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The Relationship Between Structural Root Depth and  
Vigor of Urban Trees 

Abstract. The prevalence of deep root systems on urban trees has been well documented, but the consequences are not well understood. The re-
lationship between structural root depth and vigor of street trees was investigated in Greensboro, North Carolina; Snoqualmie, Washington; and 
Glen Ellyn, Illinois, United States. Regression analysis was used to explore the relationship between root depth and crown vigor, trunk diameter 
growth, and trunk condition as indicators of tree performance. The average depth of structural roots for most species was less than three centime-
ters. However, in 10 of the 14 species included in the study, the structural roots of 20%–60% of the individual trees were more than eight centime-
ters deep. Regression analysis showed a significant relationship between root depth and indicators of tree performance for Acer rubrum, Quercus 
bicolor, Fraxinus oxycarpa, and Tilia cordata, but no relationship was identified for other species measured. Root depth explained less than half 
of the reduction in tree performance of these species, however, and is apparently only one of several factors affecting the growth of street trees. 
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Excessively deep root systems are common on trees in ur-
ban and suburban landscapes. The structural woody roots 
that collectively form the root flare have been found to be 
more than 7.6 cm below the soil surface on up to two-thirds 
of street trees in several Illinois and Minnesota, U.S., cit-
ies (Watson et al. 1990; Giblin et al. 2006). In Long Island, 
New York, U.S., the average depth of soil over the structural 
roots was slightly more than 15 cm (Smiley 2006). This is 
deeper than the best management practice (BMP) recommen-
dation that “at least two structural roots should be within 2.5 
to 7.6 cm of the soil surface” (Watson and Himelick 2005).

In addition to simply planting trees too deeply in the land-
scape, nursery field production practices can also contribute 
to deep root systems (Harris et al. 2001; Hewitt and Watson 
2009). In the 1980s, deep roots were reported on New York 
City, New York, U.S., trees and were attributed to nursery 
practices prior to planting (Berrang et al. 1985). In a study of 
Ohio, U.S. nurseries, the average depth of structural roots 
in nursery fields and harvested root balls has been reported at 
2–10 cm and 7–11 cm, respectively (Rathjens et al. 2007).

The question of how the deep root systems are affecting tree 
performance has not been adequately answered. Controlled ex-
periments in field plots showed that deep root systems reduce 
survival and growth under some conditions, especially poor 
drainage (Wells et al. 2005; Arnold et al. 2005; Arnold et al. 
2007; Bryan et al. 2010; Day and Harris 2008). Similar studies 
are lacking on trees planted in urban and suburban landscapes 
where many factors can affect tree growth and vigor. This study 
attempts to understand whether root depth affects vigor of com-
monly planted street trees in Greensboro, North Carolina (NC); 
Snoqualmie, Washington (WA); and Glen Ellyn, Illinois (IL). 

METHODS
Arborists were contacted to locate suitable street tree 
plantings for the study. Knowledge of site history and 
consistency in site conditions were important consid-
erations. Tree inventory records were examined from nine lo-
cations, six were visited for evaluation, and three were chosen. 

Study Sites
Sites were chosen based on their geographic and climatic differenc-
es, species and number of trees available, and availability of local 
cooperators. The NC site was a large commercial property where 
the space between the pedestrian sidewalk and street curb was less 
than two meters wide and too narrow for planting. Therefore trees 
were planted one meter from the sidewalk on the side away from 
the street with 10 m or more open space beyond. A single culti-
var of (Acer rubrum) trees was growing along the entire street. 

The WA site was a residential neighborhood. Planting 
space width between the pedestrian sidewalk and street curb 
was somewhat variable from street to street but was typi-
cally less than two meters. A single species or cultivar was 
planted along each street. Streets with Quercus rubra, Fraxi-
nus oxycarpa, and Tilia cordata were used in the study.

The IL site also consisted of street trees in a residential 
neighborhood. Planting space was also of variable width. 
Plantings along each street were of mixed species. When 
there were insufficient numbers of trees of a species for val-
id data analysis, the data were reported by genus. All trees 
were considered well-established. Trees in NC and WA were 
all planted as a group at the same time, 5 to 10 years earlier, 
but the exact year of planting was not available from records. 
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All trees were planted as ball-and-burlap stock, 
and trees were surrounded by turfgrass beyond a small 
(1–1.5 m) mulch ring at the base of the tree. Sam-
pling dates and species for each site are listed in Table 1. 

