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1. Introduction
River sediments deposition is a dynamic process of any river basin, connected to
natural environmental factors but also influenced by human activities. Sediment
quantity and quality can be strongly affected by climate, geology, and
topography, but also by land use: deforestation can increase soil erosion and
sediment deposition, and industrial activities may result in point or diffuse
contamination with negative impacts on surface and ground-water quality.
In particular, the need for keeping waterways navigable implies dredging activities
that can be problematic due to the high costs of sediment management. Every
year in Europe, 130 million m3 of polluted sediments are dredged from canals and
waterways and need to be
brought to confined disposal sites.
In fact, dredged sediments
characterised
by
a
high
concentration of pollutants (e.g.
hydrocarbons and heavy metals)
are considered special waste and
must be treated in a special way
under complex legislation.
After dredging, sediments are
accumulated in confined disposals, and then transported to landfills. This method
generates high costs of management and an increasing consumption of land.
Therefore, it would be very beneficial to find ways to turn polluted river sediments
into a reusable material, alternative to the landfill.
The alternative destination of dredged sediments is linked to their nature and the
economic and environmental context in which they would be potentially reused.
For instance, it has been demonstrated that dredged sediments can be
transformed in suitable products for agronomic purposes.
By applying the AGRIPORT methodology (Doni et al. 2013, Iannelli et al. 2010), an
innovative low cost phyto-treatment process, it is possible to decontaminate slightly
polluted dredged sediments and transform them into a reusable substrate. The end
product is a substrate that shows properties similar to a soil amendment, suitable for
agronomic uses like plantations, gardening, environmental restoration of degraded
areas and landscaping, or any other productive activity that requires new
substrate.

1
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For instance, in the plant nursing
sector, particularly in field grown
plantations, when the plants are
extracted from soil for transplanting
within the nursery or at the final
destination
(e.g.
landscaping,
gardens, parks), a large amount of
soil is lost. Therefore, soil refilling is
needed. Every year in Europe, an
estimated 5.2 million m3 of soil are
lost for plant nursing activities: from
30-40 to 80-100 m3 per ha per year,
lowering the soil level by 8-10 mm every year if this is not replenished.
To address these issues, five Institutions from Italy and one from Spain carried out
the CLEANSED project “Innovative integrated methodology for the use of
decontaminated river sediments in plant nursing and roadbuilding” (LIFE12
ENV/IT/00652, 2013-2016).
CLEANSED aimed to demonstrate that slightly polluted river sediments can be
reused after phytoremediation in a sustainable way in two different productive
sectors: plant nursing and road building. In plant nursing, CLEANSED aimed to
demonstrate that the phytoremediated sediments can be used as a soil
amendment, especially for plantations grown in open fields, becoming a suitable
backfill material for plant nursery soils.
These guidelines provide indications on how to use the agronomic matrices
produced from the decontamination of the river sediments through AGRIPORT and
CLEANSED methodologies, as an amendment in plant nursery, based on the twoyear project experience. Two mixtures of agricultural soil and decontaminated
sediments were tested and compared to the alluvial soil of the nursery district,
assessing not only the physical, chemical, and toxicological characteristics of the
new substrates but also the physiological response and growth of three ornamental
bush species.

2
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2. Sediments
2.1 Treatment of the dredged sediments

The CLEANSED project tested the use of sediments which were partially recovered
by a phytoremediation process developed in a previous European project
(AGRIPORT ECO/08/239065/S12.532262).
Sediments were dredged from the Navicelli canal, a navigable canal connecting
the Arno basin in the peri-urban area of Pisa, to the Pisa dockyard (figure 1).
Sediments were found to be slightly polluted by total hydrocarbons and heavy
metals, and were decontaminated in a location nearby using plants (phytotreatment) and organic amendment (compost) in a pilot scale of 12 containers of
about 1 cubic meter each (Doni et al. 2013) (figure 2).

Figure 1 Sediments dredged from Navicelli canal, connecting Pisa to Livorno, were
decontaminated during AGRIPORT project and transformed into a matrix suitable for
agricultural purposes.

Six phytotreatments were set up using different plant assemblages, in duplicate, for
about two years (2010-2012) using the following plant combinations:
i) Nerium oleander + Paspalum vaginatum
ii) Tamarix gallica + Paspalum vaginatum
iii) Spartium junceum + Paspalum vaginatum
iv) Phragmites australis (Ph)
v) Paspalum vaginatum
vi) Control (no plants)
3
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Figure 2 Image of the AGRIPORT experiment for the phytotreatment of the river
sediments.

After the phytotreatment, the Navicelli sediments underwent three-months of
landfarming bioremediation, which aimed to further reduce the level of organic
contamination, improve the biological activity and also homogenize the treated
matrix in order to obtain a suitable substrate for ornamental plant growth. The
landfarming consisted of periodically (twice a week) turning over the sediments
inside each container. This operation was particularly effective in improving the
biological activity and further decreasing the organic contamination in the
sediments.

However, due to the low nutrient content and water holding capacity, the
sediments were also mixed with an organic matrix (compost in the case of
AGRIPORT, but also vegetal residues are fine) and soil material, to make them
suitable for agriculture or specifically for the nursery sector.
Due to the very similar nutritional and biological characteristics of the substrates
in the 12 different containers, in the end a mixture of them was made in order
to obtain a the quantity of homogenous substrate (T100) that was necessary for
the following demonstration trial, in which these matrices were texted in the
context of plant nursery activity.

4
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2.2 Characteristics of the remediated sediments
The remediated sediments (T100) obtained by the process previously described are
characterized by a loamy texture (Soil Survey Division Staff, 1993). Changes were
observed in the sediment after the remediation process, regarding:
i. the electrical conductivity, which decreased (possibly due to washing by rain
and irrigation),
ii. the amounts of Phosphorous, Carbon and Nitrogen, which increased slightly
in the remediated sediment compared to non-remediated sediments,
possibly due to the contribution of existing plant material derived from
phytoremediation and the compost addition,
iii. the C/N ratio, which decreased with remediation, indicating an increase of
the organic matter stability in the remediated sediment.
The remediation process also affected the concentration of heavy metals
observed in the sediment.

Sediment dredged from the
canal

Remediated sediment
(T100)

42:20:38

18:33:48

7.89

7.97

5

2.48

Total C (g/100g)

1.82

1.91

Total N (g/100g)

0.11

0.2

C:N

16.5

6.58

P (g/100g)

764

850

Clay : Silt : Sand %
pH
Electric Conductivity
(dS/m)

Table 1 Physical and chemical characteristics
decontaminated using the AGRIPORT methodology.

of

the

sediments

that

were

In fact, the analysis of heavy metals (table 2) confirmed the effectiveness of the
applied technology for lowering the levels of some heavy metals and
hydrocarbons (>12 C) under the threshold values set by national standards for
industrial green areas (D. Leg. 152/2006, Annex 5, Column B) – and most of them
under the limit set for civil use (Column A), with exception of Cd and heavy
hydrocarbons (C>12).
Therefore, the chemical properties of the remediated sediments would allow their
direct use at least in the greening of industrial areas, and in the restoration of urban
or peri-urban sites with limited direct human contact (e.g. abandoned, derelict
areas, railroad or road banks, green roofs, brownfields).

5
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Column A of
Annex 5
D.Leg.
152/06

Column B of
Annex 5
D.Leg. 152/06

Sediment
dredged from
the canal

Remediated
sediment
(T100)

Ni (mg kg-1)

73

70

120

500

Pb (mg kg-1)

62

68

100

1000

Cu (mg kg-1)

90

65

120

600

Cr (mg kg-1)

156

235

150 x

800 √

Cd (mg kg-1)

21

14

2

15

Zn (mg kg-1)

349

324

150 x

x

√

1500 √

Hydrocarbons C>12
380
290
50 x
750 √
(mg kg-1)
Table 2 Heavy metal concentrations in the sediments prior to and after the
decontamination process using the AGRIPORT methodology and the limits of Italian
standards for green areas for civil use (Column A) and for industrial use (Column B).

Nevertheless, the mixture of remediated sediments with agricultural soil, due to the
dilution effect, further reduces the level of contamination and at the same time
creates a substrate with improved physical and nutritional characteristics (see
chapter 3.2).
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3. Use of sediments in the CLEANSED demonstration trial
Large scale shrub plantations in the field present many advantages compared to
production in containers, such as low start-up costs, reduced water needs and
maintenance during the growing period (Dunwell & Vanek 2013). However, they
are responsible of a consistent loss of topsoil when plants are transplanted from the
nursery to their final location, so that at the moment of setting up new plantations,
new fresh soil is usually needed for augmenting the existing soil volume and
improving its physical, chemical and biological quality.
The CLEANSED project aimed to demonstrate the suitability of using remediated
river sediments in the plant nursing sector, particularly for replenishing agricultural
soil in preparation of the fields for new plantations.
In the sections, we present the results of the demonstration trial and propose
operational guidelines for the cultivation of ornamental shrubs on substrates with a
defined volume of remediated sediments.

3.1 Preparation of the experiment
Remediated sediments were transported to the Centre for Experimental Nursing
(Ce.Spe.Vi.) in Pistoia, which is the most important district for plant nursery
production, using a dump truck hauling up 10 cubic meters.
In
Ce.Spe.Vi.
the
remediated sediments
were
mixed
with
alluvial soil, previously
dug from an old plant
nursery about 10 km
away
from
the
demonstration site.
The alluvial soils of the
area are generally
characterized by a
silty texture and loose
structure (ARPAT 2001) that make them appropriate for plant nursing, despite the
occurrence of waterlogging in rainy periods and silty crusts in drier periods.
Soil-sediment mixtures were prepared by mixing appropriate volumes of agronomic
soil and sediments from their respective heaps using a Bobcat bulldozer (Figure 3A).
Clods larger than 20 cm in size were excluded from the mixtures, to avoid
macroscopic interferences in the substrate structure and then in the root growth
(Figure 3B).
The respective soil mixtures were made with 33% and 50% proportions of
remediated sediments by volume (T33 and T50) and they were turned over several
times until adequately homogenized.
7
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Since the demonstration trial was set up in wooden containers holding a volume of
3 cubic meters each (Figure 3C), with two replicates per treatment, the volumes of
materials were respectively: 2 m3 of remediated sediments and 4 m3 of agronomic
alluvial soil for T33, 3 m3 of each material for T50, and 6 m3 of agronomic alluvial soil
for the control (CTL).

