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Cost Benefit Analysis of Planting Stock: Three-Year Study 

Monica Randazzo, Undergraduate Research Assistant 

University of Minnesota, Department of Forest Resources 

Introduction 

The myriad benefits of urban forests, ranging from social to eco-

nomic to environmental, continue to be studied and recorded as our 

understanding of them is ever expanding. As we gain more insight 

into how maintaining a vigorous urban forest serves our communi-

ties, more and more municipalities and counties are putting forth a 

concerted effort to grow and enhance their urban greenspaces. 

These communities often face limited budgets though, so the ques-

tion of cost effectiveness emerges. How can communities ensure 

that the investments they are making in the development of their 

urban forest are going to reward them the most benefits possible? 

This question requires a complex and multi-faceted answer, in-

formed by many locally unique factors, as well as it includes a con-

sideration of what planting stock options are best suited for their 

planting events. The three-year Cost Benefit Analysis of Planting 

Stock intends help communities decide which planting stock types 

they might prefer to use under a variety different circumstances. 

 

Planting Stock Types and Associated Costs 

Many avid tree planters are at least familiar with the different types of planting stock, some may even have 

experience working with and planting a variety of them, but for many the transitional period between the tree 

nursery and boulevard or park may be a grey area, or a complete unknown besides the traditional nursery con-

tainer. The four planting stock types included in this study are containerized trees, ball and burlapped (B&B) 

trees, spring planted bare root trees, and gravel bed bare root trees. Each of these stock types have varying 

costs when not only purchasing price, but labor, transportation, machinery, and storage requirements are taken 

into consideration.  Containerized trees are the most well known planting stock. They are ubiquitous in nurse-

ries and garden centers, and many species are grown as containerized trees. While there is some variety in con-

tainer types, all of the containerized trees included in the study were planted out of traditional black containers 

with fully sealed sides. Containerized trees have a wide range of purchase prices, but generally,  pot-size  -(#5, 

#10, #15, etc.) is the major factor contributing to the price. 

Figure 1: A serviceberry tree in 
the study, located in St. Paul, 

sporting its identifying tag 
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Containerized tree prices for can run from around $40-$250 

per tree depending on species and size. Handling these trees 

may also require a fair amount of labor and transportation 

costs, particularly when trees are in larger pot sizes as they 

can be heavy and require a fair amount of knowledge re-

garding best planting practices. 

 
Ball and burlapped trees, otherwise known as B&B trees, 

are generally the largest size planting stock available. B&B 

trees have been field grown, and then are dug out with a 

large soil ball and are tightly wrapped in burlap, wire, and 

twine, hence the name. B&B trees are the easiest way to 

plant a tree that is already large, and has an appearance 

closest to that of an already mature tree. These trees tend to 

be the most expensive planting stock available because they 

are costly to produce, large, very heavy, and difficult to 

handle without adequate training and equipment. Individual 

B&B tree prices range from about $200-$390, depending 

on caliper size, soil ball size, and species. 

 
Spring planted bare root trees ship directly from the nursery bare root, they have generally been field grown 

and dug up, with the soil completely removed from the root system. They are stored in a damp cooler over the 

winter, and must be planted either immediately or following a period of “sweating,” during which the trees are 

covered until the buds begin to break. Bare root trees usually represent the widest variety of species compared 

to other stock types as well.  

 
Gravel bed bare root trees are those which 

have at some point during the same season 

of their planting been held in a community 

gravel bed of whatever form, a technique 

which is utilized to not only store bare root 

trees until the time of planting, but also to 

stimulate additional fine root development 

in the trees. Both forms of bare root trees are 

easy to handle as they are relatively light-

weight, one person can easily handle multi-

ple small bare root trees or one to two large  

Figure 2:  B&B tree before planting 

Figure 3:  Community gravel bed in  
Robbinsdale, Minnesota 
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bare root trees alone. So long as the root system remains well hydrated during storage and transportation, bare 

root trees are well suited for different planting scenarios, particularly for volunteer events. Purchasing prices 

for bare root trees range with species and size, but average prices are from $10.00-45.00. Transportation costs 

are often reduced because of how lightweight bare root trees are compared to stock types with soil, and be-

cause the trees are much lighter and easier to handle labor costs and time commitments may be reduced as 

well. Costs associated with building and maintaining a community gravel bed are something communities also 

must consider, see link to Community Gravel Beds information at the end of this report for more information 

on the construction and use of gravel beds. 

 

 
Performance between Stock Types 

Each of these four stock types present their own set of advantages and disadvantages in terms of transplant 

success, making some types more suitable depending on the planting circumstances. Success in the establish-

ment and survival by stock type can vary a great deal between species, sizes of trees, and environmental condi-

tions, making comparisons between the stock types themselves difficult. The intention of this cost benefit anal-

ysis is to look specifically at whether there are measurable differences between different stock types planted 

out in Southeastern Minnesota cities, and what other factors may be contributing to any differences. Analyzing 

any differences in growth and survival between stock types in the first three years following transplant 

(general length of establishment period) alongside the costs associated with each planting will help determine 

which stock may be more appropriate for different planting situations. 

Figure 4:  Bare rooted Majestic Skies Northern Pin Oak  grown in a gravel bed 
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Methods 

Nine communities in Southeastern Minnesota are included in this study: Arlington, Fridley, New Ulm, North 

Saint Paul, Robbinsdale, Rochester, Shakopee, Saint James, and Saint Paul. Location, species, stock type, size, 

planting date, and who planted the tree (volunteer, contractor, city employee, etc.) was recorded by the cities 

for each tree, as was the price of trees, labor hours, and machine hours for every planting as well. Of all trees 

planted in these nine communities, 1,362 are included in the study. For some communities every tree planted 

was included, and for others where the number of trees far exceeded what was realistic to collect data from and 

monitor, study trees were randomly selected. The 1,362 trees included were measured for diameter at six inch-

es above the ground (caliper), or above their graft union if above six inches if they are broadleaf deciduous, 

and  measured for height if conifers. Each tree was measured once following their transplant in 2016, and then 

again at the end of their first full growing season in the ground since transplant in the fall of 2017. Every tree 

included in the study is to be monitored and measured for the first three years following transplant in order to 

obtain data throughout the establishment period. 

This first year of data collection has been completed, and the growth rates between stock type, genus, and city 

are currently being analyzed through the Statistical Consulting Center at the University of Minnesota. Study 

trees are also monitored throughout the growing season to record survival, and every study tree has been 

mapped using the Collector app for ArcGIS, which is available to view online. Trees planted in 2017 will also 

be included in the study, and measured for the first three years following transplant. Using the growth rate and 

survival data collected after three years, the future benefits of the tree can be estimated and compared to the 

cost information compiled by the cities, so that each individual tree can be analyzed by stock type. 

Figures 5 & 6:  2016 planted study trees in the City of Robbinsdale represented by blue dots 
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Preliminary Results 

While analysis of the growth rates have not yet been completed, some preliminary survival results are visible 

through the data collected from 2016 planted trees. Eighty-seven trees from the study have died in 2017, and 

are distributed through the stock types as follows: 12.44% of spring planted bare root trees, 7.72% of gravel 

bed bare root trees, 3.56% of containerized trees, and 2.91% of B&B trees. These percentages have not been 

adjusted to account for the differences in sample size by stock type, which are extreme (193 spring planted 

bare root, 647 gravel bed bare root trees, 421 containerized trees, and 103 B&B trees) due to the varying plant-

ing capacities and available resources within each city. 

What these percentages indicate are slight advantages in stock types, though they have not yet been analyzed 

to include local precipitation data or distribution across the 32 different genera included in the study. As the 

study grows to include 2017 planted tree data any differences (or lack of) between stock types will hopefully 

become more visible, and can help to inform planting decisions. 

More Information 

Online Map of  

Study Trees 
http://arcg.is/9WGW5  

Community  

Gravel Beds 
https://goo.gl/kdHPUf 

Sweating https://goo.gl/UX1VDt 
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Effect of Cold Storage on Rooting Success of American Elm 
Softwood Cuttings 

Ryan Murphy, Research  Fellow 

Chad Giblin, Research Fellow 

Gary Johnson, Professor/Extension Professor 

University of Minnesota, Department of Forest Resources 

Introduction 

 

The continuing mission of the University of Minnesota Elm Selection Program (UMESP) is to discover rem-

nant Minnesota native elms and screen these survivors for resistance to the Dutch elm disease (DED) fungus, 

Ophiosotoma ulmi and the more virulent Ophiostoma novo-ulmi. An integral part of this research is the clonal 

propagation of selections for replicated inoculation studies. While UMESP has enjoyed great success utilizing 

grafting techniques, clonal propagation by rooted cuttings still remains a hit or miss technique. The need for 

improved rooting protocols has been echoed by the nursery industry where low success can lead to distribution 

bottlenecks and the elimination of genotypes from production. This report summarizes findings based on re-

search conducted utilizing two commercially available American elm cultivars, Princeton and St. Croix.   

  

Effect of Cold Storage on Rooting in Ulmus Americana 

 

Previous research has shown that the physiological stage at 

which cuttings are collected from stock plants can signifi-

cantly increase or decrease their rooting success (Kreiser et 

al. 2016). Anecdotally, the stage of optimal physiological 

development for cutting collection occurs once fresh shoots 

have set new buds and those buds begin changing from 

green to brown. However, the need for quantifiable metrics 

to determine optimal collection times are still needed. In 

Minnesota, an ideal collection window is likely to occur 

sometime in June. Past rooting trials in U. americana re-

vealed that delaying collection of plant material just two 

weeks can make a significant impact on rooting success 

(Kreiser et al. 2016). With a narrow optimal window for 

field collection of cuttings, the ability to store plant material is desirable as the amount of material collected 

from stock plants may exceed propagators’ capacity for processing into cuttings in a single day.  

Figure 1:  American elm rooted cutting 
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 To test cutting viability when exposed to cold storage, cuttings 

were made at two time points post collection from field grown 

stock plants. The first set of cuttings (n = 64 Princeton, 64 St. 

Croix) were made on the day of field collections. The second 

set of cuttings (n = 61 Princeton, 64 St. Croix) were made 14 

days post field collection. Cuttings were stored in plastic bags 

at approximately 34 degrees F until placed in propagation 

tents. Cut ends were dipped in a rooting hormone solution (Dip 

‘N’ Grow®) of 3.3K ppm IBA and 1.6K ppm NAA for six to 

eight seconds. Cuttings were stuck into a rooting media com-

posed of perlite and peat moss at a ratio of 5:1 (perlite:peat). 

Cutting trays were placed under intermittent mist in tents made 

of white poly and 95% shade cloth to retain humidity and re-

duce temperatures. Mist tents were constructed in a green-

house. Cuttings were collected from 10 year old trees growing 

on the University of Minnesota St. Paul Campus. Initial rooting 

data was collected at six weeks after cuttings were made.    

 

 

Results and Discussion 

 

Rooting results are summarized in Figure 3 and 

Table 1, located on the next page. There was a 

significant difference (p value < 0.001) in rooting 

success between cuttings made on June 16 and 

June 30. Rooting success was similar between 

both St. Croix and Princeton genotypes on June 

16 with St. Croix rooting at 75% and Princeton at 

77%. After two weeks in cold storage, both geno-

types experienced a large decrease in rooting suc-

cess. Princeton showed worse rooting at 28% ver-

sus St. Croix at 39% after two weeks in cold stor-

age. This study reveals long-term storage of softwood material results in significantly decreased rooting suc-

cess. These results indicate propagators should process cuttings as near to the time of collections as possible. 

This study unfortunately did not assess short-term storage of material, such as one day, two days or three days 

in cold storage. A study looking at the effect of short-term storage on rooting success should be completed. 

Figure 2:  Saint Croix rooted cutting 

Effect of Cold Storage on Rooting Success  

Genotype Date Rooting % 

St Croix  

6/16 75% 

6/30 39% 

6/16 77% 

Princeton  

6/30 28% 

Figure 3.  Rooting percentages for St. Croix 

and Princeton genotypes at two time points 

on 6/16 and 6/30 . 



Long-term Cutting Establishment Post Rooting 

 

There are two critical stages in generating a successful rooted cutting. The first stage is the formation of adven-

titious roots by the cutting. It is recognized that variability exists between elm genotypes in their ability to suc-

cessfully initiate adventitious roots, with genotypes achieving either high, moderate or low rooting percent-

ages. 

 

 

The second critical stage takes place after initial rooting has occurred. In this phase, the dormant buds of the 

cutting reflush and growth continues. Without this reflush and subsequent vegetative growth, freshly rooted 

cuttings seem to simply stall and wither. A significant portion of the losses during this dormant period may be 

attributed to root rot pathogens which can be controlled to a certain degree by fungicidal soil drenches. Active-

ly growing cuttings have not been readily observed succumbing to root rot. Furthermore, cuttings which 

reflush and continue growth shortly after initial rooting are desirable in the nursery industry as cuttings which 

remain dormant will require greater time to reach marketable size. 

  
To assess long-term survival and cutting establishment, survival data was taken at six months post-rooting on 

cuttings from the cold storage experiment above. Successfully rooted cuttings from the two time points were 

pooled together by genotype resulting in a total of 73 rooted cuttings in St. Croix and 66 in Princeton. These 

successfully rooted cuttings were transplanted into one-gallon nursery pots using Sungrow Metro-Mix® 852. 

Plants were grown under greenhouse conditions with occasional supplemental fertigation. 

R
o
o
ti

n
g
 P

er
ce

n
ta

g
e 

St Croix: 

6/16 

St Croix: 

6/30 

Princeton: 

6/16 

Princeton: 

6/30 

39% 

77% 

28% 

75% 

Table 1: Effect of Cold Storage on Rooting Success 



After six months, 15 St. Croix cuttings and 30 Princeton cuttings remained viable. This corresponds to an 80% 

loss in St. Croix and 55% loss in Princeton. Princeton showed an increased affinity for resumed vegetative 

growth compared to St. Croix. This difference in resumed growth may help to explain Princeton’s increased 

survival in comparison to St. Croix. Data on the long-term establishment of cuttings provides growers with a 

more realistic view of what to expect for outcomes of a given propagation program utilizing softwood cuttings 

propagation and should be reported as initial rooting percentages may be misleading in assessing a genotypes 

propagation potential.   

  

Methods to increase long-term success of rooted cuttings in U. americana are needed. Controlling for rot path-

ogens in addition to applying treatments designed to break dormancy may help to increase overall survival. 