Root Depth
The root flare is the commonly used reference point for root depth 
discussions, but is really a zone rather than a specific point that 
can be measured precisely. To be more specific in this study, and 
in compliance with best management practices (Watson and Hi-
melick 2005), root depth was measured from the upper surface 
of individual roots at the point where the root became distinct 
from the trunk. Depth was measured to the nearest half-cen-
timeter relative to the soil against the trunk. The depth of indi-
vidual roots usually varied around the tree. The depth of the two 
uppermost woody structural roots was recorded for each tree 
and averaged. If the soil against the trunk was higher or lower 
than the surrounding grade, this measurement was recorded 
and root depth relative to surrounding grade was calculated. 

Root collars were excavated with hand tools and pneumatic 
excavation, depending on circumstances at each site. At WA, 
hand digging was the only option, and root collars were exca-
vated to a maximum depth of 20 cm. Further hand excavation 
would have caused more site disruption than was tolerable. If no 
roots were found within 20 cm, depth was recorded as >20 cm. 
At IL, root collars were first excavated by hand to a depth of 15 
cm, and if roots were not exposed, a pneumatic excavation tool 
was used on a return visit to excavate until roots were located.

At the NC site, root collars had been excavated several months 
earlier to expose the structural roots because Phytophthora lesions 
were discovered on the lower portion of the trunk (pers. comm.: E. 

Thomas Smiley). The depressions were filled with coarse mulch 
that was easily removed by hand to re-expose the structural roots. 

Tree Performance
A visual rating system was developed for crown vigor. Trees were 
rated during the dormant season at WA, and only twig growth 
could be rated.

Vigor ratings:
1 – Vigorous: Terminal twig growth; leaf size and color better 

than average for species. 
2 – Normal: Terminal twig growth; leaf size and color typical 

of species.
3 – Acceptable: Terminal twig growth; leaf size and color less 

than typical, but acceptable.
4 – Stress overcome: History of subnormal twig growth or 

minor twig dieback, but now acceptable or better. 
5 – Current stress: Subnormal twig growth; leaves small, 

scorched or off color; minor dieback.
6 – Significant dieback: Major portions of crown dead, still 

in decline.
7 – Replacement needed: Dead or nearly so.

In addition to crown evaluations, trunk condition was 
also rated at the North Carolina site. This tree–health vari-
able was included because these trees had a history of Phy-
tophthora lesions on the lower portion of the trunk. The scale 
was based on visual estimation of the portion of the trunk 
circumference damaged by the disease lesion: 0 = 0%, 1 = 
1%–25%, 2 = 26%–50%, 3 = 51%–75%, 4 = 76%–100%. 

Trunk diameter was measured with a diameter tape 15 cm above 
soil line prior to excavation. Trunk diameter was used to assess per-

Table 1. Root depth and indicators of tree performance were recorded on street trees from three locations. A visual rating 
system was used for crown vigor. Where insufficient trees were available for some species, data is reported by genus. A trunk 
condition rating system was also used as a measure of performance at the North Carolina site because of a history of Phytoph-
thora basal lesions. 

      Trunk Average root Roots > 8     Root depthz Median crown   Median trunk
Genus/species  N diam. (cm)  depthz (cm)  cm deep     range (cm)    vigor rating  condition rating
   Avg. (SE).     Avg. (SE)      (%) Low High    (scale 1–7)    (scale 0–4)

Greensboro, NC – July 2008 

Acer rubrum 50 16.6 (0.6) 6.5 (1.6) 8 -26.0 31.0 3 1

Snoqualmie, WA – November 2007

Quercus rubra 50 15.8 (0.4) -3.1 (1.5) 40 >-20.0y      15.0 2 --
Tilia cordata 50 11.4 (0.3) -3.3 (1.5) 24 >-20.0 15.0 3 --
Fraxinus oxycarpa 50 8.9 (0.2) -11.1 (1.2) 60 >-20.0 5.0 3 --

