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3. Executive Summary  
This report summarizes the activities carried out within the LIFE SUBSED project ñSustainable 

substrates for agriculture from dredged remediated marine sediments: from ports to potsò 

(LIFE17 ENV/IT/000347) from its beginning (01/10/2018) to its end (30/09/2022).   

 

The main aim of the SUBSED project is to demonstrate the suitability of a waste (the dredged 

marine sediment) for producing a commercial substrate through the application of 

environmentally and economically sustainable techniques.  

This project further exploited the results achieved during various previous EU projects 

(AGRIPORT - ECO/08/239065/S12.532262, CLEANSED ï LIFE12 ENV/IT/000652 and 

HORTISED -LIFE14 ENV/IT/000113), which validated different approaches for sediment 

reuse and demonstrated the suitability of phytoremediation for remediation of moderately 

polluted sediments to be used as ingredient for sustainable growing media for ornamental plants 

and food crops. LIFE SUBSED started from this legacy to confirm and define more in detail 

the formulation of a sediment-based commercial substrate to be offered to nursery, horticulture 

and floriculture. 

 

One of the pillars of the LIFE SUBSED project is the review of EU and National regulations 

on the use of sediments for plant nursery. There is a wide legislation on the management of 

dredged sediments and on the substrates usable in agriculture, but this is non harmonized at 

international level and poses relevant barriers to the application of sustainable approaches for 

the reuse of waste in agriculture. For example, the original SUBSED proposal did not take in 

consideration the need for an authorization for the demonstration trials, due to the non-

hazardous nature of the sediments. Nevertheless the Italian legislation, for each type of waste, 

requires a specific authorisation even for experimental trials, as stated in D.Lgs. 152/2006 art. 

211; the difficulties encountered during the authorisation request caused a one-year delay, 

demonstrating the rigidities linked to the bureaucracy and the overcomplicated norms. During 

the last phase of the project, an additional trial has been implemented to validate an End of 

Waste strategy that allowed ï after a proper treatment carried out by an authorised plant ï to 

reclassify the sediments from waste to by-product, allowing their use in agriculture and 

overcoming the possible legal barriers. At the end of the project, a final and updated review of 

the legal framework has been carried out. 

 

From the technical point of view, the marine sediments dredged from the Leghorn port and 

already phytoremediated using AGRIPORT technology have been subjected to three months 

landfarming process. The landfarming was carried out in the demonstration basin of the 

previous AGRIPORT project in Leghorn port. This treatment was aimed to: 1. homogenize the 

substrate, 2. increase the biological activities and, as a consequence, 3. further reduce the 

organic contamination levels, in order to obtain a substrate suitable for plant growth. The 

process has been deeply monitored, and sediments were periodically collected and 

characterized from a chemical, biochemical and toxicological point of view. 

After landfarming, sediments were mixed with peat or coconut based commercial substrates to 

produce SUBSED substrates and start the project cultivation trials; nursery plants (laurel, olive 

and Citrus), flower plants (calla lily and Protea) and food crops (blueberry, wild strawberry, 

basil and Citrus) were grown on sediment-based substrates to assess their agronomic 

performances and validate their use in agriculture production. Citrus trials have been carried 

out in Spain, at UMH and Caliplant facilities, while the other trials have been carried out in 

Italy (Pescia and Montecarlo nursery district). 

The data monitored and collected during the cultivation trials allowed to achieve the full 

validation of the use of sediment for the production of sustainable substrates to be used in the 
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professional agriculture sector.  

 

Through a LCA analysis, the environmental impact of the proposed solutions has been 

evaluated: the results obtained confirmed that the SUBSED substrates are more 

environmentally sustainable compared to the traditional ones. To prove the economical 

sustainability of the proposed solutions, the SUBSED consortium developed a Business Plan 

that analysed the current context and proved the profitability of the business model proposed. 

 

In order to guarantee the replicability, transferability and sustainability of SUBSED solutions, 

the consortium organized 4 workshops (open to stakeholders, policy makers and citizens) and 

2 technical courses (specifically designed for agronomists and technicians/operators working 

in the waste and agriculture sectors). Thanks to these events, approx. 400 subjects have been 

directly involved and engaged in LIFE SUBSED solutions. A manual containing guidelines 

about sediments, sediment-based growing media and their use in agriculture has been produced 

and distributed during the project events and through the SUBSED website. 

 

Finally, in order to increase awareness about the environmental problems addressed and the 

solutions proposed, an extensive dissemination and communication campaign was organized 

and carried out. Despite the strong and unpredictable impact of the COVID-19 pandemic, the 

SUBSED beneficiaries participated in more than 45 international events, produced and 

distributed around 12 500 leaflets and 14 500 branded gadgets, published around 45 scientific 

and general articles and reached thousands of subjects through the project website and social 

profiles. Furthermore, various policy makers have been contacted for arise their awareness 

about the regulatory rigidities currently present, that slow down the transition towards circular 

economy solutions. Finally, the beneficiaries cooperated with other funded projects and 

stakeholders relevant to the sectors involved (associations, company representatives, etc.) to 

build a network for the active exchange of knowledge and experiences and the creation of 

synergies. 

 

The COVID-19 pandemic has strongly impacted the original plan of the SUBSED project, with 

slowdowns due to the lockdowns and forced closures of companies and research institutions, 

and to the restrictions on mobility and live interactions that have greatly hampered 

dissemination activities. In any case, the SUBSED project ï thanks to a 12-months extension ï 

managed to complete all the activities foreseen, even carrying out some additional activities not 

foreseen but which had a strong added value for the project. 

 

In conclusion, during the 48-month long SUBSED project, the following main objectives have 

been achieved: 

- To demonstrate the suitability of marine sediments to produce sustainable growing media 

(alternative to the peat-based ones) able to meet market standards and have performances 

worthy of the professional market. 

- To demonstrate the environmental and economic sustainability of the solutions proposed 

through the LCA analysis and the SUBSED Business Plan. 

- To guarantee and encourage the replicability and transferability of the proposed solutions 

thanks to the workshops and technical courses organized and the guidelines produced and 

distributed. 

