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The aim of this study was to verify whether the use of source-separated municipal waste compost could improve the physical
quality of urban soils and create better conditions for their management when planted with herbaceous species. A sandy soil in
traffic islands was tilled to a depth of 10 cm, and half of the surface was treated with compost (3 kg/m2). A mixture of 25 herbaceous
annuals was then sown in the entire area. Organic carbon content and physical characteristics were determined at different times in
the soil treated and not treated with compost. The vegetation was monitored in terms of its growth and flowering. The compost-
treated soil showed an increase in organic carbon content. Total porosity increased with time in the compost-treated soil, due
to a higher volume of transmission pores, which play a role in water movement. Soil aggregate stability also improved in the
compost-treated soil. The duration of flowering of the individual species and the overall quantity of flowers were greater in the
compost-treated soil.

1. Introduction

Soil is one of the limiting factors for the successful cultivation
of plants in towns and cities [1]. The poor quality of soils in
urban areas is due to their chemical and biological properties
but more often it is due to physical properties. Often urban
soils are lacking in structure and humus, leading to asphyctic
conditions, compaction, and erosion. These poor physical
properties reduce the water available for plants and the
penetrability of soils by the roots. Moreover, urban soils
can be contaminated by several anthropogenic materials
(bricks, concrete, and plastic), which can greatly reduce the
volume available for plant roots. The use of source-separated
municipal solid waste compost could provide a good solution
for increasing the organic matter content in urban soils
and for improving their physical properties. In Italy, the
production of such compost is rapidly increasing due to
the efforts of municipalities to achieve a better selection of
organic solid waste and to improve composting processes.
So using this compost in vast and heterogeneous sets of
urban soils could also help to create a high-value market
for locally produced compost, as pointed out by Cogger [2].
While compost effects on agricultural soils have been widely

studied, less information is available on urban soils, though
interest and research are increasing [3]. In particular one
possible effective use of quality compost is in urban derelict
soils. These kind of soils, found in roadsides, roundabouts,
and filling soils, are generally highly compacted in subsoils,
particularly poor in organic matter and structure, and are
polluted by traffic [4]. Thus, they are often unsuitable
for growing any ornamental vegetation. These soils could
benefit from being treated with compost, thus improving
their structure and water-holding capacity and making them
suitable for growing some ornamental vegetation [5]. They
are planted generally with grasses selected for rapid growth
and effectiveness in terms of erosion control [6]. These
species provide a monotonous landscape and require a great
deal of water plus frequent cutting, which involve high
costs in terms of maintenance. However, many herbaceous
plants, native to the Mediterranean climate and which
tolerate drought conditions, have the potential to be used
for low-maintenance landscaping [7]. Over the last few
decades, interest in using flowering plants (wildflowers) for
landscape purposes has increased [8]. In fact, these plants
enable derelict soils to vegetate, and when sown in mixture
they enhance wildlife and look colorful and attractive. The
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Table 1: Compost characteristics and corresponding values re-
quested by Italian law.

compost Italian law

Water content % 21.6 <50

pH 7.15 6.0–8.5

Organic C% 30.1 >25

Total N% 1.68 —

Organic N% of tot N 88.1 —

C/N 17.9 <25

establishment of a wildflower meadow leads to a reduction in
management costs due to the absence of fertilization and irri-
gation and to the low level of other management practice [9].

The aim of this study was to see whether the use
of source-separated municipal solid waste compost could
improve the physical quality of an urban derelict soil and
create better conditions for its management when planted
with herbaceous species.

2. Materials and Methods

2.1. Study Site. The study was carried out during a growing
season (November to June) in Livorno, a Tuscan town on
the Mediterranean coast, where the maximum and the mini-
mum temperature recorded in the experimental period were
33.0◦C and 1.9◦C, the coldest month being February (mean
temp. 12.4◦C) and the warmest month being June (mean
temperature 22.6◦C), with an average relative humidity of
74.7% and a total precipitation of 367 L/m2.

