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ABSTRACT .--Streetside soils are shown to have bul k den-
sity, pH specific conductance, and weight |oss on
ignition somewhat higher than native soils, and |ower
air-filled pore space and avail able water. Aer ation
status of the soil is shown to be a potential major
problem whereas street salting has a small effect on
cal cul ated osnotic potential.

THE PROBLEM

In 1961, John Van Canp (1961) gave a paper at the 37th

Nati onal Shade Tree Conference professing the inportance of
a healthy root systemto the vigor of a tree, and discussed
the relationship between a tree and the root environnent.

He concludes his paper with "nuch basic research work and
many intelligent observations are needed if we are going to
keep pace with the tree problens that lie ahead." The prob-
lens that |lie ahead are here and yet we have acconplished
little basic research on the soil environment.

One omission is basic data on streetside soil physica
and chem cal properties. Since these soils are disturbed
or mani pul ated, they do not always have the expected prop-
erties of native or natural, undi st urbed soils. A con-
founding factor is the conplex root environnent found bel ow
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a planted tree (Figure 1). Three soil materials are present
t hrough which the tree roots nust el ongate: (1) the tree
ball; (2) the backfill soil; (3) the soil material in which
the tree pit has been prepared. Tree roots should penetrate
the surrounding soil material (3) in tw to three grow ng
seasons (Lyford and WIlson, 1966). It is this material
which interests us as soil scientists concerned with the

| ongevity of the urban tree rather than planting survival

The latter is a separate question and is left to another

st udy.

TPE STUDY

To develop basic information on streetside soil physi-
cal and chem cal properties, 128 tree planting sites within
the city of Syracuse, N Y. were observed for profile charac-
teristics, and soil sanples obtained for |aboratory analysis
of bulk density, pH  weight loss on ignition, specific con-
ductance, chloride content and avail able water (Bl ack, 1965).
These sites were sanpled through a tree replanting program
of the Syracuse Departnent of Parks and Recreation, and
therefore were non-uniformly distributed over the five

geonor phic surfaces conprising the city |andscape: upl and
till plains thick to bedrock, wupland till plains thin to
under|yi ng bedrock, alluvium and gravel floodplains, glacial
outwash, and urban nade |and (Figure 2). The soils are com
prised of shallow to deep calcereous glacial till soils in

various drainage sequences, with and wi thout a fragipan,
noderately deep alluvium and deep gravelly well-drained out-
wash soils, and urban made | and, consisting of hard and soft
fill,over somewhat poorly drained to poorly drained soils,
created as the city developed fromits first settlenent.

The nodifications of the soils are related to the | andform
and the chronol ogi cal age of the devel opnent. Physi ogr aphi c
nodi fi cations were made only where necessary in the early

ur bani zation of the city. The flat valley areas (alluvium
and glacial outwash) required little nodification. Hill -
slopes required nore cut and fill and are nore highly nodi-
fied, but the basic topographic shape was nmaintained. Mor e
recent urbanization into these areas result in greater nodi-
fication of the surface and hence, the soil profile due to
the availability of heavier nachinery. Fill is highly nodi-
fied regardl ess of where it occurs. The | ess densely urban-
i zed suburbs exhibit topographic features and soil profiles
nearly simlar to those of the natural |andscape.
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Figure 1. The planted tree showing the ball, backfill,
and surrounding soll material.
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~Flgure 2. Geomorphic 501l Groups of Syracuse, New York
(from Soil Association Map, aerial photugraphse in
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STREETSI DE SO L PRCOPERTI ES

Profile Modification

Profile nodification is defined as that condition in
the soil profile where: (1) some portion of the upper pro-
file consists of material placed as fill over a natural soi
or a portion thereof hence a lithologic discontinuity; or
(2) the upper portion is stripped away and | ater replaced
with the sane material; or (3) the entire soil profile may
consist of fill. The nodification nmay be conprised of
changes in properties such as bulk density, structure, pos-
sibly texture and organic matter, as well as the chem ca
properties of pH and nutrients. These changes are partially
caused by interm xing or incorporation of non-soil material
commonly associated with devel opnent construction such as
fragments of brick, coal, wood, netal, ashes, etc. The
extent and degree of nodification has varying |evels of
i nfluence on tree root growh as correlated with its effect
on the ease of root penetration, available water, air-filled
pore space and possibly, nutrient status.