- To increase the awareness of general citizenship and specific targets (i.e. policy makers, 

stakeholders, etc) about the need to solve the environmental problems addressed and to 

update the regulatory framework to remove the current barriers and facilitate the transition 

towards eco-sustainable solutions.  
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4. Introduction 

4.1 Environmental problem/issue addressed.  

Sediments are dredged periodically from ports, harbours and waterways to guarantee free 

navigation and docking, prevent flooding and reduce the pollution load of water bodies. In fact, 

sediments are a sink of inorganic and organic pollutants directly released into waters or reaching 

water-bodies trough leaching and leakage of contaminated soil. Several International 

Conventions (e.g. OSPAR) and the EU ñWaste Directiveò have progressively encouraged the 

reuse of dredged sediment, but currently there is no specific management for dredged 

sediments, leading to disposal of dredge spoils to landfill, open water, or nearby the water 

bodies without any appropriate intervention. The relocation of dredged sediment in sectors of 

production, such as agriculture, appears problematic due to the possible transfer of 

contamination to soil, plant and humans. Among the different restoration techniques, 

phytoremediation and landfarming (Masciandaro et al., 2014; Doni et al., 2015) has been 

proven to be a sustainable management option for remediate sediments contaminated by 

inorganic and organic pollutants potentially allowing their productive re-use in important 

productive sector, according to the principle of the circular economy. Accordingly, dredged 

remediated sediments have already been successfully used as growing media for producing 

ornamental and food crops (Mattei et al., 2018; Tozzi et al., 2019). In fact, horticultural and 

nursery sectors are currently based on the massive use of peat, which have led to the peatland 

exploitation and consequently to the exploration of other innovative renewable materials, 

including dredged sediments. 

4.2 Hypothesis demonstrated and verified by the project.  

LIFE SUBSED demonstrated the suitability of the innovative sediment-based substrates for the 

production of growing media for the cultivation of both food and non-food crops. Trough 

demonstration trials (located in Italian and Spanish experimental centre and nurseries), the 

performances of the sediment-based substrates have been compared to the ones of the 

commercial peat-based growing media, widely used as standard by the nursery industry. 

Moreover, LIFE SUBSED explored in detail legislative issue and cultural issues for hindrance 

in the use of innovative substrates in agriculture and produced guidelines for a safe and 

sustainable use of sediments as substrate ingredient. 

4.3 Description of the technical/methodological solution. 

LIFE SUBSED used sediments phytoremediated using AGRIPORT technology and 

landfarmed according to CLEANSED project. Phytoremediation and landfarming allowed to 

reduced level of inorganic and organic pollutants and increased the microbiological activity, 

converting sediment into a valuable substrate able to support growth and production of several 

plant species as previously demonstrated in HORTISED. During the demonstrative trials 

carried out, the consortium assessed the performances of sediment-based substrates (mixed in 

various proportions with peat, coconut fibre and wood fibre) and the use of different irrigation 

regimes to find the best one for each specific substrate. Substrates have been characterized by 

several physical, chemical and biochemical properties at the beginning and at the end of the 

plant cycles. The experimentation focused on the nursery production, aimed at both propagation 

and production of various plant species for ornamental and food use. In detail, the plants used 

are i) laurel, a typical and very diffuse evergreen ornamental with a very fast plant growing; ii ) 

calla lily and king protea, which represent important nursery products for cut flower and potted 

plant sector; iii ) citrus, olive, wild strawberry, blueberry and basil, important food crop species 

well adapted to the Mediterranean countries, but characterized by different growing seasons 
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and needs. All crops have been monitored according to the production destination, during the 

various stages of germination, rooting, hardening, vegetative growth, flowering, and fruiting by 

means of morphological and physiological analyses. The nutritional and nutraceutical 

characteristics of the edible parts and the eventual presence of contaminants in fruits and other 

edible parts of plants have also been assessed. Finally, the Life Cycle Assessment and the 

Business Plan developed confirmed the sustainability of the LIFE SUBSED products from the 

economic and environmental point of view. The dissemination activities carried out allowed to 

reach relevant policy makers and stakeholders, professionals, national farmer associations and 

citizens in Italy and Spain. 

4.4 Achieved results and environmental benefits.  

¶ Reuse of approx. 67m3 of sediment (from Leghorn port and Navicelli canal) as inputs 

for the LIFE SUBSED trials. 

¶ Substitution of approx. 12 m3 of peat with sediments and other alternatives to peat 

during LIFE SUBSED trials. 

¶ Relevant reduction in terms of emissions for the LIFE SUBSED substrates (65% 

reduction considering the substrate composed by 50% sediment + 30% peat + 20% 

pumice). 

¶ Validation of sediment-based substrates for the nursery production of food and non-

food species (laurel, olive and citrus). 

¶ Validation of sediment-based substrates for production of non-food crops (calla lily, 

protea and laurel) with commercial quality. 

¶ Validation and characterization of the morphological, biochemical and sensorial point 

of view of basil, blueberry, and woodland strawberry cultivars grown on sediment-based 

substrates. 

¶ Improvement of the knowledge on the treated sediment and their influence on plant 

growth and fruit quality. 

¶ Validation of marketability of sediment-based substrates and assessment of normative 

and legal issues related to the reuse of sediment in agriculture. 

¶ Increased awareness of the addressed environmental problems and policy makers 

involvement about the legislation for sediment management and reuse in agriculture. 

4.5 Expected longer term results.  

SUBSED proposes a solution that in the long term could be replicated in other contexts, perhaps 

transferring it to other cultivation techniques (e.g. field cultivation), reducing the environmental 

impact of sediment disposal and peat use.  

Despite the presence of non-homogeneous national regulatory frameworks and legal barriers, 

an End of Waste strategy was validated during the project. This allows the sediment to be 

classified as a by-product and no longer as waste. Flora Toscana is dealing with the process of 

formal registration of the substrate recipe in the Minister register, which is mandatory to start 

the sale of the sediment-based substrates. In the future, the activities of dissemination and 

promotion of SUBSED solutions will be continued by all beneficiaries, with the objective of 

encouraging their replication and the use of products grown of LIFE SUBSED substrates. 
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6. Technical part 

6.1. Technical progress, per Action 

Action A1: Review on EU and National regulations on the use of sediments for plant 

nursery and analytical protocol 

Foreseen start date: 10/2018  Actual start date: 10/2018 

Foreseen end date:  06/2021  Actual end date: 09/2022 

Related deliverable:  Review of legislation on dredged sediment management 

 Foreseen date: 12/2018 

 Date of production: 12/2018 (attached to MtR as Annex 1) 

 Experimental activities authorization for the use of sediments in Italy 

 Foreseen date: 12/2018 

 Date of production: 03/2020 (attached to MtR as Annex 2) 

 Final national and EU legislation overview with recommendations for 

future EU legislation of dredged materials 

 Foreseen date (original): 09/2021 

 Date of production: 09/2022 (Annex 1 of this report) 

A1.1 Pre-conditioning process for increasing the organic carbon and decreasing the bulk 

density in order to reach the limit required.  