Figure 3 A). A tractor with a 1 m3 grabber takes the materials one at a time and makes
a mound of mixed earth (sediments and soil). B) The remediated sediments are
characterized by the presence of big hard clods that should be removed for the next
use (e.g. field soil refilling). C) Filling of the woody frame containers with the soilsediment mixtures and control soil.

8
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3.2 Characteristics of the soil and soil-sediment substrates
Physical and chemical characteristics
The chemical characteristics of the soil-sediment substrate mixtures and of the
control soil are shown in tables 3 and 4.
The two soil-sediment mixtures (T33 and T50) and the control soil (CTL) are subalkaline, with a higher pH value in CTL, though Calcium concentrations in T33 and
T50 were about two and three-fold those of the control soil, respectively.
These chemical compositions allow nutrients such as Calcium (Ca), Magnesium
(Mg) and Potassium (K) to be easily absorbed by roots, but they reduce the
availability of Phosphorous (P) which tends to precipitate with Ca. In addition, Ca
and Mg foster a glomerular structure due to their capacity for attracting water
molecules, enabling colloids to flocculate with positive effects on soil structure and
on micro- and macro-porosity. Soil-sediment mixtures, regardless of the percentage
of sediment, were also richer in organic matter, an important soil component which
increases the nutrient availability to plants and improves soil structure, water
infiltration and retention by forming soil aggregates.

T33

T50

CTL

12.6 : 34.1 : 53.2

16.2 : 35.3 : 48.5

8.5 : 39 : 52.6

8.15±0.05 b

8.06±0.02 b

8.34±0.05 a

361.33±35.22 b

597.33±49.81a

75.50±3.16 c

Total C (g/100g)

2.7±0.03 b

3.2±0.22 a

1.9±0.05 c

Total N (g/100g)

0.2±0.03 a

0.2±0.01 a

0.1±0.01 b

17.6±3.3

17.1±0.4

14.3±1.4

P (g/100g)

0.06±0.00 a

0.06±0.00 a

0.05±0.00 b

K (g/100g)

1.00±0.01

0.99±0.06

0.96±0.1

Ca (g/100g)

1.65±0.01 b

2.29±0.13 a

0.63±0.05 c

Mg (g/100g)

1.06±0.09

1.02±0.09

1.00±0.14

S (g/100g)

0.14±0.00 b

0.23±0.02 a

0.02±0.00 c

NO3- (mg/L)

9.1±0.27 a

9.8±0.29 a

7.1±0.79 b

SO42- (mg/L)

120.1±7.98 b

264.7±28.73 a

3.7±0.94 c

0.1±0.03 b

0±0 c

0.3±0.08 a

Clay : Silt : Sand
pH
Electric Conductivity
(µS/cm)

C:N

PO43-

(mg/L)

Table 3. Characteristics of the substrates with sediments at 33% and 50% by volume and
control soil, an alluvial soil dug from the Pistoia plain. Different letters indicate significant
differences (P>0.05) assessed by ANOVA followed by the post hoc Tukey test.

Regarding the presence of heavy metals, it was discovered that the control soil
(CTL) was also moderately contaminated by Chromium, Copper and Nickel and
even showed high concentrations of Thallium (well above the thresholds stipulated
9
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by national legislation) that might be linked to the original use of this soil for plant
nursing in the field. In fact, it seems that until the 1970s Thallium was commonly used
in plant protection products (mostly insecticides) and also in ratticides.
T33 and T50 showed higher concentrations of Cadmium and Zinc than CTL, but
both were under the limits of Column B in the D.L. 152/96. Such concentrations
could become a problem at pH values close to 8 (as in the substrates with
sediment), but the transition of the metal to the plant should be limited due to
immobilization in the soil. Therefore, the mixing of sediments in such quantity
produces substrates at least suitable for industrial greening (table 3, 4).

10
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T100

T33

T50

Annex 5 D.Leg.
152/06

CTL

Column
A

Column
B

Al (g/100g)

4.19

4.4±0.1

4.2±0.1

3.9±0.5

As (mg/Kg)

<0.1

<0.1

<0.1

<0.1

20

50

Be (mg/Kg)

1.66

<0.5

<0.5

<0.5

2

10

Bi (mg/Kg)

20.99

21.4±0.7

21.2±0.5

19.1±1.8

B (mg/Kg)

32.89

22.9±0.3 b

26.33±1.3 a

18.06±1.8 c

Cd (mg/Kg)

14.46

4.2±0.1 b

7.4±0.4 a

<0.1 c

2

Co (mg/Kg)

6.4

<0.5

<0.5

<0.5

20

Cr (mg/Kg)

235.2

142±2 a

159±11 a

111±10 b

150

Cu (mg/Kg)

65.69

78±1 a

78±4 ab

67±6 b

120

600

Fe (mg/Kg)

31100

28046±539

27000±248

24816±2651

Li (mg/Kg)

39.74

34.28±0.39

35.42±2.32

31.43±3.07

Mg (g/100g)

1.1

1.06±0.09

1.02±0.09

1.00±0.14

Mn (mg/Kg)

1342

703±4

614±31

667±62

Mo (mg/Kg)

4.97

0.96±0.03 b

1.43±0.17 a

0.23±0.02 c

Na (g/100g)

0.06

0.06±0.00

0.06±0.00

0.07±0.01

Ni (mg/Kg)

69.8

60±0.4

63±4

55±5

120

500

Pb (mg/Kg)

67.53

55±0.4 a

58±3 a

43±4 b

100

1000

Sb (mg/Kg)

1.81

1.3±0.4 a

1.0±0.3 ab

<0.5 b

10

30

Se (mg/Kg)

15.7

13.1±0.2 a

14.6±0.8 a

9.6±0.9 b

3

x

15

√

Sr (mg/Kg)

213.86

84±1 b

113±8 a

40±4 c

Ti (mg/Kg)

150.05

172±2

146±20

191±30

Tl (mg/Kg)

60.2

91±2

87±3

86±7

1

x

10

x

V (mg/Kg)

57.25

52±1

51±2

48±5

90

Zn (mg/Kg)

323.54

149±2 b

199±8 a

81±7 c

150

x

15

√

250
x

800

√

250
x

1500

√

Table 4 Heavy metal concentrations in the remediated sediments (T100), in the mixed
substrates with alluvial soil mixed with 33% and 50% phytoremediated sediments (T33
and T50) and the control soil (CTL). The highlighted boxes indicate the likely origin of
pollutants, whilst the red x indicates the value over the limits of Column A or B (D.Leg.
152/06). Different small letters indicate significant differences (P>0.05) between T33, T50
and CTL as assessed by ANOVA, followed by the post hoc Tukey test.
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Hydrological characteristics
The control soil and soil-sediment mixtures were also tested for their hydrological
properties. The T33 and T50 substrates showed enhanced hydraulic conductivity at
saturation (table 5), likely due to a combination of the presence of organic matter
and porosity. However, these substrates seem to be also characterized by fine
pores, linked to their clay content compared to CTL. Indeed, from the water
retention curve (figure 4) it can be seen that regardless of the sediment content,
the mixed substrates have a lower content of water available to plants compared
to the control soil, but also greater water retention capacity at higher pressure,
likely the result of an enrichment in organic matter.

Bulk density (mg m-3)

T33

T50

CTL

1.096±0.07 b

1.059±0.05 b

1.153±0.08 a

Saturated hydraulic
5.50±2.6 b
61±27 a
0.14±0.11 c
conductivity (mm hr-1)
Table 5 Hydrological characteristics of the mixed substrates and control. Different small
letters indicate significant differences (P>0.05) assessed by ANOVA followed by the post
hoc Tukey test.

Figure 4 Water retention curve of the soil-sediment substrates and control.

Moreover, soil moisture measurements at 20 cm, made using the DeltaT PR1 profile
probe (www.delta-t.co.uk) connected to an HH2 moisture meter, showed higher
soil moisture in the control soil than in the soil-sediment mixtures (figure 5), which
appeared to have a less fluctuating response to water inputs. This is likely due to the
significantly higher infiltration rates of the two mixtures.

12
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Figure 5 Soil moisture measurements at a depth of 20 cm measured with a DeltaT PR1
profile probe connected to an HH2 moisture meter.

Soil and sediment eco-toxicity
The eco-toxicity of remediated sediments before and after landfarming, of alluvial
soil and of soil-sediment mixtures, was evaluated using the BioTox standard test (ISO
11438, 1998; Aboatox, Finland) based on the inhibition of the bioluminescence of
Vibrio fischeri. The biolouminescence output, measured with a high performance
Sirius Luminometer, was automatically recorded by FB12 Software (Berthold
Detection Systems, Pforzheim, Germany) and the soil toxicity was then calculated
by the formula:
inh% = 100-[100×(IT15/KF×IT0)]
where KF is the ratio between the bioluminescence at time 0 and 15 min (IC15/IC0)
of V. fisheri not in contact with soil, and IT0 and IT15 the bioluminescence of V.
fisheri after contact with soil at time 0 and 15 min, respectively. With this test, soil is
toxic at biolouminescence inhibition values above 20%.
The BioTox test indicated that the sediment was not toxic, either before or after
landfarming, with the bioluminescence inhibition percentage equal to or below 0.
The trend in eco-toxicity during the CLEANSED demonstration trial is shown in figure
6. The alluvial control soil showed low toxicity, surpassing the biolouminescence
inhibition value of 20%, whereas the T33 and T50 soil-sediment mixtures were not
toxic.