The observed streetside soil profiles of Syracuse
appear to fall into five nodified profile classes: (1) 6 cm
to natural profile or least nodified of the sanpled soils,
and include nostly the glacial outwash and alluvial soils;
(2) 11 cmto natural profile of glacial outwash soils;

(3) 35 cmto natural profile mainly on thin glacial till
soils; (4) 55 cm to natural profile on thick and thin gl a-

cial till soils and upland outwash; (5) 65 cm or nore in
fill to a natural profile or watertable conprising nost of
the urban made |and of Figure 2. However, several of these

cl asses may be represented within a | andscape, and the
average profile values for |ayer depths have the effect of
maski ng any clear relationships between depth of nodifica-
tion and average values of soil physical properties dif-
ferent from what would be expected in the natural profile.
The evidence for nodification was primarily on the basis of
the presence of incorporated non-soil material in the pro-
file, sonme changes in color and the appearance of a struc-
tural discontinuity between |ayers. Addi tional analysis

of individual profile data is required to develop a clearer
rel ati onship between nodification and significant differ-
ences in bulk density, available water and air-filled pore
space.
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Soi | pH

Rel atively high pH values (Table 1) are expected since
nost of the soil parent material in the Syracuse area is
i nfluenced by outcropping and interm xing of material from

various |inmestone strata. Conparison with the pH val ues of
natural soils in Table 2 indicate that the pH values for the
streetside soils are at the upper Iimt of the ranges for
natural soils. The values are further inflated due to the
use of calcium chloride as salting material on streets in
the winter, and subsequent |eaching has noved the cal cium
into the subsoil. Free carbonates have been observed in
several of the profiles.

Speci fi ¢ Conduct ance

The specific conductance values are quite variable be-
tween soil groups as well as within' the profiles. The | ar ge
val ues observed in the recent alluvium soils (Goup |V, Table
1) may be due to accunul ation through concentration of drain-
age water in this portion of the |andscape. Val ues over 1.0
mrho/ cm are necessary before nost plants are affected (WI de
et al., 1972). Further, calculations using the formla:

osnotic pressure, bars = 0.36 x EC, nmmho/cm

yields values that range from .22 to .94 bars with no estab-
lished pattern anong soils or within profiles. The contri -
bution of osnotic potential to the soil solution was not
sufficient to have a significant effect on increasing the
noi sture content of wlting point. Exami nati on of the soi
noi sture in Table 3 leads us to believe that the osnotic
potential would need to be several bars before significant
effects are observed in these soils, since there are other
nore significant problens for root growh. However, speci -
fic conductance should not be ignored where soluble salts
may be a contributory cause to adverse root environment.

Loss on lgnition

Weight loss on ignition of the profiles in Table 1 show
the usual surface to subsoil trends found in natural soils.
The val ues thensel ves are somewhat suspect in that the igni-
tion procedure volatilizes carbonates as carbon dioxi de when
present in high anmounts. This is probably the case in these
soils, as subsequent chem cal analysis shows high cal cium
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Table 2.

Average soll characteristics for selected natural soils of
Central New York.&/

Soil Available Water
Depth Reaction Bulk Density and Range
So1l Group cm Range, pH and Range, g/cc cm3/cm

1 0-30 5.6-7.3 1.39 (1.27-1.51) .18 (.13-.20)
30-83 5.6~7.8 1.59 (1.39-~1.70) .14 (.11-.18)
83-152+ 7.4-8.4 1.89 (1.73-2.00) .08 (.06~-.10)
11 0-41 5.6-7.3 1.14 (==o)®/ .15 (.14-.16)
41-56 5.6~7.3 1.25 (-=-=) ? .16 (.13-.19)
56-96 6.6-8.4 1.19 (~==) ? .16 (.13-.19)

96-152+ — ——— ——
III 0-23 5.1-7.3 1.40 (~--=) L4 (L11-.17)
23-48 5.6-7.8 1.70 (===) .09 (.07-.11)
48-79 6.1-7.8 1.60 (~~=) .03 (.01-.04)
79~-152+ 7.9-8.4 —— 03 (.01-,04)
v 0-23 6.1-7.3 1.36 (-~=) .20 (.19-.21)
23-104 6.1-7.8 1.39 (---) .18 (.16-.20)

104-152+ _— 1.38 (--=) _——

a/

= Data obtained from:
Hutton, F.Z., Jr.
Co., New York.

Supt. of Documents,
Cline, M.G.
New York soils.

Cornell Univ.,

Ranges not avallable.

Dept.
Ithaca.

and C.E. Rice.
U.S. Dept.
Wash. .
Physical and chemical characteristics of
Mimeo Series No. 60-3

of Agric.

of Agron.

1977. Soil Survey of Onondaga

Soil Conserv. Serv.
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content. Rough estimates indicate that the surface val ues
are one to two percent too high, and that subsoil values are
about one-half to one percent too high. Considering this
adjustnent, the values are still one to two percent greater
than those found in natural soils of central New York

(Arnold, 1968). This observation confirns that of Patterson
(1976) in urban soils of Washington, D.C

Bul k Density

The bul k density values for streetside soils given in
Table 1 are greater than those of natural soil profiles
(Table 2), confirm ng observations nade by others that urban
soils may exhibit some degree of conpaction for various
reasons. The soil textures of central New York natural soils
center on loan, silt loam clay |oam or very fine sandy |oam
all of which are susceptible to conpacti on. The bul k den-
sity values for the streetside soils are about the upper
limt of the range of natural soil bulk density val ues
(Goup |, Table 2). It is possible that |ike values woul d
be observed in pastures on simlar soils.