As already observed in previous projects and confirmed in the analyses carried out in action 

C1, the sediment after the landfarming process presented bulk density and total organic carbon 

not in line with Italian legislation on fertilizer (D.Lgs.75/2010). However, the mixing of 

sediments after landfarming with other organic matrices (peat, coconut, wood) allowed the 

reaching of required by Italia legislation. 

A1.2 Review of the EU and Italian and Spanish regulations/laws regarding the transport and 

use of dredged sediment-based substrates for plant nursery being in force at the date of the 

project beginning. This action was focused on the review of International and National 

Legislation regarding the management of dredged sediment and their reuse as growing media 

for the soilless cultivation of ornamental and food crops. The Italian and Spanish legislation 

were reviewed from 1992 till 2018. The detailed review was reported in the Deliverable1.A1: 

ñReview of legislation on dredged sediment managementò. In a second Deliverable (2.A1) 

"Experimental activities authorization for the use of sediments in Italy", that substitutes the 

previously programmed document "Authorization of the sediments use in agriculture as 

agronomic substrate", was reported the proceedings that the consortium had to follow to obtain 

the authorization by the Italian Institutions for establishing the trials. In fact the Italian 

legislation, for each type of waste, though non-hazardous, does not include exceptions 

concerning experimental activities and requires an authorization by the competent Authority, 

as stated in D.Lgs.152/2006 art. 211. The Italian demonstration trials were carried out in three 

different places, so the requested authorizations were three, one for each site. In Spain 

authorizations did not need to carry out the experimental trials 

A1.3 An update of the list of the analyses to be performed on substrates and products 

The list of the analyses to be performed on substrates, plants, and fruits was updated, taking 

into account the previous task and previous experiences of the beneficiaries. The detailed of the 

methodologies used were reported in the deliverables of actions B1, C2 and C3. 

A1.4 Defining a common protocol for the analyses. 

Finally, with the collaboration of all the partners, the standard protocols for the analyzes of the 

sediments, substrates and vegetal matrices were defined to apply homogeneous analytical 

procedures (i.e. sampling, extraction, quali- and quantification, etc.). The protocols used were 

reported in in the deliverables of actions B1, C2 and C3. 

A1.5  - On the basis of the final project results the beneficiaries FLORA, CREA and UMH (and 
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CNR, even if not written in the proposal) will study and define the final national and EU 

legislation overview with recommendations for future EU legislation of dredged materials 

During the Subsed Project, the management possibilities of the dredging sediment matrix were 

explored both from an experimental point of view and from an industrial point of view with 

reference to the Italian legislation. The dredged sediment follows various national regulations 

according to the place of origin, the geomorphological characteristics and its own chemical-

physical characteristics.The Italian legislation is remarkably complex but extremely structured 

and, from the experiences gathered in the project, it has emerged that it is necessary to intervene 

at a community level to standardize the legislation on the management of this type of material. 

At a national level, there is no need for regulatory intervention given the complexity of the 

legislation itself, but it is necessary to publicize the evolution that biological recovery 

technologies have undergone in recent years and to encourage their application in plants 

authorized to treat dredging sediments. Instead, no variations in Spanish legislation were 

introduced during the project period. 

However, during the Italian legislation overview, the possibility of reusing the sediments in 

agronomic sector as a substrate after a process of END of WASTE was learned. 

So, to achieve the END OF WASTE objective, the dredged sediments were subjected to 

chemical characterization (Release Test according to DM 05 02 98), classified as non-

hazardous waste and subsequently subjected to recovery operations in a treatment plant 

authorized for the management of specific waste classified with CER 17 05 06. The recovery 

of sediments took place through the placing in reserve (R13) for the production of secondary 

raw materials through mechanical and technologically interconnected phases of grinding, 

screening, granulometric selection and separation of the metallic fraction and unwanted 

fractions to obtain inert fractions at suitable and selected granulometry (R5). The treated 

sediments, after having satisfied the analyses required by the Release Test, have lost the 

classification of waste and have been classified as by-products consisting of recycled sand (0-

5 mm) defined as ñvegetable earthò.  

  
Figure 1 - Sediment during the EoW trial 

Then in order to register the product in Italian fertilizer list, the reaching of all the limits required 

by Italian legislation on fertilizer (D.Lgs.75/2010) is mandatory. 

The mixing with other organic matrices (peat, coconut, wood) could allow to the sediment to 

be in line with this regulation, in particular regarding bulk density and total organic carbon, 

generally higher and lower, respectively. 

For the purposes of the marketability of the product at the Community level, it will be necessary 

to integrate the legislative requests of decree 1009/2019 which establishes rules relating to the 

making available on the market of EU fertilizer products which amend the regulations number 

1069/2009 and number 1107/2009 and which repeals regulation number 2003/2003. Annex 1 

of LD 1009/2019 list the Functional Categories of the Product (PFC) for the fertilizing products; 
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at point 4 of the lists the requirements relating to the product functional categories for growing 

substrates are showed. The growing media is defined as a fertilizing product different from soil 

in situ which has function of growing plants and fungi. 

The detailed final review was reported in the Deliverable.A1 ñFinal National and EU legislation 

overview with recommendations for future EU legislation of dredged materialsò (Annex 1 of 

this report). This action has been 100% completed. 
 

Action B.1 Phytoremediated sediment treated via landfarming process  

Foreseen start date: 10/2018  Actual start date:10/2018 

Foreseen end date: 03/2019  Actual end date: 03/2019 

Related deliverable:  Report on the sediment treatment 

 Foreseen date: 03/2019 

 Production date: 03/2019 (attached to MtR as Annex3) 

Related milestone:  Sediment treated and characterized 

 Foreseen deadline: 03/2019 

 Status: Completed 

Action B.1 started on 01-10-2018 and completed on 31-03-2019 as foreseen in the project. The 

sediments used in the Subsed project were partially decontaminated in a previous European 

project (AGRIPORT, ECO/08/239065/S12.532262), using plants (phyto-treatment) and an 

organic amendment (such as compost) at pilot scale level.  

In the Subsed project, with the aim to make the sediment a suitable substrate for plant growth, 

a landfarming process has been planned as a post-treatment phase. The landfarming was carried 

out in the demonstration basin of the previous AGRIPORT project (covered with a geo-

membrane to avoid the eventual contamination of soil during the process), in Livorno port 

(43°33'31.78"N, 10°18'29.32"E), allowing to reduce the transportation costs (Figure 2).  