13
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Figure 6 Eco-toxicity of the soil and soil-sediment mix during the CLEANSED
demonstration trial. The dotted red line indicates the threshold of toxicity for the BioTox
test; vertical axis values indicate the % inhibition of V. fischeri bioluminescence.
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Concluding considerations on the properties of the soil-sediment substrates
Results for the soil-sediment substrates T33 and T50 showed the suitability of the
phytoremediated sediment as backfill material for plant nursery soil in terms of
physical and chemical fertility.
The remediated sediments showed no eco-toxicity during the entire demonstration
period, nor did the soil-sediment substrates T33 and T50 during the CLEANSED
demonstration trial. It was also demonstrated that the judicious modulation of
remediated sediments with soils can improve the soil characteristics to desired
values.
Soil-sediment mixtures have good drainage, so that mixing remediated sediments
with alluvial soil of characteristics similar to the control may improve root growth
and development.
The use of remediated sediments as backfill materials for plant nursery soils should
be foreseen for the 0-50 cm soil layer, as for deeper layers soil tillage could be
necessary depending on the root space needs of the cultivated species. A further
recommendation for field use of the remediated sediment is the crushing of large
sediment clods to improve the homogeneity of the mixed substrates and micro and
macro porosity.
In the wider perspective of using remediated sediments as backfill for plant nursery
soils, an important concern is the degree of contamination. Concentrations of
heavy hydrocarbons in the T33 and T50 soil-sediment substrates were below the B
threshold of the Italian Legislation for their use in industrial sites, whereas
concentrations of heavy metals were below the thresholds for civil use of soilsediment mixtures, except for Cr, Se, Cd and Zn. These metals were mostly
contributed by the sediment. A major problem was due to Thallium, which was
above all legislation limits even in the control soil.
Overall, these results indicate that the devised use of phytoremediated sediments
as backfill material for plant nursery soils is recommended for non-polluted
sediments. In case of sediment pollution by hydrocarbons and heavy metals,
optimization of the phytoremediation process to reduce the both the organic and
metal pollution to concentrations below the legislative action levels is advisable.
However, it is important to underline that in the tested soil-sediment substrates the
eco-toxicity tests showed no toxicity in either T33 or T50 substrates, whereas a slight
toxicity of the control soil was observed, likely due to metal mobilization during the
plant growth.
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3.3 Planting and management in the Cleansed demonstration trial
In previous pilot experiments carried out at the Ce.Spe.Vi. (figure 7) in 2011-2013,
aimed at testing the growth of various ornamental plants on pure remediated
sediments (T100), it was observed that a large variety of herbaceous, bushy and
tree plants can be grown on such substrates. Plants tested were: Photinia x fraseri,
Quercus ilex, Viburnum tinus, Cistus albidus, Raphiolepis indica, Westringia fruticosa
and Teucrium fruticans. All plants grew well, and therefore an even better growth
would have been expected on soil-sediment substrates.

Figure 7 Pilot experiment of growth with seven ornamental plant species on remediated
sediments.

Species selection for the CLEANSED demonstration trial
During the CLEANSED project, three ornamental species (figure 8) were selected to
be tested on the mixed substrates.
For experimental reasons, all three were evergreen shrubs among the most
commonly used in urban landscaping, with moderate and low water needs:
Photinia x fraseri var. red Robin, Eleagnus macrophylla L., and Viburnum tinus L.
P. x fraseri (Rosaceae family) is a fast growing evergreen shrub native to China.
Commonly used for garden hedges, it grows on well-drained soils and tolerates
moderate drought. Its ornamental value is mainly due to the rich foliage and the
bright red young leaves that sprout out and then turn green.
E. macrophylla (Elaeagnaceae family) is a fast growing evergreen shrub native to
Eastern Asia (Japan and Korea). It prefers well-drained soil but is also suitable in
other soil textures. It prefers dry or moist soil and can tolerate drought. The plant can
make symbiotic Nitrogen fixation.
V. tinus (Caprifoliaceae family) is an evergreen ornamental shrub native to the
Mediterranean region. It is characterized by umbrella white flowers and long
16
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blooming. It is used for garden edges but is also suitable for growth in pots. It is able
to adapt to high levels of summer drought.

Figure 8 Species used in the CLEANSED project: A) Photinia x fraseri var. Red Robin; B)
Eleagnus macrophylla L.; C)Viburnum tinus L.

Planting
In CLEANSED project, one- and two-year old shrub plants (Photinia x fraseri var. Red
Robin, Viburnum tinus L. and E. macrophylla L.) were transplanted by hand by
nursery workers from containers to the substrates in the wooden frames, at a 50 cm
distance from one another, in 10~15 cm deep and ~20 cm wide holes (figure 9).

Figure 9 In the CLEANSED experiment the three species were planted in wooden frame
boxes, from left to right: 8 plants of V. tinus, 8 plants of E. macrophylla and 8 plants of P.
x fraseri. Plant spacing was 50 cm and planting depth about 15 cm.

Although planting is usually done during the winter season (from November to
February) to avoid stress conditions, due to practical considerations planting was
done in April.
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Irrigation
The irrigation system used in the CLEANSED experiment was a traditional system with
pipes and emitters (flow rate of 4 L hr-1), and each plant was irrigated by only one
emitter at the base, as a small size shrub in a pot may lose between 0.5-1 L of water
per day due to evapotranspiration. In spring when the canopy was small the
irrigation system delivered at 10 am about 0.3 L in 5 minutes. In summer, especially
in dry and hot periods, the irrigation delivered about 0.6 L twice a day (at 10 a.m.
and 4 p.m.).
All the species received the same amount of irrigation water plus rain water.

Fertilization
In plant nursing it is extremely important to produce plants of high aesthetic value,
and therefore a fertilization programme is always included to ensure a desirable
aspect and growth. Many variables like climate, soil pH, texture etc. interfere with
the availability of nutrients absorbed from the soil, so that controlled release
fertilizers are commonly used for the production of many horticultural plants.
In the CLEANSED demonstration trial, 30 g Osmocote 16N-11P-10K +2MgO was
supplied to each plant in early summer 2014. This fertilizer slowly releases the N, P
and K and Mg in 8-9 months and its effectiveness and the importance of slow
release was proved in the pilot experiments with seven ornamental plant species
described below (Section 3.4).
However, the sub-alkalinity of the mixed substrates affects the availability of certain
elements. Indeed, nitrogen (which plays a major role in plant life processes such as
photosynthesis and vegetative growth) can be freely available to plants, whilst
phosphorous (which plays an important role in photosynthesis and respiration, cell
division, root development and blooming) and potassium (crucial in stomata
functioning and drought resistance) are relatively unavailable to plants.

Pruning
Pruning is an important practice in nursery management. For instance, in shrubs
shearing is used to create compact dense foliage by cutting all the terminals of the
branches. In the CLEANSED demonstration trial, plants were pruned at the same
height at the beginning of the experiment in 2014 and in February 2015. Pruning
consisted of shortening branches until a determined height (~50 cm) from the
ground (figure 10).
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Figure 10 Every year each plant was pruned at a height of ~50 cm from the ground.

Planting and management
Winter is the best period for planting. The vegetal material should be
planted in a hole deep enough to leave the root flare visible (thus shallower
than the whole root ball height), and three times wider than the root ball
diameter. The wider the planting hole is, the faster is the root growth,
preserving the plant from possible transplant-related damage in the future
thanks to the higher level of soil aeration. The distance between shrubs is
about 50 cm depending on the size that they can reach, whilst small trees
should be planted at wider distance of about 120 cm.
In order to avoid root defects in the next growth stage, a good practice is
root pruning, especially if plants have grown in containers. This helps root
renovation and better growth in the new substrate. Backfill soil should not
cover the root ball; this is to avoid the interface between different soils
which interferes with water and air movement into the root ball soil.
Winter is the best period also for pruning. Each cut results in new shoots and
greater density of the canopy, also fostering a symmetric canopy.
Immediately after planting, the plants should be irrigated to limit the stress
conditions. Once the plantation is established, a frequent irrigation
schedule has to be followed in order to allow a sufficient water supply to
the young plants. In order to guarantee well-proportioned and distributed
below-ground biomass (roots), the substrates should be homogeneous in
aggregate size and the irrigation system should supply water homogenously
around the stem, using preferably more than one spot emitter close to the
plant in case distribution tubing is used in the irrigation systems.
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3.4 Growth of the ornamental species in the CLEANSED demonstration trial
Growth of the species
P. x fraseri and E. macrohylla grew well both in the control soil and in the mixed
substrates, showing no differences in physiological response (results not showed)
and in growth.

T33
T50
CTL
T33
T50

P. x fraseri

CTL

E. macrophylla

In contrast, V. tinus showed a reduced growth in alluvial soil (CTL). In this substrate a
reduced electron transport in the photosynthetic mechanism likely impaired the
carbon fixation phase (data not shown), leading to a reduced production of
biosynthesis products. In fact, the final biomass in T33 and T50 was greater than in
the control: in T50 plants were ~35% higher than in CTL and had ~80% more leaf
area, and in T33 plants were on average ~20% higher than in CTL and had ~60%
more leaf area (table 6, figure 11), therefore resulting in a better shape.

T33
T50

V. tinus

CTL

H Fin
(cm)

ΔH
(cm)

Ø fin
(mm)

ΔØ
(mm)

Leaf area
(m2)

Leaf
biomass
(g)

Woody
biomass
(g)

226±17

181±18

40±3

17±3

4.5±1

617±106

1105±144

214±22

170±21

41±8

17±8

4.3±0.6

592±78

932±252

210±19

167±17

37±9

16±6

4.1±1

587±122

8804±229

151±10

100±10

33±3

12±2

1.4±0.4

242±67

590±193

165±23

117±22

34±3

13±2

1.7±0.5

270±71

628±139

156±28

100±29

35±4

15±5

1.8±0.5

293±78

652±166

64±14 b

39±15b

23±5

11±5

1.24±0.6 b 152±65 b

152±78 b

79±5 a

50±7 b

25±5

11±4

2.44±0.4 a 247±45 a

259±76 a

89±5 a

62±5 a

28±6

16±8

2.2±0.5 a

269±67 a

237±51 a

Table 6 Biometric parameters for the three plants cultivated in soil and soil-sediment
mixtures. Values in bold indicate significant differences identified by ANOVA followed
by the Tukey Test at p<0.05.

20

Deliverable D7,CLEANSED manual for the use of decontaminated sediments in plant nursing

Figure 11 Pictures of representative plants in each species growing on the three
substrates (A) Photinia x fraseri var. red Robin; B)Eleagnus macrophilly L.; C)Viburnum
tinus L.).