This study also suggests that differences exist in a given genotype’s ability to break dormancy and continue 

growth after rooting and, furthermore, that this mechanism is advantageous in long-term cutting establishment.  
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Nursery String Decomposition Rate Study 

Gary Johnson, Professor/Extension Professor 

Monica Randazzo, Undergraduate Research Assistant 

University of Minnesota, Department of Forest Resources 

Introduction and Background  

 

The original problem statement for this study was simple: for the six most commonly used nursery strings or 

twine used to secure wire baskets to tree trunks, what is the rate (time) of decomposition?  Parallel to that 

question, what collateral damage – if any – is experienced by the trees, what is the frequency of associated 

damage, and is the associated collateral damage of any consequence? The stimulus for addressing this problem 

statement came from municipalities that plant trees or contract out tree planting to private companies, from 

landscape installation companies that regularly install trees for municipal and private contracts, and from tree 

health experts. All of these green industry professionals were encountering trees that had been “girdled” (i.e. 

compression of stem or branch cambium and sapwood) by tree nursery installed ropes, strings or twines left 

attached and were showing symptoms of damage due to the effects of girdling (i.e. reduced water and/or pho-

tosynthate movement and stem/branch failures at points of compression).   

 

The advertised length of time to decomposition from the manufacturers of these strings (when available) was 

very different from anecdotal reports.  Depending on the source of information (anecdotal to manufacturer), 

decomposition rates ranged from weeks to several years, with few details on environmental and situational 

perspectives. The decomposition rates for the various materials did not take into account the various thickness-

es of the materials, their location above or below ground, 

or whether they had been chemically treated to resist de-

composition (Figure 1).  A search of the literature re-

vealed no experimental evidence that provided more de-

tailed information on decomposition rates. Most whole-

sale or retail sources of tree nursery twines or ropes pro-

vided little to no detailed information on these products 

other than weight and breaking strengths.  

 

Tree nursery strings, installed primarily to provide support 

to heavy soil/root balls of balled-and-burlapped (B&B) 

trees and shrubs, are tightly wrapped several times around 

the tree or shrub stems (aka, trunks) and are attached to 

either the burlapped-lined wire baskets in which the soil  

Figure 1. Nursery twine intact beyond 

the decomposition of the burlap. Linda 

Treeful photo.  



balls have been inserted, or a rope-laced, hand-dug soil ball. The purpose of this supportive installation is criti-

cal to the sustained integrity of the soil ball and associated roots as the tree or shrub is handled and moved sev-

eral times before it is planted in its final landscape site (Figures 2 and 3).  Often, synthetic twine or rope or 

“treated” natural twines are used to attach the soil ball to the tree trunk if anticipated storage (heeling-in) of the 

trees will be lengthy. Natural burlap decomposes readily when in contact with moist soil or wood chips, but 

the ropes commonly last for extended periods (Figure 4).  

Figure 2. Attaching the wire basket and soil ball 

via ropes or twines is critical to maintaining the 

integrity of the soil and root ball during the man 

transports to the tree’s final planting site.  

Figure 3. A soil and root ball that has 

been hand-laced. The lacing is at-

tached to the tree’s trunk in order to 

support the weight of the soil (200 

pounds in this photo).  
Figure 4. Note the burlap on this heeled in, 

wire-basket soil ball is almost completely de-

composed but the rope attaching the basket 

to the tree trunk is still fully functional. Also 

note, often the tree trunk is protected from 

robe or twine abrasions by burlap wrapped 

around the trunk. 



Types of Nursery Ropes or Twines 

  

A variety of rope or twine materials and thicknesses are commonly used in nurseries that field-grow trees and 

shrubs, most of which are natural fibers. Of those natural fibers, sisal and jute are the most common, with cot-

ton occasionally used. For those nurseries that harvest their trees and know they will be heeded in or stored for 

extended periods before being planted, synthetic materials – largely plastic or polypropylene – or natural fibers 

treated with fungicidal products are used to ensure the integrity of the support system during that storage peri-

od and subsequent transportation to the final landscape site. Jute is a natural fiber produced from plants in the 

genus Corchorus in the Malvaceae botanic family.  Sisal, probably the most common fiber used in tree nurse-

ries, is produced from the Agava sisalana plant, native to North America. 

 

For ropes and twines requiring a longer functional life, most nursery tree growers elect to either use treated 

sisal or jute or a synthetic fiber. The most commonly used fungicidal treatment is copper naphthenate, which 

often renders a greenish tint to the treated fiber. Synthetic twines, often referenced as baler twine or bailing 

twine, may be a plastic or a polypropylene weave, but most commonly growers elect for the polypropylene. 

Polypropylene twine is photodegradable and usually breaks down in 13-20 months unless treated with an ultra-

violet light inhibitor which effectively extends its useful life well beyond that range.  

 

Placement of Rope or Twine on Tree Trunks 

 

In a randomized sampling of 880 trees out of a 

sample population of over 5,000, it was found 

that the trees most commonly had 4-6 inches of 

soil over their first main-order roots in the har-

vested soil balls (UMN, Forest Resources, 2000. 

Unpublished research). The sample population 

consisted of trees from multiple nurseries nation-

wide that were delivered to several municipali-

ties in metropolitan Minneapolis and Saint Paul. 

All trees were machine-harvested, placed in bur-

lap-lined wire baskets and had twine or ropes 

attaching the wire baskets to the tree trunks. 

Consequently, the point of rope or twine attach-

ments were at a minimum, 4-6 inches above the 

first main order roots, the acknowledged target 

for determining correct planting depths (Figure 

5).  

Figure 5. A machine harvested tree in a treat-

ed burlap –line wire basket nearing comple-

tion of a landscape installation. Note that over 

4 inches of excess soil over the first main or-

der roots was removed at planting time, mean-

ing the burlap wrapping and subsequent rope 

attachments were at least 4 inches higher than 

the first main order roots.  



Materials and Methods 

The Experimental Design 

 

Seventy-two (72) trees, several were multiple-stemmed, were planted in a raised bed area at the MN UFore 

(MN Urban Forestry Outreach Research and Extension) nursery on the Saint Paul campus, University of Min-

nesota. Soil texture was sandy loam, pH was 6.8, friable soil depth of 18 inches. Tree placement was randomly 

assigned to within twelve blocks. Each block contained six trees. The 72 trees provided 97 individual tree 

trunks that were used for the experiment. Of the 97 trunks, 87 had nursery strings attached to them (treatments) 

and 10 were used as “controls.” All trees were grown in 

#2 smooth plastic containers and were severely pot-bound 

upon purchase. All tree root systems were “boxed” to re-

move any bias from dysfunctional root systems (Figure 

6). Trees were planted in a randomized block design in 

autumn of 2014. In the spring of 2015, the surviving trees 

(all) were measured and randomly assigned treatments or 

as controls.  

 

Four tree genera were used for the study: Pinus, Populus, 

Betula and Ginkgo. These species were selected based on 

their relative growth rates, that is, Pinus and Ginkgo as 

moderate to slow, and Populus and Betula as fast to mod-

erate.  In total 51 Betula, 22 Populus, 14 Pinus and 10 

Ginkgo stems were used in this experiment. Representing 

the pine genus was Pinus strobus, for Ginkgo was Ginkgo 

biloba, and for the poplar genus was Populus tremu-

loides. The birch genus was represented by Betula nigra,  

Betula populifolia ‘Whitespire’ and Betula ‘Whitespire’ x 

‘Crimson Frost’ (aka ‘Royal Frost’ birch). 

 

The nursery ropes or twines were selected based on the 

frequency of their use in wholesale and retail nurseries. Six nursery strings were selected for this study: 

 1. Baling Twine – orange, polypropylene, photodegradable resistant 

 2. 3-ply Jute – natural 

 3. 3-ply Green Jute – dyed for aesthetics 

 4. 2-ply Sisal – Copper Naphthenate treated 

 5. 1-ply Sisal – natural 

 6. 3-ply Sisal – natural 

Figure 6. “Boxing” of a pot-bound root 

system. Boxing consists of removing 

one inch of the soil and root system of a 

containerized plant on four sides, effec-

tively removing any woody, encircling 

roots growing in contact with the con-

tainer and that have the potential of 

creating a dysfunctional root system in 

the planted landscape.  



On July 6, 2015, the various ropes or twines were installed on the surviving trees from the previous autumn 

planting. This date was selected to allow the trees to complete any (if any) caliper development before installa-

tion of strings. The treatments and controls were randomly assigned to 87 tree trunks, with the remaining trees 

serving as “controls.” Trees were irrigated once per week throughout the establishment growing season of 

2015 and as needed thereafter.  

 

Installation of “treatments” followed the initial measurement of stem diameters at 15 cm above ground (aka, 

caliper), 2.5 cm above that point and 2.5 cm below the caliper point (Figure 7). Treatments were made at the 

caliper points and consisted of three wraps around the trunk and tightly knotted. Each treatment was replicated 

on 13-15 tree trunks. The treatments and replicates were as follows: baling twine – 15; 3-ply jute – 15; green 

dyed jute – 13; 2-ply treated sisal – 14; 1-ply sisal – 15; 3-ply sisal – 15.  

 

Observations were made to determine string decomposition at (approximately) monthly intervals each year 

through November, resuming the following springs in April (contingent upon snow melt). “Pull-tests” were 

made on the ropes/twines to determine if any decomposition and subsequent strength had occurred. All pull-

Figure 7. Initial stem diameter measurements and placement of twines/

ropes on stems. 



tests were conducted by the principle investigator. Also noted was whether the rope or twine had caused any 

stem compression (Figures 8 and 9), had become imbedded in the tree trunks, whether there was any stem or 

root system instability and whether the trees has died above the point of attachment or had snapped off at that 

point during a wind-loading event. Observations were concluded on July 10, 2017 after most of the trees has 

died or had failed during wind-loading events (25-40 mph).   

 

Results 

 

Across all types of string 

used in this study, 54.02% 

of the 87 strings had de-

composed by the end of 

the 23 months they were 

installed on stems. None 

of the photodegradable 

bailing twine (A) decom-

posed over the course of 

these 23 months, though 

all other strings had some 

rate of decomposition as 

is shown in Figure 10. 

Figure 8. Early compression of 

stem tissues by bailing twine. 

Figure 9. Advanced compression of 

stem tissues and twine material im-

bedded in stem (untreated sisal). 

Figure 10. Percentages of decomposed strings by string type after 23 
months, string types being; A – photodegradable bailing twine, B – 3 Ply 
Jute, C – 3 Ply Green Jute, D – 2 Ply Treated Sisal (treated with copper 

naphthenate), E – 1 Ply Sisal, F – 3 Ply Sisal.  



The amount of time for strings to decompose varied between each string type (see Table 1), though none had 

an average number of months to decomposition lower than 12. Each string type had multiple strings which had 

not yet decomposed by the end of the 23 months.  

 

Table 1. Total number of decomposed strings and rate of decomposition by each string type.  

 
 

Stem compression was present across all of the genus’ included at the end of the study, with 98% of the Betula 

species, 100% of the Pinus species, 100% of the Populus species, and 88.9% of the Ginkgo species (for which 

there were only 9 specimens) having compression at the point of attachment. Note that all 87 stems included in 

the study at some point did have stem compression observed, and two stems recovered after the string decom-

posed. In Figure 11 the number of trees with compressed stems at the time of measurement are represented. 

After 23 months 85 stems had compression at the point of attachment (2 stems had recovered from compres-

sion following complete decomposition of the string). At the end of the study, 54.4% of the remaining stems 

had a higher caliper measurement above the point of attachment than below. Among the genera, Ginkgo had  

String Type 

Number of De-
composed 
Strings : Total 
Strings 

Average Number of Months To Decomposition 
for Decomposed Strings 

A, orange photodegradable Bailing 
Twine 

  
0:15 

                                                                                 
N/A 

B, 3 Ply Jute 12:15 15.08 

C, 3 Ply Green Jute 9:14 12.14 
D, 2 Ply Treated Sisal (copper naph-
thenate) 

  
7:14 16.71 

E, 1 Ply Sisal 13:15 15.92 

F, 3 Ply Sisal 9:14 18.89 

Figure 11. Compression of stem at attachment point represented by total number of trees with 
compressed stems on the date of measurement.  



22.2%, Populus had 72.7%, Betula had 59.2%, and Pinus had 28.6% of stems with higher caliper measure-

ments above than below the point of attachment.  

 

Beginning in June of 2016 stem failures at the point of compression were observed, the first four occurring 

during a thunderstorm. Following the failure of these initial four, the number of trees either bending at the base 

or snapping completely at the point of attachment of the string quickly increased (Figure 12). The number of 

dead trees at the time of observations are also included in Figure 12. 

 

 

Discussion 

 

While most of the nursery strings included in this study did have some percentage of decomposition, none had 

100% by type, and all had average rates of decomposition longer than a year. The photodegradable bailing 

twine (A) had no rate of decomposition during the study. By the end of 23 months with nursery strings at-

tached to their stems, 53 of the 87 stems had either died or had a stem failure, and all 87 stems had at some 

point compression at the point of attachment. Even for stems which had strings which decomposed, all had ex-

perienced stem compression, and some even had the partially decomposed string imbedded into the stem. 

These results indicate that due to the average rate of decomposition of these six commonly used nursery 

strings, leaving these materials on young trees after planting is likely to have a negative effect on growth.  

 

Most species used in this study were from relatively fast growing genera: Populus, Betula, and Pinus. Ginkgo 

was the only slow growing genera included, and the slower growth rate may have been part of why these trees 

had no death or failure resulting from the compression, while every other genus had both stem failures and 

Figure 12. Number of stem failures and dead trees on the date of measurement. The number of 
dead trees shown does not include trees which may have died from stem failure. 



death. Ginkgo also had the lowest percentage of stems with higher caliper measurements above than below the 

point of attachment of the strings. This higher caliper measurement above the point of attachment is a symp-

tom of girdling, as the photosynthates produced by the canopy are unable to be transported below the com-

pressed stem tissue, which was evident in over half (54.4%) of all remaining stems at the end of this study.  

 

The high number of stem failures in this study are the most indicative of the severity the effects of nursery 

strings on stems can be. By July of 2017, 40 trees had a stem failure and another 13 had died completely, leav-

ing only 34 stems alive and standing. 