 

 

 

 

 

 

In the Subsed 

project the sediments were submitted to landfarming technology as a 

post-treatment phase, aimed to: 1. homogenize the substrate, 2. increase 

the biological activities and, as a consequence, 3. further reduce the 

organic contamination i n order to obtain a suitable substrate for plant 

growth. The landfarming process started in November 2019, after the 

plant removal, and it was completed in February 2019. Three sampling 

points were selected in the landfarming basin area (about 40 m3). In an 

area of about 1 m3 around each sampling point, 10 sub samples were 

collected by a shovel, mixed, collected in plastic bags and transported to 

the CNR-IRET laboratory for the analyses (Figure 3). 

The initial sediment properties permitted to plan a sediment treatment process of only 3 months, 

as already suggested in the proposal, made possible also by the favorable weather conditions. 

The treatment consisted in the periodically (once a week) mixing and aeration until 60 cm 

through a little excavator. During the landfarming process the sediments were collected by a 

shovel (after one, two and three months from the start) and characterized from chemical, 

biochemical and toxicological point of view.  

Figure 2 - Port of Livorno and the landfarming basin 

Figure 3 - Sediment sampling 
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This action has been completed by 100% and was performed by CNR-IRET. All technical 

details are given in the Deliverable of Action B1 (Annex 3 of Mid Term Report). 

 

Action B2: Demonstration of the use of remediated sediments as a substrate for nursery 

production 

Foreseen start date: 04/2019  Actual start date: 04/2020 

Foreseen end date: 03/2021  Actual end date: 06/2022 

Related deliverable:  Report on nursery production 

 Foreseen date (original): 03/21 

 Date of production: 06/2022 (Annex 2 of this report) 

B2.1 Nursery production of ornamentals 

P. laurocerasus cultivar óNov³taô was chosen because it is the most common variety in the 

Tuscan district. Laurel plants were planted at the Azienda Franceschini (Montecarlo, Italy) on 

08/06/2020 in a greenhouse. Rooted cuttings were planted in 8.5 L pots (two rooted cuttings 

for pot). Recirculating drip irrigation was used to control water supply and all plants were 

irrigated from the same reservoir. Two different line drippers were used to control water supply 

with one drip emitter per pot at a flow rate of 80 cc minī1 and irrigation timing varying from 

2.5 to 3.2 min per day. The pH of irrigation water was maintained between 6.0 and 6.5. Two 

different daily water regimes were chosen to evaluate the performance of the different potting 

mix: normal (WR1 = 250 cc pot-1) and reduced by 20% (WR2 = 200 cc pot-1). Different 

proportions (25, 50% v/v) of the treated sediment (TS) were mixed with three types of standard 

substrates, commonly used in Tuscany to obtain six ternary substrate mixes (SM). Standard 

substrates were based on peat (Pe), coconut fibre (CF) and wood fibre (WF), each one 

containing 40% of inert pumice (Pu). Growing media prepared using commercial peat-based 

substrate (LMix 1) was considered as control treatment (Table 1).  
Table 1 - Composition of the tested substrate mixes 

Substrate mixes 

Matrixes (%) v/v 

Peat Pumice Coir fibre Wood fibre 
Treated 

sediment 

LMix 1 60 40   0 

LMix 2 45 30   25 

LMix 3 30 20   50 

LMix 4  30 45  25 

LMix 5  20 30  50 

LMix 6  30  45 25 

LMix 7  20  30 50 

All pots were fertigated weekly (160 cc/pot) with a soluble fertilizer (Universol 15-7-30) dosed 

at 4.5 gL-1. Other conventional cultural practices (e.g. weed/pest control) were performed. For 

each combination SM*WR, 4 pots, each containing 2 rooted cuttings, were prepared, and 

replicated 3 times for a total of 336 laurel rooted cuttings (Figure 4). The trail was ended in 

March 2021 achieving 336 one-year old rooted cherry laurel cuttings. 

 
Figure 4 - Laurel experimental design 

B.2.2 Nursery production of olive and citrus 

A total of 150 certified grafted plantlets of olive cv óFrantoioô were transplanted in 3.4-L 

squared plastic containers filled with 5 different SM containing sediment and peat-based 
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substrate at different rate (Table 2). 
Table 2 - Composition of substrate mixes used for olive demonstration trial 

 

 

 

 

 

 

 

 

Moreover, two different average daily WR were applied to each substrate mixture: WR1 = 325 

cc pot-1; WR2 = 240 cc pot-1. Two 1 mm drip emitters per pot at a flow rate of 40 cc min-1 were 

used to control water supply. Pots were arranged in a randomized block design (Figure 5) with 

3 blocks, each consisting of 5 pots per each SM*WR combination, for a total of 150 pots (5 

pots x 5 substrate mixtures x 2 water regimes x 3 blocks). The trial ended in Spring 2021, when 

plants reached the marketable height of 150 cm, which is the standard for market. 

 
Figure 5 - Olive experimental design (left); demonstration trials on olive propagation (right) 

The demonstration trail regarding the production of Citrus commercial seedlings to be used 

as rootstocks was started on 22 May 2020 at Caliplant nursery facility (Murcia, Spain). Five 

different SM combining different proportions of the treated sediment (TS) with cocopeat 

substrate (CP) were tested: i) CMix 1 = 100% CP, control; ii) CMix 2 = 75% CP + 25% TS; 

iii) CMix 3 = 50% CP + 50% TS; iv) CMix 4 = 25% CP + 75% TS; v) CMix 5 = 100% TS. 

Seedlings of three species most employed for rootstocks creation were used as plant material: 

Citrus macrophylla, Citrus aurantium and Forner alcaide nº5. Totally, 375 lemon trees (25 

plants x 5 SM x 3 rootstocks x 3 blocks) were grown in 2.5-L polypropylene pots (Figure 6 

- left). Seedlings were cultivated until they reached and fulfilled the standard commercial 

requirements, that is 60-70 cm height of 1-year-old citrus rootstock.  

Once the seedlings reached the optimal commercial rootstock requirements (22 October 

2022), they were used as rootstocks to produce grafted plants of C. limon cv óFinoô (Figure 

6 - right). This cultivar was used as the scion since it is the most common cultivar in Spain. 

The studied parameters were trunk size, height development and drainage composition over 

time compared to the control treatment. The trial ended in September 2022 with the 

achievement of 375 two-year-old grafted lemon seedlings. 

Substrate mixes 

Matrixes (%) v/v 

Treated 

sediment 
Peat Pumice 

OMix 1 0 60 40 

OMix 2 25 45 30 

OMix 3 50 30 20 

OMix 4 75 15 10 

OMix 5 100 0 0 
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Figure 6 - Production of lemon rootstocks seedlings in pots (left). One-year-old Forner alcaide n°5 rootstocks grown on 

TS100, TS75, TS50, TS25, TS0 (right). 