Leaf analysis
During the CLEANSED demonstration trial, other plant parameters were monitored
to integrate the above mentioned morphometric parameters. Leaf fresh and dry
weight, concentration of photosynthetic pigments and malonydialdehide, a
metabolite indicating plant stress, were determined in early spring and autumn
2015. In addition, the leaf chemical analysis of macro- and micro-nutrients, heavy
metals and other elements was performed regularly during the experiment.
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Differences in leaf dry weight were observed for P. x fraseri (higher in 50%
sediments) and for V. tinus (lower in 50% sediments).

Pigments
Regarding the pigment content (figure 12), in spring samplings of E. macrophylla
showed the lowest content in the mixed substrates regardless of the sediment
percentage, P. x fraseri had the lowest contents in T50 and CTL and in V. tinus there
were no differences. In autumn, in contrast, increasing pigment concentrations with
increasing sediment percentage were observed for E. macrophylla, whilst lower
concentrations than in the control were found in P. x fraseri growing in the mixed
substrates, whereas no difference was seen in V. tinus.

Figure 12 Chlorophyll a, b and Carotenoid concentration in leaves of E. macrophylla, P.
x fraseri and V. tinus in spring and autumn 2015. Small and capital letters indicate
significant differences of mean values (n= 5) between treatments and sampling periods
assessed by ANOVA followed by the post hoc Tukey test.
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Stress metabolite
The malonyl dihaldheide concentration (figure 13) was detected only for the V.
tinus, and the highest MDA value (i.e. most stressed plants) resulted in those grown
on the control soil (CTL).

Figure 13 Malonyl dyhaldheide concentration in leaves of V. tinus in spring and autumn
2015. Small and capital letters indicate significant differences of mean values (n= 5)
between treatments and sampling periods assessed by ANOVA followed by the post
hoc Tukey test.

Nutrients and heavy metals

The soil-sediment mixed substrates are rich in carbonates, which, up to a certain
amount, have a positive effect for plant nutrition and for the mineralization of
organic matter. Nevertheless, when the content is high, the alkalinity has
countervailing effects especially on the availability of nutrients like Phosphorous
and Iron. Also the slightly higher content of clay can affect the availability of
nutrients, but the sediments also contain more organic matter than the control
soil, which is important for structural and nutritional benefits. Many
macronutrients are released by the mineralization of the organic matter, and
many organic compounds bring micronutrients like iron, boron, manganese,
zinc, and copper and make them available to the plants.
The availability of micronutrients in the substrates is then reflected in the
concentration of such elements in the plant's leaves – and therefore the
significance of these experimental results should be taken into consideration in
any fertilization plan that uses sediments.
The leaf chemical analysis investigated the micro- and macro-nutrients as well
as heavy metals (table 7A, B, C). There are 15 essential elements that plants
must have in order to grow properly and all of them, though needed in different
amounts, are essential for plant growth.
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Three elements are essential for photosynthesis and are taken from the
atmosphere and from soil:
 Hydrogen
 Carbon
 Oxygen
Other nutrients are absorbed from the soil:
 Nitrogen
 Phosphorus
 Potassium
 Sulphur
 Magnesium
 Calcium
 Iron
 Boron
 Manganese
 Zinc
 Molybdenum
 Copper
Some of these elements are probably more familiar than others; for instance,
nitrogen, phosphorus and potassium are required in larger quantities than other
nutrients and usually are included in commercialized fertilizers. However, the
macronutrients (those needed in larger amounts) are no more important than
other essential elements that are required in smaller quantities (micronutrients).
The ‘Law of the Minimum’ tells that if deficient, any essential nutrient can
become the controlling force in crop yield. Sulphur, magnesium, and calcium
are also macronutrients. The remaining essential elements are the
micronutrients and are required in very small quantities.
In the first year of the demonstration trial, all the plants were adequately
fertilized in late spring and did not show signs of deficiency during the whole
summer, although the first symptoms of deficiency appeared in early winter,
likely connected to the prolonged rains that may have leached away most of
the nutrients. Especially the plants growing in the control soil turned slightly
yellow, possibly due to the scarce availability of nutrients or the anoxic
conditions at root level (due to waterlogging in this substrate). In the second
year (2015), weather conditions were completely different, being particularly
warm and dry for most of the summer. Despite the fact that plants were not
fertilized, they did not show leaf discoloration related to element deficiencies.
Regardless of the quantity of sediments in the substrate, the three species
showed similar amounts of nutrients in their leaves.
In the next section, we describe the function of each element and the most
important observations made in the plants of the CLEANSED demonstration trial.
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Macronutrients, functions and forms.
Nitrogen is a component of proteins, enzymes, and DNA and is involved in
metabolic processes and energy transfer. It is also part of the chlorophyll
molecule. Nitrogen enhances plant growth, improves the quality of crops, and
increases seed and fruit production. Nitrogen in the soil, usually supplied by
decomposing organic material and nitrogen-fixing bacteria, may be
supplemented with commercial fertilizers and is absorbed as ammonium (NH4+)
or nitrate (NO3-).
Decontaminated sediments cannot be considered a source of nitrogen
for plants since their nitrogen content is low. However, nitrogen increases
as soil is added to the sediment. The plants did not show chlorosis in either
their younger or older leaves during their vegetative growth, except in
winter 2014, after prolonged rains.
Phosphorus is also essential in photosynthesis and is involved in energy transfer. It
improves root development and rapid growth, and encourages blooming.
Phosphorus also increases resistance to disease and improves microbial activity
in the soil. Phosphorus can be taken up as H2PO4- and HPO42-, and added to soil
through fertilizers and bone meal. High pH and the presence of calcium in soil
reduce its availability to plants.
The concentration of phosphorous did not increase with the addition of
sediment into the substrate. Dredged sediments did not initially provide
this nutrient, and subsequent remediation treatments did not increase it.
Indeed, in alkaline soils phosphorous easily binds to calcium, becoming
insoluble and unavailable to plants. In fact, the plants grown in the mixed
substrates generally showed a lower content of phosphorous, which over
time may lead to symptoms of deficiency.
Potassium plays a vital role in the physiological and biochemical functions of
plants. It is used to build proteins, it is involved in the synthesis of the energy
compounds, it is required for translocation of carbohydrates within the plant
and it is involved regulating gas exchange and water relations during
transpiration. Moreover, it increases resistance to disease by strengthening stalks
and stems, increases cuticle (waxy layer) to prevent water loss, and enhances
fruit size, flavor, texture, and development. The presence of clay in the soil
increases the amount of potassium present. Potassium can be added to soil via
fertilizers and organic material and it is absorbed by plants as K+.
Potassium slightly increased in T50. The sediment has a slight positive
influence on the nutrient. E. macrophylla and V. tinus showed similar K
content in all substrates whilst Photinia x fraseri initially showed higher
content in the plants growing in the mixed substrates, but thereafter, in the
second year, the content was higher in plants grown in substrates with
more alluvial soil (T33 and CTL).
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Sulphur is important for the efficient use of nitrogen and other nutrients. Plants
absorb sulfur as sulfate (SO42-) which is readily soluble and subject to leaching,
and transform it into forms that can be used to build organic molecules. Sulfur is
required in all plant proteins, and it is used in the formation of chlorophyll and
certain hormones. It is also used in the formation of oils and volatile compounds,
especially in the onion and garlic family. The symptoms of sulphur deficiency
are similar to those of nitrogen. Moreover, since sulphur is moderately mobile
within the plant, deficiency symptoms usually start on the younger leaves and
progress over time to the older leaves, resulting in plants becoming uniformly
chlorotic. Sulphur deficiency symptoms start from the newest leaves whilst
nitrogen deficiency begins in the lowest leaves.
Sulphur content in plants depended upon the species. In Eleagnus
macrophylla it was lower in the mixed substrates (T33 and T50), though it
increased over time with a peak in September. In Viburnum tinus its
concentration was higher in plants grown in the mixed substrates.
Calcium is an important component of the cell walls and membranes and
influences the permeability of the cell wall. It is involved in cell growth and
participates in the translocation of carbohydrates and nutrients within the plant.
It is absorbed as Ca+2.
The sediments are rich in calcium, which may limit the availability of other
elements.
Magnesium is the primary component of chlorophyll, and is thus essential for
photosynthesis. It is also involved in protein synthesis and in the transfer of
energy within the plant. Magnesium is absorbed as Mg+2.
Magnesium is not deficient in the sediments and is also available to plants.