 

Removal of nursery strings at the time of planting from all plant material is a standard of practice that should 

be encouraged given that the above-ground decomposition rate of these nursery twines proves to be slow 

enough for the stem tissue to grow abnormally when they are left on. As these strings are always attached 

above the first main order roots, they should never be buried beneath the soil surface if best planting practices 

are followed and the main order roots are planted at the correct depth.  Future research on the effects of various 

nursery twines on larger calipered trees may provide more insight into the potential damage to larger B&B 

trees in the landscape.  
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Urban Forestry Technology: Using UAS Derived NDVI  

for the Assessment of Tree Health  
Michael Bahe, Researcher 

University of Minnesota, Department of Forest Resources 

Introduction 

 

Individual tree health assessment traditionally is accomplished through ground observations (Matheny & 

Clark, 2009). Visual terrestrial inspections are valuable for identifying structural abnormalities such as cracks 

and cavities, but are restrictive in assessment characteristics of health based on leaf responses. Premature se-

nescence and wilting of leaves are easily observed as stress indicators whereas subtle reflectance changes are 

not easily detectable with visible radiation.  These small variations can be quantified with specialized sensors 

detecting wavelengths outside the visible spectrum. A spectral change in leaves is a significant indicator of tree 

failure (Hickman, Perry, & Evans, 1995), and the early detection of stressors is important for identification and 

remediation of the cause. Unmanned aircraft systems (UAS) have made detection of reflectance changes in 

urban vegetation at small geospatial (i.e. municipal parks, small acreage properties, city lots) and high tem-

poral scales possible. 

 

 

 

 

 

 

Methods for utilizing high resolution imagery for analysis are evolving as the remote sensing technologies ad-

vance. Miniaturization of multi-spectral cameras that permit mounting on small UAS has made the application 

of common vegetation indices practical for use at urban land parcel scale projects (less than 100 acres). The 

normalized difference vegetation index (NDVI), a ratio formula, utilizes red and near-infrared (NIR) light. Ru-

dimentarily, red light is absorbed by chlorophyll and NIR light is reflected by healthy leaf structures. Due to 

this phenomenon, indices such as NDVI (Figure 1) can explain the vitality of vegetation including active chlo-

rophyll and wet biomass (Tucker, 1979). Historically such methods involved equipment that required manned 

aircraft for mounting and operation. 

 
Approaches promoting sustainability of urban forest health are being developed and critically assessed for fea-

sibility to be a standard procedure for practitioners in the field of urban greenspace management. This ap-

proach described here uses NDVI at the individual tree scale to detect early stress in juvenile trees. 

(NIR - red) / (NIR + red) = NDVI Value (Range of -1 to 1) 

Figure 1: Formula for Normalized Difference Vegetation Index 



Individual Tree Scale Assessment 

An often used quote “you can’t see the forest for the trees,” explains that you need to look at the big picture 

that includes all parts, in our case, literally the trees as an urban forest. This adage fails to hold true here. 

Maintaining each tree is critical since there is no natural regeneration and often the trees are in confined 

planting spaces. Reaping the benefits of urban trees, such as carbon sequestration, relies on long lived sub-

jects. Offsetting the carbon footprint from planting and maintenance of an urban tree requires survival in the 

range of 26-33 years (Petri, Koeser, Lovell, & Ingram, 2016).  Ensuring the individuals survive from plant-

ing, through the establishment period and into maturity is essential. Early intervention of trees showing stress 

is crucial to the success. Here we look at a method being developed using UAS imagery to utilize NDVI for 

acute assessment on the health of a tree during the leaf-on period. This process specifically senses the pres-

ence of chlorophyll and healthy leaf structures. The break-down of these two elements are potential indica-

tors of stress and are therefore the focus of much research. 

Methods  

 

Collection Platform  

Data were collected using a consumer grade UAS and sensor. The UAS and sensor used for individual tree 

assessment were the 3DR Solo (3D Robotics, 2018) quadcopter (Figure 2) with a MAPIR Survey2 (Peau 

Productions , 2018) sensor (Figure 3) mounted on the bottom of the aircraft with a fixed gimbal pointing at 

ninety degrees down from level. The sensor was a sixteen megapixel camera capable of capturing band 

wavelengths in the visible red at 660nm and in the non-visible near-infrared at 850nm. 

 
Tree Subjects Used 

Developing the method protocol required trees to be used as test subjects (Figure 4). Tree locations were ob-

tained from an ongoing University of Minnesota study looking at the effect of nursery root system form on  

 

Figure 2: 3DR Solo quadcopter. Figure 3: MAPIR Survey2 Aerial  
Mapping Camera. 

Quadcoptercloud.com 



trees during the establishment period in situ. Roughly 300 newly planted trees are in use for this research and 

a selection of these were used for method development. 

 

Image  Collection 

Imaging the highest amount of the top leaf surfaces on the subject tree was desirable to achieve the most ac-

curate NDVI reading. This is due to the location of the leaf organelles that absorb light. The palisade paren-

chyma are located immediately below the leaf’s upper surface and contain the majority of the chlorophyll 

containing chloroplasts in the leaf. Photosynthesis takes place in these organelles and absorb the red portion 

of the sunlight spectrum. Conversely, the surface structure of the leaf containing the epidermal cells and ex-

ternal cuticle reflect near-infrared light and allow the red light to pass through to the chloroplasts. This 

unique leaf composition makes the NDVI calculation possible and most accurate from a top view of the leaf. 

 
Achieving consistent views of the top leaf surfaces was possible 

with the use of aerial imagery from a UAS mounted sensor. The 

study involving these subject trees captured individual images 

of all the living subjects from the 300 tree sample population. 

Accomplishing this required travel to each individual tree and 

performing vertical takeoff and landings at each site. Images 

were collected with the UAS mounted MAPIR Survey2 sensor 

from approximately forty feet above ground level. Altitude was 

determined using the indicator display located on the UAS con-

troller. Nadir position of the trees was desired in the images and 

was achieved by a live feed from the sensor viewed on a tablet 

connected through a Wi-Fi link to the UAS. This allows the op-

erator to position the UAS directly above the tree being imaged. 

Immediately before each flight an image of an ambient light cal-

ibration target (Peau Productions , 2018) was collected for nor-

malization of the images for later comparison. Images from the 

camera were collected in Joint Photographic Expert Group 

(JPEG) and RAW formats simultaneously.  

 
 
During initial testing of the process it was evident that distinguishing the tree canopy from vegetated ground 

cover was difficult. Application of a differentiated background material was needed for proper crown deline-

ation. After testing multiple materials, off-white painter’s cloth was selected and laid underneath each sub-

ject tree’s crown if it was located amongst turf grass or other low growing vegetation.   

Figure 4: Example subject tree. 



Image Processing 

Collected imagery in the JPEG and RAW format needed to be processed into a tagged image format (TIF) for 

further analysis. Processing utilizes a MAPIR built software plugin for the freeware geodatabase software 

Quantum Geographic Information System (QGIS). Using this software and installed plugin, processing of co-

initiated JPEG and RAW images into TIF format (Figure 5) was accomplished (as of February, 2018, MAPIR 

now supplies a freeware stand-alone processing and calibration application called MAPIR Camera Control). 

The QGIS MAPIR plugin was also used to calibrate or normalize the images for comparative analysis. Every 

image that is captured has differing amounts of ambient light as a result of atmospheric interference (i.e. haze, 

dust particles, clouds, etc.), temporal changes in solar zenith and Azimuth angles, and sensor equipment im-

perfections. The software uses the calibration target image containing three color samples with known reflec-

tance values and uses these values as reference to 

normalize the subsequently captured tree image. 

 
Image Analysis 

Calibrated images where then set for analysis. 

ArcMAP version 10.4 (Environmental Systems Re-

search Institute, 2018) was used to calculate the mean 

NDVI values for each tree. Mean NDVI is the metric 

used for comparing trees to infer changes in crown 

reflectance between treatments. ArcMAP is used by 

many organizations for geodatabase creation and 

management. Complementary to its main functionali-

ty are a suite of tools that processes imagery. Imagery 

used for analysis is known as raster data. 

 
Prior to calculating the mean NDVI, the subject trees 

in the raster required isolation from the peripheral 

data for precise measurement. To accomplish this the 

raster first needed to be calculated into NDVI values 

which is done through ArcMAP’s Image Analysis window. Once completed a new raster of NDVI values 

ranging from negative one to one will be accessible. Lower pixel index values, generally below 0.2 indicate 

non-vegetation. Values closer to one indicate a stronger possibility of being vegetation. With this variation, 

we are able to use the Raster Calculator tool in the ArcMAP to remove non-vegetation pixels from the data. 

Utilizing the SetNull option in the Raster Calculator all NDVI raster pixels below the determined vegetation 

NDVI value can be changed to null, or not data.  

Figure 5: Image processed and cali-
brated into TIF file format for analy-
sis. Displayed in false color infrared. 



The result is a new raster with the foliage isolated that can then be calculated for mean NDVI. This set null 

process is possible as due to the painter’s cloth background. If this is excluded, the tree crown extraction 

process will be difficult with ground vegetation having similar NDVI values. Once the new raster is com-

plete with foliage isolated on the tree you can use the Zonal Statistics tool in ArcMAP to calculate a quanti-

tative value to assign to the tree canopy for comparison purposes. The Zonal Statistics tool requires an area 

for which to calculate the mean.  A polygon vector layer (shapefile or geodatabase feature layer) needs to be 

created and a polygon drawn around the tree to be calculated. Once the polygon is created, open the Zonal 

Statistics tool in the ArcToolbox and produce a mean value for all pixels in the polygon. Here the mean of 

all pixel values will be from the NDVI raster derived from the leaf area of the tree, null values for peripheral 

areas will be excluded from the calculation (Figure 6) 

 

Discussion 

 

Initial pilot testing of this process has 

produced mean NDVI values for trees 

in the 0.57-0.86 range. There has not 

been enough replication of the pro-

cess to provide evidence that the low 

value is significant for trees of poor 

health and the inverse for healthy 

trees. Low replication rates are a re-

sult of refinements to the process that 

are ongoing. Masking out of individu-

al crowns is the first step to the pro-

cess’s success. This has been com-

pleted with favorable results on a ma-

jority of the pilot tested trees. Com-

plication from the masking protocol 

is that the values used in the raster 

calculator to nullify the peripheral 

areas has been wide ranging from 

0.40 – 0.75 NDVI value. Wide rang-

ing values may be a significant issue. For example, any raster with a mask value of 0.75 will not be able to 

have a mean NDVI of less than that value. Determination of the cause has not been identified but specula-

tively the range is due to the calibration process of individual images. This requires investigation before the 

complete set of sample population tree images is analyzed. 

Figure 6: Tree canopy isolated from ground with NDVI 
value range and mean crown NDVI. 



Shadows cast from subject trees in the imagery have been contributing additional error. NDVI pixel values for 

shadows have been similar to vegetation. The ratio nature of the NDVI allows for error such as this to materi-

alize whereas the values of the red and NIR in the shadows may not be a replicate of the vegetation values, but 

in ratio they are very similar. Lab testing in a greenhouse to correct this error has shown potential success 

when using a Lambertian (matte) black background surface in replacement of the off-white painter’s cloth. In 

this instance, masking of the tree crown was accomplished using the NIR band in lieu of the NDVI band. This 

method will be expanded to outdoor testing during the growing season of 2018 for application to in situ re-

search. 

The use of object based image analysis 

(OBIA) crown delineation is also being 

investigated. In 2018 this is a fast 

evolving method of classifying imagery 

by use of relationships between neigh-

boring pixels as well as the pixel’s indi-

vidual values. Using eCognition 

(Trimble Geospatial, 2018) software 

delineation of tree crowns has shown 

positive results when backgrounds are 

impervious surfaces such as concrete or 

paver materials (Figure 7). Classifying 

the crown accurately with pervious or 

vegetated backgrounds is promising, 

but not yet developed enough for use in 

precise mean NDVI calculations. De-

velopment of an eCognition algorithm 

rule set is ongoing.  

 

Conclusion 

 

Individual tree assessment with objective quantitative values, specifically those outside the visible spectrum, 

will promote early intervention of tree stressors. This early intervention increases the likelihood of trees reach-

ing maturity and providing intended ecosystem services. This research will provide feasibility of this process 

at the individual tree scale. Success at that scale would give supporting evidence to the accuracy of rapid 

NDVI assessments at the landscape scale. Expanding UAS surveying to the landscape scale provides opportu-

nities for private land managers and communities to accomplish rapid assessment of their green infrastructure, 

at any temporal interval, and prioritize terrestrial operations to areas of greatest need. 

Figure 7: Object Based Image Analysis (OBIA) tree crown 
delineation. Image on the left is a study tree in false color 
with NIR and red bands (Band 1 = NIR, Band 2 = red, Band 
3 = red). Image on the right shows the same tree with crown 
delineated using OBIA. 
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Introduction 

Trees planted in urban environments, especially boulevards, are exposed to a variety of stressors, such as soil 

compaction, limited soil moisture, and transplant shock; all of which can negatively impact growth and surviv-

al of young trees. The use of soil amendments has potential to alter soil properties that can improve structure, 

water retention, drainage, nutrient availability, and soil pH, thus improving conditions for tree establishment 

and growth. These soil amendments can be organic or inorganic forms. An organic soil amendment that has 

been of interest to the Minneapolis Park & Recreation Board (MPRB) for use with newly planted boulevard 

trees is biochar. Biochar is an organic soil amendment that is carbon-rich and is derived from biomass such as 

wood, manure, or leaves, after it has been combusted in a container with little or no oxygen (Lehmann & Jo-

seph 2009). Novak et al. (2008), found that biochar amendments increased soil pH, calcium, potassium, man-

ganese, and phosphorus while decreasing exchangeable acidity, sulfur, and zinc. Biochar for this study was 

blended with compost prior to application.  

 

The purpose of this study is to measure the effects that a biochar/compost blend has on Minneapolis boulevard 

trees with respect to survival, establishment, and growth when incorporated into the backfill soil at the time of 

planting. 

