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Particulate Organic Matter and Soil Nitrogen Availability in
Urban Landscapes
Bryant C. Scharenbroch and John E. Lloyd

Abstract. Toward developing nitrogen management in amenity tree care, we studied soil organic matter, microbial biomass,
and carbon and nitrogen mineralization in an attempt to characterize the plant available nitrogen under a variety of
landscape management conditions. Fine particulate organic matter (POM) fractions were significantly correlated with
microbial biomass, carbon mineralization, and nitrogen mineralization (R2 values ranging from 0.42 to 0.89). These urban
landscapes were assigned a site quality index based on landscape age and management practices. Fine POM, microbial
biomass N, and N mineralization were significantly and positively correlated with the site quality index (R2 values of 0.86,
0.90, and 0.84, respectively). We propose that with refinement and further testing, a fine POM measurement can be used
to accurately predict soil nitrogen availability in urban landscapes. This research shows that urban landscapes are quite
variable in terms of nitrogen availability. As a result of this variability, we recommend that urban landscapes be assessed
on a per-site basis for proper nitrogen management.
Key Words. Microbial biomass and activity; nitrogen mineralization; particulate organic matter; soil nitrogen availability.

Soil nitrogen availability is a chief concern of managers of
trees in urban landscapes. Amenity tree fertilization practices
are specified by the American National Standards Institute,
ANSI A300 for Tree Care Operations—Tree, Shrub, and
Other Woody Plant Maintenance—Standard Practices (Fertilization) (2001). Standard 7.2.1 states that the reason for
fertilization is to “supply nutrients determined to be deficient.” According to objective 7.2.6, soil and/or foliar analysis should be used to determine the need for fertilizer. Standard 8.1.2 states that in the absence of a soil and/or foliar
analysis, a 3:1:2 or 3:1:1 fertilizer ratio should be used, and
these ratios should be adjusted based on local knowledge,
age, and/or condition of the plant, soil, and environmental
conditions. Standard 8.1.4 states that slow-release fertilizers
should be applied at rates between 1000 and 2000 kg N ha−1
(2 to 4 lb N 1000 ft−2) per application not to exceed 3,000 kg
N ha−1 (6 lb N 1000 ft−2) annually.
Plant health care (PHC) and integrated pest management
(IPM) programs have promoted site-specific prescription fertilization for the maintenance and establishment of urban
trees (Smith et al. 2002). The ANSI standards recognize the
need for inclusion of extant soil nitrogen in fertilization recommendations, but soil nitrogen analysis is only suggested
and not required (TCIA 2001). By providing specific fertilizer ratios, types, and amounts without consideration of soil
nitrogen availability status, Standards 8.1.2 and 8.1.4 endorse
nitrogen fertilization without soil assessment. Research that
details the soil nitrogen variability among types of urban
landscapes is significant because it provides data to support
the need of required soil assessment before fertilization.
©2006 International Society of Arboriculture