Micronutrients, functions and forms.
Iron is involved in photosynthesis, respiration, chlorophyll formation, and many
enzymatic reactions. The forms absorbed by plants is either Fe 2+ (ferrous cation)
or Fe3+ (ferric cation).
Iron is available in the mixed substrates and the content in plants increases
over the course of the seasons. Eleagnus macrophylla showed the highest
values in the mixed substrates whilst Photina x fraseri, despite increasing
until September, showed the lowest values in the mixed substrates in which
clay may reduce the bioavailability to plants.
Boron plays an important role in the movement and metabolism of sugars in the
plant and in the synthesis of plant hormones and nucleic acids. It also functions
in lignin formation of cell walls. Boron is taken up by plants primarily as H 3BO3
(boric acid) and H2BO3- (borate).
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Boron is not deficient in the sediments and is also available to plants.
Manganese is a component of enzymes and is also involved in photosynthesis
and root growth. Additionally, it is involved in nitrogen fixation. The primary form
of manganese uptake is Mn2+ (Manganous ion).
Limited to the first year, and contrarily to P. x fraseri and V. tinus, E.
macrophylla showed higher concentrations of Manganese in the mixed
substrates, though it showed also an increase particularly in CTL and T33.
However, Manganese was generally lower in the plants growing in the
mixed substrates, likely due to the higher clay content which provides
more sites of absorption, reducing the bioavailability to plants (Shuman
1975, Ghanem and Mikkelsen 1988, Barrow 1993, Qiao and Ho 1996).
Zinc is a component of many organic complexes and DNA protein. It is also
important in the activation of enzymes responsible for protein production and in
the formation of chlorophyll, as well as some growth hormones and seed
development. The Zn2+ cation is the predominate form taken up by plants.
In general, the plants grown on mixed substrates showed a higher content
of Zinc despite the fact that it was less available in the mixed substrates (at
high pH Zn is not soluble). Zinc availability has a reverse relationship with
phosphorous content in soil and in addition, it reacts with clay minerals.
Although strictly depending upon the kind of clay mineral (Robson 1993),
the different origin of control soil and decontaminated sediments may
influence the reaction between the ion and the minerals, and thus its
availability to plants. However, only Eleagnus macrophylla showed a
marked loss along the time in the mixed substrates, compared to control.
Molibdenum is involved in nitrogen fixation (conversion of N2 to NH4+) and
nitrification (conversion of NH4+ to NO3-), being part of the enzymes nitrogenase
and nitrate reductase and it is primarily absorbed as MoO42- (molybdate ion).
In general, the plants grown on the mixed substrates showed a higher
content of molybdenum.
Copper is also a component of enzymes, some of which are important for lignin
formation in cell walls. It is also involved in photosynthesis, being part of the
copper-protein (plastocyanin), and in plant respiration, besides processes
involving nitrogen. Copper is taken up as Cu2+ (cupric ion).
A species-specific response was observed for copper, which was higher in
E. macrophylla and V. tinus grown in mixed substrates than in those in CTL,
contrarily to P. x fraseri.
A fertilization plan should take into consideration the likely regular addition of
soluble fertilizers providing nitrogen and phosphorous.
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Heavy metals
Heavy metals are natural components of the Earth's crust and they cannot be
degraded or destroyed. To a small extent, they enter our bodies via food,
drinking water and air. As trace elements, some heavy metals (e.g. copper,
selenium, zinc) are essential to maintain the metabolism of the human body.
However, at higher concentrations they can lead to poisoning (Moreno et al.,
2006). Heavy metals are dangerous because they tend to bio-accumulate,
which means that their concentration in a biological organism increases over
time compared to the chemical's concentration in the environment – and they
are taken up and stored faster than they are broken down (metabolized) or
excreted.
Among metals, some (Zn, Fe, and Cu) are important nutrients to plants though
dangerous at high exposure levels (Nadal et al. 2004), and they have been
described in the previous section. In contrast, other metals such as lead (Pb)
and cadmium (Cd) have a high capacity to accumulate in the environment
(Newman and Clements, 2008).
Trace metals detected in leaves can be absorbed from the soil, via active or
passive uptake by plant roots (Tangahu et al. 2011) and translocated through
the xylem, but they can also accumulate on leaves through dry or wet
deposition or absorption. Environmental features like the proximity of pollution
sources, presence of barriers to wind circulation, weather and duration of
exposure, along with characteristics of the vegetation, all have an important
influence on the retention of particles. Leaf traits, presence of trichomes,
roughness, epicuticular waxes, specific leaf area, and stomatal density and gas
exchanges enhance the particle sequestration (Rossini Oliva and Mingorance
2006; Ataabadi et al. 2011; Liu et al. 2012; Cocozza et al. 2013) and heavy
metals deposited on the leaf can in turn remain on the surface or enter the leaf
tissues (Kabata- Pendias and Pendias 1992).
Analysis of unwashed samples allows for quantifying the deposition of metals
over leaf surfaces together with the content in their tissues; on the other hand,
sample cleaning allows distinguishing the composition within internal tissues due
to the translocation from soil to foliage or absorbtion by the leaf and
incorporation into the tissues. Washing techniques are several and various
(Oliva Rossini and Raitio 2003; Bargagli 1998; Monni et al., 2000; Ugolini et al.
2013).
The substrates recorded normal values of heavy metals, with the exception of
Cadmium (the most problematic of all studied heavy metals), Chromium and
Zinc (even though below the threshold values for industrial use) which were
higher in the mixtures at 33% or 50% remediated sediments, attesting to the
incidence of the sediment on them, particularly for Cd. It should be noted that
the pH of the substrates is basic, and for this reason, it is likely that those heavy
metals could be immobilized within the soil.
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Nevertheless, the soil used for the mixture presented a certain extent of
pollution, with Selenium and particularly Thallium above the allowable
thresholds, and its presence is most likely due to the land use where the soil was
dug. Indeed, it was taken from an old plant nursery and thallium was a basic
element in ratticides and insecticides which has subsequently been banned in
many countries.
However, the species can contribute to further remediation, especially during
the vegetative growth period, by absorption and translocation from roots to
other parts of the plant.
P. x fraseri for instance demonstrated a certain capacity to absorb Cadmium,
reaching the higher concentrations in T33 and T50 without symptoms, though
the concentrations were slightly higher than those found in other plants
(Anderson et al. 1999). Nickel, even though in very low concentrations, was
higher in the plants grown in the control soil, reflecting the content in the
substrate.
E. macrophylla demonstrated a capacity to absorb Arsenic and Strontium,
more present in the control soil, and in 2015 also Nickel (especially in plants of
T33 and CTL), like P. x fraseri.
V. tinus showed increasing concentrations of Cadmium, Lithium and Lead,
reflecting the concentration in the substrates (more in T50 than in T33 or CTL).
For those elements produced by external sources like traffic, and deposition on
surfaces (e.g. soil and leaves), the species demonstrated a certain capacity to
capture them that was related to the plant's physical characteristics. For
instance, E. macrophylla effectively captured Iron, Aluminium, Cadmium,
Chromium, Nickel, Lead, and Titanium, likely thanks to its wide leaves with starshaped flat and flaky scales – and V. tinus, with its small leaves characterized by
a kind of rough surface (though without hairs) captured pollutants like Nickel,
Thallium, Lead and Titanium.
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Table 7A, B, C. Element concentrations in young fully delevoped leaves of the three
species. Mean±standard errors are shown. Small letters indicate the significant
differences between substrates within the same date identified by ANOVA followed by
the post hoc Tukey test at P<0.05. (+) and (-) indicate the significant increase or
decrease between the dates within the substrate, evidenced by the T-test for
Independent Samples at P<0.05.
A
P x fraseri

09/06/2015

08/09/2015

CTL

T33

T50

CTL

T33

T50

Ca (g/100g)

0.68±0.05
b

0.92±0.04
a

0.81±0.07
ab

0.98±0.05
(+)

0.95±0.07

0.89±0.05

K (g/100g)

1.43±0.11

1.47±0.13

1.25±0.06

1.49±0.05

1.51±0.03

1.41±0.06

Mg (g/100g)

0.15±0.018

0.15±0.006

0.18±0.009

P (g/100g)

0.13±0.01
a

0.11±0.01
ab

0.08±0.007
b

0.2±0.005
(+)
0.27±0.03
(+)

S (g/100g)

0.13±0.01

0.12±0.03

0.07±0.01

0.21±0.007
(+)
0.21±0.01
(+)
0.08±0.003
(-)

Cu (mg/Kg)

13.94±2.52
a

8.7±1.35
ab

5.55±0.89
b

Fe (mg/Kg)

59.42±6.3

46.98±5.7

50.01±6.3

Mn (mg/Kg)

47.81±10.51

55.35±16.93

21.61±4.07

Mo (mg/Kg)

9.9±3.56

7.36±2.53

0.98±0.12

Zn (mg/Kg)

24.3±3.9
a

13.9±0.7
b

As (mg/Kg)

<0.1

Cd (mg/Kg)

0.08±0.004

0.19±0.0103
0.21±0.03
(+)
0.08±0.005

11.3±1.7

11.2±2.2

21.6±2.7
ab

182.6±62.9
a
38.5±4.3
a
1.17±0.09
b (-)
17.5±0.6
b

48±4.4
b
21.8±0.8
b
2.43±0.15
a
23.8±2.5
a (+)

14.4±1.6
(+)
44.2±2.9
b
19.3±1.4
b
3±0.29
a (+)
27.6±1.7
a

<0.1

<0.1

<0.1

<0.1

<0.1

2.6±1
a

0.25±0.06
b

1.71±0.47
ab

0.1±0.001
c (-)

0.42±0.04
b (+)

0.56±0.02
a (-)

Co (mg/Kg)

<0.5

<0.5

<0.5

<0.1

<0.1

<0.1

Cr (mg/Kg)

0.11±0.02

0.21±0.08

0.12±0.01

0.21±0.04

Na (g/100g)

0.009±0.002

0.005±0.001

0.006±0.001

0.47±0.13
(+)
0.02±0.003
a (+)

0.006±0.001
b (+)

0.25±0.05
(+)
0.02±0.004
a (+)

Ni (mg/Kg)

1.63±0.44

1.28±0.45

0.39±0.1

0.72±0.24

0.39±0.04

0.38±0.05

Pb (mg/Kg)

0.13±0.02

0.1±0.004

0.11±0.005

0.41±0.13

0.18±0.03
(+)

0.18±0.02
(+)

Sb (mg/Kg)

<0.5

<0.5

<0.5

<0.5

0.51±0.02

<0.5

Se (mg/Kg)

<0.1

<0.1

<0.1

0.1±0.004

0.13±0.02

0.12±0.01

Tl (mg/Kg)

1.25±0.36

1.49±0.43

2.08±0.51

8.58±0.39
a (+)

7.6±0.29
b (+)

7.8±0.35
b(+)

V (mg/Kg)

<0.5

<0.5

<0.5

0.65±0.09

<0.5

<0.5
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B

09/06/2015

08/09/2015

E.
macrophylla

CTL

T33

T50

CTL

T33

T50

Ca (g/100g)

0.82±0.05

0.89±0.07

0.86±0.13

0.9±0.04

0.83±0.03

0.87±0.05

K (g/100g)

1.51±0.09

1.39±0.1

1.32±0.07

1.34±0.06

1.22±0.05

1.4±0.07

Mg (g/100g)

0.16±0.013

0.17±0.02

0.18±0.008

0.16±0.007

0.14±0.01

P (g/100g)

0.11±0.007

0.13±0.01

0.1±0.009

0.15±0.008

S (g/100g)

0.13±0.01
a

0.1±0.02
ab

0.08±0.01
b

0.14±0.005
(+)
0.22±0.01
(+)

0.24±0.01
(+)

0.14±0.005
(-)
0.15±0.004
(+)
0.24±0.02
(+)