 

Materials & Methods 

Eleven species were in the 

study which included: 

Scientific Name Common Name 

Gymnocladus dioicus ‘Espresso’  Espresso Kentucky coffeetree 

Malus ‘Prairifire’  Prairifire crabapple 

Platanus x acerfolia ‘Bloodgood’  Bloodgood London planetree 

Quercus bicolor  Swamp white oak 

Syringa reticulata ‘Ivory silk’  Ivory Silk Japanese tree lilac 

Tilia cordata ‘Glenleven”  Glenleven littleleaf linden 

Ulmus americana ‘Princeton’  Princeton American elm 

Ulmus americana ‘Valley Forge’  Valley Forge American elm 

Ulmus ‘Morton’  Accolade™  hybrid elm 

Ulmus ‘Morton Glossy’  Triumph™ hybrid elm 

Ulmus ‘Patriot’  Patriot hybrid elm 
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Experimental Design 

These species were planted at random boulevard locations throughout Minneapolis and randomly received one 

of five soil amendment treatments: biochar + compost (full rate), biochar + compost (half rate), compost only 

(full rate), compost only (half rate), or control (no amendment). A full rate of amendment treatments were 

41.6L, and half rate amendment treatments, 20.8L. Each amendment treatment was replicated eight times per 

species. Trees were planted in holes that were 76.2 to 85.3 cm wide by 20.3 to 25.4 cm deep. The amendment 

treatments were incorporated into existing backfill at planting. Trees were watered and received wood mulch 

following standard MPRB Forestry planting protocols. After planting, care and maintenance of trees followed 

MPRB Forestry standard operating procedures 

. 

Data Collection 

At the time of planting in 2014, geographic location, street use classification, boulevard width, and stem cali-

per at 15 and 30 cm was collected. Year one data was collected in 2015 and consisted of stem caliper readings 

at 15 and 30 cm, mortality status, and a condition code . Year three (2017) data collection included collection 

of  a condition code for each tree, as well as documenting it with a photograph. Condition codes included: 

‘Planted Tree Removed’, ‘No Tree Planted’, ‘Poor Appearance’, ‘Top Dead’, ‘Damaged’, ‘Questionably 

Dead’, ‘Dead’, and ‘Alive in Good Condition’. 

Statistical Analysis 

Condition ratings were grouped into three different categories for statistical analysis. Trees that were coded as, 

‘Planted Tree Removed’, and ‘Dead’ were classified as, ‘Dead’. Trees were classified as ‘Alive-Good’ if they 

received a condition rating of, ‘Damaged’ or ‘Alive in Good Condition’, and trees coded as ‘Poor Appear-

ance’, ‘Top Dead’, and ‘Questionably Dead’, were classified as, ‘Alive-Fair’. Trees that received the condition 

code of, ‘No Tree Planted’ were omitted from the analysis. Chi-Square tests were executed to explore the rela-

tionship between tree species, amendment, and mortality status using SPSS Statistics 23.0 (IBM Corp. 2015). 

Statistical Category Field Condition Rating 

Alive-Good 
Damaged 

Alive in Good Condition 

Alive-Fair 

Poor Appearance 

Top Dead 

Questionably Dead 

Dead 
Planted Tree Removed 

Dead 

Omitted from Analysis No Tree Planting 
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Table 1. Species and their replications for each amendment treatment in the study 

Species Replication Amendment Treatment  

Gymnocladus dioicus 

'Espresso'   

8 Biochar + Compost (Full Rate) 

7 Biochar + Compost (Half Rate) 

8 Compost Only (Full Rate) 

6 Compost Only (Half Rate) 

9 Control (No Amendment) 

Malus 'Prairifire'  

7 Biochar + Compost (Full Rate) 

8 Biochar + Compost (Half Rate) 

7 Compost Only (Full Rate) 

8 Compost Only (Half Rate) 

8 Control (No Amendment) 

Platanus xacerfolia 

'Bloodgood'  

8 Biochar + Compost (Full Rate) 

8 Biochar + Compost (Half Rate) 

7 Compost Only (Full Rate) 

8 Compost Only (Half Rate) 

7 Control (No Amendment) 

 

Quercus bicolor 

8 Biochar + Compost (Full Rate) 

8 Biochar + Compost (Half Rate) 

8 Compost Only (Full Rate) 

7 Compost Only (Half Rate) 

9 Control (No Amendment) 

 

Syringa reticulata 'Ivory 

Silk'   

8 Biochar + Compost (Full Rate) 

8 Biochar + Compost (Half Rate) 

8 Compost Only (Full Rate) 

8 Compost Only (Half Rate) 

7 Control (No Amendment) 

7 Biochar + Compost (Full Rate) 

 

Tilia cordata 'Glenleven' 

8 Biochar + Compost (Half Rate) 

7 Compost Only (Full Rate) 

8 Compost Only (Half Rate) 

8 Control (No Amendment) 

Ulmus americana 

'Princeton' 

8 Biochar + Compost (Full Rate) 

8 Biochar + Compost (Half Rate) 

8 Compost Only (Full Rate) 

8 Compost Only (Half Rate) 

8 Control (No Amendment) 
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Table 1 Continued: Species and their replications for each amendment treatment in the study. 

Species Replication Amendment Treatment  

Ulmus americana 'Valley 

Forge'  

8 Biochar + Compost (Full Rate) 

8 Biochar + Compost (Half Rate) 

6 Compost Only (Full Rate) 

7 Compost Only (Half Rate) 

8 Control (No Amendment) 

Ulmus 'Morton Glossy'  

8 Biochar + Compost (Full Rate) 

8 Biochar + Compost (Half Rate) 

8 Compost Only (Full Rate) 

7 Compost Only (Half Rate) 

8 Control (No Amendment) 

Ulmus 'Morton'  

8 Biochar + Compost (Full Rate) 

7 Biochar + Compost (Half Rate) 

8 Compost Only (Full Rate) 

8 Compost Only (Half Rate) 

8 Control (No Amendment) 

Ulmus 'Patriot'  

8 Biochar + Compost (Full Rate) 

8 Biochar + Compost (Half Rate) 

8 Compost Only (Full Rate) 

8 Compost Only (Half Rate) 

8 Control (No Amendment) 

Table 2: Species and their amendments not included in the study due to unforeseen circumstances.  

Species Replication (n) Amendment Treatment  

Syringa reticulata 'Ivory Silk' 
1 Biochar + Compost (Half Rate) 

1 Compost Only (Full Rate) 

Gymnocladus dioicus 'Espresso' 
1 Compost Only (Half Rate) 

1 Control (No Amendment) 

Malus 'Prairifire' 1 Compost Only (Half Rate) 

Ulmus 'Patriot' 1 Compost Only (Half Rate) 
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Results 

 

This research project included a total of 430 boulevard trees (Table 1). Seven trees were not included in the 

study due to planting error or other unforeseen circumstances (Table 2). 

After the first year of the study in 2015, 68.9% of the total trees were classified as ‘Alive-Good’, 11.1% as 

‘Alive-Fair’, and 20.0% classified as ‘Dead-Removed’. Year one Chi-Square analysis showed that there was a 

significant relationship between tree species and year one condition ( 2 (20, n = 431) = 110.12, p < 0.001), 

however, there was no significant relationship between amendment treatment and year one condition ( 2 (8, n 

= 431) = 5.02, p = 0.756). There were non-significant trends that were observed including the positive effect 

the amendment treatments had on Gymnocladus dioicus ‘Espresso’ as well as negative effects that amendment 

treatments had on Ulmus americana ‘Valley Forge’. 

Figure 1 Figure 2 

Figure 1: Year three mortality status as affected 
by four bichar amendment treatments and a     
control for Gymnocladus dioicus ‘Espresso’.               
( 2 (8, n = 38) = 14.95, p = 0.060).  

Figure 2: Year three mortality status among four 
different biochar amendment treatments and a 
control for Quercus bicolor  
( 2 (8, n = 40) = 4.72, p = 0.787) 

Figure 3: Year three mortality status among four 
different biochar amendment treatments and a 
control for Tilia cordata‘Glenleven’ ( 2 (4, n = 
38) = 1.79, p = 0.775)  

Figure 3 
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In year three of the study 68.4% of the total trees were classified as ‘Alive-Good’, 3.2% as ‘Alive-Fair’, and 

28.4% classified as ‘Dead-Removed’. Chi-Square analysis showed that there was a significant relationship be-

tween species and year three mortality status ( 2 (30, n = 430) = 85.22, p < 0.001). Another Chi-Square test 

revealed that the relationship between amendment treatment and year three mortality status was non-

significant ( 2 (12, n = 430) = 16.18, p = 0.183). The data also shows some non-significant trends. The com-

bination of biochar + compost at the full rate yielded the highest count of 59 trees categorized as ‘Alive-Good’ 

condition. Year three data analysis continued to suggest a non-significant positive effect that amendment treat-

ments had on the mortality status of Gymnocladus dioicus ‘Espresso’ (Fig. 3). 62.5% of the Quercus bicolor 

trees were rated as ‘Dead’, while the relationship between amendment and mortality status was non-significant 

( 2 (8, n = 40) = 4.72, p = 0.787) (Fig. 4). 

 

Discussion 

 

This is a three year progress report of a five year study. This data suggests that there may be differences in 

how species react to amendment treatments. Statistical analysis shows that that the relationship between spe-

cies and mortality status is significant  ( 2 (30, n = 430) = 85.22, p < 0.001). Using a biochar + compost or 

compost amendment at the time of planting may help the establishment of young trees. Species that have a 

high percentage of individuals coded as ‘Alive-Good’ include Malus ‘Prairifire’ (81.8%), Platanus x acerfolia 

‘Bloodgood’ (82.5%), Ulmus ‘Morton Glossy’ (83.3%), and Ulmus ‘Morton’ (86.5%). Gymnocladus dioicus 

‘Espresso’ showed highest mortality in the control treatments (66.7%), while lowest mortality was was ob-

served in the group that received the full rate of compost only treatment(0.0%), the half rate of biochar + com-

post treatment had the highest percentage of trees coded as ‘Alive-Good’ (85.7%) (Fig. 3).  

High mortality rates may be related to planting stock quality in Quercus bicolor (Fig. 4) and Tilia cordata 

‘Glenleven’ (Fig. 5), as both saw high rates of mortality across all amendment treatments and the control 

group. This theory is further supported by Chi-Square tests which reveal a non-significant relationship between 

amendment treatment and mortality status in Quercus bicolor  ( 2 (8, n = 40) = 4.72, p = 0.787), and Tilia cor-

data ‘Glenleven’  ( 2 (4, n = 38) = 1.79, p = 0.775). 
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Introduction 

 

One of the most critical points in a tree’s lifetime is during and immediately following transplant. Trees experi-

ence transplant shock, which is a period where trees must adapt to their new environment all while recovering 

from distress caused by injury, resource loss, and reduced function. This stress comes from damage to or loss 

of the root system, which impairs a tree’s ability to take up water and nutrients. Additionally, carbohydrates 

and nutrients stored in the roots are lost (Struve, 2009). Other factors that contribute to stress during transplant 

include tree species, type of root system, environmental conditions, time of year, and cultural practices 

(Watson, 2005). During the time of transplant shock, a tree is not able to allocate resources into defense against 

pests, diseases, or other threats (Busiahn & Peterson, 2013). Instead of investing in vegetative growth, newly 

transplanted trees must use their resources to create new roots to establish in a new planting location. Healthy 

trees should have a root system approximately 

three times the diameter of the canopy width 

(Watson, 2005). For a newly transplanted tree 

to become established, the height-to-root 

spread ratio must be re-established, and the 

tree must be able to begin allocating resources 

back into shoot growth (Struve, 2009). 

 

The root type (containerized vs. gravel bed 

bareroot) and size of a newly transplanted tree 

may influence long-term survival. Container-

ized trees are produced in pots and transplant-

ed throughout their life at the nursery. 

Through this method, they typically maintain 

their full root system. Bareroot trees are 

grown in the field, are harvested during dormancy, and have all the soil removed from the roots during harvest. 

With this method, a larger proportion of the root system still remains intact, especially when compared to 

balled & burlapped (B&B) production (Dierich, 2014).  

Figure 1: Gravel bed bareroot catalpa. 
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Gravel bed bareroot stock is typically cultured in an irrigated “gravel bed” to increase the root system quality 

and prepare the tree to be planted later that season. Time in the gravel bed increases the density of fibrous 

roots, which enhances water and nutrient uptake after transplant, theoretically increasing health and chances of 

survival (Busiahn & Peterson, 2013). Research conducted on red oak cultured in Missouri gravel beds found 

that the root spread-to-height ratio was re-established the second year after transplant, which was significantly 

faster than what would be expected using another nursery production system (Struve, 2009).  

 

Both root types have their strengths and weaknesses. Bare-

root trees are reported to have a moderate transplant success 

rate. Their exposed roots require constant moisture to main-

tain viability (Dierich, 2014) and are at a higher risk of 

damage before and during planting. Both of these factors 

create higher levels of post-transplant stress (Grossnickle & 

El-Kassaby, 2016). Despite these challenges, bareroot stock 

is a more economical planting option, at only about half the 

cost of containerized trees. Bareroot stock is also much eas-

ier to install, reducing labor and equipment costs (Busiahn 

& Peterson, 2013). Because the root system is fully visible 

with bareroot stock, it is easier to plant these trees at the 

correct depth (Buckstrup & Bassuk, 2000). Containerized 

trees are reported to have a moderate to high transplant suc-

cess rate (Dierich, 2014) and may have an enhanced ability 

to resist drought, because they have a higher root growth 

potential and a lower shoot to root ratio (Grossnickle & El-

Kassaby, 2016). Drawbacks of containers include the risk of 

deformed root systems and stem girdling roots due to improper nursery practices as well as increased produc-

tion cost (Dierich, 2014). 

 

Past research does not show a strong correlation between survival and these root types. A study of 16 Douglas-

fir in Ireland found these two different stock types had a negligible effect on growth and survival; no signifi-

cant differences were found in root number, root area, or rooting depth between these root types (Sundstrom & 

Keane, 1999). A performance comparison between bareroot and container root types in forest restoration 

showed comparable survival in areas with low stress and comparable performance post-establishment. No con-

clusive evidence was drawn on the effects of the root types on physiological attributes, or how these attributes 

could affect stress levels.  

Figure 2: Containerized catalpa               
one year after planting.  
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However, the comparison did note that, of 122 comparison trials, 60.7% reported higher survival for container-

ized trees, 14.8% reported higher survival for bareroot trees, and 24.6% showed them to be similar 

(Grossnickle & El-Kassaby, 2016). The size of nursery stock can also influence survival of transplanted trees. 