Because a standard soil nitrogen availability index does not
currently exist; urban landscape fertilization is routinely performed without knowledge of existing soil nitrogen conditions (Beverly et al. 1997; Osmond and Platt 2000). Plant
health care, integrated pest management, and the ANSI Standards serve as the foundation for prescription tree fertilization, but their use and value could be increased with a practical and accurate soil nitrogen assessment. To be practical,
nitrogen assessments must be affordable, convenient, and
easy to interpret. Accurate nitrogen assessments must also be
highly correlated with established soil nitrogen availability
indices and plant response.
The accuracy and practicality of common soil nitrogen
assessment methods have been reviewed (Kopinga and van
den Burg 1995; Doran and Jones 1996; Scharenbroch and
Lloyd 2004). Total soil nitrogen in urban landscapes ranges
from 1.10 to 6.07 g kg−1 (51 to 214 lb N 1000 ft−2) (Roberts
and Roberts 1984; Beyer et al. 1995; Pouyat et al. 2002).
However, much of the total soil nitrogen is found in forms
unavailable to plants; thus, measurements of total soil nitrogen tend to overestimate plant available nitrogen (Mulvaney
and Khan 2001). Studies that have measured extractable mineral nitrogen found ranges of 45 to 1500 g g−1 (0.55 to 5.7
lb N 1000 ft−2) in urban environments (Roberts and Roberts
1984; Goldman et al. 1995; Zhu and Carreiro 1999). Measurements of soil mineral nitrogen are inherently variable as
a result of environmental factors such as moisture, temperature, and microbial activity (Khan et al. 2001; Mulvaney and
Khan 2001). Also, mineral nitrogen measurements include
nitrogen available for uptake by plants and soil microorgan-
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isms (Evangelou 1998). Mineral nitrogen measurements may
have value when used in conjunction with biologic indices of
soil nitrogen availability (Drinkwater et al. 1996; Qafoku et
al. 2001).
Indices of soil microbial biomass or activity such as nitrogen mineralized by microbial enzymes over a given timespan
are considered more accurate soil nitrogen availability indices
than extractable mineral nitrogen (Stanford and Smith 1972;
Keeney 1982; Molina et al. 1983; Drinkwater et al. 1996;
Knoepp et al. 2000; Verchot et al. 2001; Anderson et al.
2002; Picone et al. 2002). Measurements of microbial biomass and activity have been used to monitor decomposition
and mineralization processes from urban soils (Beyer et al.
1995; Pouyat et al. 1995; Beyer et al. 1996; Carreiro et al.
1999). Nitrogen mineralization in urban soils ranged from
0.35 to 2.08 g g−1 d−1 (0.02 to 0.10 lb N 1000 ft−2 d−1)
(White and McDonnell 1988). Although considered more accurate, current biologic nitrogen assessments are not used
because they are rarely offered by commercial soil testing
laboratories (Picone et al. 2002).
Soil organic matter is a critical determinant of soil physical, chemical, and biologic properties and is often proposed
as an index of soil nutrient status (Tisdale and Oades 1982;
Burger and Pritchett 1984; Fox et al. 1986; Sikora and Stott
1996; McLaughlin et al. 2000) and nitrogen availability
(McLaughlin et al. 2000; Ding et al. 2002). Soil organic
matter assessments are commonly offered at relatively low
costs by soil commercial testing laboratories (Scharenbroch
and Lloyd 2004). Soil organic matter decomposition creates a
recalcitrant component that is relatively inactive in nitrogen
mineralization (Chefetz et al. 2002; Graham et al. 2002).
Recalcitrant organic matter fractions have been found to occupy as much as 60% to 70% of the total soil organic matter
(Schnitzer 1986). Turnover rates of 1500 years have been
estimated for the stable soil organic matter components
(Campbell 1978; Parton et al. 1987). Total soil organic matter
changes are slow (Sikora and Stott 1996); thus, seasonal
variations in soil nitrogen are difficult to detect with total soil
organic matter assessments.
An active soil organic matter component, particulate organic matter (POM), has been found to relate soil organic
matter dynamics (Paul 1984; Parton et al. 1987; Powlson et
al. 1987; Cambardella and Elliott 1992; Janzen et al. 1992;
Paustian et al. 1992; Biederbeck et al. 1994; Gregorich et al.
1994; Magid et al. 1996; Chan 1997; Alvarez et al. 1998;
Janzen et al. 1998; Six et al. 1998; Graham et al. 2002;
Franzlubbers and Stuedemann 2003; Salas et al. 2003). Particulate organic matter has been found to be positively correlated with soil microbial nitrogen and nitrogen mineralization (Alvarez et al. 1998; Sohn Lopez-Forment 2000; Duriancik 2001; Stinner et al. 2002; Franzlubbers and
Stuedemann 2003). Particulate organic matter is indicative of
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nitrogen availability; but POM has yet to be examined in
urban soils.
The first goal of this research was to assess the spatial
differences in soil nitrogen across an array of urban landscape
types. Our hypothesis was that soil nitrogen pools will be
significantly different among urban landscapes, thus emphasizing the need for site-specific soil nitrogen assessment before fertilization. Our second goal was to identify a practical
and accurate soil nitrogen assessment method for potential
use by urban landscape managers. We propose that POM is
an accurate predictor of microbial biomass nitrogen and nitrogen mineralization rates across an array of urban landscapes. If POM measurements are well correlated with microbial biomass and activity, then POM measurements have
potential to be used as accurate and practical means for urban
landscape managers to assess soil nitrogen availability. If
POM is found to be indicative of soil nitrogen availability, it
can then be examined with indices of plant quality to refine
current nitrogen fertilization recommendations for urban
landscapes.

MATERIALS AND METHODS
Study sites were selected within the cities of Moscow, Idaho,
46°44⬘N and 116°58⬘W and Pullman, Washington, 46°43⬘N
and 117°11⬘W. Human population density in Moscow, Idaho,
is 882 people km−2 (341 people mile−2) and 1069 people
km−2 (412 people mile−2) in Pullman, Washington. All urban
soils in this study had a silt loam texture with a range of 6%
to 26% clay, 54% to 67% silt, and 13% to 33% sand
(Scharenbroch et al. 2005). The soils are described as Palouse
silt loam with 7% to 25% slopes (USDA 1980, 1981). The
soils were formed in loess and volcanic ash and are well to
moderately well-drained. The sample region is described as
gently sloping to moderately steep silt loam on uplands. The
elevation is approximately 790 m (2607 ft). The average annual precipitation is 530 to 840 mm (21.2 to 33.6 in); during
the study years of 2002 to 2003, precipitation was 760 mm
(30.4 in) (Patten 2003). The average frost-free season is 90 to
140 days. During 2002 and 2003, the mean air temperature
was 12.1°C (53.8°F) and the temperature in the top 10 cm of
soil was approximately 10.1°C (50.2°F) (Patten 2003).
Soil samples were collected nine times in 2002 (4/17, 5/01,
5/15, 5/29, 6/12, 6/26, 8/03, 9/05, and 10/03) and nine times
in 2003 (4/17, 5/01, 5/15, 5/29, 6/12, 6/26, 8/03, 9/05, and
10/03). We sampled residential yards greater than 50 years
old, residential yards less than 10 years old, mulched beds
greater than 10 years old, mulched beds less than 3 years old,
street tree plantings, and park trees (Table 1). These urban
landscapes were assigned a site quality index (SQI) based on
landscape age and management practices: SQI ⳱ mean landscape age + fertilization value (0, 1, or 2) + irrigation value
(0, 1, or 2) + grass clipping value (0, 1, or 2) + mulching
value (0, 1, or 2). For example, sites fertilized twice annually
©2006 International Society of Arboriculture
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3 to 5

