsin 
and northeast Iowa, where white oak is native. 
Regeneration Specialist Jeremiah Auer took the 
lead in the acorn collection, and in total, the RP 
sent over 40 selections. These seedlings are 
currently being grown at the Kentucky State 
Forest Nursery and will be sent back to 
Wisconsin to establish progeny tests in spring 
2023. The goal is to find the highest-performing 
families and collect acorns from them for use in 
producing seedlings well into the future. 
 
The Tree Improvement Program within the RP 
will participate in orchard management and data 
collection for the white oak progeny tests being 
established in Wisconsin. This fits into the goals 
of the program as outlined in the Strategic Plan 
2019-2029. These goals are:  
 

1) The development of biologically sound 
tree improvement practices that lead to 
increases in forest productivity and forest 
health, and 

  
2) The conservation of forest genetic resources in long-term breeding programs 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.  

 
This new partnership allows the program to capture the genetics of selected white oak from a 
broad area of the state and ultimately utilize production from the best performers in managed 
orchard sites. 
 
The Wisconsin DNR has selected a southwest Wisconsin progeny test site, and potential 
progeny test sites in central Wisconsin are still being evaluated. Preparation of the selected 
locations will be completed and fenced in 2022 and 2023. Once the progeny test data needed 
to make selections is complete, the progeny tests will be rogued and converted into seed 
orchards. Additional genetically improved grafted seed orchards may also be established.  

Bell Center Butternut Canker Trial 
 
The Bell Center butternut canker trial was planted in 2019 on five acres as a collaborative 
effort between the RP and butternut specialists at Purdue’s Hardwood Tree Improvement & 
Regeneration Center (HTRIC) and the United States Forest Service (USFS). Its purpose is to 
determine whether durable resistance to butternut canker (Ophiognomonia clavigignenti-
juglandacearum) exists in native butternut trees. Stuart Seaborne and retired USFS 
Geneticist Paul Berang worked together in 2021, mowing the trial twice during the summer 
and pruning the young trees in late fall to allow for easier equipment access. The trees were 

Figure 6: Wisconsin and Iowa white oak acorn 
collection sites, 2021. 
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band-sprayed with a Pendulum AquaCap and RoundUp ProMax mix on May 12, 2021 by 
DNR staff. The first comprehensive trial evaluation for observable canker is scheduled for late 
fall 2022. 
 
The Northern Forest Genetics Association held a virtual Zoom meeting for members on Sept. 
8 and 9, 2021. Stuart Seaborne updated the group on recent activities in the Wisconsin Tree 
Improvement Program, including the plans for fourth-generation jack pine progeny testing 
and our involvement with the butternut canker trial at Bell Center. Numerous other tree 
improvement specialists spoke about their research ranging from poplar versus willow for 
contaminant uptake, breeding for improved black walnut for commercial purposes, to 
Emerald Ash Borer resistance. This forum is an excellent opportunity to learn about the work 
other tree improvement specialists around the country are involved in and to develop 
relationships and possible partnerships with them. 
 

GREENHOUSE PROPAGATION 
 
Propagating white spruce reliably through grafting has been a goal of TIP, so grafts were 
attempted in both 2020 and 2021 with minimal success. Improvements to environmental 
conditions in the Forest Health Lab greenhouse and grafting techniques were made in 2021, 
but the success rate of the grafts was still disappointingly low. Of the 75 grafts attempted 
using scion wood from the top 15 families at Sawyer Creek, only four survived. Exchanging 
the old grafting bands with new ones to increase the pressure applied will hopefully improve 
results in 2022, as well as sealing the grafts with parafilm tape instead of pruning sealer to 
better prevent the graft site from drying out. White spruce scion from Sawyer Creek will again 
be collected in February 2022 to graft onto Norway spruce seedlings that were potted in May 
2021. 
 
Plans are underway to also begin using the Forest Health Lab greenhouse to propagate jack 
pine seedlings to use in future progeny testing. Joe VandeHey and Stuart Seaborne are 
designing the proper watering system and other infrastructure for growing up to 10,000 jack 
pine progeny test seedlings there. Small test plantings of jack pine will occur in 2022 to gain 
knowledge and growing experience. 
 

MAINTENANCE OF ORCHARDS AND 
TRIALS 
 
Maintenance tasks include mowing with a tractor-mounted brush hog and the DR mower for 
understory control, removing lower branches for improved access and herbicide spraying for 
understory control at specific sites. Prioritization of tasks and locations depends on other 
activities planned (e.g., cone and nut harvest, thinning) and the urgency of understory control 
at a particular site.  Some of the plantings are more open (e.g., Bell Center hardwoods) or 
have more vigorous growth under the tree canopy (e.g., Mead white spruce). Other plantings 
(e.g., Lake Tomahawk and Black River Falls white pine, Sawyer Creek white spruce) are 
more closed and shaded, and the understory needs less control.   
 