Cu (mg/Kg)

10.4±1.6

11.01±2.3

9.7±2.1

13.1±0.7

14.6±1.4

14±1.1

Fe (mg/Kg)

60.1±5

54.1±9.4

47.8±8.3

54.8±5.8

75.7±10.3

248±9.5
a
1.35±0.48
b
25.1±3.9
a

230.9±11.2
ab
15.45±5.68
a
15.3±1.8
b

200.1±14.8
b
0.96±0.24
b
17.4±1.3
ab

311.7±31
a
1.02±0.1
b
20.1±1.1

236.5±22.3
ab
6.85±1.1
a
22±2.4
(+)

75±4.4
(+)
218.8±13.4
b
8.52±1.31
a (+)
21.4±1.7

As (mg/Kg)

<0.1

2.65±2.56

<0.1

<0.1

<0.1

<0.1

Cd (mg/Kg)

2.45±0.92
a

<0.1
b

0.38±0.1
b

<0.1

0.14±0.026

0.14±0.023

Co (mg/Kg)

<0.5

<0.5

<0.5

<0.1

<0.1

<0.1

Mn (mg/Kg)
Mo (mg/Kg)
Zn (mg/Kg)

0.11±0.02

<0.1

0.11±0.01

1.11±0.4
(+)

Sb (mg/Kg)

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

Se (mg/Kg)

<0.1

<0.1

<0.1

0.14±0.02

0.1±0.004

0.15±0.05

Tl (mg/Kg)

1.1±0.28

2.1±0.67

2.64±0.5

8.2±0.7
(+)

6.2±0.8
(+)

6±0.6
(+)

V (mg/Kg)

<0.5

<0.5

<0.5

1.11±0.46

0.53±0.04

<0.5

Cr (mg/Kg)
Na (g/100g)
Ni (mg/Kg)
Pb (mg/Kg)

0.51±0.1
1.22±0.85
(+)
0.008±0.0009
0.013±0.002 0.011±0.0008 0.014±0.0009 0.018±0.003
0.016±0.002
(-)
1.46±0.39
1.85±0.66
0.24±0.07
2.86±0.26
2.76±0.22
2.86±0.39
ab
a
b
(+)
(+)
0.76±0.33
0.37±0.07
0.22±0.03
0.16±0.03
0.11±0.006
0.11±0.006
(+)
(+)
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C
V. tinus

09/06/2015

08/09/2015

CTL

T33

T50

CTL

T33

T50

Ca (g/100g)

0.75±0.06

0.96±0.09

0.98±0.12

0.49±0.03
(-)
1.20±0.05
(-)
0.19±0.01
(+)
0.17±0.012
(+)
0.14±0.004
b
10.82±0.72

0.49±0.03
(-)
1.14±0.07

0.55±0.02
(-)
1.27±0.07

K (g/100g)

1.46±0.09

1.37±0.08

1.23±0.06

0.14±0.01
b
0.11±0.003
a

0.15±0.01
b
0.14±0.012
ab

0.20±0.01
a
0.10±0.009
b

0.18±0.01

0.19±0.01

0.18±0.011
(+)
0.15±0.01
ab
11.41±1.15

0.18±0.007
(+)
0.16±0.003
a (+)
15.20±2.37
(+)

S (g/100g)

0.12±0.01

0.11±0.02

0.08±0.01

Cu (mg/Kg)

9.69±1.86

9.07±2.17

5.96±0.45

Fe (mg/Kg)

47.36±3.40

44.94±6.24

50.42±6.17

41.26±0.96

47.09±3.67

49.29±4.00

Mn (mg/Kg)

69.44±18.35

69.02±20.87

37.83±9.34

53.08±8.32
a
1.21±0.14
b
27.1±1.8
b (+)

35.65±3.3
ab
2.05±0.32
a
31.9±3
ab (+)

32.30±3.72
b
2.03±0.17
a (+)
41.88±1.7
a (+)

Mo (mg/Kg)

1.69±0.46

8.07±3.84

0.78±0.12

Zn (mg/Kg)

19.9±2.4

14.2±1.4

18.4±1.5

As (mg/Kg)

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

Cd (mg/Kg)

1.8±0.71
a

<0.1
b

0.25±0.06
b

0.15±0.03
c

2.43±0.31
b (+)

3.93±0.21
a (+)

Co (mg/Kg)

<0.5

<0.5

<0.5

<0.1

<0.1

<0.1

Cr (mg/Kg)

0.27±0.14

<0.1

0.13±0.02

1.17±0.53

0.24±0.08

Na (g/100g)

0.01±0.001

0.01±0.001

0.01±0.002

Ni (mg/Kg)

1.84±0.55

1.37±0.50

0.34±0.1

0.42±0.11
(+)
0.01±0.001
c (-)
1.23±0.15

Pb (mg/Kg)

0.14±0.03

0.14±0.03

0.16±0.02

Sb (mg/Kg)

<0.5

<0.5

Se (mg/Kg)

<0.1

Tl (mg/Kg)
V (mg/Kg)

Mg (g/100g)
P (g/100g)

0.03±0.002
b (+)
1.66±0.32

0.04±0.002
a (+)
1.22±0.09
(+)
0.22±0.02

0.67±0.25

0.38±0.10
(+)

<0.5

<0.5

<0.5

<0.5

<0.1

<0.1

0.10±0.01

<0.1

<0.1

0.6±0.07
b

1.59±0.43
b

3.78±0.37
a

5.85±1.08
(+)

7.15±0.92
(+)

6.38±0.42
(+)

<0.5

<0.5

<0.5

1.02±0.39

13.3±12.67

<0.5
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Other likely suitable ornamental species
In addition to the species tested in the CLEANSED demonstration trial, other species
might be suitable for amended soil with remediated sediments (figure 14).
Therefore, we list below some species that, particularly in relation to their degree of
rusticity, water requirements (e.g. well drained soils and being drought resistant),
preference for soil pH (neutral-alkaline) might be planted on soil-sediment
substrates.
Obviously, in relation to the specific region and site further knowledge is needed
(e.g. humification degree, sunlight exposure, fertilization etc.).

A)

B)

C)

D)
E)

F)

G)
H)
I)
J)
K)

L)
M)

Acer palmatum (spp.) requires loose and well drained soil. It is
usually fertilized once a year with manure or compost. There are
some selections attractive for their red dissected foliage.
Abeliophyllum distichum grows in all types of soil that are not too
moist. White, pink tinged, moderately fragrant flowers appear
before leaves in spring. Plant is generally multi-stemmed with
arching branches. White forsythia are moderately drought tolerant.
Berberis spp. is a rustic species that usually grows on any type of
soil, even poor and stony. It prefers a subacid to sub alkaline pH.
Berberis thunbergii f. atropurpurea 'Helmond Pillar' is a very
common species used in urban environments and needs full sun to
develop best foliage colour. It tolerates many pollutants and is also
drought tolerant.
Buddleja spp. prefers calcareous soil and is drought resistant. Some
species are great colonisers of dry open ground.
Cistus spp. requires open sunny places and is able to thrive on poor
sandy soils or rocks. It prefers well drained sub-alkaline soils and is
drought resistant.
Cornus nuttalii prefers soil that is moist, deep, relatively stone-free,
well-drained and high in organic matter and nitrogen. Established
trees are drought resistant and generally do not require summer
watering.
Cornus kousa prefers well-drained and loose soils with pH
preferably neutral.
Cotinus coggygria prefers well-drained soils and grows under less
than ideal soil and water conditions. It is also drought resistant.
Cotoneaster spp. needs full sunlight and perfect drainage. It can
grow in clay soils if well drained without waterlogging.
Eugenia spp. prefers fertile and well drained soils. It can take full
sunlight and is drought resistant.
Euonimus spp. prefers moist fertile and well drained soils without
waterlogging. It is drought resistant, though prefers moist soils. It
grows from full sunlight to partial shade.
Heptacodium miconioides is a frugal species that grows on a
variety of well drained soils.
Hibiscus spp. prefers fresh soils rich in humus and well drained.
Nevertheless, it is also drought and waterlogging resistant.
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N)

Lantana spp. prefers moist and well drained soils. It can grow in full
sun but also in partial shade.
O)
Lavanda spp. prefers a well-drained soil, well-irrigated and with
clay and alkaline characteristics.
P)
Mirtus communis is a species that is drought resistant, though for
short periods. It prefers fertile and well drained soils.
Q)
Nerium oleander is tolerant of poor soils but prefers soils rich in
organic matter and without waterlogging. It is drought-resistant. In
order to get a rich blooming, it should be watered during the
summertime.
R)
Peonia suffruticosa prefers deep moist calcareous soil. The plant
blooms best in dappled shade and when grown in full sun, it is
essential to provide adequate moisture to the plant.
S)
Pistacia lentiscus prefers fertile well drained soils and it tolerates arid
areas.
T)
Pittosporum tobira is a drought-tolerant and fairly hardy
landscaping plant. This species has no special needs and can grow
on dry sandy soils.
U)
Prunus laurocerasus is a species with no special needs. It can grow
on many soils, from acid to alkaline and from dry to moist soils.
V)
Quercus ilex grows on poor and calcareous soils but it does not
tolerate clay soils. It is drought resistant.
W)
Rosmarinus officinalis is a species with no special needs and grows
even on dry calcareous soils.
X)
Spirea spp. has no special needs. It can grow on any kind of soil,
even calcareous.
Y)
Teucrium chamaedrys is a species with no special needs. It can
grow on dry soils.
Z)
Weigela spp. has no special needs. It can grow on any kind of soil,
even though it prefers well drained soil and not too calcareous.
AA) Agave spp. comes from warm regions of central America. It does
not have special needs and is resistant to both drought and cold.
BB) Aloe spp. prefers well drained soils because it does not tolerate
waterlogging.
CC) Juniperus spp. is a frugal genre, with some species very toleratant
to poor and dry soils.
DD) Thuja occidentalis prefers well drained and calcareous soils.
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Figure 14 Pictures of the shrubs suggested to cultivate in the substrates with sediments. A) Acer
palmatum (spp.); B) Abeliophyllum distichum; C) Berberis spp.; D) Buddleja spp.; E)Cistus spp.; F)
Cornus nuttalii ; G) Cornus kousa; H) Cotinus coggygria; I) Cotoneaster spp.; J) Eugenia spp.; K)
Euonimus spp.; L) Heptacodium miconioides; M) Hibiscus spp.; N) Lantana spp.; O) Lavanda spp.;
P) Mirtus communis; Q) Nerium oleander; R) Peonia suffruticosa; S)Pistacia lentiscus; T) Pittosporum
tobira; U) Prunus laurocerasus; V) Quercus ilex; W) Rosmarinus officinalis; X) Spirea spp.; Y)
Teucrium chamaedrys; Z) Weigela spp.; AA) Agave spp.; BB) Aloe spp.; CC) Juniperus spp.; DD)
Thuja occidentalis.
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4 Evaluation of operations and plants at the final harvest
Plant harvesting is usually done for different reasons, e.g. for thinning the plants
inside the field-grown plantation, or for transplanting the plants in containers before
sale or for preparing balled and burlapped plants for sale. Plant extraction from soil
is also called rootballing and consists in modelling the soil around the root flare, at a
certain distance and soil depth, in order to include the plant roots. Since part of the
root system will remain on the ground, the structure and stability of roots which will
be inside the rootball are important as well as the maintenance of plant vitality
during the whole operation, to guarantee transplanting success afterwards.
Rootballing is done in the winter, during the vegetative rest to reduce stress by
water need and risk of root desiccation after extraction (Harris and Bassuk 1993;
McKay 1997; Mena-Petite et al. 2001) and during the transfer to the final destination
(e.g. landscape).