57 to 63

52 to 102

30 to 60

1 to 6

15 to 20

New residential

Old residential

Park

Street tree

New mulch

Old mulch

Genus species

Acer platanoides,
Acer rubrum, Betula
nigra, Carpinus
caroliniana, Quercus
rubra
Aesculus
hippocastanum,
Crataegus spp.,
Populus deltoides,
Juglans nigra, Tilia
americana
Aesculus
hippocastanum, Acer
platanoides, Acer
rubrum, Acer
saccharinum,
Fraxinus
pennsylvanica,
Ulmus americana
Acer platanoides,
Fraxinus
pennsylvanica
Acer platanoides,
Fraxinus
pennsylvanica,
Gleditisia
triacanthos
Acer platanoides,
Celtis occidentalis,
Crataegus spp.,
Quercus rubra
4 to 5

12 to 16

6 to 7

46 to 87

10 to 26

2 to 3

45 to 85

10 to 24

38 to 63

5 to 8

2 to 5

10 to 20

Dbh
(cm)

Height
(m)

None

None

0 to 1

1 to 2

0 to 1

2

7 to 14

7 to 14

0 to 7

1 to 14

1 to 14

7 to 14

No.
wk−1

Underground

Underground

Sprinkler and
underground

Sprinkler and
underground

Sprinkler and
underground

Underground

Type

Irrigation

Mulch mow

Mulch mow

Mulch mow
and often
removed

Mulch mow
and often
removed

Clippings

Not applicable

Not applicable

1

1

1

1 to 2

No.
wk−1

Lawn mowing

3 to 10

6 to 10

Not applicable

Not applicable

Not applicable

Not applicable

Mulch
(cm)

22.8

26.0

49.3

89.0

65.8

10.5

Site
quality
index*

*SQI ⳱ Mean landscape age + fertilization value (0, 1, or 2), + irrigation value (0, 1, or 2), + grass clipping value (0, 1, or 2), + mulching value (0, 1, or 2) For example, sites fertilized twice
annually received a value of 2 and those without fertilization received a 0.

Age
(yr)

Landscape
type

Fertilization
(NPK)
broadcast
(yr−1)