This action has been 100% completed. All technical details are presented in the specific 

Deliverable (Annex 2 of this Report). 

 

Action B3: Demonstration of the use of remediated sediments as a substrate for non-food 

crops cultivation nursery production (from plantlets to final production: 

flowers/ornamentals) 

Foreseen start date: 04/2019  Actual start date: 04/2020 

Foreseen end date:  03/2021  Actual end date: 06/2022 

Related deliverable:  Report on the use of remediated sediment as substrate for non food crops 

production (flowers and ornamentals) 

 Foreseen date (original): 03/2021 

 Date of production: 06/2022 (Annex 3 of this report) 

Prunus laurocerasus (evergreen ornamental) 

The demonstrative trial was intended to evaluate if sediment enriched substrates allowed 

nursery grown P. laurocerasus potted plants to meet high-quality standards. Thus, rooted 

cuttings of cherry laurel were grown indoors to market size in 8.5-L containers. Soilless 

cultivation was performed using one-year-old rooted cherry laurel plants from the previous trial 

on cutting propagation. Plants were not transplanted, thus the same growing media and 

irrigation scheduling described for nursery production in Deliverable action B2.1 were used. 

Moreover, each pot was considered to contain a single well-established plant, although being 

obtained by two initial cuttings. The growth trial started in April 2021 with three replications 

of each treatment, and three cherry laurel plants in each replication. Thus, a total of fourteen 

treatments (7 SM*2WR) were evaluated, with nine cherry laurel plants grown per treatment. 

All pots were fertigated weekly (160 cc/pot) with a soluble fertilizer (Universol 15-7-30) dosed 

at 10.5 gL-1. The trail was ended in March 2022 with the physical and chemical characterization 

of the growing media and the destructive analyses of the plant material. 

Zantedeschia aethiopica (cut flower production) 

Calla lily was chosen for cut flower production thanks to the beauty of its flowers and economic 

importance worldwide. Rhizomes were planted in greenhouse in late summer (12 September 

2020), as usually done for this species, and cultivation was finished in May 2022, at the end of 

the second flower flush. Three different SM, combining different proportions (0, 25, 50%) of 

the TS with a standard peat-based substrate composed by 60% Pe and 40% Pu (v/v), were tested 

(Table 3Table 6). Totally 378 rhizomes were planted in 30-L containers placed on three raised 

benches served by different water regimes (WR) by a drip irrigation system: i) WR1, high water 

regime=WR2+30% (1220 cc day-1 of water per pot on average); ii) WR2, normal water regime 

(930 cc day-1 of water per pot on average); iii) WR3, low water regime=WR2-30% (650 cc day-
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1 of water per pot on average). Three different line drippers were used to control water supply 

with 4 drip emitters per pot at a flow rate of 100 cc minī1, 2 drip emitters per pot at a flow rate 

of 100 cc minī1, and 4 drip emitters per pot at a flow rate of 80 cc minī1. Containers were 

arranged in three blocks, each consisting of 7 pots per SM*WR treatment, for a total of 189 

pots each holding 2 rhizomes (14 rhizomes x 9 treatments x 3 blocks = 378 rhizomes) (Figure 

7). Before planting, rhizomes were soaked in a solution of copper oxychloride 0.5 % to prevent 

Pectobacterium carotovorum attacks. Plants were fed with a nutrient solution commonly 

adopted for the cultivation of soilless calla. The total amount of nutrients per pot was: 245 g of 

Peters Excel CalMag Finisher (13-5-20 + 7 CaO + 2 MgO) and 8 g of Farben H50 (EDDHA 

Iron chelate 6%). Other cultural practices, such as weed and pest control, were performed as 

typically done in the area of production (Tuscany).  

 
Figure 7 - Calla experimental design 

Protea cynaroides (potted flowering plant) 

Protea dwarf óLittle Princeô was chosen as candidate species for potted flowering plant 

production. Totally 630 rooted cuttings were planted indoor at the Azienda Vivai Simoncini, 

(Pescia, Italy) in 2-L pots on 01/06/2020 (Figure 8, right). The treated sediment (TS) was used 

as a partial substitute of standard substrates, commonly used for flowering crop cultivation in 

Tuscany. In addition to sphagnum peat, coconut coir and bark, were employed as organic 

materials, while pumice was added as inorganic matrix in all mixtures. These matrixes were 

mixed separately to create ternary media containing 25 or 50% by volume of TS (Table 3). 
Table 3 - Composition of the tested substrate mixes 

Substrate 

mixes 

Matrixes (%) v/v 

Peat Pumice Coir fibre Coir pith Treated sediment 

PMix 1 60 40   0 

PMix 2 45 30   25 

PMix 3 30 20   50 

PMix 4  18 34.2 22.8 25 

PMix 5  12 22.8 15.2 50 

PMix 6  18 17.1 39.9 25 

PMix 7  12 11.4 26.6 50 
 

Plants were supplied with 3 different daily water volumes: normal (WR1 = 180 cc day-1 of 

water per pot on average); low, reduced by 17% (WR2 = 150 cc day-1 of water per pot on 

average); very low, reduced by 33.5% (WR3 = 120 cc day-1 of water per pot on average). The 

pH of irrigation water was maintained at 5.8 by acidification with sulfuric acid. Pots were 

arranged according to a complete randomized block design: 10 pots for each substrate x water 

regime combination (each consisting in 1 plantlet), replicated 3 times (Figure 8, left). 

In November 2020, one third of the protea plants, namely those irrigated with the lowest water 

regime WR3 and showing major visible stress symptoms regardless of growing media, were 

replaced with new plantlets (totally 210 rooted cuttings) and subjected to water regime WR2 

(150 cc day-1 of water per pot on average) (Figure 8, left). This adjustment eliminated the non-

performing treatment while allowing the additional comparison between two growing seasons, 

characterized by summer and autumn planting. Plants were fertilized during 2021 as described 

above. All proteas were cultivated until full blooming (May 2022). 
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Figure 8 - Protea experimental design (left); site preparatory works (right) 

This action has been 100% completed. All technical details are given in the specific Deliverable 

(Annex 3 of this Report). 