The field site was a group of three traffic islands of
different shape measuring, respectively, 160 m2 (island
A), 120 m2 (island B), and 280 m2 (island C). They were
very close to each other and presented homogeneous soil
properties [10]. The soil contained 13% clay, 10% silt, and
77% sand. The pH was 8.4 and the CEC was 19 cmol kg−1.
The organic carbon content was 1.2% and the total nitrogen
was 0.11%. The soil was structurally poor, dense and difficult
to penetrate for air, water, and roots [10]. A scarce and weak
weed vegetation was present.

Management of the Study Site. In November, the traffic
islands were glyphosate weeded. At the end of the same
month, they were tilled to a depth of 10 cm, then in half of
the area, (“Compost Treated soil”, CT hereafter), a source-
separated municipal solid waste compost was incorporated
into the soil at the rate of 3 kg/m2, usually indicated for
herbaceous and horticultural plants. The other half was left
untreated (“No Compost Treated soil”, NCT hereafter). The
compost derived from a windrow-composting process with
forced aeration, where temperature was higher than 60◦C.
The compost complied with the Italian law n. 217/2006,
also in terms of absence of pathogens and low heavy metal
content, for its safe use as fertilizer. Some selected charac-
teristics of the compost are showed in Table 1. A mixture of
25 herbaceous annuals was sown by hand broadcasting in
the whole area at the rate of 5 g/m2. The species were native

and exotic, each of them flowering in a different period from
early spring to late summer. The percentage of each species in
the mixture was determined after a preliminary investigation
on the germination capacity, the field assessment, and the
morphological characteristics. The seeding was not irrigated
and no irrigation was performed during the experimental
period.

2.2. Analytical Determinations. Six soil composite samples
(three subsamples) per treatment were taken in the 0–
10 cm layer in December, February, May, and July. C content
was determined with dry combustion by using a Leco
CHN Analyzer. Bulk density was determined using the
core method [11]. Wet sieving was used to determine the
stability of soil aggregate in water. Air-dried aggregates (1-
2 mm) of soil were placed in 0.25 mm mesh sieves and
moistened by the water rising by capillarity from a layer
of wet sand, then immersed in deionized water and shaken
at the rate of 60 rpm. A Water Stability Index (WSI) has
been defined as: WSI = 100(1 − A/B), where A and B
are the weights of aggregates passing through the sieve
after 5 and 60 minutes, respectively [12]. Measurements
of porosity and pore size distribution in the range 0.002–
160 μm were made with mercury intrusion porosimetry
on undisturbed aggregates of about 2 g [13]. The volume
of pores, measured as mercury intruded, was determined
by means of the Washburn equation p = − 4γ cos θ/d,
where p is the pressure required to force the mercury into
the pores of diameter d, γ is the surface tension of the
mercury (480 dyne/cm), and θ is the contact angle between
the mercury and the soil surface (140◦).

Every week, starting from the beginning of March,
the quadrat method was used to detect and quantify the
flowering of the species that had been sown. The number
of flowering plants of each species was recorded in ten 1 m2

quadrats for each treatment.

2.3. Statistical Analysis. All results are the means of six
measurements. Analysis of variance was performed to test the
effect of time and treatments on the parameters investigated.
The means were compared by using least significant differ-
ences calculated at P < 0.05 (Newman-Keul’s test).

3. Results and Discussion

3.1. Soil Characteristics. Levels and variations of organic C
content in the two different areas and at different times
are shown in Table 2. The two treatments had the same
trend. Organic C content decreased in February, when
the biological activities of the soil-plant system reached a
minimum and did not produce new fresh organic matter,
so that the catabolic processes affecting the organic matter
became predominant. The organic C content raised in May,
when the biological activities in the soil started again,
due to the more favourable climatic conditions, and newly
formed organic matter was present. In this picture, organic
C content of CT was significantly greater than NCT on all
sampling dates. In December, this was clearly due to the
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Table 2: Values of organic carbon content, bulk density, and water
stability index (WSI) in no compost treated (NCT) and compost-
treated (CT) soil at different sampling dates.