4.1 Root ball assessment
In the CLEANSED demonstration trial the plant extraction was done manually, in
October-November, when the substrates had a soil moisture content of about 2530%. The operation was particularly difficult due to the level of the wooden frames
higher than the ground.
The assessment of the root ball was done visually by observing any deformation
and breakage occurring from extraction to placement on the surface. The criteria
used for assessing the quality of rootballing are listed in figure 15.
Soil texture plays an important role for the characteristics of the root ball: for
instance, high clay content ensures compaction and lower deformation of the soil
around the roots, in contrast to sandy soils which are looser and deform the root
ball and increase the risk of desiccation.

Plant harvest should be done when the plants are in the winter rest (e.g.
from October until February in Mediterranean areas) and with moist soil
(e.g. three/four days after a rain period), which is beneficial for the root
apparatus and for operating with a more cohesive soil.
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Figure 15 Root ball assessment form used in the CLEANSED experiment.
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The assessment and the images of root balls of the three tested species are
reported in table 8. The best performance was observed in the control soil, whereas
the worst performance was observed in the T50 substrate in which root balls were
mostly impaired. In the T33 substrate root balling resulted in intermediate quality,
allowing for burlapping operation.

CTL

T33

T50

Photinia x fraseri
var. Red Robin

SWC % = (FWsDWs)/DWs
Resistance to
penetration (Kg cm-2)
Deformation &
Breakage

32

31

26

1.3±0.4 a

0.7±0.2 b

0.5±0.1 b

Very compact. It
deforms without
breaking

Rather compact.
It breaks in a few
blocks for 30%

Little compact. It
breaks in blocks
for 60%

34

28

32

0.8±0.2

0.8±0.3

0.7±0.2

Rather compact.
It deforms without
breaking

Rather compact.
It breaks in a few
blocks for 30%

Little compact. It
breaks in a few
blocks for 60%

36

32

26

0.9±0.1

0.8±0.2

0.9±0.2

Eleagnus macrophylla
L.

SWC % = (FWsDWs)/DWs
Resistance to
penetration (Kg cm-2)
Deformation &
Breakage

Viburnum tinus L.

SWC % = (FWsDWs)/DWs
Resistance to
penetration (Kg cm-2)

Very compact. It
Rather compact.
Little compact. It
deforms without
It breaks in a few
breaks in a few
breaking
blocks for 30%
blocks for 60%
Table 8 Root ball evaluation for the tested species in the CLEANSED project after two
years of cultivation.
Deformation &
Breakage
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The size of the root ball generally depends on the stem diameter or
circumference, although it can be affected by factors that are difficult to
observe and quantify such as the habitat of the plant, root apparatus size
and distribution. There are quasi standard criteria for making root balls for
trees: in Italy for instance it is established that the root ball should be wide
and deep, at least 2-3 times the stem circumference (ISA, 2016).
For shrubs, although minimum ball size is not a required specification, the
size should always be wide and deep enough to encompass all the fibrous
and feeding root system necessary for full recovery of the plant. The
American Nursery & Landscape Association (2004) has set minimum root
ball diameters for multi-stem trees, determined mostly by height and caliper
measurements. Root ball size (converted into metric units) is reported in
table 9.

Table 9 Size of the root ball for shrubs and multi-stem trees from the
American Nursery & Landscape Association (2004) converted into the
metric system.
Plant extraction from soil can be done manually with a spade if plants are
young or small size, or mechanically with a root balling machine for large
size plants.
In case of shrubs with several shoots from the stem base, the following
actions make the process easier: 1) tie the canopy in order to ease the
operation; 2) remove dead leaves and shoots from the base of the plants;
3) make a groove around the plant identifying the root ball circumference;
4) make the root ball smooth, with non ripped roots; 5) burlap the root ball
for keeping the soil around the roots.
Extracted plants should be transplanted in a short time to prevent stress due
to the canopy transpiration and loss of roots. For this reason, it might be
useful to reduce the canopy to a size proportioned to the root apparatus
and place the plants in shade and keep the root ball moist.
The poor root balling performance in the T50 substrate could be of benefit
in case of transplanting within the nursery or into containers because the
time lapse between extraction and transplanting must be limited to a few
hours.
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4.2 Root assessment
Root balling allows for a superficial root assessment, mainly analysing root defects
and distribution since part of the roots are lost in the ground. In general, root
defects derive from the initial nursery stages, when the seedling or saplings are
grown in pots.
Once root defects are formed, they can be corrected by pruning, taking away the
defect or shaving all around the root ball at the moment of transplanting in the
open field.
Some of the most common root defects are roots circling close to the trunk, kinked
roots and stem girdling which impairs the plant stability even many years after
transplanting to the final destination.
In the CLEANSED demonstration trial, the two-year plants grown in the wooden
frame boxes were assessed in terms of root characteristics using the list of
parameters shown in figure 16.
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Figure 16 Root assessment form used in the CLEANSED experiment.

The root defects, mainly originating in the first nursery stages in containers, elicited
the presence of many peripheral roots and circling roots, particularly in E.
macrophylla.
The presence of sediments seemed also to exacerbate some defects that in fact
could be removed at the moment of the former transplanting. For instance, kinking
(generated by the presence of hard objects like stones, clay aggregates, or other
roots interfering with root extension) was observed mainly in T50 for E. macrophylla
and in T50 and T33 for P. x fraseri. In contrast, in V. tinus defects were mostly in the
control, more compact substrate, where actually no plants showed good root
structure and growth. In all species, the best root distribution was observed in T33
and root growth appropriate to the species in T33 and T50 (table 10, figure 17).
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Viburnum
tinus L.

Eleagnus
macrophyll
a L.

Photinia x
fraseri

CTL

T33

T50

α value

Circling roots

75 a

50 b

50 b

α<0.005

Kinked roots

0b

0b

38 a

α<0.005

Uniform distribution

38 b

63 a

38 b

α<0.005

Appropriate growth

88 b

88 b

100 a

α<0.01

Circling roots

50

50

50

Kinked roots

25 b

63 a

50 a

α<0.005

Uniform distribution

63 a

50 ab

38 b

α<0.005

Appropriate growth

63 b

88 a

75 ab

α<0.005

Circling roots

88 a

50 b

63 b

α<0.005

Kinked roots

50 a

13 c

25 b

α<0.005

Uniform distribution

75

63

75

Appropriate growth

0b

75 a

88 a

α<0.005

Table 10 Percentage of plants per species with defects. Chi squared analysis was done
for identifying significant differences between percentages within the species.

Figure 17 Root apparatus of the three species in the three treatments. A) Photinia x
fraseri; B) Eleagnus macrophylla L.; C) Viburnum tinus L..
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5 Transplanting and destinations
Nursery productions mainly serve the urban green infrastructure (garden, street
trees, parks etc.) with widely acknowledged collective benefits (European
Commission 2013).
Transplanting success and establishment in the landscape is dependent on a chain
of events starting from propagation and production and continuing through
harvest, shipping, site maintenance, transplanting and aftercare (Struve 2009). As
such, the initial nursery stock has to be of good quality.
During plant placement, due to either low organic matter content or heavy texture
and high bulk densities, urban soils can severely limit the plant root growth, nutrient
uptake and gaseous exchange. Moreover, compacted urban soils show poor
drainage and sealing, posing serious challenges to urban tree curators. Therefore,
planting to final destination is a critical step mainly due to possible water stress that
can impair the root function and affect the whole plant vitality. Soil pH can also be
critical: in fact, soils with alkaline reaction are rather common in urban and
industrial environment, with pH values ranging from 7.77 to 9.95 (Sukopp et. al.;
1979; Kelsey 1994). This is mainly caused by the substrates used for making urban
soils that often contain large amounts of calcareous construction rubble. The
alkaline reaction results in an impact on urban plants, due to reduced nutrient
availability, particularly of P, Fe, Mn, Cu, Co and Zn (Messenger 1986; Ware 1990).
Plant nursing in soil-sediment substrates may help to acclimate the plants to fertility
imbalance, particularly for P, and prevent the related deficiency symptoms such as
chlorosis.
Planting is typically done in the winter, when the plants are metabolically resting.
Balling and burlapping likely make the plants less vulnerable than bare rooting
because of the positive soil/root interaction that persists within the root ball, but this
technique requires special machinery and tools suitable for transportation because
the plants can be of considerable size and weight. We have observed that the
presence of sediments, especially in a proportion as high as 50%, impairs the root
ball, with a consequent need of further attention like collecting all dropped soil in
the burlap and keeping moist the roots. On the other hand, it may facilitate the
operation of shaking soil from the root ball when the plants have to be transplanted
in containers or sold as bare rooted plants.
There are some studies that affirm the success of bare-root transplanting (Bassuk
2000; Buckstrup & Bassuk 2000; Hensley 1993) and its low cost (Yang & Mcbride
2003). Most commonly sold bare rooted trees include many deciduous species like
fruit trees and roses that must be planted directly in the ground during dormancy,
to suffer minimal transplant shock. Therefore, the remediated sediments could be
used mixed with soil for the production of plants that will be sold bare rooted.
Another use of remediated sediments might be within the in-ground nursery
production cycle, when vegetal material has to be transplanted in growing beds
(Mason 2004) or in containers (figure 18).