It is generally acknowledged that small-caliper trees establish more quickly than large-caliper trees. This is 

partially because it takes less time for the root spread-to-height ratio to re-establish after transplant. An experi-

ment comparing survival and growth of different caliper trees found higher mortality rates in the large-caliper 

trees, but also found greater caliper increase in the surviving large-caliper trees versus the small-caliper trees 

(Struve, 2009). This study will compare mortality, caliper growth, and tree condition between containerized 

trees and two sizes of gravel bed bareroot trees to see which option is the most cost-effective and productive. 

 

Materials & Methods 

 

This research project follows a completely randomized (CR) design. The species included in the replicated 

study are Ostrya virginiana (ironwood), Catalpa speciosa (northern catalpa), and Ginkgo biloba (‘Princeton 

Sentry’ ginkgo). The treatments shown in the table below. 

 

Due to unforeseen circumstances, the number of replications was not equal across all treatments, as was origi-

nally intended. There was some nursery stock mortality among the gravel bed bareroot trees, especially in the 

ginkgo.  

Species Replications (n) Root Type Container Size or  

Stem Caliper 

Catalpa speciosa 10 Containerized #15 

Catalpa speciosa 9 Gravel bed bareroot 1.25" 

Catalpa speciosa 10 Gravel bed bareroot 4' Whip 

Ginkgo biloba 9 Containerized #15 

Ginkgo biloba 9 Gravel bed bareroot 1.25" 

Ginkgo biloba 7 Gravel bed bareroot 4' Whip 

Ostrya virginiana 11 Containerized #15 

Ostrya virginiana 10 Gravel bed bareroot 1.25" 

Ostrya virginiana 9 Gravel bed bareroot 5' Light Branched 

Table 1: Treatments 



39  

 

In addition to these species, 10 Quercus macrocarpa (Bur Oak) trees were planted, but were not included in the 

study because of the high levels of mortality. Several other species were planted as a performance trial but 

were not included as part of the study: Chinese catalpa, Highland Park® maple, MPRB Heritage northern ca-

talpa, Rocky Mountain Glow maple, and Snowdance™ tree lilac. 

 

Planting took place in the fall of 2016. All trees were planted into 30 in. wide by 8-10 in. deep, machine-

augured holes. If machine-auguring was not possible due to unforeseen conditions (e.g. buried utilities, large 

tree roots, etc.), holes were hand-dug to the same dimensions as those machine-augured. All trees were well-

watered at planting and received a uniform application of wood mulch to the soil surface following standard 

MPRB Forestry planting protocols. After-care of trees followed standard operating procedures as specified by 

MPRB Forestry. 

 

At planting, or shortly thereafter, University of Minnesota staff collected the following information 

at each planting location: 

 

 

 

 

 

 

Subsequent data collection will be performed annually by University of Minnesota staff for the first 

five years of the study and will consist of the following variables: 

 

 

 

 

 

After the initial five year period data will be collected at five year intervals and will consist of the 

same variables collected during the first five years.  

1. Geographic location including house number and street name or number 

2. Stem caliper of tree (measured at 15cm and 30cm) 

1. Mortality (Years 1, 3, 5) 

2. Stem caliper increase (Year 5) 

3. Stem and crown condition rating (Year 5) 

4. Soil compaction (measured at 15cm and 30cm below the surface) 
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After the initial five year period data will be collected at five year intervals and will consist of the same varia-

bles collected during the first five years. 

Figure 3: Study Area Northwest of Lake Nokomis  

At the end of year one (fall 2017),  preliminary data was collected to discover the mortality status of the trees. 

Each tree was given a condition rating number of 1-8 based on its appearance. The condition rating system is 

as follows:  

 

 

 

 

Trees rated as okay (8) and damaged (5) were categorized as “Alive - Good.” Those with the rating of poor 

appearance (3) or top dead (4) were classified as “Alive - Fair.” Both removed (1) and dead (7) trees were clas-

sified as “Dead,” because it was assumed that trees were removed because they did not survive. Trees given a 

rating of 2 or 6 were not included in the preliminary data analysis, because their mortality status was still un-

certain.  

 1= Planted Tree Removed 

 2= No Tree Planted 

 3= Poor Appearance 

 4= Top Dead 

 5= Damaged 

 6= Questionably Dead 

 7= Dead 

 8= Tree Okay 
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Preliminary Data and Discussion: 

Chi-squared cross-tabulation tests were run to determine if there were any statistically significant relationships 

in the preliminary data. 

Table 2: Condition by species one year after planting (2017) 

 

 

 

 

 

 

 

 

 

 

There was a high amount of mortality among Ostrya, but low mortality in the other two species. Thus, a signif-

icant relationship was found between species and mortality (p < 0.001). 

 

Across all species, seven gravel bed bareroot trees died, eight bareroot whip trees died, and four containerized 

trees died. While this was not found to be significant, although a non-significant trend between bareroot and 

containerized tree mortality can be seen, as roughly twice the number of bareroot trees died per root type ver-

sus the containerized root type. 

 

Table 3: Condition of Catalpa speciosa by root type on year after planting (2017) 

 

 

 

 

 

 

 

 

 

 

There was no statistical significance found between root type and mortality status for the Catalpa trees (p = 

0.62) and overall survival was high.  

Species  Alive — Good (%) Dead (%) 

 Catalpa Speciosa 93 7 

Ginkgo biloba 96 4 

Ostrya virginiana 48 52 

Root Type Alive — Good (%) Dead (%) 

Containerized 90 10 

Gravel Bed Bareroot 100 0 

Bareroot Whip 90 10 
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Table 4: Condition of Ginkgo biloba by root type one year after planting (2017). 

 

 

 

 

 

 

 

 

 

 

The high survival across all Ginkgo root types also revealed no significant relationship between root type and 

mortality status (p = 0.40). 

 

Table 5: Condition of Ostrya virginiana by root type one year after planting (2017). 

 

 

 

 

 

 

 

 

 

 

 

 

For the Ostrya group, there was a significant relationship found between root type and mortality status (p = 

0.02). The data shows a much higher mortality rate for the two bareroot treatments. This could mean that bare-

root is not the most viable root type for this particular species. Anecdotal information from practitioners sug-

gests that species in the Betulaceae (birch) family should be preferentially transplanted in the spring, so a fall 

transplanting may be a contributing factor to the high percentage of dead trees in this species. 

 

These numbers only represent preliminary year one data; they do not yet show results. Thus far, the only sig-

nificant relationship being seen is that root type does influence Ostrya survival.  When complete, this research 

can help guide root type decisions for different species to reduce mortality.  

Root Type Alive — Good (%) Dead (%) 

Containerized 100 0 

Gravel Bed Bareroot 89 11 

Bareroot Whip 100 0 

Root Type Alive — Good (%) Dead (%) 

Containerized 82 11 

Gravel Bed Bareroot 40 60 

Bareroot Whip 22 78 
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Introduction 

 

Trees planted in urban environments, especially boulevards, are exposed to a variety of stressors, such as soil 

compaction, limited soil moisture, and transplant shock, all of which can negatively impact growth and surviv-

al of young trees. The use of soil amendments has potential to alter soil properties that can improve structure, 

water retention, drainage, nutrient availability, and soil pH, thus improving conditions for tree establishment 

and growth. These soil amendments can be in organic or inorganic forms. An organic soil amendment that has 

been of interest to the Minneapolis Park & Recreation Board (MPRB) for newly planted boulevard trees is the 

Precision Organics Test Product (POTP).  

 
POTP is an organic soil amendment that has a carbon to nitrogen ratio of 20:1, which has been speculated to 

lower tree mortality through an increase in tree establishment, water retention, and soil conditions (Boldt et al. 

2015). 

 

The purpose of this study is to measure the effects that the POTP  has on newly planted Minneapolis boule-

vard trees with respect to survival, establishment, and growth when incorporated into the backfill soil at the 

time of planting. 

 

Methods 

Design 

Ten species, 240 trees total, were included in the POTP study. These randomly planted species received one of 

three randomly assigned POTP amendment treatments: full rate (½) bag, half rate (¼) bag, or control (no 

amendment). Each amendment treatment was replicated 7-9 times per species. 

Trees were planted in holes that were 76.2 to 85.3 cm wide by 20.3 to 25.4 cm deep. The amendment treat-

ments were incorporated into existing backfill at planting. Trees were watered and received wood mulch fol-

lowing standard MPRB Forestry planting protocols. After planting, care and maintenance of trees follow 

MPRB Forestry standard operating procedures. 



45  

 

 

Data Collection 

At the time of planting in 2014, geographic location, street use classification, boulevard width, and stem cali-

per at 15 and 30 cm. Year one data was collected in 2015 and consisted of stem caliper readings at 15 and 30 

cm, mortality status, and a condition code . Year three (2017) data collection included classifying each tree 

under a field condition rating, as well as documenting it with a photograph. Possible Condition ratings include: 

‘Planted Tree Removed’, ‘No Tree Planted’, ‘Poor Appearance’, ‘Top Dead’, ‘Damaged’, ‘Questionably 

Dead’, ‘Dead’, and ‘Alive in Good Condition’. 

 

Statistical Analysis 

Condition ratings were grouped into three different categories for statistical analysis. Trees that were coded as, 

‘Planted Tree Removed’, and ‘Dead’ were classified as, ‘Dead’. Trees were classified as ‘Alive-Good’ if they 

received a condition rating of, ‘Damaged’ or ‘Alive in Good Condition’, and trees coded as ‘Poor Appear-

ance’, ‘Top Dead’, and ‘Questionably Dead’, were classified as, ‘Alive-Fair’. Trees that received the condition 

code of, ‘No Tree Planted’ were omitted from the analysis. Chi-Square tests were executed to explore the rela-

tionship between tree species, amendment, and mortality status using SPSS Statistics 23.0 (IBM Corp. 2015).  

Scientific Name Common Name 

Gymnocladus dioicus ‘Espresso’  Espresso Kentucky coffeetree 

Malus ‘Prairifire’  Prairifire crabapple 

Platanus x acerfolia ‘Bloodgood’  Bloodgood London planetree 

Quercus bicolor  Swamp white oak 

Syringa reticulata ‘Ivory silk’  Ivory Silk Japanese tree lilac 

Tilia cordata ‘Glenleven”  Glenleven littleleaf linden 

Ulmus americana ‘Princeton’  Princeton American elm 

Ulmus americana ‘Valley Forge’  Valley Forge American elm 

Ulmus ‘Morton’  Accolade™  hybrid elm 

Ulmus ‘Morton Glossy’  Triumph™ hybrid elm 

Ulmus ‘Patriot’  Patriot hybrid elm 
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Results 

 

This research includes a total of 243 boulevard trees (Table 1) planted in the City of Minneapolis. Three trees 

were not included in the study due to planting error or other unforeseen circumstances (Table 2). After the first 

year of the study, 44.7% of trees were classified as ‘Alive-Good’, 8.0% as ‘Alive-Fair’, and 47.3% were clas-

sified as ‘Dead-Removed’. Between species, there were varying, non-significant levels of mortality. Year one 

data showed that Tilia cordata ‘Glenleven’, had 88.0% of trees classified as ‘Dead-Removed’, while 14.3% of 

Platanus x acerfolia ‘Bloodgood’ were classified as ‘Dead-Removed’.  

One year after planting, 77.8% of trees that were amended with the high rate of POTP, and 50.0% of the low 

rate of POTP were classified as ‘Dead-Removed’. Year three data shows that 43.0% of the trees are classified 

as ‘Alive-Good’, 1.3% as ‘Alive-Fair’, and 55.7% classified as ‘Dead-Removed’. Chi-Square analysis showed 

that there is a significant relationship between species and mortality status ( 2 (22, n = 239) = 56.51, p < 

0.001. Analysis also shows that the relationship between amendment and mortality status is significant ( 2 (4, 

n = 239) = 38.65, p < 0.001).There were significant trends between amendment and mortality status for nu-

merous species. Syringa reticulata ‘Ivory Silk’ ( 2 (, n = 22) = 11.45, p = 0.022), Ulmus americana 

‘Princeton’ ( 2 (2, n = 24) = 9.40, p = 0.009), Ulmus americana ‘Valley Forge’ ( 2 (2, n = 21) = 13.65, p = 

0.001); all showed a significant relationship between amendment treatment and mortality status. Non-

significant trends were also observed.  

Statistical Category Field Condition Rating 

Alive-Good 
Damaged 

Alive in Good Condition 

Alive-Fair 

Poor Appearance 

Top Dead 

Questionably Dead 

Dead 
Planted Tree Removed 

Dead 

Omitted from Analysis No Tree Planting 
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Table 1. Species and their replications for each amendment treatment 
 

Species Replication Amendment Treatment  

Gymnocladus dioicus 

'Espresso'   

9 Control (No Amendment) 

8 POTP (High Rate) 

9 POTP (Low Rate)  

Malus 'Prairifire'  

8 Control (No Amendment) 

8 POTP (High Rate) 

8 POTP (Low Rate)  

Platanus xacerfolia 

'Bloodgood'  

7 Control (No Amendment) 

6 POTP (High Rate) 

8 POTP (Low Rate)  

 

Quercus bicolor 

7 Control (No Amendment) 

9 POTP (High Rate) 

8 POTP (Low Rate)  

 

Syringa reticulata  

'Ivory Silk' 

7 Control (No Amendment) 

7 POTP (High Rate) 

8 POTP (Low Rate)  

 

Tilia cordata 

'Glenleven' 

8 Control (No Amendment) 

9 POTP (High Rate) 

8 POTP (Low Rate)  

 

Ulmus americana 

'Princeton' 

8 Control (No Amendment) 

8 POTP (High Rate) 

8 POTP (Low Rate)  

Ulmus americana 

'Valley Forge'  

8 Control (No Amendment) 

6 POTP (High Rate) 

7 POTP (Low Rate)  

Ulmus 'Morton'  

8 Control (No Amendment) 

6 POTP (High Rate) 

7 POTP (Low Rate)  

Ulmus 'Patriot'  

8 Control (No Amendment) 

5 POTP (High Rate) 

8 POTP (Low Rate)  
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Figure 1: Year three mortality status among two 
POTP amendment treatments and a control 
group for Platanus x acerfolia ‘Bloodgood’  
(χ2(2, n = 21) = 1.94, p = 0.378).  

Figure  2: Year three mortality status among two 
POTP treatments and a control group for Tilia 
cordata ‘Glenleven’  
(χ2 (2, n = 25) = 7.24, p = 0.027).  