 

Action B4: Demonstration of the use of remediated sediments as a substrate for food crops 

production 

Foreseen start date: 04/2019  Actual start date: 04/2020  

Foreseen end date: 03/2021  Actual end date: 06/2022 

Related deliverable:  Report on the use of remediated sediment as substrate for food crops 

production (basil, blueberry, wild strawberry, citrus) 

 Foreseen date (original): 03/2021 

 Date of production: 06/2022 (Annex 4 of this report) 

The demonstration sites were set up both in Italy, in the nurseries of Azienda Agricola 

Franceschini (blueberry and wild strawberry) and Vivai Simoncini (basil), and in Spain, at the 

Miguel Hernandez University. The cultivated food crop species were basil, blueberry, wild 

strawberry and lemon. The partners involved were CREA, Carbonsink, Flora Toscana, UMH. 

B4.1 Basil cultivation 

Two cultivars of basil were chosen: óGenoveseô and óValentinoô. The demonstration trials were 

prepared at Vivai Simoncini (Pescia, Italy) and were split into two separate tests. The first one 

was performed in Autumn 2020 (04/09/2020) by testing the pure peat (Pe) and the TS in the 

following ratios: BMix 1 = 100% Pe (v/v), considered as control treatment; BMix 2 = 50% Pe 

and 50% TS (v/v); BMix 3 = 100% TS (v/v). Totally 7,452 seeds (3,726 for each cv) were sown 

manually in 0.75-L plastic square pots. The second trial was started in Spring 2021 

(12/05/2021) reducing by half the percentages of TS used in the first test: BMix 4 = 87.5% Pe 

and 12.5% TS (v/v); BMix 5 = 75% Pe and 25% TS (v/v) compared to the control of pure Pe 

(BMix 1). Totally 7,452 seeds (3,726 for each cv) were sown manually in 1-L pots.  

During both trials, water was applied by subirrigation below the soil surface to raise the 

watertable into or near the plant root zone. The subirrigation system consisted of three raised 

benches, each one receiving different amounts of water: normal (WR1 = 3.6 L day-1); low, 

reduced by 25% (WR 2 = 2.7 L day-1); very low, reduced by 37.8% (WR3 = 2.25 L day-1). For 

each cultivar, containers were arranged in three blocks, each consisting of 6 pots (each 

containing 23 seeds) per SM*WR treatment, for a total of 162 pots per cultivar (Figure 9). 



 18 

 
Figure 9 - Basil experimental design (left); site preparatory works (right) 

B4.2 ï Blueberry cultivation 

Certified two-year-old blueberry plantlets cvs óDukeô 

and óBluecropô were planted at Franceschini facility 

(Montecarlo, LU, Italy) in 35-L plastic pots on 8 June 

2020 and grown under greenhouse conditions (Figure 

10). Three different SM, combining different 

proportions of the TS with a standard peat-based 

substrate (Pe 60%, Pu 40% v/v), were tested: i) MMix 

1 = 100% standard peat-based substrate; ii) MMix 2 = 

50% peat-based substrate + 50% TS; MMix 3 = 100% 

TS. Two different daily WR were applied in order to evaluate their effect on plant growth and 

productivity in relation to the SM tested: normal = 480 cc pot-1 (WR1); reduced by 25% = 360 

cc pot-1 (WR2). Two drip emitters per pot at a flow rate of 40 cc min-1 were used to control 

water supply. Pots were arranged in three blocks, each consisting of 3 pots per GM* WR*CV, 

for a total of 108 pots (3 pots x 3 SM x 2 WR x 2 cultivars x 3 blocks). The trial was ended in 

May 2022, when plants were cut for disruptive analysis and the evaluation of organic and 

inorganic contaminants on different plant parts was performed. 

B4.3 ï Wild strawberry cultivation 

A total of 90 certified micropropagated plantlets of 

strawberry cultivar óRegina delle Valliô were 

transplanted in 50-L (80 x 50 cm) plastic plant-boxes 

on 8 June 2020 and were grown under greenhouse 

conditions at the Franceschini facility in Montecarlo, 

Lucca (Italy) (Figure 11). Three subsrates mixes were 

tested: i) FMix 1 = 100% peat-based substrate; ii) 

FMix 2 = 50% peat-based substrate + 50% TS; iii) 

FMix 3 = 100% TS. Two daily WR were applied: 

normal = 960 cc pot-1 (WR1); reduced by 45% = 540 

cc pot-1 (WR2). Each SM*WR combination was 

replicated in 3 blocks (1 block per plant-box, consisting of 5 replicates) according to a 

randomized block design. The demonstration trial was ended in May 2022 with plant collection 

for disruptive analyses. 

B4.4 Citrus cultivation 

On 04/05/2020 the sediment was received at the UMH. On 14/05/2020 the preparation, mixing, 

and filling the pots with the sediment and universal substrate were carried out and on 

20/05/2020, the citrus plants were planted. A total of 99 citrus plants of C. lemon cv óVerna 51ô 

grafted on three different rootstocks (C. macrophylla, C. aurantium and Bitter orange/Sweet 

orange) were used for the experimental test. For their cultivation, 40-L volume plastic pots 

filled with three mixtures of the sediment and universal substrate (25%, 50%, and 75%) were 

used, aiming to determine the viability and suitability of the sediment for citrus cultivation. 

Five replication blocks were established for each variety*rootstocks*substrate combination, 

 
Figure 10 - Blueberry demonstration trial 

 

Figure 11 - Wild strawberry plants in 
rectangular (80 x cm) pot 
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each with 2 pots (10 pots x 1 cultivar x 3 substrates x 3 rootstocks). Plants were cultivated 

adopting monitored practices (irrigation, fertilization, protection). 

 
Figure 12 - Arrival of the sediment at UMH (left) and preparatory of the demonstration trial (right) 

This action has been 100% completed. All technical details are given in the specific Deliverable 

(Annex 4 of this Report). 

               

Action B.5 Training courses, workshops and guidelines for project replicability and 

transferability  

Foreseen start date: 10/2020   Actual start date: 04/2021 

Foreseen end date:  09/2021  Actual end date:  09/2022 

Related deliverable: SUBSED replicability and transferability plan 

 Foreseen date (original): 09/2021  

 Date of production: 09/2022 (Annex 5 of this report) 

 Report on training courses 

 Foreseen date (original): 09/2021  

 Date of production: 09/2022 (Annex 6 of this report) 

 Report on workshops 

 Foreseen date (original): 09/2021 

 Date of production: 09/2022 (Annex 7 of this report) 

 Manual with guidelines on use of sed-based substrates for plant growing 

 Foreseen date (original): 09/2021  

 Date of production: 09/2022 (Annex 8 of this report) 

Related milestone:  2 Technical training courses 

 Foreseen date (original): 09/2021  

 Achieved on 09/2022 

 4 project workshops 

 Foreseen date (original): 09/2021 

 Achieved on 09/2022 

 Technical guidelines 

 Foreseen date (original): 09/2021 

 Achieved on 09/2022 

This action aimed to maximize the sustainability, replicability and transferability of the 

SUBSED project. To this end, a series of actions have been set up, which have proved to be 

extremely effective and able to involve numerous subjects. 