Glen Ellyn, IL – June/July 2007

Fraxinus sp.x 21 12.4 (1.5) -0.6 (1.5) 19 -13.5 12.5 1 --
Malus 17 7.7 (0.8) -2.9 (1.5) 18 -19.5 6.5 2 --
Quercus bicolor 26 8.8 (0.8) -1.2 (1.6) 23 -20.0 10.5 3 --
Quercus sp. 22 9.5 (0.8) -1.8 (1.2) 23 -15.0 14.5 3 --
Ulmus hybrid w 25 10.2 (1.2) 1.9 (1.3) 8 -12.0 12.0 3 --
Tilia cordata 8 4.5 (2.3) -10.3 (2.2) 63 -19.0 -2.5 4 --
Gleditsia triacanthos 18 8.9 (1.2) 1.0 (0.8) 0 -4.5 9.0 2 --
Acer × freemanii 18 9.5 (1.9) 1.3 (2.1) 25 -18.0 17.0 2 --
Taxodium distichum 10 11.6 (2.0) 1.2 (1.8) 10 -10.5 8.0 2 --
Gymnocladus dioica 11 13.0 (2.8) -4.5 (3.4) 36 -24.0 9.0 1 --
z Positive numbers indicate roots are above surrounding grade.
y Hand excavation only on this site, 20 cm was maximum possible.
x F. pennsylvanica and F. americana cultivars are usually grafted on F. pennsylvanica root stock.
w Hybrid elm cultivars are usually grafted on Ulmus pumila root stock.
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formance only on sites where trees of uniform size, from the same 
source, were all planted at the same time (NC, WA). 

Statistical Procedures
Regression analysis was used to examine the relationship between 
root depth and tree performance, with depth as the independent 
variable, and crown vigor, trunk condition, or trunk diameter as the 
dependent variable. Linear regression was used for trunk diameter 
measurement data (SAS procedure PROC REG, SAS 9.2). Signif-
icance is reported for P < 0.05. Crown vigor and trunk condition 
ratings were analyzed with logistic regression (SAS procedure 
PROC LOGISTIC, SAS 9.2) with Somers’D used as an indicator 
of model fit. Significance is reported at χ2 probability P < 0.05.

RESULTS AND DISCUSSION
Root depth showed high variability on all sites. Only Fraxi-
nus oxycarpa and Tilia cordata structural root depth averaged 
greater than 7.5 cm, the maximum depth recommended by best 
management practices (Watson and Himelick 2005). The aver-
age depth of the structural roots was less than 3 cm for most 
species. The range of root depths may reflect the situation more 
meaningfully. The range of uppermost structural root depth of 
individual trees was in excess of 20 cm for most species. With-
in that broad range, the shallowest roots of 20%–60% of the  
individual trees were more than 7.5 cm deep in 10 of the 14  
species included in the study (Table 1). This agrees with previ-
ous studies where similar numbers of trees with roots more than 
7.6 cm deep were reported (Watson et al. 1990; Giblin 2006).

Regression analysis showed a significant relationship between 
root depth and tree performance for some species. Increasing 
root depth did accompany at least one measure of tree perfor-
mance in four species (Table 2; Figure 1). Crown vigor and 
trunk condition of Acer rubrum decreased with increasing root 

depth at NC. Crown vigor was reduced in Quercus bicolor for 
IL, but not for any of the other species evaluated at the same 
site. Trunk diameter growth of Fraxinus oxycarpa and Tilia  
cordata was reduced at WA, but there was no relationship evident 
for Q. rubra. It was not within the scope of this study to deter-
mine what specific soil conditions may have been responsible for 
reducing the growth and vigor of trees with deep root systems.

Species generally considered highly tolerant of urban land-
scape conditions (Gilman 1997; Dirr 2009) showed no signifi-
cant relationship between root depth and condition. These in-
clude Fraxinus sp. (F. pennsylvanica and F. Americana cultivars 
are both commonly grafted on F. pennsylvanica root stock), 
Acer × freemani, Malus sp., Gymnocladus dioica, Taxodium 
distichum, Ulmus hybrid (often grafted onto Ulmus pumila root 
stock). These species are planted frequently in urban areas be-
cause they can tolerate a wide variety of conditions, including 
deposition of soil over the roots in flooding events in nature. 
These species proved to be the most capable of tolerating deep 
root systems. Q. rubra and Quercus sp. (primarily Q. macro-
carpa and Q. muehlenbergii), generally considered moderately 
tolerant of urban site conditions, were also unaffected by root 
depth. Maximum root depth of Gleditsia triacanthos was 4.5 
cm, which is within the BMP guidelines for root depth (Watson 
and Himelick 2005) and understandably this species showed 
no relationship between root depth and tree performance. 