Table 1. Description of site, tree, and maintenance activities on six urban landscapes studied in Moscow, Idaho, and Pullman, Washington, in
2002 and 2003.
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received a value of 2 and those without fertilization received
a 0. Each of the six landscape types had four plots with two
subplots each for a total of 48 sample points at each sampling
date. Site, vegetation, and soil management history were attained for each site by personal interviews. Management
practices such as fertilization and irrigation were monitored
throughout the study. Four 2.5 cm (1 in) diameter by 15 cm
(6 in) deep cores were collected within drip lines of trees.
Soils were passed through a 6 mm (0.24 in) wire screen to
remove stones and organic debris while minimizing the impact on biologic measurements (Ross 1992). After sieving,
soil samples were stored at 4°C (39.2°F) until processed.
Soil bulk density was determined from soils collected on
17 April 2002. Soil textural analysis was performed by Midwest Laboratories, Inc. (Omaha, NE) with soils collected on
17 April 2002. Gravimetric soil moisture content was calculated from soil sample weights before and after drying at
105°C (221°F) for 24 hours (Gardner 1965). Soil subsamples
were adjusted to 40% water-holding capacity for further
analysis (Kaiser et al. 1992; Joergensen and Mueller 1996).
A modified soil fumigation–extraction method (Brookes et
al. 1985; Sparling et al. 1990; Kaiser et al. 1992; Cabrera and
Beare 1993; Joergensen and Mueller 1996) was used to determine microbial biomass nitrogen (MBN). Soil subsamples
were fumigated with ethanol-free chloroform for 5 days, extracted with 0.5 M K2SO4, and extractable nitrogen was reduced to NH4+ for colorimetric analysis at 650 nm. Unfumigated soil subsamples were analyzed for extractable nitrogen.
Microbial biomass nitrogen was represented by the difference
in nitrogen between the fumigated and the unfumigated
samples using an extraction efficiency factor of KEN ⳱ 0.54
(Joergensen and Mueller 1996). Soil respiration, expressed as
potentially mineralizable carbon (PMC), was attained with
20-day soil incubations using NaOH traps. Carbon dioxide
sequestered by NaOH was precipitated with BaCl2 followed
by 0.25 M HCl titration to a phenolphthalein endpoint
(Anderson and Domsch 1978; Parkin et al. 1996; Duriancik
2001). Potentially mineralizable nitrogen (PMN) was determined using 20-day aerobic incubations followed by a nitrogen extraction with 0.5 M K2SO4 and colorimetric analyses
(Drinkwater et al. 1996). Mineral nitrogen (NH4+, NO2−, and
NO3−) before incubation was subtracted from nitrogen mineralized during the 20 days.
Mineral nitrogen (MIN) and dissolved organic nitrogen
(DON) were determined by extraction with 0.5 M K2SO4
followed by colorimetric analyses at 650 nanometers for ammonium (NH4+), nitrate (NO3−), nitrite (NO2−), and dissolved
organic nitrogen (Cabrera and Beare 1993; Sims et al. 1995;
Rice et al. 1996; Duriancik 2001). Ammonium concentrations
in filtrate extracts were determined. A reduction with
Devarda’s alloy and sulfuric acid was used to reduce nitrate
and nitrate to ammonium. Mineral nitrogen was represented
by NH4+ + NO2− + NO3− in extracts; and alkaline persulfate
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digestion under pressure was used to determine total nitrogen
in filtrate extracts. The difference between total extractable
nitrogen and mineral nitrogen (NH4+ + NO3− + NO2−) was
represented as DON.
Particulate organic matter fractions were isolated by a
modified particle size fractionation method (Elliot and
Cambardella 1991; Cambardella and Elliot 1992, 1993; Six et
al. 1998; Gill et al. 1999; Bayer et al. 2001; Six et al. 2002;
Salas et al. 2003). Soil samples were shaken for 15 hours with
sodium hexametaphosphate (NaPO3) and then passed through
a series of nested sieves. The organic matter collected on the
2,000, 250, and 53-m sieves was considered litter SOM
(lSOM), coarse POM (cPOM), and fine POM (fPOM), respectively. Mineral-associated SOM (maSOM) passed
through the 53-m sieve and was determined by maSOM ⳱
total SOM – lSOM – fPOM – cPOM.
Loss on ignition (LOI) and automated dry combustion
methods were used to determine organic matter, nitrogen, and
carbon in each size fraction. Once fractionated, samples were
oven dried at 105°C (221°F), homogenized, and weighed.
Subsamples of the coarse and fine POM fractions were analyzed for total nitrogen and carbon content by dry combustion
with an automated gas combustion analyzer (Vario Max
CNS, Mt. Laurel, NJ). Values of nitrogen and carbon in the
POM fractions were expressed as g N or C m−2 or as a C/N
ratio of those fractions. The remaining portions of the lSOM,
cPOM, and fPOM fractions were dried at 105°C (221°F) and
burned at 360°C (680°F) for 6 hours to determine ash weight
(Schulte et al. 1991; Sikora and Stott 1996). Accuracy of the
loss on ignition method was checked with linear regression of
urban landscape mean values from all sample dates of the
fPOM carbon content determined by automated dry combustion and g fPOM m−2 determined by LOI (R2 ⳱ 0.90). Linear
regressions were also performed with values of total SOM
determined by the LOI and the Walkley-Black method (Midwest Laboratories, Omaha, NE) with samples collected on 17
April 2002, 3 October 2002, 11 April 2003, and 10 October
2003, yielding R2 values of 0.69, 0.77, 0.86, and 0.89.
The design structure was a repeated measure over time in
a nested whole plot. The experimental variables measured
were nitrogen pools, the treatments were the urban landscapes, and the plots were individual trees within urban landscapes. The model is a fixed-effect model because the urban
landscapes studied were not randomly chosen from a larger
pool of urban landscapes. Consequently, these results are applicable to these specific types of urban environments. The
urban landscapes studied are what we believe to be the most
common urban environments; thus, our results are applicable
to most of the urban environments an arborist would encounter. Repeated-measures analysis of variance and the general
linear model procedure were used with Fisher’s protected
least-significant difference to detect seasonal changes and
significant differences (P ⱕ 0.05) among the urban land©2006 International Society of Arboriculture
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scapes (SAS Institute, Inc., Cary, NC). Linear regression
analyses were performed to investigate soil measurements
significantly correlated (P ⱕ 0.05) with soil nitrogen availability indices throughout the growing season across all
sampled urban landscapes (SAS Institute, Inc.).

RESULTS AND DISCUSSION
Soil mineral nitrogen and dissolved organic nitrogen were not
significantly different among the urban landscapes (Table 2).
Mineral and dissolved organic nitrogen were found to vary
erratically throughout the growing season on these urban
landscapes, so much so that the time effect (time and time by
treatment interaction P ⱕ 0.0001) confounded the differences
among the environments. This is not surprising as these nitrogen pools turnover quickly and repeatedly within the
growing season (Khan et al. 2001; Mulvaney and Khan
2001). One-time sampling of mineral and dissolved organic
nitrogen revealed minimal insight into the spatial variability
of nitrogen availability of these urban landscapes. Consequently, we do not suggest assessing the nitrogen availability
of an urban landscape with a one-time sampling of extractable mineral or dissolved organic nitrogen.
The interactions of time and treatments for microbial biomass and activity were orderly. Although the time and time
by treatment interaction were significant (P ⱕ 0.0001), the
spatial differences were temporally consistent (Scharenbroch
et al. 2005); thus, for these parameters, we present and discuss spatial differences among these urban landscapes (Table
2). Microbial biomass nitrogen was found to be significantly
greater (67% to 79%) on old residential and park landscapes
compared with old and new mulch and new residential landscapes. Street tree landscapes also had significantly greater
(57% to 70%) microbial biomass nitrogen than mulched and