Training courses Ą the consortium organised 2 technical courses designed for technicians, 

professionals, worker, students, and future professionals of the concerned sectors: 

- Spanish technical course (live, 15th October 2021 ~ 9 participants) 

- Italian technical course (bimodal event, 3rd March 2022 ~ 65 participants) 

All courses included a theoretical session and a practical session, for an effective transfer of 

knowledge and project experiences. 



 20 

Workshops Ą the consortium organized 4 workshops, designed for stakeholders, policy 

makers, citizens and a wider audience compared to technical courses. In particular: 

Å First Italian Workshop (8th July 2021, online ~ 100 participants) 

Å First Spanish Workshop (29th November 2021, hybrid ~ 110 participants) 

Å Second Spanish Workshop (24th May 2022, live ~ 57 participants) 

Å Second Italian Workshop (15th September 2022, live ~ 50 participants) 

The contents of the workshops were less technical, but nevertheless made it possible to increase 

the awareness of the participants about the environmental issues dealt with, the solutions 

proposed and the challenges still open. 

Guidelines Ą The consortium prepared 1 technical guideline regarding the use of sediment-

based substrates for plant growing. The guidelines have been distributed in digital format 

through the project website and in paper during the last project events. 

These activities have been strongly impacted by the COVID-19 pandemic: restrictions on 

mobility and live interactions have forced the consortium to reorganize the planned activities. 

In order to mitigate the impact, the consortium has opted in some cases for the organization of 

online/hybrid events (with an excellent response from the public).  

The action was 100% completed. All details are given in the deliverables of action B.5. 

 

Action B.6 SUBSED Business Plan 

Foreseen start date: 01/2021   Actual start date: 07/2021 

Foreseen end date:  09/2021  Actual end date:  09/2022 

Related deliverable: SUBSED Business Plan 

 Foreseen date (original): 09/2021  

 Date of production: 09/2022 (Annex 9 of this report) 

The LIFE SUBSED project collects the legacy of several projects that have validated and 

optimized technologies for sediment recovery. In addition to the technical validation, SUBSED 

aimed to demonstrate the economic sustainability of the proposed solution. The pilot trial 

carried out during the last phase of the project has been fundamental to validate a process 

capable of overcoming the legal barriers that over the years threatened the commercial 

exploitation of sediment-derived product. 

Flora Toscana considers the commercial exploitation of the substrate interesting, and for this 

reason developed a business plan to assess the launch of a new sediment-based product. The 

market context is currently favourable, and companies are looking for new alternatives to peat 

and coco. Economic and financial sustainability of the new business area were assessed, and 

forecasts confirm sustainability of the business in the medium period. The action was 100% 

completed. All details are given in the ñSUBSED Business Planò attached to this report as 

Annex 9. 

        

Action C.1 Monitoring and validation of treated sediments  

Foreseen start date: 01/2019  Actual start date: 01/2019 

Foreseen end date: 06/2019  Actual end date:  06/2019 

Related deliverable:  Report on the characterization of treated sediments 

 Foreseen date (original): 06/2019 

 Date of production: 06/2019 (attached to MtR as Annex 4) 

Related milestone:  Sampling, analysis and characterization of treated sediments 

 Foreseen date: 06/2019 

 Status: Completed 

Action C.1 started on 01-01-2019 and it has been completed on 30-06-2019 as planned.  
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To evaluate the evolution of sediment characteristics during the three months of landfarming, 

three sampling points, consisting of 10 sub samples each, were collected and characterized from 

physical, chemical, biochemical, toxicological and hydrological point of view.  

The sediment sampling has been carried out as following: 

- start of the landfarming process (end of November 2018), Ti  

- middle of the landfarming process (middle of January 2019), Tm 

- end of the landfarming process (end of February 2019), Tf  

The results of the analysed samples suggested that three months landfarming process was 

effective in homogenizing the substrate and further reducing organic contamination, and in 

reaching physical and chemical characteristics in accordance with the Italian regulation for 

agronomic substrates (D.lgs. 75/2010) with the only exception of organic carbon content and 

bulk density value. The bulk density was, in fact, slightly higher than the maximum limit, while 

the organic carbon was lower. Nevertheless, in order to reach the C concentration and bulk 

density required by Italian legislation, it would be sufficient to mix the sediments with a source 

of organic matter rich in carbon and with low bulk density such as peat, sludge or coconut fiber. 

Regarding the inorganic contaminants (heavy metals), normed by D.lgs. 75/2010, all the heavy 

metals in the sediments at the end of the landfarming process showed a concentration 

considerably lower than the legal limits. On the contrary, heavy hydrocarbons (C> 12), normed 

by D.lgs 152/2006, were still higher than the legal limit for civil reuse, even if much lower than 

the limit for industrial reuse. On the other hand, polycyclic aromatic hydrocarbons (PAHs) were 

notably reduced during the landfarming process (about 80%), reaching concentration also lower 

than the limits for civil reuse. However, this residual contamination seemed to not compromise 

the reuse of the sediments in horticulture, since the toxicological tests showed no phyto toxicity 

of the sediments.  

This action has been completed by 100% and was performed by CNR-IRET. 

 

Action C2: Monitoring and validation of the use of remediated sediments as a substrate 

for plant nursery and cultivation: non food crops production 

Foreseen start date: 01/07/2019  Actual start date: 05/2020 

Foreseen end date: 01/06/2021  Actual end date: 09/2022 

Related deliverable:  Monitoring activity on non food crops 

 Foreseen date (original): 06/2021 

 Date of production: 09/2022 (Annex 10 of this report) 

C2.1 Laurel nursery production 

Vegetative growth of cherry laurel cuttings was monitored from June 2020 to March 2021, 

except for the months of vegetative rest (December-February) in terms of base stem diameter, 

maximum plant height, number of vegetative shoots, length of primary vegetative shoot, and 

number of fully expanded leaves on primary vegetative shoot. At the end of the growing season 

plant biomass was recorded. Physiological analyses included leaf colour, membrane lipid 

peroxidation by measuring malondialdehyde (MDA) content, leaf macro and micronutrients, 

chlorophyll, and carotenoid contents. 

All growing parameters were significantly affected by the SM while no statistically significant 

WR and SM*WR interaction effects were found. Plant development was strongly reduced when 

cultivated on WF-based substrate mixed with TS (Table 5). Differences were particularly 

evident in the first few months of growth, but these differences almost disappeared over time. 