Crown vigor was not related to root depth for any spe-
cies on the WA site. The coastal regions in the Pacific North-
west are known for their nearly ideal growing conditions. The 
WA site was at an elevation of 243 m in the Cascade Moun-
tains. Average high temperature during the summer months 
is 7°C cooler than the other two sites (22°C versus 29°C) 
(www.intellicast.com). Symptoms of stress or dieback may 
be less likely to develop when above ground conditions are 
less stressful, even if root system function is reduced by a 

Table 2. Regression analysis was used to determine the relationship between root depth and tree performance, with depth as 
the independent variable and crown vigor or trunk diameter (only on sites where trees of uniform size from the same source 
were all planted at the same time) as the dependent variable. Logistic regression was used for crown vigor and trunk condition 
ratings. Linear regression was used for trunk diameter measurements. Where insufficient trees were available for some species, 
data is reported by genus.   

Genus/species            Crown vigor   Trunk diameter          Trunk condition
 Sommers’D  P (χ2) r2 P  Sommers’D  P (χ2)

Greensboro, NC – July 2008 

Acer rubrum 0.306 0.050 0.042 0.153 0.306 0.017

Snoqualmie, WA – November 2007

Quercus rubra 0.005 0.712 0.020 0.326     --    --
Tilia cordata -0.048 0.936 0.081 0.045     --    --
Fraxinus oxycarpa 0.107 0.559 0.130 0.010     --    --

Glen Ellyn, IL – June/July 2007

Fraxinus sp.z 0.229 0.231     --     --     --    --
Malus 0.283 0.088     --     --     --    --
Quercus bicolor 0.481 0.002     --     --     --    --
Quercus sp. 0.202 0.166     --     --     --    --
Ulmus hybrid y 0.081 0.763     --     --     --    --
Tilia cordata 0.571 0.118     --     --     --    --
Gleditsia triacanthos 0.153 0.386     --     --     --    --
Acer × freemanii 0.229 0.428     --     --     --    --
Taxodium distichum 0.429 0.478     --     --     --    --
Gymnocladus dioica 0.556 0.096     --     --     --    --
z F. pennsylvanica and F. americana cultivars are usually grafted on F. pennsylvanica root stock.
y Hybrid elm cultivars are usually grafted on Ulmus pumila root stock.

http://www.intellicast.com
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deep root system. Trunk diameter growth was reduced on two 
of the three species (Table 2), possibly reflecting overall low-
er performance, though crown appearance was acceptable.

At most, root depth could explain less than half of the reduction 
in crown vigor, trunk condition, or trunk diameter growth. Root 
depth is only one of several factors affecting tree performance on 
street tree plantings. Soil conditions, seedling rootstocks, and in-
stallation and maintenance procedures on street tree planting sites 
can be highly variable, even within an apparently uniform planting 
on the same street. High variability in non-experimental field plots 
compared to their more controlled counterparts can make poten-
tial effects of deep root systems on tree vigor difficult to discern.

CONCLUSIONS
These results show that deep root systems are not causing widespread 
decline and losses to urban trees in the first ten years after planting. 
There was a significant relationship between root depth and tree 
performance for only some species, explaining less than half of the 
reduction in any indicator of performance. Most of the species in-
cluded in this study were considered at least moderately tolerant of 
adverse conditions. Deep roots may have a greater effect on more 
sensitive species. Even a modest reduction in vigor could be seri-
ous for species that find it challenging to grow in urban landscapes, 
and for many moderately sensitive species on very difficult sites. 

The range of data collected in this initial study was limit-
ed. Information on a wider variety of species is needed. Given 
the accepted variability of soils on urban sites, more informa-
tion on site soil conditions could improve researchers’ under-
standing of which factors are most affecting tree performance.