new residential sites, but less (16% to 34%) than park and
new residential sites. Carbon mineralization was found to be
greater (30% to 59%) on new mulch compared with old
mulch sites. Carbon mineralization also tended to be greater
(15% to 29%) on park, old residential, and street landscapes
compared with new residential landscapes. Likewise nitrogen
mineralization was significantly greater (62% to 97%) on
park, old residential, and street landscapes compared with
new residential landscapes. Nitrogen immobilization, detected by negative values of nitrogen mineralization, was
found to occur only on new residential (9 of 16 sample dates),
new mulch (4 of 16 sample dates), and old mulch (1 of 16
sample dates) landscapes.
The time effects on the SOM fractions were not significant
in 2002 (P > 0.14 for lSOM, cPOM, and fPOM) and significant but weak in 2003 (P ⱕ 0.03 for all fractions). The
interactions of time and treatments for the organic matter
fractions were orderly (Scharenbroch et al. 2005), and spatial
differences in organic matter fractions were significant
among the urban landscapes (Table 3). Total SOM was significantly greater (23% to 46%) in old residential and park
sites compared with new residential and old mulch sites. Mineral-associated SOM on old residential and park sites was
significantly greater (23% to 51%) compared with new residential landscapes. Mineral-associated SOM on street sites
was also significantly greater (5% to 41%) than new residential sites. Fine POM was significantly greater (41% to 54%)
on old residential and park compared with new residential
and mulched sites. Fine POM from street tree landscapes was
also significantly greater (30% to 40%) than from old
mulched and new residential, but less than from old residential and park landscapes. Fine POM from new mulch landscapes was greater than from old mulch and new residential,

Table 2. Soil nitrogen pools from urban soils in Moscow, Idaho, and Pullman, Washington, in 2002 and 2003.
Year

Landscape type

MIN
(g N g−1)

DON
(g N g−1)

MBN
(g N g−1)

PMC
(g C d−1)

PMN
(g N d−1)

2002

New mulch
New residential
Old mulch
Old residential
Park
Street tree
New mulch
New residential
Old mulch
Old residential
Park
Street tree

10.3 a
8.0 a
5.2 a
5.9 a
9.4 a
10.0 a
6.0 a
4.4 a
4.6 a
5.8 a
7.8 a
7.5 a

3.0 a
1.2 ab
1.3 ab
1.9 ab
2.3 ab
0.8 b
1.7 a
2.0 a
2.1 a
2.3 a
2.1 a
1.8 a

14.1 c
14.0 c
16.9 c
51.1 a
52.2 a
39.7 b
10.2 c
16.5 c
13.0 c
54.0 ab
60.5 a
42.9 b

23.6 a
14.8 bc
12.5 c
19.6 ab
20.7 a
19.1 ab
17.8 a
15.2 ab
9.9 b
17.9 a
18.0 a
19.7 a

0.38 cd
0.13 d
0.50 bc
0.60 bc
1.01 a
0.71 b
0.15 cd
0.03 d
0.18 cd
0.34 bc
0.67 a
0.56 ab

2003

Means with same letter are not significantly different at P ⱕ 0.05.
Each value is the mean of nine or seven sample dates (2002 and 2003, respectively), with four plots per type, two subplots per plot, for a total of 72 (2002) and
56 (2003).
MIN, mineral N; DON, dissolved organic N; MBN, microbial biomass N; PMC, potentially mineralizable C; PMN, potentially mineralizable N.
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Table 3. Soil organic matter pools from urban soils in Moscow, Idaho, and Pullman, Washington, in 2002 and 2003.
Year

Landscape type

tSOM
kg m−2

maSOM
kg m−2

fPOM
kg m−2

cPOM
kg m−2

lSOM
kg m−2

fPOM
C/N

cPOM
C/N

2002

New mulch
New residential
Old mulch
Old residential
Park
Street tree
New mulch
New residential
Old mulch
Old residential
Park
Street tree

12.423 ab
8.574 c
10.448 bc
13.739 a
14.307 a
12.027 ab
13.529 ab
10.599 c
11.787 bc
15.740 a
15.942 a
13.830 ab

7.458 b
6.277 b
8.229 a
10.259 a
10.955 a
8.320 a
9.055 b
7.927 b
9.501 a
12.301 a
12.828 a
10.608 a

1.379 bc
0.941 c
0.980 c
2.033 a
1.978 a
1.741 ab
1.220 bc
1.047 c
1.018 c
1.900 a
1.777 a
1.492 ab

2.606 a
1.000 b
0.853 b
1.053 b
0.985 b
1.319 b
2.216 a
1.197 b
0.886 b
1.073 b
0.913 b
1.173 b

0.980 a
0.356 b
0.386 b
0.394 b
0.389 b
0.647 ab
1.038 a
0.428 b
0.382 b
0.466 b
0.424 b
0.557 ab

15.5 a
17.9 a
20.5 a
16.3 a
15.7 a
20.5 a
15.9 a
19.8 a
20.4 a
16.6 a
16.1 a
20.5 a

27.7 a
28.1 a
34.5 a
25.1 a
26.1 a
26.9 a
26.7 a
30.5 a
35.0 a
25.2 a
25.7 a
28.9 a

2003

Means with same letter are not significantly different at P ⱕ 0.05.
Each value is the mean of nine or seven sample dates (2002 and 2003, respectively), with four plots per type, two subplots per plot, for a total of 72 (2002) and
56 (2003).
tSOM, total soil organic matter; maSOM, mineral-associated soil organic matter; fPOM, fine particulate organic matter; cPOM, coarse particulate organic matter;
lSOM, and litter soil organic matter.