The surface bulk density values of the five soil groups,
except madel ands, indicate that root penetration would be

moder at el y i nhibited. The 1.73 g/cc average value for urban
madel and indicates that root penetration would occur wth

sone difficulty. It is reported that bulk density of 1.68
g/cc may seriously inhibit root penetration (Patterson, 1976),
unl ess previously forned channels are present. Al t hough the

subsoi|l bulk density values exceed 1.68 g/cc, roots were ob-
served in structural fractures, or in old root or fauna chan-
nel s. Most roots were observed in the surface 35 to 40 cm
portion of the profiles.

Vi bration by frequent heavy vehicle traffic may be a
contributing factor to the high bulk density values of these
soils. G ound vibration was observed on numerous occasions
during field sanpling. When this event occurs while the soi
is saturated, or nearly so, partial disruption of aggregates
and repacking of the primary soil particles could take place,
increasing the bulk density. However, we have no direct
nmeasurement of this effect. Compaction by foot traffic would
be confined to the surface layers and is probably m ninal
except for sites in the central business district.
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Macropore Space and Aeration

Macropores are the largest pores in the soil material
and are defined as those pores having a dianmeter greater
than 0.03 mm and are air-filled within 48 hours af'ter a
saturated soil has been allowed to drain. As bulk density
i ncreases, or upon conpaction, total porespace is reduced
usual |y at the expense of macropore space. In sone situ-
ations, disturbance to a soil may not reduce total pore
space, but reduce nacropore space causing a shift in the
proportion of nmacropores to micropores. Mst of the water
stored in the soil occurs in the nicropores. Gaseous dif-
fusion is unable to occur in water-filled pores for al
practical purposes, and so the macropores are those in
whi ch diffusion of oxygen into the soil and carbon dioxide
out of the soil and into the atnosphere occurs.

Tabl e 3 shows surface soil average nacropore space
ranged from . to .15 cnB/cnB8 and that of subsoil ranged
from .02 to .07 cnB/cnB. If .20 cnB/cnB air space is re-
quired for adequate gaseous exchange between the soil and
at nosphere (Bakker, 1970; Kramer, 1950), nmany of these
streetside soils will exhibit restricted aeration even at
field capacity. The problemis nost acute in the subsoil.

Restricted aeration caused by soil conpaction al so
inmplies an influence on the conposition of the soil atnos-
phere. Reduced gaseous diffusion increases the carbon dioxide
concentration and decreases the oxygen concentration. Carbon
di oxi de increases due to its production by root and m cro-
organi smrespiration while oxygen is decreased by organi sm
utilization and fromthe |lack of resupply through diffusion
from the atnosphere. Root elongation Is inhibited at |ow
oxygen and hi gh carbon di oxi de concentrations (Hopkins and
Patrick, 1969), which would be expected in these subsoils.
Tackett and Pearson (1964) studying cotton roots found the
critical bulk densitY for adequate gaseous diffusion to be
about 1.60 g/cc. Bulk densities greater than this value
had little effect on further changes in oxygen or carbon
di oxi de concentrations, and therefore, inpedence to
root elongation becane the primary factor.

Avai | abl e Wat er

Avai l abl e water is that water held in the soil against
the force of gravity, but not so tightly that tree roots
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cannot absorb it. Available water is held in the soil wth
a force that ranges from 0.1 to about 15 bars. The wat er
held with less force within this range is nore available to
the root. Hence, water held at .08bars is nore avail able
to the root than that held at 5 bars.

The surface soil available water averages from.lOto
.17 cnB/cnB and subsoil average values range from . to .18
cmP/cnB (Table 3). It should be noted from conparing data
in Table 2 that the streetside soils have avail abl e water
values that are not significantly different from those of
the natural soils. This confirms the earlier statement that
t he ﬁroportlon of micropores or water filled pores is greater
in the streetside soils with the greater bulk density val ues,
since it would be expected that soils with greater bulk den-
sity would have less available water. The ideal nedium
textured soil with a bulk density of 1.33 g/cnB would have a
total pore space of .50 cnB/cnB of which .25 cnB/cnB is air-
filled porespace (macropores) and about .20 cnB/cn8 as
avail abl'e water. The remaining .05 cn8/cnB consists of
m cropores, but water contained therein is held with a force
exceeding that exerted by tree roots. Thus, the avail able
water of the streetside soils is less than that of the idea
medi umtextured soil.

CONCLUSI ONS

It is apparent streetside soil properties provide root-
growing conditions that are characterized by low air filled
porespace and available water, causing periods of restricted
aeration or periods of limted water availability at dif-
ferent times during the year. The situation may be succinctly
stated as being too nuch water in the dormant season and early
spring and too little water in late sunmer and early fall for
optinum growth of roots. The proportion of the profile
exhibiting these conditions very nmuch depends, on many sites,
upon the depth of disturbance or nodification of the soi
profile caused by urban devel oprent.

Tree species adapted to the extrenme stresses nust be
planted on these soils, or the soil properties nodified in
some way to provide nore favorable grow ng conditions for
tree species not adapted to the present ones.
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