44

Deliverable D7,CLEANSED manual for the use of decontaminated sediments in plant nursing

When the plant is placed in soil, the root ball may interfere with the time
that new roots need to explore the soil outside the root ball (Harris & Gilman
1993).
Transplanting can be done with balled and burlapped plants, but also with
bare roots. The technique of planting bare root plants is undoubtedly
cheaper (Yang & Mcbride 2003), and following proper care with minimal
transport time, seems to report high rates of survival after transplanting
(Bassuk 2000; Buckstrup & Bassuk 2000; Hensley 1993).
Therefore looser substrates, like those with a certain percentage of
remediated sediments, might be considered suitable for this kind of
technique.
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Figure 18 Early stage growing beds and transplanting to containers (A, B) may require
looser substrates. Trees in urban green areas (C) usually face soil compaction that may
be remediated by using looser substrates. Substrates with remediated sediments may
be used in urban green infrastructures (D) and industrial green areas.
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6 Perspectives for the use of remediated sediments in plant
nurseries
6.1 Legislation behind the use of dredged sediments
It is important to underline that currently sediments of any origin are classified under
the European Waste Code CER 170505 for dredged sediments containing
hazardous materials, and under CER 170506 for all the other dredged materials.
While sediments containing hazardous materials must undergo appropriate
treatment and be landfilled, recent changes in the environmental legislation (e.g.
Nation Legislative Decree 205/2010) following the EU ‘End of waste’ Directive
(Directive 2008/98/EC) has allowed changing the label of the non-hazardous
dredged materials to non-waste materials (e.g. excavation materials), and allowed
inclusion of non-hazardous dredged materials as the by-product. However,
because the process leading to the production of dredged material does not fulfil
the typical definition of by-product, dredged materials are still managed as typical
non-hazardous wastes, and are generally stockpiled within specific restricted areas
or re-flown back to the sea or rivers. However, the re-use of dredged sediments is
allowed if these materials pass a list of specific threshold values for a series of
elements and substances determined with official methods. In particular, the
threshold values to be met are: water content < 80%, total hydrocarbons < 30 mg k 1, PCB < 0.01 mg k-1, PAH < 1 mg k-1, organo-chlorinated pesticides < 0.01 mg k-1,
total coliforms < 20 MPN, Salmonella absent in 5 l volume. The process of leading to
the change of labelling from waste to by-product (the end-of-waste status) are set
out in the 2008/98/EC Directive.
The CLEANSED demonstration activity was split in actions that met the criteria
suggested by the end-of-waste Directive to convert a waste in a recycled usable
product. In fact, the dredged sediments were:
i)

treated to lower the total concentrations of organic and inorganic
contaminants to levels allowing their use for revegetation of industrialized
areas,

ii) used for the specific scope of replenishing the soils of nursery farms taken
away by root balling activities,
iii) used after remediation to fulfil the demand for suitable amendments for
restoring the fertility of plant nursery soils,
iv) after remediation, suitable for growing ornamental plant species,
v) after remediation, in a form which did not result in ecological toxicity nor
increase the risks for ecosystem and human health.
Soil amendment and plant growth substrates used in agriculture and plant nurseries
must be analyzed with the standard methods listed in the National Decree D.Lg. n°
217/ 2006 ‘A plant growth substrate is a matrix different from soil, consisting of one
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or more organic and/or inorganic components, used for growing plants’, which
are the following:

Physical properties
Sample preparation for physical and chemical analyses (EN 13040)
Bulk density (dry), air volume, water volume, shrinking coefficient and
total porosity (UNI EN 13041)
Permeability (DIN 18035-4)
Substrate quantity (EN 12580)
Chemical properties
Methodology: CEN/TC 223
pH value (EN 13037)
Electric conductivity (EN 13038)
Organic matter and ash contents (EN 13039)
Water soluble nutrient concentration (EN 13652)
Cation exchange capacity using BaCl2 and triethanolamine at pH 8.2
(method XIII.2 official methods of soil analysis, DM 13/09/1999, MIPAAF)
Total concentration of Cd, Cr(VI), Cu, Ni, Pb, Zn (EN 13650) and Hg (ISO
16772)
Biological properties
Effects on plant growth using Chinese cabbage (UNI EN 16086-1)
Effects on plant growth using Chinese cabbage (UNI EN 16086-2)
Phytotoxicity test (ISO 11269-1)
Total biological activity using oxygen consumption rate (16087-1) or
calorimetry (16087-1)
Human pathogens
Escherichia coli enumeration (ISO 11866-3)
Salmonella spp. enumeration (ISO 6579)

The materials that can be officially used as soil amendments and plant growth
substrates (table 11) are listed in the National Legislative Decree 75/2010 ‘reorder
and review of discipline on fertilizers in compliance with article 13 the Law 88/2009.
The norm applies to:
a) products introduced on the market as EC manures, defined from the regulations
(EC) n. 2003/2003;
b) national manure, amendments, correctives and related marketed products.
These products are: National composts, soil amendments, soil correctives,
cultivation substrates, organic matrices for producing organo-mineral composts,
products with specific action, fertilizers.
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Amendments

Mineral matrices

Other matrices

Manure

Clay

Polyurethane foam

Artificial manure

Expanded clay

Green uncomposted
amendment

Lapillus

Green composted
amendment

Rock wool

Mixed amendment

Expanded perlite

Acidic peat

Pumice

Neutral peat

Sand

Humified peat

Tuff rock

Leonardite

Expanded vermiculite

Lignite

zeolites

Biochar DM (22/06/2015)
Table 11. Materials admitted by the Italian National Decree 75/210, listed in Annex 4.
Origin and properties of the listed materials are in Annex 2 of the National Decree
75/210. Updated April 2016.
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6.2 Perspectives for the use of remediated sediments
The current legislation on soil amendments and plant growth substrates does not
admit the use of sediments, in any agricultural sector, even if unpolluted and
previously treated to enhance their physical-chemical properties. However,
following the indication of the current environmental legislation on the excavation
materials, and based on the chain of actions of the AGRIPORT and CLEANSED
projects, we propose a basic scheme of implementation of the plan for the use of
dredged sediments in plant nursery production:
1. Primary storage of the dredged sediments on site for de-watering and first
physical and chemical characterization and monitoring. Contaminated
sediments are managed according to the current environmental legislation.
2. Non-contaminated sediments are placed in suitable areas for
phytoremediation treatment according to the AGRIPORT technology.
Phytoremediated sediments are regularly monitored for estimating the
treatment time and eventually correcting the remediation process.
3. On-site landfarming for a suitable time to ensure optimal homogenization of
the treated sediments prior to their use.
4. Certification of the remediated sediments as by-products through the
prescribed physical, chemical and microbiological tests, and according to
the current legislation, to guarantee the full traceability of the product.
5. Transportation of the remediated sediments to the nursery farms and their
use as soil amendments according to the local guidelines and soil
properties.

Currently, the CLEANSED partners have established contacts with the AIPSA, the
Association of Italian Producers of Growth Substrates and Amendments, in order to
begin the authorization procedure to be submitted to the Italian Ministry of
Agricultural, Food and Forestry Policies.
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7 In synthesis
Results
CLEANSED sediments make the substrates looser, improving water
infiltration and drainage
CLEANSED sediments are also a source of nutrients for plants and
improve the soil biological activity
Eleagnus macrophylla and Photinia x fraseri show similar growth in the
three substrates, whilst Viburnum tinus has an enhanced growth in sediments
Recommendations
Improve substrate structure homogeneity by disaggregating large
aggregates of the original material (>20 cm in size)
Mix accurately the sediments with alluvial soil of different texture (the
alluvial soil should be silty-loamy).
Take care to control the water irrigation rate because of the likely
higher potential evapotranspiration
Choose suitable species such as those which require well drained soils
and are water stress tolerant, possibly with a dense and fibrous root
apparatus
Plant out the plants during the winter rest.
Make the root ball extraction in a range of soil moisture around 30%.
Collect the soil dropped during the extraction in the burlap, and
transplant in the landscape immediately after the planting out.
Applications
Cultivation of species within the in-ground nursery production cycle
(that need to be transplanted in the field or in containers.
For sale of balled and burlapped plants (particularly for fibrous root
species), take care to collect all dropped soil in the burlap and moisten the
root ball)
For sale of bare rooted plants.

We are confident that remediated sediments have the potential to be applied in a
real context, though we are aware that more experiments are still needed
especially to i) improve the remediation for certain elements; ii) test the response of
further species and in different percentages of sediments ii) test the properties of
substrates using other types of alluvial soils, iii) test the plant vitality in relation to the
water relationship at the interface between the root ball made of new substrate,
and the soil in the field or in the landscape.
The mixed substrates have still to be tested as backfill of the planting holes.
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8 Further applications for the Cleansed sediments
Forestry nursery
CLEANSED sediments have been tested for assessing their suitability in forestry
nursery. The experiment aimed to assess germination and growth of Quercus ilex L.
acorns on different substrates with a certain percentage of remediated sediments
(33%, 66%, 100%) compared to the traditional substrate (50 perlite : 50 peat by
volume) and to alluvial soil. Data at the time of this report are under elaboration,
but preliminary observations have shown the higher survival rate for the plants
growing in substrates with remediated sediments compared to those growing in
substrates with more alluvial soil and even to traditional substrates.

Agriculture
Marine sediment remediated with the same AGRIPORT (phytoremediation) and
CLEANSED (landfarming) strategies will be used in the European project HORTISED
LIFE 14 ENV/IT/113 to demostrate their suitability for safe and sustainable horticulture
production.
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