but less than street, old residential, and park landscapes. Litter SOM and coarse POM were significantly greater (34% to
66% and 41% to 68%, respectively) in new mulch compared
with all urban landscapes except street sites, where litter
SOM on street and new sites were not significantly different.
To emphasize spatial differences of soil nitrogen, we focus
on a comparison between new and old residential soils (Figure 1). New and old residential landscapes had many soilforming factors in common (i.e., climate, biota, relief, and
parent material) (Jenny 1941). We suspect that the soil-

Figure 1. A comparison of microbial biomass N, potentially mineralizable N, and fine particulate organic matter
from old and new residential landscape soils of Moscow,
Idaho, and Pullman, Washington, in 2003. Each value is
the mean of seven sample dates, with four plots per type,
two subplots per plot, for a total of 56.

forming factor these landscapes differed mostly in was time
since initial site disturbance. It is reasonable to assume that if
spatial variability in soil nitrogen is evident when only time
is different, additional variation can be expected when other
soil-forming factors also vary among urban landscapes.
Biologic measurements of nitrogen availability were significantly greater in old compared with new residential soils,
MBN (71%) and PMN (83%). Potential carbon mineralization was greater (20%) in old compared with new residential
soils. Negative values of PMN, indicating nitrogen immobilization, were measured in soils from new residential landscapes on 9 of 16 sample dates, but not measured in soils
from old residential landscapes. Nitrogen is more limited and
tends to be immobilized when substrate C/N exceeds approximately 25/1 (Brady and Weil 2002). The C/N ratios of the
POM fractions from old residential landscapes (fine POM of
16.5 and coarse POM of 25.2) were less than on new residential landscapes (fine POM of 18.9 and coarse POM of
29.3), likely contributing to the preference of nitrogen mineralization over immobilization on old residential sites. Fine
POM was significantly greater (50%) on old compared with
new residential soils. The proportionate contribution to the
total SOM of the fine POM fraction increased and the coarse
POM fractions decreased in the older urban landscapes. Furthermore, the C/N ratios of the coarse POM fractions (mean
of 28.4) were greater than the fine POM fractions (mean of
18.0). Because carbon is mineralized through microbial respiration and nitrogen is conserved through microbial immobilization, the C/N ratio of the organic material will decrease
with decomposition. Increases in finer-particle SOM and decreases in the C/N ratio are indicative of soil organic stabilization and humification (Quideau and Bockheim 1996).
©2006 International Society of Arboriculture
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Figure 2. R2 correlations for fine particulate organic matter, microbial biomass N, and N mineralization with site
quality index in urban soils of Moscow, Idaho, and Pullman, Washington, in 2003. Each value is the mean of 16
sample dates, with four plots per type, two subplots per
plot, for a total of 128.

We found our site quality index to be significantly and
positively correlated with fine POM, microbial biomass N,
and N mineralization (R2 values of 0.86, 0.90, and 0.84,
respectively) (Figure 2). Our site quality index incorporated
management practices, but was mostly affected by landscape
age. We suspect the differences of soil nitrogen pools among
these urban landscapes are primarily derived from variances
in time since initial site disturbances (Scharenbroch et al.
2005). Old residential, street, and park landscapes are older
urban landscapes with mature trees (mean of 64 years old)
and longer times since initial site disturbance; conversely,
new residential, old mulch, and new mulch sites are younger
urban landscapes (mean of 9 years old). As urban soils develop after initial site disturbances soil bulk densities decrease, clay contents in the upper mineral horizons decrease
as clay particles migrate lower in the soil profile, fine to
coarse POM ratios increase, the C/N ratios of soil organic
matter become narrower, and the microbial activity and biomass of soils increase (Scharenbroch et al. 2005). We suspect
that these pedologic processes have led to differences in nitrogen availability in these urban landscapes.

Current nitrogen fertilization standards, 1000 to 2000 kg N
ha−1 yr−1 (2 to 4 lb of N 1000 ft−2 yr−1), are not site-specific
(ANSI A300 2001). However, our results show that soil nitrogen is significantly different among urban landscapes. Nitrogen mineralization over a 200-day growing season on old
residential sites accounts for approximately 1500 to 3,000 kg
N ha−1 yr−1 (3 to 6 lb of N 1000 ft−2 yr−1) and on new
residential sites only 150 kg N ha−1 yr−1 (0.3 lb of N 1000 ft−2
yr−1). Therefore, the nitrogen supply on old residential landscapes may be as much as 10 to 20 times that of new residential landscapes. Using blanket recommendations across
these sites could result in overapplication of nitrogen on old
residential sites and possible underapplication on new residential sites. These results stress the importance of considering the spatial variability of microbial indices in urban soils
when making nitrogen management recommendations. Although microbial biomass and activity did not vary so much
that the spatial differences were hidden like mineral and dissolved organic nitrogen, these measures did change throughout the growing season. Consequently, urban landscape managers would have to consider temporal changes in these microbial indices to use them to assess nitrogen availability.
Ideally, urban landscape managers would be able to assess
nitrogen availability over one or two growing seasons with a
one-time sampling. To address this goal, we examined correlations of relatively stable soil organic matter pools with
microbial biomass and activity.
According to data from Buyanovsky et al. (1994), coarse
POM turnover is estimated to be less than 1 year and mineral
associated SOM turnover to be greater than 400 years (Table
4). Consequently, coarse POM turnover is too quick to be
used to assess seasonal nitrogen availability. Because maSOM includes recalcitrant organic matter held on clay and silt
particles or within clay lattices, it turns over too slowly to be
used to assess seasonal nitrogen availability. Fine POM turnover times are estimated to be 1 to 2 years and thus would be
ideal to relate seasonal nitrogen availability.
Linear regressions were performed for all SOM fractions
with potential N mineralization and microbial biomass N on
each sample date. Of the soil organic pools, fine POM measurements most consistently correlated with MBN and PMN
throughout both growing seasons. The quantity of fine POM
determined by the LOI method consistently and accurately