Though the reduction of tree performance due to deep 
roots was modest, the problem may be so widespread that 
there could still be a significant impact on the urban forest as 
a whole. When all species are combined, the structural roots 
were at least 8 cm deep on 26% of the trees. Growth and vig-
or is being reduced in some cases by as much as 50%. The po-
tential reduction in ecosystem services provided by these un-
derperforming trees over their lifetime could be substantial. 
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Résumé. La prévalence des systèmes racinaires profonds chez les ar-
bres urbains a été bien documentée, mais les conséquences ne sont pas 
bien comprises. La relation entre la profondeur des racines structurales 
et la vigueur des arbres de rues a été étudiée à Greensboro (Caroline du 
Nord), à Snoqualmie (Washington) et à Glen Ellyn (Illinois) aux États-
Unis. Une analyse de régression a été employée afin d’explorer la re-
lation entre la profondeur des racines et la vigueur de la couronne, la 
croissance en diamètre du tronc ainsi que la condition du tronc en tant 
qu’indicateurs de la performance de l’arbre. La profondeur moyenne en 
racines structurales était inférieure à 3 cm pour la plupart des espèces. 
Cependant, chez 10 des 14 espèces comprises dans cette étude, les ra-
cines structurales de 20% à 60% des individus étaient à plus de 8 cm 
de profondeur. L’analyse de régression a montré une relation significa-
tive entre la profondeur des racines et les indicateurs de performance de 
l’arbre chez Acer rubrum, Quercus bicolor, Fraxinus oxycarpa et Tilia 
cordata, mais aucune relation n’a été identifiée chez les autres espèces 
étudiées. La profondeur des racines explique moins de la moitié de la 
diminution en performance chez les autres espèces, mais elle constitue 
néanmoins l’un des facteurs affectant la croissance des arbres de rues.

Zusammenfassung. Die Verbreitung von tiefen Wurzelsystemen bei 
Straßenbäumen ist gut dokumentiert, aber die Konsequenzen sind nicht 
ganz verstanden. Die Beziehung zwischen struktureller Wurzeltiefe und 
Wüchsigkeit von Straßenbäumen wurde in Greensboro, North Carolina; 
Snoqualmie, Washington; und Glen Ellyn, Illinois, Vereinigte Staaten, 
untersucht. Eine Regressionsanalyse wurde verwendet, um die Beziehu-
ng zwischen Wurzeltiefe und Kronenwüchsigkeit, Stammdurchmesser-
wachstum und Stammkonditionen als Indikatoren für den Gesamtauf-
tritt des Baumes zu erforschen. Die durchschnittliche Tiefe struktureller 
Wurzeln liegt bei den meisten Arten unter 3 cm. Dennoch zeigte sich bei 
10 – 14 an dieser Studie beteiligten Arten, dass die strukturellen Wurzeln 
von 20% - 60% der einzelnen Bäume mehr als 8 cm tief lagen. Die Re-
gressionsanalyse zeigte eine signifikante Relation zwischen der Wurzel-
tiefe und den Indikatoren der Gesamtdarstellung für Acer rubrum, Quer-
cus bicolor, Fraxinus oxycarpa und Tilia cordata, aber bei den anderen 
gemessenen Arten wurde keine Relation identifiziert. D dennoch erklärt 
die Wurzeltiefe weniger als die Hälfte der Reduktion in der Gesamters-
cheinung der beteiligten Arten, und ist offensichtlich nur einer von vielen 
Faktoren, die das Wachstum von Straßenbäumen erklären.

Resumen. La prevalencia de sistemas de raíces profundas en los ár-
boles urbanos ha sido bien documentada, pero las consecuencias no han 
están bien entendidas. Se investigó la relación entre la profundidad de 
las raíces estructurales y el vigor de árboles de las calles en Greensboro, 
North Carolina; Snoqualmie, Washington; y Glen Ellyn, Illinois, Estados 
Unidos. Se utilizó análisis de regresión para explorar la relación entre 
profundidad de la raíz y vigor de la copa, crecimiento del diámetro del 
tronco y condición del tronco, como indicadores del comportamiento del 
árbol. La profundidad media de las raíces estructurales para la mayoría 
de las especies fue menor de tres cm. Sin embargo, en 10 de las 14 es-
pecies incluidas en el estudio, las raíces estructurales de 20%–60% de 
los árboles fueron de más de ocho cm de profundidad. El análisis de 
regresión mostró una relación significante entre la profundidad de raíces 
e indicadores de comportamiento del árbol para Acer rubrum, Quercus 
bicolor, Fraxinus oxycarpa, y Tilia cordata, pero no se identificó relación 
para otras especies medidas. La profundidad de la raíz explicó menos de 
la mitad de la reducción en el comportamiento del árbol de estas espe-
cies; sin embargo, es aparentemente solo una de los varios factores que 
afectan el crecimiento de los árboles urbanos.
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