Figure  3: Figure 3. Year three mortality status 
among two POTP amendment treatments and a 
control for Gymnocladus dioicus ‘Espresso’  
(χ2 (4, n = 26) = 2.17, p = 0.705). 

Figure  1 

Figure  3 

Figure  2 

Table 2: Species and their amendments not included in the study due to unforeseen circumstances.  

Species Replication (n) Amendment Treatment  

Syringa reticulate ‘Ivory Silk’ 1 POTP (Half Rate) 

Ulmus ‘Morton’ 1 POTP (Half Rate) 

Gymnocladus dioicus 'Espresso' 1 Control (No Amendment) 
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As seen in year one, Tilia cordata ‘Glenleven’( 2 (2, n = 25) = 7.24, p = 0.027), still shows the highest per-

centage (88.0%) marked as ‘Dead-Removed’, and Platanus x acerfolia ‘Bloodgood’( 2 (2, n = 21) = 1.94, p = 

0.378) has the lowest percentage (33.3%) of ‘Dead-Removed’. It is also interesting to note that Platanus x 

acerfolia ‘Bloodgood’, and Ulmus ‘Morton’ both showed an increase in the percentage of ‘Dead-Removed’ by 

19%, the highest among all species when comparing data between year one and three.        

 
Discussion 

 

This is a third year progress report of a five year study. This 

data suggests that there may be differences in how species re-

act to amendment treatments. Chi-Square analysis shows that 

the relationship between species and mortality status is statis-

tically significant ( 2 (22, n = 239) = 56.51, p < 0.001), as 

well as the relationship between amendment treatment and 

mortality status ( 2 (4, n = 239) = 38.65, p < 0.001). High 

mortality among species suggests that the POTP amendments 

may not help the establishment of young trees, and, in many 

cases increased mortality. Species that have a percentage of 

50% or above of individuals coded as ‘Dead-Removed’ are, 

Tilia cordata ‘Glenleven’ (88.0%), Quercus bicolor (72.0%), 

Ulmus americana ‘Valley Forge’ (71.4%), Gymnocladus dioi-

cus ‘Espresso’ (69.2%), Ulmus ‘Patriot’ (57.1%), Ulmus 

americana ‘Patriot’ (54.1%), and Malus ‘Prairifire’ (50.0%). 

Platanus x acerfolia ‘Bloodgood’(Fig. 1) was interesting in 

that 85.7% of individuals were coded as ‘Alive-Good’, how-

ever the relationship between the amendment treatment and 

mortality status is non-significant ( 2 (2, n = 21) = 1.94, p = 0.378)  

 

Species showing a significant relationship between amendment treatment and mortality status include, Syringa 

reticulata ‘Ivory Silk’ ( 2 (4, n = 22) = 11.45, p = 0.022), Ulmus americana ‘Princeton’ ( 2 (2, n = 24) = 

9.40, p = 0.009), and Ulmus americana ‘Valley Forge’ ( 2 (2, n = 21) = 13.65, p = 0.001). High mortality in 

certain species could be due to non-treatment effects noted in nursery stock viability., because some species 

saw high rates of mortality across amendments as well as the control group. Among these are, Ulmus 

‘Patriot’, Tilia cordata ‘Glenleven’ (Fig. 2), Quercus bicolor, and Gymnocladus dioicus ‘Espresso’ (Fig. 3). 

Chi-Square tests further demonstrate the non-significance between amendment and mortality status among 

these species, Ulmus ‘Patriot’ ( 2 (2, n = 21) = 1.40, p = 0.497), Tilia cordata ‘Glenleven’ ( 2 (2, n = 25) = 

7.24, p = 0.027), Quercus bicolor ( 2 (4, n = 25) = 8.16, p = 0.086), and Gymnocladus dioicus 

‘Espresso’ ( 2 (4, n = 26) = 2.17, p = 0.705). 

Figure 4. A newly planted tree in 

amended soil 
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Introduction 

In 2003, several cultivated varieties of elms (Ulmus spp.) were planted in the median of Olson Memorial High-

way (OMH) in Minneapolis, Minnesota from Van White Memorial Boulevard to Thomas Avenue North. This 

was a combined effort of the University of Minnesota, Department of Horticultural Science and the Minneap-

olis Park and Recreation Board (MPRB). Since that time, responsibility for the research was assumed by the 

Department of Forest Resources at the University of Minnesota (UMNFR). The research conducted was part 

of a longitudinal study to assess ten elm varieties that have been recognized and released to the public as re-

sistant to Dutch elm disease (Ophiostoma novo-ulmi).  Measurement data included caliper at 15cm and condi-

tion rating from 0-4 for both the crown and stem (Figure 1 & Appendix A) for each tree. Data was collected in 

2006, 2007, 2008, 2010, 2011, 2012, and 2017. Collection was planned to continue every 5 years. 

 

 

 

 

 

 

 

 

 

 

 

 

Expansion of the Metro Blue Line light rail along the Olson Memorial Highway corridor is expected to begin 

in 2018, with heavy construction to commence in 2019 (Anonymous, 2017). The 2019 phase will result in all 

study elms being removed. This reality has led to the MPRB decision to transplant selected elms from the 

study area to new locations on Park Board property. The scheduled 2017 data collection was completed by 

UMNFR staff in May of 2017. Additional data categories collected in 2017 were diameter at 4.5 feet above 

grade (DBH) and ground profile imagery. 

Figure 1. Crown and stem condition subtraction protocol. This figure illustrates what deficien-
cies require a reduced condition rating from the evaluator.  
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Transplant Tree Selection Methods 

 

Prioritizing trees for transplant had two criteria: 2017 condition ratings and 2017 DBH data.  Trees with a 

DBH greater than ten inches and a condition rating for stem or crown lower than 2.75 were rejected as candi-

dates. The trees falling outside the rejection criteria were put into rank categories (1-114) based on their condi-

tion values weighted by the lower rating from the stem or canopy. For example, Tree A with a canopy/stem 

rating of 4/2.75 would be in a lower rank category (16) than Tree B with a canopy/stem rating of 3.5/3 (13). 

This result is due to Tree A’s 2.75 stem rating being lower than both ratings of Tree B (Table 1). An interac-

tive map of the site is http://arcg.is/2CR63Pa. 

Map 
ID # 

Tree 
Tag # 

Rank  
Category 
(1 - 114) 

Ulmus Variety 
2017 
DBH 
(in.) 

Crown 
Condition 

Rating 

Stem 
Condition  

Rating 

Height 
(ft.) 

1 2164 3 Discovery 8.30 3.75 3.75 28 

2 2163 2 Discovery 7.60 3.75 4.00 24 

3 2162 7 Accolade 9.20 4.00 3.25 29 

6 2159 7 New Horizon 4.90 4.00 3.25 26 

9 2156 4 Accolade 9.90 3.50 4.00 29 

11 2154 13 Discovery 7.70 3.50 3.00 21 

12 2153 5 Cathedral 8.70 3.75 3.50 30 

13 2152 1 Cathedral 5.50 4.00 4.00 22 

14 2150 2 Cathedral 3.50 3.75 4.00 17 

15 2147 1 Pioneer 5.50 4.00 4.00 21 

16 2416 4 Unknown 5.10 3.50 4.00 22 

17 2145 7 Cathedral 7.30 3.25 4.00 24 

18 2144 6 Unknown 5.70 3.50 3.50 22 

19 2413 1 Pioneer 5.80 4.00 4.00 27 

20 2142 2 Triumph 8.30 4.00 3.75 31 

21 2141 4 Cathedral 9.10 4.00 3.50 29 

30 2132 9 Vanguard 9.00 3.25 3.50 31 

36 2126 3 Pioneer 7.40 3.75 3.75 37 

38 2124 7 Rebella 7.00 4.00 3.25 27 

39 2123 5 Triumph 8.90 3.75 3.50 33 

42 2120 17 Rebella 6.30 3.75 2.75 29 

49 2113 5 Discovery 8.20 3.75 3.50 27 

50 2112 3 Triumph 9.60 3.75 3.75 34 

Table 1: Olson Memorial Highway Trees Recommended for Transplant 
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Map 
ID # 

Tree 
Tag # 

Rank 
Category 
(1 - 114) 

Ulmus Variety 
2017 
DBH 
(in.) 

Crown 
Condition 

Rating 

Stem 
Condition 

Rating 

Height 
(ft.) 

51 2111 12 Vanguard 9.30 3.00 3.75 36 

52 2110 3 Discovery 6.80 3.75 3.75 22 

54 2107 20 Princeton 7.40 3.00 2.75 25 

55 2106 2 Pioneer 7.90 3.75 4.00 26 

57 6318 7 Discovery 9.70 3.25 4.00 27 

60 6315 8 Discovery 7.10 3.75 3.25 18 

61 6314 9 Pioneer 8.80 3.25 3.50 35 

62 6313 11 Vanguard 9.30 3.00 4.00 30 

64 6311 4 Cathedral 7.40 3.50 4.00 22 

66 6309 9 Cathedral 7.90 3.50 3.25 27 

67 6308 7 Cathedral 8.20 3.25 4.00 33 

70 6305 6 Vanguard 8.70 3.50 3.50 28 

71 6304 2 Pioneer 8.50 3.75 4.00 26 

72 6303 13 Vanguard 9.30 3.00 3.50 25 

74 6301 3 Accolade 9.20 3.75 3.75 30 

75 6300 2 Unknown 6.40 3.75 4.00 27 

76 6299 12 Unknown 4.90 3.75 3.00 22 

77 6298 2 Unknown 4.10 3.75 4.00 20 

79 6296 2 Unknown 4.30 3.75 4.00 20 

80 6295 5 Unknown 9.10 3.50 3.75 29 

81 6294 5 Unknown 7.70 3.75 3.50 26 

82 6293 3 Prospector 8.40 3.75 3.75 23 

85 6290 8 Discovery 5.50 3.25 3.75 16 

86 6289 7 Accolade 8.50 3.25 4.00 26 

87 6288 12 Discovery 6.10 3.00 3.75 16 

88 6287 10 Accolade 6.80 3.25 3.25 21 

89 6286 10 Discovery 5.80 3.25 3.25 16 

90 6285 9 Accolade 7.00 3.50 3.25 23 

91 6284 12 Discovery 6.80 3.00 3.75 18 

92 6283 12 Accolade 5.80 3.75 3.00 19 

93 6282 9 Accolade 6.60 3.25 3.50 20 

94 6281 6 Accolade 7.40 3.50 3.50 24 

95 6280 9 Accolade 6.40 3.50 3.25 21 

96 6277 13 Discovery 6.40 3.00 3.50 16 

97 6276 10 Discovery 5.10 3.25 3.25 16 

98 6275 6 Discovery 4.10 3.50 3.50 15 

99 6273 4 Accolade 4.70 4.00 3.50 16 

Table 1 Continued 
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Map 
ID # 

Tree 
Tag # 

Rank 
Category 
(1 - 114) 

Ulmus Variety 
2017 
DBH 
(in.) 

Crown 
Condition 

Rating 

Stem 
Condition 

Rating 

Height 
(ft.) 

101 6271 9 Princeton 4.00 3.25 3.50 21 

102 6270 15 Princeton 5.30 3.00 3.00 25 

103 6269 9 Princeton 5.20 3.25 3.50 25 

104 6268 13 Princeton 5.60 3.00 3.50 26 

105   13 Princeton 5.60 3.00 3.50 27 

106 6266 8 Princeton 5.00 3.25 3.75 26 

108 6264 15 Princeton 5.40 3.00 3.00 26 

109 6263 14 Princeton 6.70 3.00 3.25 27 

110 6262 20 Princeton 6.40 3.00 2.75 26 

112 6260 15 Princeton 5.30 3.00 3.00 25 

113 6259 14 Princeton 5.50 3.25 3.00 25 

114 6258 14 Princeton 5.60 3.00 3.25 26 

115 6257 10 Princeton 5.50 3.25 3.25 29 

Note: Trees are ordered in planting position from west to east. Map URL:  
http://arcg.is/2CR63Pa 

Table 1 Continued 

Transplant Methodology Recommendations 

 

Trees that are selected for transplant should be moved with a tree spade that is sized to encompass enough of 

the root system for a successful transition.  It is recommended to use a tree spade that has a diameter equal to 

or greater than 10 times that of the diameter of the largest tree. For example, a five inch tree should have a 

spade diameter of equal to or greater than 50 inches (Johnson, 2002). 

 

When possible, root pruning is recommended at least one season before the transplant. This is involves cutting 

the roots while the tree is still in its original location. Once the roots are cut, the trees will develop a denser 

root mass within a smaller area which will aid in reducing transplant stress. Utilize the same formula for deter-

mining spade size and make a ring around the tree at that calculated distance with the tree trunk centered in the 

circle. At that distance, cut vertically into the soil 24–36 inches deep. For small trees this can be done by hand, 

with large trees like those on this site, using a tree spade to cut down into the soil (but not removing the tree) 

would be most effective (Johnson, 2002). 

http://arcg.is/2CR63Pa
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Appendix 

Appendix A 

 
A Quantitative Condition Rating System for Urban Forestry Research 

Chad Giblin and Gary Johnson 

Department of Forest Resources – University of Minnesota 

 
Condition ratings are collected in teams of two evaluators.  Each rating is evaluated individually and inde-

pendently (i.e. evaluators should not discuss their ratings until both have stated their condition).  If the condi-

tion rating differs greatly between the two persons making evaluations, they can compromise by discussing the 

merit/fault of each rating or by averaging both ratings.   

 
Both canopy and stem condition ratings are based on a zero to four point scale, allowing for individual cuts at 

quarter point increments.  Urban and community forest managers can quickly scan data or graphs to get an es-

timate of tree condition based on any number of factors.  Scaling is based on the scoring system developed by 

the CTLA (2000), with additional language regarding maintenance issues.  General recommendations for the 

points-scale are as follows: 

Rating  

Number 
Definition Explanation 

4 No obvious problems or defects 

The obvious goal is to have all trees near a 

rating of 4 or approaching that rating.  This 

score does not imply the tree is perfect; it just 

lacks anything that is visibly defective at the 

time it was evaluated.   

3 

Minor problems and/or defects 

which are recoverable and/or re-

pairable 

This may include: pruning wounds, tempo-

rary transplant shock, etc.  Anything that 

will, most likely, be easy to recover from. 