The white spruce orchards at Mead and Sawyer Creek were each thoroughly mowed in July 
to prepare for the cone harvests in August 2021. The Bell Center orchard and butternut 
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canker trial was mowed in early June and again the first couple of weeks of September 2021. 
Mowing was completed for the Black River Falls jack pine in October, and the sprayed oak 
understory in the Ten Mile Red Pine was mowed by Kevin Christison using a tractor brush-
hog in November 2021. 
 
Other maintenance 
performed in 2021 
included the removal of 
dead lower side 
branches in the white 
spruce at Sawyer 
Creek. Loppers and a 
chainsaw were used in 
the remaining 25% of 
the orchard where that 
work had not been 
done. Mulching branch 
piles for easier access 
was done in the Mead 
white spruce and Black 
River Falls white pine, 
as described previously.  

Figure 7: The butternut canker trial is mowed with the DR mower in June 
2021. 
WI DNR photo 
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2022 WORK PLAN SUMMARY 
 
Most of the tasks listed below will be accomplished in coordination with other members of the 
RP. A detailed report of accomplishments in 2021 and work planned for 2022 can be found in 
the 2022 Tree Improvement Program Work Plan, which accompanies this Annual Report. 

 

Winter 
• Collect scion from white spruce at Sawyer Creek (Feb.) 

• Graft white spruce onto Norway spruce seedling rootstock (Feb.) 

• Prepare greenhouse for seedling production (Feb. and March) 

• Annual Reports and annual grant proposal (Jan.-March) 

• Digital file updating and organization (Feb. and March) 

 

Spring 

• Mulch leftover branches and stumps from roguing at Sawyer Creek white spruce 

(April) 

• Mulch leftover branches and stumps from roguing trees at Hauer Springs jack pine 

(April) 

• Mow Ten Mile jack pine with DR mower (April) 

• Mark and remove red pine around pocket decline areas at Ten Mile and Lake 

Tomahawk (May) 

• Identify and mark jack pine trees at Black River Falls to collect cones from for future 

progeny tests (May) 

 

Summer 
• Band spray or spot spray in butternut canker trial (May or June) 

• Mow or spray Mead white spruce (May or June) 

• Mow Bell Center with the DR mower and a tractor brush-hog (June) 

• Mow Sawyer Creek white pine and white spruce (July) 

• Mow Black River Falls jack pine (Aug. or Sept.) 

• Determine cone harvest based on cone set. Possible harvests are jack pine cones at 

Black River Fall (for progeny tests), Greenwood and Ten Mile II (Aug.) 

 

Fall 
• Mow Bell Center with the DR mower and a tractor brush hog (Sept.) 

• Mow Black River Falls white pine (Sept.) 

• Participate in butternut canker trial evaluation with canker trial team (Oct.) 

• Mulch leftover branches and stumps from roguing at Lake Tomahawk red and white 

pine (Oct. or Nov.) 

• Begin preparations for new white oak progeny test planting sites (Nov.-Dec.) 
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RETIREMENT OF RAY GURIES 
 
University of Wisconsin-Madison professor emeritus Raymond (Ray) Guries formally stepped 
aside as the supervising geneticist for the Wisconsin Tree Improvement Program on June 30, 
2021. He assumed this role in 1977 and oversaw the activities of the program for the next 44 
years. During that time, he had many achievements and awards, including chair of the 
Department of Forest and Wildlife Ecology (2002-2009) and induction into the Wisconsin 
Forestry Hall of Fame in 2018. He is also respected for his work on the selection and 
breeding of Dutch elm disease-resistant elm.  
 
Ray’s work with the Tree Improvement Program in cooperation with the Wisconsin 
Department of Natural Resources helped ensure that the state’s tree planting program used 
seed that were well-adapted and had increased productivity potential. His guiding hand and 
steady leadership provided the consistency needed over the years to reach these goals. 
 
Ray Guries touched the lives of many graduate and undergraduate students in his varied 
roles as a forestry educator and advisor, where he often went beyond what would typically be 
expected of someone in those positions. He was also looked to for his expertise by many 
other forestry professionals, not only in the state of Wisconsin, but regionally and nationally 
as well. 
 
On a personal note, Ray was the kindest and most thoughtful supervisor that I have ever had. 
It is hard to express the respect and admiration I have for him not only as a supervisor and 
mentor, but as a person. He has amazing integrity, a needle-sharp editor’s pen and 
expresses his thoughts on matters in a no-nonsense manner. It was a great privilege to have 
the opportunity to work with him for the past six years. I will very much miss him as a 
supervisor, but I will always be honored to call him my friend.  

 
~ Stuart Seaborne 

  

Figure 9: Ray Guries and Stuart Seaborne in Ray’s garden, April 28, 2022. 
Stuart Seaborne photo 