Table 4. Physical soil organic matter fractions and their respective turnover times.
SOM fraction from this study

Organic component*

Turnover time*

Coarse POM 2.0 to 0.25 mm
Fine POM 0.25 to 0.053 mm
Mineral-associated SOM <0.053 mm

Vegetable fragments 2.0 to 0.2 mm
Vegetable fragments 0.2 to 0.053 mm
Silt associated 0.053 to 0.002
Fine clay associated <0.002 mm

0.5 to 1 yr
1 to 2 yr
Approximately 400 yr
Approximately 1000 yr

*Data from Buyanovsky et al. 1994.
SOM, soil organic matter; POM, particulate organic matter.
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Table 5. R2 correlations for fine POM and potential N
mineralization and microbial biomass N throughout two
growing seasons in urban soils in Moscow, Idaho, and
Pullman, Washington, in 2002 and 2003.
Potential N
mineralization
Date
4/17/02
5/01/02
5/15/02
5/29/02
6/12/02
6/26/02
8/07/02
9/05/02
10/03/02
4/11/03
5/09/03
6/13/03
7/11/03
8/08/03
9/13/03
10/10/03
Mean

Microbial
biomass N
−2

Fine POM kg m
0.371
0.325
0.706
0.037*
0.168
0.266
0.737
0.524
0.342
0.537
0.386
0.222
0.628
0.640
0.437
0.575
0.431

Table 6. R2 correlations for fine POM C and N contents
and potential N mineralization and microbial biomass N
throughout two growing seasons in urban soils in
Moscow, Idaho, and Pullman, Washington, in 2002 and
2003.
Potential N mineralization

Microbial biomass N

Date

Fine
POM N

Fine
POM C

Fine
POM N

Fine
POM C

4/17/02
5/15/02
6/12/02
8/07/02
10/03/02
4/11/03
6/13/03
8/08/03
10/10/03
Mean

0.496
0.638
0.299
0.670
0.179
0.440
0.183
0.490
0.680
0.453

0.477
0.640
0.221
0.803
0.343
0.483
0.274
0.614
0.706
0.507

0.565
0.509
0.743
0.195
0.854
0.181
0.486
0.637
0.540
0.523

0.654
0.643
0.781
0.319
0.956
0.301
0.667
0.811
0.532
0.629

−2

Fine POM kg m
0.693
0.958
0.531
0.940
0.745
0.595
0.400
0.740
0.966
0.309
0.795
0.651
0.760
0.888
0.919
0.802
0.731

POM, particulate organic matter.

*Not significant at the P ⱕ 0.05.
POM, particulate organic matter.

explained variance in microbial biomass N (mean R2 ⳱ 0.73
and 16 of 16 significant) and potential N mineralization
(mean R2 ⳱ 0.43 and 15 of 16 significant) (Table 5). In
addition, both the carbon and nitrogen contents of the fine
POM determined by automated dry combustion were significantly correlated with MBN and PMN on all dates (Table 6).
Seasonal mean values for microbial biomass, carbon mineralization, and nitrogen mineralization were significantly correlated with fine POM (Table 7). Fine POM explained much
of the variance in seasonal mean microbial biomass nitrogen
(R2 values of 0.758 and 0.886) and nitrogen mineralization

(R2 values of 0.614 and 0.558). Fine POM best related differences among the urban landscapes that corresponded to
differences detected in microbial biomass, carbon mineralization, and nitrogen mineralization. Like the soil biologic
measurements, fine POM was greater on old residential, park,
and street sites compared with new residential and mulch
sites.
Particulate organic matter may be a practical and accurate
nitrogen assessment tool, but measurements are yet to be
related to plant productivity and specific nitrogen fertilization
recommendations. Our data show that fine POM corresponds
to a rate of soil nitrogen mineralization, which could be used
to calculate the potential amount of available nitrogen over a
growing season. Before prescription fertilization can adopt a
POM measurement, more data need to be collected from a
wider range of urban soils relating POM with available soil
nitrogen, fertilization, and plant performance.