2 

Significant problems which may 

be difficult to recover and/or re-

pair   

This tree is on the way to decline and re-

quires immediate attention to decrease possi-

bility of irrecoverable defects. 

1 
Irrecoverable defects and/or 

problems 

This tree has major problems and should 

probably be a candidate for removal as soon 

as possible. 

0 Dead No obvious living above ground material. 
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Canopy Condition 

Stagheading  

describes a condition where an entire branch is dead back to the main stem.  Up to one point can be subtracted 

based on the size of the dead branch and the percentage of the crown that has been lost due to its death. 

 

Tip Dieback 

Tip dieback may be due to transplant shock, winter injury, deicing salt, or a combination of these and other 

factors.  Up to one-half point can be subtracted due to this condition, usually if the entire crown exhibits this 

condition.  If the dieback is less pervasive, only one-quarter point is subtracted.   

 

Symmetry 

This condition factor addresses the problems associated with an asymmetrical crown and, potentially, the di-

vergence of a central leader and loss of apical dominance.  Because this condition can have severe long-term 

effects on the mature form of a tree, up to one point can be subtracted. 

 

Live Crown Ratio 

Live crown ratio (LCR) is an important part of resource balance.  This is probably the most subjective factor 

rated, and species-specific rating systems should be developed to avoid rating divergent tree forms excessively 

low or high, especially with conifers.  As a general rule, deciduous trees with less than 25% LCR should lose 

two points, a LCR of 33% would lose one point, and a 50% LCR could lose up to one-half point. 

Stem Condition 

Cambial Integrity 

This point addresses issues of stem girdling, and covers any loss of cambium due to pruning wounds, acci-

dental damage, vandalism, winter injury.  Up to three points can be subtracted if 50% or more of the stem’s 

circumference is girdled.  Use this recommendation to calculate lower rates of girdling (e.g. a tree that is 25% 

girdled would lose about one and one-half points).  Don’t add vertical cambial loss, but do add up circumfer-

ential loss. 

 

Sprouts/Suckers 

Excessive temporary vegetative growth detracts from the allocation of resources to the crown of the tree and 

creates potential nuisance and maintenance issues.  Subtract up to one-half point if excessive.  The presence of 

any sprouts requires a deduction of one-quarter point.   

 

Included Branch Unions 

If not addressed in a timely manner, branch inclusions can compromise the main stem of the tree through 

breakage and tearing during storms and other loading events.  Depending on the number of inclusions, and 

their severity, a maximum of one-half of a point can be subtracted. 
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Friendship Forest 1.0: Lower Landing Park, Saint Paul, MN 

Luke Bailey, Undergraduate Research Assistant 

Chad Giblin, Research Fellow 

University of Minnesota, Department of Forest Resources 

Introduction 

 

Typical urban environments often present difficulties in the establishment of young trees. Urbanization may 

result in highly disturbed and compacted soils, often hindering establishment and growth of newly planted 

trees (Craul 1985). The University of Minnesota’s Urban Forestry Outreach, Research & Extension Nursery 

and Lab and the City of Saint Paul have partnered with local artist, Amanda Lovelee to evaluate the potential 

benefits of using bareroot nursery stock, soil amendments, and tree shelters to help newly planted trees thrive 

in an urban environment. This project will examine the cost-effectiveness of several tree planting strategies, 

potentially influencing future planting decisions. Additionally, this project was used as an opportunity to en-

gage community members and involve them in the establishment of Saint Paul’s urban forest. 

 

Lower Landing Park and the Friendship Forest 

Lower Landing Park is a long stretch of open lawn located southeast of downtown Saint Paul along the east-

ern bank of the Mississippi River.  This site provides little to no shade from tree canopy cover, and the City of 

Saint Paul desired to establish an urban forest here for the enjoyment of future generations. The purpose of the 

Friendship Forest project is to engage and unite community volunteers through the act of planting a tree. On 

June 4, 2016, numerous community volunteers planted 180 trees at Lower Landing Park as part of the Friend-

ship Forest initiative. The event consisted of a tree parade with the accompaniment of a local brass band, tree 

planting, communal snacking, and a group 

sing-a-long. After receiving instruction 

from staff members on proper planting 

practices, volunteers partnered up with a 

stranger to plant, water, and mulch new 

trees.  The volunteers then named the tree, 

placed a tree identification tag and a 

Friendship Forest tree skirt on the tree, and 

filled out and identification form to keep 

record of the planted trees. The volunteers 

received a free Friendship Forest t-shirt 

and tree care manual. They were encour-

aged to formulate a plan to return to  

Figure 1:  Two volunteers plant a tree at Lower Landing 
Park  in Saint Paul, MN 
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Lower Landing Park to water and care for the tree they had planted together. 

 

Materials and Methods 

 

Three different tree species were planted and will be evaluated over the course of this study: Betula nigra 

(river birch), Populus deltoides (eastern cottonwood), and Gymnocladus dioicus (Kentucky coffeetree).Two 

different methods of nursery production were utilized for this study: containerized and bareroot.   Municipal 

plantings typically utilize balled & burlapped (B&B) and containerized root stock, but recent interest in bare-

root stock planting has increased because it may reduce planting costs for municipalities and improve estab-

lishment and growth of new trees (Menzies & Arnott, 1992). This study will evaluate the success of bareroot 

planting stock and containerized planting stock. 

 

Human activity has highly modified the soils at 

Lower Landing Park and may pose problems 

for the establishment and growth of newly 

planted trees. For this study soil amendments 

were applied to a portion of the planted trees to 

encourage establishment and growth. Soil 

amendments consist of adding organic matter to 

the existing soil in order to improve water avail-

ability, reduce compaction, and increase nutri-

ent availability in the soil (Christensen & John-

ston, 1997). Planted trees will be evaluated 

based on those that received a soil amendment 

and those that did not. 

 

The Grow Tube Method™ (GTM) was used to plant a 

portion of the trees. The GTM utilizes a protective 

tube and fiberglass stake to support and nurture the 

newly planted tree. The tube provides protection from 

wildlife browsing, mowing, and string trimming, 

while also encouraging upward growth without hin-

dering sun exposure. The stake provides flexible sup-

port for the tube and the tree as it grows. A plastic 

well is placed at the base of the tree, encircling the 

trunk, to help funnel water toward the roots. Finally, a 

net is placed on the top of each tube to keep birds  

Figure 2:  Kentucky coffeetree with tag  

Figure 3:  GTM Method  
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from becoming trapped within. Three different grow tube sizes were used for the project in 4, 5, and 6 foot 

heights. 

 

The experimental design includes tree species, nursery production type, and amendment treatment, allow-

ing  comparison of the effectiveness of the stock type, amendment, and tube height for each individual tree 

species. From there, cost effectiveness may be determined for future planting plans. This research project uti-

lizes a modified, randomized complete block design and implements the following treatments: 

 

 

 

 

 

 

 

 

Both bare-root and containerized nursery stock had a stem caliper around 1.25 inches. Each treatment listed 

above was replicated six times for each species and replicates were assigned in a completely randomized fash-

ion. All 180 trees were planted into one research block and the trees were planted in holes excavated by an 

auger prior to the Friendship Forest planting day.  Amendment treatments were uniformly incorporated into 

existing backfill at planting. All GTM treatments were installed using the instructions and materials supplied 

by the manufacturer and placed on appropriate trees at the time of planting. All trees were well-watered at 

planting and received a uniform application of wood mulch to the soil surface following standard City of St. 

Paul Forestry Unit planting protocols. Post planting care of the trees will follow standard operating procedures 

as specified by Saint Paul Forestry Unit. 

 

Data collection will be performed by the University of Minnesota for the first 5 years of the study and will 

consist of the following variables: 

 

 

 

 

 

 

 

After the initial 5-year period, data will be collected at 5-year intervals and will consist of the same varia-

bles.  Year 1 mortality data was collected in June of 2017. 

1. Bareroot (~1.25in) 

2. Bareroot (~1.25in) + Amendment 

3. Container (#10 or #15) 

4. Container (#10 or #15) + Amendment 

5. 4ft Tube 

6. 5ft Tube 

7. 6ft Tube 

8. 4ft Tube + Amendment 

9. 5ft Tube + Amendment 

10. 6ft Tube + Amendment 

1. Mortality (Years 1, 3, 5) 

2. Stem caliper increase (Year 5) 

3. Stem and crown condition rating (Year 5) 
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Preliminary Data and Discussion 

 

The following tables show the preliminary survival data collected one year after planting: 

 

Table 1: Survival by Species 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Survival of Betula nigra by Treatment Type 

Species  Survival (%) 

Betula nigra 95 

Gymnocladus dioicus 85 

Populus deltoides 74 

Survival (%) Treatment  

Soil Amendment  
Yes 97 

No 93 

Root Type  

#10 Container 100 

1” Bareroot 100 

3 FT Bareroot Whip 92 

Tube Type  

4 FT Sunflex 90 

5 FT Sunflex 83 

6 FT Sunflex 100 

None 100 



63  

 

Table 3: Survival of Gymnocladus dioicus by Treatment Type 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 4: Survival of  Populus deltoides by Treatment  Type 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It is important to distinguish this as preliminary survival data as opposed to results, which will be collected 

and analyzed in 2021.  The only variable currently displaying a positive or negative relationship to survival is 

tree species, with  Betula nigra demonstrating a 95% survival rate, Gymnocladus dioicus demonstrating an 

85% survival rate, and Populus deltoides demonstrating a 74% percent survival rate.  

Treatment  Survival (%) 

Soil Amendment  
Yes 76 

No 72 

Root Type  
3-4 FT Bareroot Whip  74 

5-6 FT Bareroot Whip 75 

Tube Type  

4 FT Sunflex 77 

5 FT Sunflex 78 

6 FT Sunflex 69 

None 75 

Survival (%) Treatment  

Soil Amendment  
Yes 80 

No 90 

Root Type  

#10 Container 92 

1” Bareroot 75 

4 FT Bareroot Whip 86 

Tube Type  

4 FT Sunflex 86 

5 FT Sunflex 80 

6 FT Sunflex 92 

None 83 
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Friendship Forest 2.0: Anoka-Ramsey Community College  

Luke Bailey, Undergraduate Research Assistant 

Chad Giblin, Research Fellow 

University of Minnesota, Department of Forest Resources 

 

“A future, a friendship, a forest.”  As students 

and volunteers planted twelve Catalpa speciosa 

(northern catalpa) trees on the front lawn of 

Anoka-Ramsey Community College, they 

adorned them with tree skirts emblazoned with 

this simple phrase.  

The Friendship Forest is a project developed by 

Public Art Saint Paul artist, Amanda Lovelee. 

It seeks to unite artists, arborists, scientists, and 

community members in the act of planting a 

tree.  At Friendship Forest planting parties, 

neighborhoods gather together to plant trees, 

make friends, and celebrate the urban canopy. 

On October 13th, 2017, staff and students from the University of Minnesota’s Urban Forestry Outreach, Re-

search & Extension Nursery and Lab (UFore) partnered with Amanda Lovelee and Anoka-Ramsey Communi-

ty College (ARCC) to plant a new Friendship Forest. 

 
Over 100 ARCC volunteers contributed to 

the tree planting event which was accom-

panied by a performance from the World 

Drumming Ensemble, led by Nickolai 

Zielinski, and a student reading of a tree 

poem organized by theatre faculty mem-

ber, Blayn Lemke. After a tree planting 

demonstration given by UFore staff and 

students, volunteers partnered together 

with new acquaintances in groups of five 

or six to plant 12 northern catalpa trees. 

The University of Minnesota provided the 

trees which were planted in a broad circle 

in an open lawn on campus.  

Figure 1:  Community volunteers gather around a 
newly planted northern catalpa 

Figure 2. Amenda Lovelee addressing  
Friendship Forest Volunteers 
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After the trees had been planted, watered, and mulched, the teams of tree planters assigned their trees a unique 

name and hung an identification card on a branch. A few tree names chosen by students and volunteers were 

Ramsey X11, Daisy Lily Rose, and Herculeaves.  Each tree planter was then given a card to take home with 

their planting partner’s contact information and a link to an interactive map where they will be able to check 

on and update the status of their tree. They were also given a Friendship Forest t-shirt and encouraged to stick 

around to enjoy the company of a new friend over coffee and donuts. With the help of students, artists, scien-

tists, teachers, and community volunteers, the future of the Friendship Forest in Minnesota looks exceedingly 

bright.  

Figure 3: Aerial image of the Anoka-Romsey Community College Friendship Forest Planting.  
Photograph by Mike Bahe 
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Minnesota Tree Care Advocate Program 

Ashley Reichard, Urban & Community Forestry Volunteer Programs Coordinator 

University of Minnesota, Department of Forest Resources 

Introduction 

 

Minnesota Tree Care Advocate works to educate volunteer members about the benefits and best management 

practices of the state’s urban forests so in turn they may volunteer within their communities. The Minnesota 

Tree Care Advocate program is comprised of multiple community-based programs that have evolved after the 

creation and success of the Tree Care Advisor Program (TCA). The Citizen Pruner program began in 2013 in 

Rochester, Minnesota and the Tree Steward program has recently taken off in 2016 in multiple communities 

throughout the state. 

 

Minnesota Tree Care Advisor 

 

Since the first Tree Care Advisor class in 1993, 239 volunteers in urban forestry have completed the 30+ hours 

of core course education and contributed 102,558 hours of volunteer time. Minnesota Tree Care Advisors aid 

the community forestry field by becoming local stewards for their cities to share education to the public. 

 
Core Course Training 

Tree Care Advisors are trained in many aspects of the urban and community forestry field. The original core 

course is 30+ hours and covers a wide range of topics. Tree Care Advisors are also required to complete 4 

hours of education every year to stay up to date on research-based information and to reinforce knowledge of 

topics that were covered in the core course. There was no Core Course held in 2017. 

 
Possible Tree Care Advisor Education Topics: 

 Communicating with the public 

 Tree identification 

 Plant selection 

 Best planting practices 

 Small tree structural pruning 

 Predicting and preventing storm damage 

 Volunteer management for small groups 
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Tree Essential Classes 

Tree Essential Classes have been hosted by the University at the UFore Nursery on the Saint Paul campus 

throughout the summer and fall months as update training classes. These two hour classes are offered Friday 

mornings and cover specific topics for each class.  