Also as regards leaf blade colour, significant differences were found after 60-days growth, with 

leaves of cherry laurel cuttings showing a significant yellowing compared to the control when 

grown on sediment-based mixtures, regardless of the sediment percentage used, with the only 

exception of growing medium composed of peat and 25% TS (LMix 2). In October, the 

alteration in the colour of leaves appeared to be mitigated and a significant negative effect on 
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Chroma was exerted only by LMix 6 and LMix 7, both containing WF. According to destructive 

plant analyses, the substrate mixture had a clear effect on dry weight of the main vegetative 

organs and total leaf area, measured at the end of the growing season. In fact, these parameters 

exhibited a substantial decrease (even up to 40%) when WF was included in the growth 

substrate. 

 

 
 Legend. BSD base stem diameter (mm), 

MPH maximum plant height (cm), NVS 

number of vegetative sprouts, LVS 

length of vegetative sprouts (cm), NEL 

number of fully expanded leaves on 

vegetative sprouts. Mean values within 

each column followed by the same letter 

are not significantly different (p < 0.01) 

according to Duncanôs multiple range 

test. 

 

At the end of the first vegetative cycle, total chlorophyll concentration and MDA in leaves, 

used as sensitive indicators of the cellular metabolic state (plant stress) did not show significant 

differences. Values of total organic N and C (1.1 ï 1.4% and 42.7 ï 47.7%, respectively) were 

found within the normal range reported for structural carbon and nitrogen in adult plants. These 

results highlighted that sediment can be used as a partial substitute for standard raw materials, 

especially peat and CF, in container production of cherry laurel. 

C2.2 Cultivation of non-food crops: cherry laurel, calla lily, and protea 

This sub-action was under the supervision of CREA. Growth and flower production of these 

flowers and ornamental plants were monitored by assessing different morphological and 

physiological parameters.  

Cherry laurel.  The SM had a clear effect on plant height, shoot number, trunk diameter, and 

final plant biomass production of cherry laurel, while WR was without effect on all areal traits, 

and SM*WR significantly influenced only some growth parameters of cherry laurel during the 

harsh growing season (July-August). More specifically, plant height and vegetative shoots 

increased over time when plants were grown on Pe:TS media. Growth parameters increased 

linearly, but slower with CF:TS, while plants grown on WF:TS mixes had a more compact 

shape and significantly lower dry weight biomass compared to the control plants. Interestingly, 

a SM*WR interaction was noted immediately after the extremely hot-dry summer growth 

period, resulting WR2 detrimental for plant growth only when applied on Pe alone or Pe in 

combination with TS. In this regard, it should be noted that the higher water holding capacity 

of TS might have compensate for the greater hydrophobicity in peat-based mixes under 

restrictive irrigation. The net CO2 assimilation rate and transpiration rate decreased in response 

to the increasing TS concentration in the SM with detrimental effects more pronounced for 

WF:TS treatments (LMix 6 and LMix 7). The colour of the leaves showed highest Chroma 

values in WF:TSs and were mainly associated to the b* component more shifted towards 

yellow. Small variations in chlorophylls (Chls) and carotenoids were observed among all 

sediment-based SM, while in control plants Chl values were found to be higher and carotenoid 

content was lower. Results of oxidative stress by MDA analysis confirmed this trend. Tissue 

nutrient concentrations were found to be extremely variable, with P, K, Ca, and Mg being the 

predominant leaf macronutrients. Concerning microelements, higher Cu, Fe and Zn were 

measured in plants cultivated on the TS-based growing media blended with WF. Despite the 

differences found in the tested SM, P. laurocerasus development grown in blends containing 

Pe as well as CF and WF, were consistent with 2-year-old nursery grown cherry laurel quality 

standards reported for marketing category of 7-L pot grown plants (60-80 cm plant height). 

Calla lily.  The treated sediment had a clear positive effect on calla lily plant development, 

SM BSD MPH NVS LVS NEL 

LMix 1 16.6 a 42.3 a 5.6 a 20.0 a 14.1 a 

LMix 2 15.9 ab 40.2 ab 4.8 b 17.1 b 13.8 a 

LMix 3 15.5 ab 36.9 bc 4.2 cd 15.7 bc 12.6 ab 

LMix 4 15.5 ab 40.1 ab 4.4 bcd 16.9 b 13.6 a 

LMix 5 14.6 b 34.3 c 3.9 d 14.5 c 11.6 bc 

LMix 6 14.2 bc 29.6 d 4.5 bc 12.4 d 11.0 c 

LMix 7 13.6 c 28.2 d 3.5 e 11.4 d 10.5 c 

 

Table 4 - Effect of substrate mix on growth parameters 
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which became evident immediately after planting during the first year of cultivation. Indeed, 

mean leaf length showed increasing values as the content of the TS in the mixture increased. 

Regarding water supply, a 30% water increase enhanced leaf development being the total leaf 

length on average 9 % greater than that obtained under normal water supply. The number of 

flowers showed increasing values as the content of the TS in the mixture increased. Regarding 

water supply, a 30% water reduction diminished calla blooming, being the number of flowers 

per plant on average 21% smaller than that obtained under normal WR (Figure 13). Plants 

cultivated on CMix 3 produced a consistently higher number of quality flowers reaching 80, 90 

and 100 cm of final length compared to the control. Thus, the selling value averaged over the 

entire harvest season was found to be greater for flowers obtained on CMix 3 consisting of 50% 

TS (Table 5, Figure 14). Regarding petal senescence, inferior cut flower performance during 

vase life was observed when flowers were cultivated on CMix 1 and CMix 2 with reduced 

irrigation. 
 

 
Figure 13 - Flower production of calla lily grown on CMix 1, CMIx 2 and CMix 3 substrates; B) Flower production of calla 

lily grown with different water regimes (WR1, WR2 and WR3) 

 

 
Table 5 - Effect of SM and WR on the number of flowers 

and their selling value 

 

 
Figure 14 - Calla lily harvested flowers 

 

In general, it appears evident that the plant photosynthetic activity was good, regardless of 

growth conditions, that is substrate composition and water availability, while results of 

oxidative stress by MDA analysis confirmed the negative effect of reduced WR3 and the 

positive impact of TS-based substrates (CMix 1 and CMix 3) on plant performance. Thus, the 

treated sediment was successfully used as a matrix of substrate mixture in the portion up to 50% 

as an alternative to classic soilless growing media for calla lily cut flower production. 

Protea. All proteas suffered from a delayed planting in late Spring showing initial growth 

efforts and reduced successful plant establishment, particularly evident in the hottest summer 




















