Table 7. R2 correlations among fine POM and microbial measures in urban soils in Moscow, Idaho, and Pullman,
Washington, in 2002 and 2003.
Year

Measure

Fine
POM

Microbial
biomass N

Potential C
mineralization

Potential N
mineralization

2002

Fine POM
Microbial biomass N
Potential C mineralization
Potential N mineralization
Fine POM
Microbial biomass N
Potential C mineralization
Potential N mineralization

1.000
0.758
0.422
0.614
1.000
0.886
0.431
0.558

—
1.000
0.132
0.686
—
1.000
0.335
0.733

—
—
1.000
0.126
—
—
1.000
0.300

—
—
—
1.000
—
—
—
1.000

2003

All correlations significant at P ⱕ 0.05.
Each value is the mean of 9 or 7 sample dates (2002 and 2003, respectively), with four plots per type, two subplots per plot, for a total of 72 (2002) and 56 (2003).
POM, particulate organic matter.
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CONCLUSION
Investigations of soil nitrogen, microbes, and organic matter
quantity and quality reveal information of the dynamic processes that determine nitrogen availability in these soils. Prescribing a fertilization treatment without investigating the soil
nitrogen status is currently acceptable (ANSI A300 2001) and
common because of limited nitrogen assessment technology.
We have shown that spatial variability in soil nitrogen exists
among these urban landscapes, and it is important to account
for this when making nitrogen management decisions. Of the
nitrogen diagnostic techniques examined, fine POM measurements had the greatest potential to serve as practical methods
of accurately estimating soil nitrogen availability in these
urban landscapes. Once POM measures are tested with fertilization and plant performance, they could serve as relatively easy and beneficial incorporations to plant health care
programs and would help to emphasize the roles urban landscape managers have as stewards of urban environments.
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Résume. Afin de développer une gestion de l’azote dans
l’entretien des arbres ornementaux, nous avons étudié la matière
organique du sol, la biomasse microbienne ainsi que la minéralisa-
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tion du carbone et de l’azote pour tenter de caractériser la quantité
disponible d’azote pour la plante au sein d’une variété de conditions
de gestion en milieu aménagé. Les fractions de fines particules de
matière organique étaient significativement corrélées avec la biomasse microbienne, la minéralisation du carbone et celle de l’azote
(valeurs de R2 entre 0,42 et 0,89). Ces aménagements urbains ont
reçu un index de qualité de site basé sur l’âge de l’aménagement et
les pratiques de gestion. Les fines particules de matière organiques,
la biomasse microbienne de l’azote et la minéralisation de l’azote
étaient significativement et positivement corrélées avec l’index de
qualité de site (valeurs de R2 de 0,86, 0,90 et 0,84 respectivement).
Nous proposons qu’à partir de tests futurs plus raffinés, une mesure
des particules fines de matière organique peut être utilisée pour
prédire de manière précise la quantité disponible en azote au sein des
aménagements en milieu urbain. Cette recherche démontre que les
aménagements en milieu urbain sont plutôt variables en terme de
disponibilité en azote. En raison de cette variabilité, nous recommandons que els aménagements en milieu urbain soient évalués sur
la base de sites individuels afin de gérer correctement l’azote.
Zusammenfassung. Um in der Baumpflege einen Stickstoffdüngeplan zu entwickeln, haben wir organisches Material, mikrobielle Biomasse und Kohlen- und Stickstoffmineralisation mit der
Absicht studiert, den pflanzenverfügbaren Stickstoff unter einer Reihe von Landschaftsbedingungen zu charakterisieren. Fraktionen
von feiner, partikulärer organischer Masse (POM) wurden deutlich
mit mikrobieller Masse, Kohlenstoffmineralisation und Stickstoffmineralisation. Diesen urbanen Landschaften wird ein Standortqualitätsindex basierend auf Landschaftsalter und Managementpraxis zugeteilt. Feine POM, mikrobielle Biomasse N und Stickstoffmineralisation wurden deutlich und positiv mit dem
Standortqualitätsindex korreliert. Wir schlagen vor, dass mit Verfeinerung und weiterem Testen eine POM-Messung genutzt werden
kann, um akkurat die Stickstoffverfügbarkeit in urbanen Landschaften vorherzusagen. Diese Forschung zeigt, dass urbane Landschaften sehr unterschiedlich in Bezug auf Stickstoffverfügbarkeit
sind. Wegen dieser Variabilität empfehlen wir, dass urbane Landschaften am Standort für eine genaue Stickstoffdüngung untersucht
werden sollten.
Resumen. Con el fin de manejar el nitrógeno en el cuidado de los
árboles, se estudió la materia orgánica del suelo, biomasa microbiana y mineralización de carbono y nitrógeno, en un intento para
caracterizar el nitrógeno disponible para la planta bajo una variedad
de condiciones de manejo de los paisajes. Las fracciones de materia
orgánica de las partículas finas (POM) estuvieron significativamente
correlacionadas con la biomasa, mineralización del carbono y mineralización del nitrógeno (valores de R2 entre 0.42 a 0.89). Estos
paisajes urbanos fueron asignados a un índice de calidad de sitio
basado en edad y prácticas de manejo. POM fino, bioamasa de N y
mineralización de N, estuvieron positiva y significativamente correlacionados con el índice de calidad de sitio (valores de R2 de 0.86,
0.90 y 0.84, respectivamente). Se propone que con el refinamiento y
pruebas futuras, las mediciones de POM fino puedan ser utilizadas
para predecir con precisión la disponibilidad de nitrógeno del suelo
en ambientes urbanos. Esta investigación enseña que los paisajes
urbanos son variables en términos de disponibilidad de nitrógeno.
Debido a esa variabilidad se recomienda que los paisajes urbanos
sean evaluados por sitio para un apropiado manejo del nitrógeno.
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