 

 

Tree Essential Class Topics: 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

In 2017, a total of 72 attendees took advantage of the training opportunities spread over 13 class sessions. At-

tendees consisted of Tree Care Advisors, Master Gardeners, Master Naturalists, Minnesota Tree Inspectors, 

and other interested Minnesota residents. The University of Minnesota will be hosting Tree Essentials in 2018 

with the addition of 6 new class topics: Edible Landscapes, Grafting, Gravel Beds, Maintaining Shrubs and 

Vines, Pollinator Friendly Trees, and Tree Identification. 

 

“Ask a Tree Care Advisor” State Fair Booth 

In 2013, the Minnesota Pollution Control Agency (MPCA) invited the Tree Care Advisor Program to host a 

booth in the Eco Experience building related to climate change. After a successful year, the program was invit-

ed to return and has been a permanent structure to date. Since 2013, volunteers and UMN staff and students 

have dedicated 552 hours during open booth hours to answering the publics’ questions. In 2017, 25 individuals 

dedicated approximately 400 hours toward staffing, preparing and commuting to and from the “Ask a Tree 

Care Advisor” booth. Over the course of the 96 open booth hours, Tree Care Advisors answered in excess of 

3,162 questions. 

 Best Planting Practices 

 Managing Aggressives/Invasives 

 Nontraditional Pruning: Shrubs, Espalier, Pleaching 

 Plant Health Issues - Diagnostics 

 Plant Selection 

 Predicting and Preventing Storm Damage 

 Pruning: Young Trees 
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Forest Resources Outreach Line 

The Forest Resources Outreach Line has been staff by Tree Care Advisors since 2013. Minnesotans can con-

tact the information help desk throughout the year via two ways: by phone or by e-mail.  Once the phone or 

email messages are received, Tree Care Advisor volunteers research the resident’s tree-related questions and 

provide them with a non-biased resolution and resources to help answer their questions, including how to con-

tact an ISA Certified Arborist. In 2017, the Outreach Line was staffed by Annette LeDuc, Mary Magers, and 

Bruce Nelson. Since 2014, volunteers have answered 758 questions from the public, with 120 of those being 

answered in 2017. 

 
 

 
2017 Tree Care Advisor Accomplishments 

In 2017, 83 active Tree Care Advisors completed a total of 5,218.83 volunteer hours for the state, their city and 

for non-profits in need of volunteers. On average, each volunteer completed 53.04 hours of service. In 2017, 

Tree Care Advisors volunteered their time and efforts in 79 of Minnesota’s cities.  

 
Three General Categories of Volunteer Work and Their Corresponding Service Hours: 

 Community activities: 1,498.20 hours 

 Community engagement: 799.00 hours 

 Outreach: 2,005.15 hours 

Figure 1. 2017 Outreach Line Question Topic 
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Tree Care Advisors completed 2,378.67 hours of education with the average volunteer attending an average of 

28.66 hours of education in 2017. Every year, Tree Care Advisors are invited to attend the Shade Tree Short 

Course at discounted rates based on their cumulative volunteer hours. In 2017, 38 Tree Care Advisors were in 

attendance for the Short Course.  

 
Money Matters 

The organization Independent Sector has calculated an hourly dollar rate for volunteer contributions. Based on 

volunteer 2016 figures, the hourly rate is $26.40 per hour, resulting in a total worth of $137,777.11 of volun-

teer work done by Tree Care Advisors in 2017. This money is the state, county, city, and non-profit savings 

thanks to the work of volunteers. This savings reduces unnecessary expenses due to professionals pursuing 

work that requires more technical skill and allowing volunteers to assist with simple tasks. Tree Care Advisors 

also generate more demand professionals by educating citizens on the importance of timely and professional 

tree care. Collectively, monetary contributions from Tree Care Advisors between 1993 and 2017 totals 

$2,707,522.22 

 
 

 

Minnesota Citizen Pruner 

As budgets continue to be cut and the increase in priority over certain disease and pest infested trees take prior-

ity, aid from citizens becoming increasingly more important. These volunteers are able to manage smaller 

branches near the ground like suckers, sprouts, young tree structural pruning. Completing this work is vital for 

clearing sightlines and sidewalks for the safety of the public. 

Figure 2: Total Tree Care Advisor Volunteer Hours 
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Training 

Minnesota Citizen Pruner curriculum is planned with the community and the University staff to tailor the pro-

gram to suit the needs of the community. Some communities wish to have volunteers work solely to remove 

suckers and reachable sprouts, while some communities wish to volunteers structurally prune young trees that 

need more care and attention. The class topics cover but are not limited to: 

 
Possible Citizen Pruner Class Topics Covered : 

 

 

 

 

 

 

 

 

Communities 

Since the first Citizen Pruner class in 2013, the program has taken off communities across the state have held a 

training class and hosted pruning events. In 2017, Citizen Pruner training was hosted in 4 communities: Henne-

pin County, Maple Grove, Minneapolis, and Sherburne County. Additionally, the following communities host-

ed pruning events and reported active pruning in 2017: 

 
 

 Pruning safety and limitations 

 Communicating with the public and city staff 

 Tools and cleaning protocol 

 Tree identification 

 Proper pruning techniques 

 Fundamentals of pruning 

Figure 3: Citizen Pruner Hours by Community in 2017 
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2017 Volunteer Accomplishments 

In 2017, 72 active Citizen Pruners completed a total of 844.50 volunteer hours for their community in Minne-

sota. The average volunteer completed 11.73 hours of volunteer work that contributed toward the health and 

safety of the trees in their community. Details about pruning hours, monetary contribution and specific pruning 

data can be found in Figure 3.  

 
Money Matters  

The organization Independent Sector has calculated an hourly dollar rate for volunteer contributions. Based on 

volunteer 2016 figures, the hourly rate is $26.40 per hour, resulting in a total of $22,294.80 for volunteer work 

done by Citizen Pruners in 2017. This money is the city/county savings thanks to the work of volunteers. This 

savings reduces unnecessary expenses due to professionals pursuing work that requires more technical skill 

and allowing volunteers to assist with simple tasks. Collectively, monetary contributions from Citizen Pruners 

between 2013 and 2017 totals $46,175.28. 

 

 
Minnesota Tree Steward 

 

The Tree Care Advocate’s newest program, Tree Steward, is a great new way for individuals to get involved in 

their local urban and community forestry. Volunteers are able to assist with a range of activities from planting 

to watering and from pruning to monitoring tree health. Only hours that were completed within the borders of a  

Figure 4: Volunteer Citizen Pruner Hours 2013-2017 
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community were counted in the list of activities found in the Figure 5. 

 

Training 

The Minnesota Tree Steward curriculum is planned with the community and the University staff to tailor the 

program to suit the needs of the community. Some communities wish to have volunteers work solely to plant 

and water trees, while other communities need the help of volunteers to monitor the many newly planted trees 

in their community throughout the first few years.  

 
Possible Minnesota Tree Steward Class Topics 

 

 

 

 

 

 

 

 

Communities 

Since the first Tree Steward class in 2016, the program has taken off communities across the state have held a 

training class and hosted pruning events. In 2017, Tree Steward training was hosted in 8 communities: Fridley, 

Hennepin County, Hutchinson, Maple Grove, Mankato, Rochester, Saint Paul, and Shakopee. Additionally, the 

following communities and their volunteers self-reported service hours in 2017:  

 Best planting practices 

 Watering devices and cost 

 Proper pruning practices & fundamentals 

 Monitoring young trees 

 Monitoring general canopy health 

 Communicating with the public and city staff 

Figure 5: Tree Steward Hours by Community in 2017 
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2017 Tree Steward Accomplishments 

In 2017, 81 active volunteers completed a total of 579.50 volunteer hours for their community in Minnesota. 

The average volunteer completed 7.15 hours of volunteer work that contributed toward the health and safety of 

the trees in their community. Details for each community and the type of Tree Steward volunteer work that 

they accomplished can be found in Figure 5 

 

Money Matters 

The organization Independent Sector has calculated an hourly dollar rate for volunteer contributions. Based on 

volunteer 2015 figures, the hourly rate is $26.40 per hour, resulting in a total of $15,298.80 for volunteer work 

done by Tree Stewards and additional community volunteers in 2017. This money is the state savings thanks to 

the work of volunteers. 
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Introduction 

 

Recreational tree climbing offers myriad benefits to its par-

ticipants. In addition to being fun and contributing to physi-

cal fitness, elements of tree climbing include opportunities 

to develop analytical thinking, improve knowledge and ap-

preciation for natural resources, as well as build self-esteem 

and a sense of accomplishment. Can you imagine a child 

with a bigger smile than one who has just successfully navi-

gated a rope system and advanced herself to a lofty limb of 

a bur oak? From learning hitch knots and proper gear safe-

ty, to moving about in the canopy to reach “goal objects,” 

to solving rigging puzzles using principles of physics, the 

range of skills cultivated in tree climbing is immense. Addi-

tionally, tree climbing introduces young people to skills and 

professional development opportunities in urban forestry 

and arboriculture  

 

Recreational Tree Climbing Engagement  

 

After the enthusiastic success of hosting a second 

youth tree climbing summer camp at the University of 

Minnesota in 2017, the Urban Forestry Outreach, Re-

search & Extension (UFore) Nursery & Lab has de-

veloped a streamlined approach to implementing 

youth recreational tree climbing in educational and 

summer camp settings. Keeping safety at the heart of 

this system, the Youth Engagement in Arboriculture  

Figure 1: A camper’s first attempt at a 
limb walk 

Figure 2:  A camper and aerial technician in a 
tree set up for a free climb 
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(YEA) approach maintains full compliance with the 

Standard for Safety Requirements for Arboricultural 

Operations (ANSI Z133) throughout and integrates 

the expertise of ISA (International Society of Arbori-

culture) Certified Arborists through consultation dur-

ing the planning and implementation process. In addi-

tion to adhering to the Z133, the YEA approach is kid

-centric. Many summer camps and youth programs 

are designed to meet the “average” child and, in many 

cases, may not be fully accessible to all kids. YEA 

focuses on getting every participant at-height with 

customized experiences tailored to the age, skill, and 

comfort levels of each child. 

 

Framework Development Through Youth Programs  

 

In developing the framework for a proposed curriculum, UFore staff drew on experience gained while conduct-

ing youth tree climbing programs as part of the University of Minnesota’s Recreation & Wellness Summer 

Youth Programs. The first day of camp was split between visits to the UFore Nursery and Forest Pathology 

lab. Campers experienced a hands-on approach to discovering tree biology while discussing what makes a spe-

cies unique, and even grew fungi in petri dish culture! Day two was devoted to tree climbing, starting with 

training on gear and communication safety, then jumping into 

four different climbing stations. In addition to training the camp 

counselors in belay safety and general climbing technique, ISA 

Certified Arborist volunteers were present at every station to en-

courage and instruct campers. 

 

Skill levels of campers ranged from those who have had experi-

ence rock climbing to those who have climbed freely in trees to 

others who have never been in a tree at all. Rock climbing camp-

ers had some familiarity with similar gear and verbiage, as well 

as with the physical climbing concepts. Age and size also played 

a role in campers’ abilities to ascend on different climbing sys-

tems. 

 

Having a variety of climbing systems available allowed each 

camper to explore the canopy within the scope of his or her own  
Figure 4:  A camper in the canopy 
with an aerial technician 

Figure 3:  A camper beginning their ascent on 
one of the climbing systems 
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skill level. Some systems had a mechanical ad-

vantage, meaning that for every one unit of work ap-

plied to ascend the rope, two or more units were 

gained, essentially requiring less strength to climb. In 

the belayed speed climb, campers tapped into that 

instinctual climbing skill that seems inherent in 

childhood—just grappling up a tree by whatever 

means necessary—though with this system, there 

was the safety backup of having an adult belayer. 

Static rope technique (also called SRT or single line 

technique) has a number of mechanical devices that 

make ascending the rope safe and simple, as well as 

requiring less strength. As sort of a hybrid setup, the DMM Hitch Climber system involves the use of a hitch 

cord as well as optional mechanical devices. It was interesting to see the campers work through the different 

climbing stations, having difficulty with the challenge of a particular system but then excelling at another. The 

beaming satisfaction of a camper that succeeds in scaling a tree cannot be matched! 

 

Careers in Arboriculture 

 

The YEA program introduces youth to careers in arboriculture, sending participants home with a tangible and 

memorable experience by safely and technically ascending trees assisted by professional arborists, University 

faculty, staff, and students. The Department of Forest Resources staff connects climbing activities to future op-

portunities by discussing the importance of education in preparing for careers in arboriculture. The project 

aims to inspire participants, not only to envision themselves at the University of Minnesota, but as future pro-

fessionals in the fields of urban forestry and arboriculture. 

Figure 5:  The campers discussing safety and 
gear  

Figure 6:  A camper working with an aerial technician in the canopy  
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YEA strives to create a more diverse and inclusive campus atmosphere that becomes increasingly accessible 

and welcoming to students of color and those from currently underrepresented minority communities. During 

the 2017-2018 academic school year, UMN Forest Resources YEA intends to serve students from the follow-

ing schools and grades: 

 

 

 

 

 

 

American Camp Association’s Northland Chapter 

 

In efforts to share YEA with a broader community, UFore staff presented an interactive session on youth tree 

climbing programs at the annual conference of the American Camp Association’s Northland chapter in Octo-

ber 2017. The event was held at Lake Geneva Christian Center in Alexandria, MN and was attended by youth 

development camp professionals. The design and philosophy of YEA was introduced and discussed, and how 

existing summer camps might proceed in initiating their own recreational tree climbing programs, including 

consulting with local ISA-certified arborists. Attendees had the opportunity to try out the various climbing sys-

tems, and the program was well-received, with many camp associates looking forward to further collaboration 

for the implementation of recreational tree climbing systems. 

 

Future in Climbing 

 

Further work is underway to complete the framework for organizational tree climbing implementation. Camps 

during the summer of 2018 will see the addition of a new Rigging Games section and look to advance the skills 

of our young climbers during week-long camps! Look to the canopies in the coming year for young tree-

friends becoming better acquainted with tree ascension as well as with the trees themselves! 

Four Seasons A+ Elementary (Saint Paul, MN) (75 to 80 - 5th Grade Students) 

Great River School (Saint Paul, MN) (15 to 20 - 7th & 8th Grade Students) 

Hmong College Preparatory Academy (Saint Paul, MN) (60 - 10th Grade Students) 

Windom Dual Immersion Elementary (Minneapolis, MN)   

Figure 7:  A camper limb walking in the canopy of a tree 
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