DEC FEB MAY JUL

Organic C%

NCT 1.36 aA† 0.81 bB 1.06 abA 1.18 abA

CT 2.07 aB 1.80 aA 2.80 bB 2.37 cB

WSI

NCT 2.9 aA 2.4 aA 3.4 aA 6.3 bA

CT 3.0 aA 3.0 aA 8.6 bB 15.1 cB

Bulk density

NCT 1.41 aA 1.50 aA 1.44 aA 1.42 aA

CT 1.46 aA 1.48 aA 1.30 bB 1.30 bB
†

For each parameter values on the same row followed by the same lowercase
letter are not significantly different; values on the same column followed by
the same capital letter are not significantly different.
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Figure 1: Pore size distribution of No compost-treated soil.

recent addition of the compost organic matter, whilst in
February, May, and July there were at least two reasons.
One is that the organic matter of the quality compost was
stable and remained undecomposed for longer [3]. The
other is that most of the organic C of the compost was
protected by the soil structure at a level similar to that
of the preexisting organic C, as recently demonstrated by
Sparvoli et al. [14]. The greater organic C content might have
also stimulated a greater biological activity both in plants
and microorganisms, unbalanced toward anabolic processes,
which resulted in increased production of organic matter.

The influence of the newly incorporated organic C on
the soil structure was investigated from two different points
of view. (i) Water stability of aggregates, to evaluate if
the added organic matter could prevent dispersion of soil
particles, due to rainfall events or runoff or water action.
(ii) Bulk density of the whole soil, plus porosity and pore
size distribution of undisturbed aggregates, are used to
evaluate the modifications of soil architecture and spatial
arrangements of particles and aggregates.
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Figure 2: Pore size distribution of compost-treated soil.

Table 3: Values of transmission pores, storage pores and residual
pores in no compost-treated (NCT) and compost-treated (CT) soil
at different sampling dates (expressed as mm3/g).

DEC FEB MAY JUL

Transmission pores

NCT 38 aA† 28 bA 83 cA 67 dA

CT 37 aA 42 aB 52 bB 62 cA

Storage pores

NCT 123 abA 137 bA 117 aA 111 aA

CT 123 aA 133 aA 124 aB 125 aB

Residual pores

NCT 32 aA 26 aA 28 aA 31 aA

CT 27 aA 27 aA 28 aA 28 aA
†

For each parameter values on the same row followed by the same lowercase
letter are not significantly different; values on the same column followed by
the same capital letter are not significantly different.

Water stability is described in Table 2 by an index (WSI)
that expresses the proportion of water stable aggregates
greater than 250 μm. The WSI has been found to be very
sensitive at measuring the effects of various organic C
contents on soil structure of agricultural soils [15]. Moreover,
the WSI changes during the growing season [16]. It usually
reaches a maximum in late spring/early summer and then
decreases to a minimum in winter. In NCT, the WSI of
the soil ranged between 2.4 in February and 6.3 in July,
always under the value of 10, which indicates a very bad
structural stability. The seasonal variations were smaller but
consistent with those observed in agricultural soils [17]. This
suggests a similar, though less effective, mechanism in this
urban soil, where the strong interactions between the finer
mineral constituents and the organic matter were limited by
the sandy texture and the low-organic C content. The WSI
of CT soil was similar to NCT in December and February,
but sharply increased in May, almost trebling its previous
values, and especially in July, indicating a little but significant
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Figure 3: Flowering periods in no compost-treated soil.
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increase in the formation of stable aggregates, which were
resistant to the impact of water.

Bulk density of NCT showed similar values at all the
sampling dates (Table 2). The minimum value was in Decem-
ber, probably due to the recent tillage, which produced a
more open and unstable structure. The trend of CT bulk
density was quite different. The value in February was the
same as December and significantly higher than May and
July. In this Compost-treated soil, there were no evidence
of a collapse in the structural arrangement induced by the
tillage. On the contrary, the proportion of the void space
was maintained and gradually increased. Bulk density is a
simple and useful parameter for evaluating soil structure,
but it is still raw. A more effective description is given by
pore size distribution, especially when pore classification
reflects their function in the soil. In Figures 1 and 2, we
used en expanded classification, where increasing values
of pore diameter correspond to decreasing values of water
tension (i.e., 1 μm = pF 3.5, 3 μm = pF 3; 10 μm = pF 2.5),
which is preferable because it relates to the dominant water
processes. Pore size classes were also grouped according to
the Greenland’s [18] terminology (Table 3), which describes
transmission pores (<50 μm), storage pores (0.5–50 μm), and
residual pores (<0.5 μm) stressing their functional relevance.
Transmission pores make air and water movement into the
soil easier. Storage and residual pores are responsible for the
storage of water and mineral nutrients, respectively.

Looking at the patterns in the two Figures and values
in Table 3, two main considerations can be drawn. Firstly,
NCT soil showed a larger variability among values of
different sampling dates in every size class. There were clear
maximums for each distribution curve and they were in
different classes. On the other hand, in CT soil, the variability
among the three sampling dates was much more narrow,
higher values were distributed in more classes, and the
maximum peak is in the same class (3–10 μm). Secondly,
storage pores remained quite constant and transmission
pores increased constantly with time in CT, whilst in NCT
the sharp increase of transmission pores was coupled with
declining storage pores.

From a general examination of the overall pore size
distribution data, it seems that compost-treated soil has
acquired a more stable architecture of the void spaces, with a
more balanced distribution in the different size classes, with
a tendency to increase pores that retain water or let it flow in
the bulk soil.

3.2. Plant Growth. The wildflower mixture used in this work
has been chosen for practical and aesthetical reasons. It
should ensure an early and lasting cover of the seeded area,
grow to a height that does not disturb drivers, and offer a
pleasant array of flowers and colours. Thus, the duration
and the quantity of flowering are the main parameters
discussed here. The duration of flowering of the single
species until June is shown in Figures 3 and 4. Although
the quality of the floristic composition was the same in the
two areas, they differed in terms of flowering in three of the
species: Mendzelia lindley was present only in NCT, Nigella
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Figure 5: Flowering intensity expressed as percent of maximum
flowering, recorded in NCT soil on April 20.

damascena, and Chrisanthemum carinatum flowered only in
CT. As a total number, there were 18 flowered species in CT,
while there were 17 in NCT. The mean duration of flowering
of the single species was 39 days in NCT and 45 days in
CT. Only five species had a longer blooming in the NCT
soil. Among these, Papaver rhoeas and Matricaria Camomilla
often behave like ruderals, dominating the planting and
so decreasing the growth of the others, which reduces the
ornamental effect. In this case, in fact, the quantitative data
of each species (not shown) confirmed that these two species
had a high blooming peak. Moreover, when they decreased,
the other species were not able to develop satisfactorily. It
can be argued that the beneficial effects of the compost
treatment contrasted and reduced the ruderal behaviour of
some species. In Figure 5, the overall quantity of flowering
is presented. Data are expressed as a percentage of the
maximum flowering, which had been recorded in NCT soil
on April 20. The duration of the flowering was the same in
the two areas, but NCT showed a very high peak and then a
rapid decrease, whilst CT showed a higher quantity of flowers
for a longer period. To conclude, the planting in the CT
soil was richer in terms of individuals and longer in time,
compared with the NCT soil.

4. Conclusions

Seven month after the treatment, the compost-treated soil
showed better soil physical parameters, in terms of less
compaction and presence of pores that retain water or let
it flow in the bulk soil. These characteristics were more
constant over time, due to the increased structural stability
of the aggregates. The enhanced physical quality of the
soil, when treated with compost, reflected better conditions
for growth and for development of the wildflowers, which
produced a higher quantity of flowers for a longer time. The
combined use of compost and wildflowers can be considered
a good practice for the management of poor quality derelict
urban soils.
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