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Vegetable and ornamental crops require high input demand to adequately support their standard commercial quality and

yield. For these crops, a very high level of agronomic use efficiency of many productive factors can be achieved in soilless

culture. The challenges that we now face: (i) making soilless systems more inclusive of sustainable and eco-friendly

growing substrates, possibly available at a local level; (ii) replacing chemicals with more sustainable products (e.g.,

organic active compounds) as much as possible for plant nutrition and protection. This may be addressed by different

approaches, among which the adoption of peat-free organic substrates may play a central role. 
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1. Introduction

Soilless culture, defined as any method of growing plants without the use of soil as a rooting medium, is the most

intensive and effective production method in the modern agriculture industry . Nowadays, soilless cropping is carried out

to produce vegetable and ornamental plants in greenhouses and nurseries. Such systems refer to a number of container

growing systems, including those where plant roots grow in a rooting medium known as a “substrate” or “growing medium”

. In comparison to soil-based cultivation, soilless systems are characterized by higher initial investment costs.

Nevertheless, these higher costs are justified by increased productivity per unit area , although reliable and long-term-

based economic evaluations are rarely available . Importantly, in the case of horticulture production, soilless culture is

characterized by a more accurate control of plant nutrition and irrigation and other environmental conditions of the

rhizosphere (e.g., root zone temperature). Also, it may drastically reduce the use of pesticides and fungicides, and it

eliminates agrochemicals to control weeds. Finally, soilless cultivation has been observed to be an effective way to

improve product quality, as in the case of food biofortification, which is even more important than yield, per se, to increase

farm competitiveness in modern horticulture .

2. Soilless Systems and Circular Horticulture

The circular economy represents an economic model based on sharing, leasing, reuse, repair, refurbishment, and

recycling in a (almost) closed loop, aiming at retaining the highest utility and value of products, components, and materials

at all times .

Looking in detail at soilless closed systems, it is true that minimal substrate is required, reducing the problem of pollution

of the environment from its disposal . However, the drivers for the selection of growing media have until very recently

been the combination of their performance and cost . In fact, it is only in recent times that the attention has been moved

to the reduction of the environmental impact of plant production via the selection of more eco-friendly substrates .

Substrates identified by environmental drivers are mainly composed of organic components . Reasons are to be found

among their general low cost and widespread availability, together with their renewability and easier disposal  that make

them an environmentally sustainable option . Among these, the organic materials used globally in soilless cultivation are

primarily peat, coir, composted materials, and wood refuses . However, the worldwide most used peat is facing several

limitations . Thus, the recent gradual peat replacement is driven by the attention on recycling organic wastes in an

environmentally sensitive manner together with the rising cost of peat .
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3. The Role of Organic Substrates in Plant Nutrition and Irrigation of
Soilless Crops

3.1. Biochar

The presence of biochar can improve the physicochemical characteristics of soilless growing media due to the high

porous structure, large surface area, high ion exchange, and water-holding capacities . However, it must be noted

that although many works agree on its possible contribution to plant nutrition, the results are not conclusive, and much

more research is required due to the high variability observed in terms of plant yield and quality.

Biochar composition variability is mostly related to raw organic materials and temperature conditions in the pyrolysis

process. In soilless-grown tomato, Petruccelli et al.  tested three biochar types obtained from different green refuses,

but only in the case of poplar wood chips crop yield and quality were positively influenced; no effect was reported in the

other cases. Suthar et al.  focused on how biochar obtained with a lower pyrolysis temperature induced a higher growth

rate in tomatoes when added to the growing medium than that of biochar obtained with higher temperatures. The lower

performance could be also related to the higher pH resulting from higher pyrolysis temperatures; this type of biochar

induced lower N concentration in the soilless cultivation of endive plants .

The higher capacity of retaining NH  and K  makes biochar a sustainable tool by which nutrient losses from soilless

systems can be reduced—this is one of the main concerns in the application of soilless cultivation in southern Europe —

especially if combined with efficient irrigation management. The addition of biochar (25% v v ) reduced the leachate

volume, per irrigation event, and leaching fraction of container-grown wood plants in a timer-based irrigation system . In

contrast, the high water-holding capacity of some types of biochar may cause imbalanced micro- and macro-porosity of

the growing medium with low drainage and reduced air exchanges in the root zone, which in turn could result in anoxia

phenomena with reduced yield .

3.2. Coir

One of its chemical parameters that may vary in a broad range is pH (from 4.8 to 6.9), with values that are on average

higher than in peat . Due to the key role that pH plays in plant nutrition in soilless cropping, pH adjustments could

be necessary . Starting from the middle period of the cultivation cycle of potted blueberry, pH measured in the leachate

of a coir-based substrate has been found to not considerably differ to that in a bark-based substrate . The presence of

essential and beneficial nutrients, EC (electrical conductivity) level, and particle size can also vary depending on the

original material and processing . Cation exchange capacity (CEC) is considered generally low in coir

compared with other organic substrates (32–95 cmol kg ) . Another relevant parameter is the C/N ratio, which, in

coir, is very high (75–184) due to its content in lignin and cellulose that can cause immobilization of soluble N. Additional N

fertilizers could then be required to avoid shortages of this nutrient throughout the cultivation cycle . When

compared with other organic substrates, coir indeed results poor in N and P, which are often not detectable , but it

is rich in K .

3.3. Green Compost

Focusing on the nutritional contribution of green compost, the elements’ mineralization rate and the resulted nutrients, in

particular N release, are significantly positive aspects of crop production . As previously mentioned, compost can

contribute a part of crops’ nutritional needs , even if the exact nutrient levels together with their potential release rate

are often unknown . Moreover, results on this aspect are often highly variable and depend on the waste origin of the

tested compost . With respect to this, Table 2 reports the green compost concentration of N, P, and K according to

different bibliographic sources.

Table 2. N, P, and K concentration in green compost.

N P K
Source

(g kg  DW) (g kg  DW) (g kg  DW)

12.3–15.2 0.2–0.48 12.1–19.9

12.2 2.6 7.3
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N P K
Source

(g kg  DW) (g kg  DW) (g kg  DW)

15.4 3.1 8.6

Compost substrates can also improve water retention , i.e., for green roof decks where the addition of green compost

increased water-holding capacity and as a consequence influenced water retention on the decks .

3.4. Wood Fiber

The major limiting factors in the use of fresh wood products as growing media are N fixation and the high content in

potential phytotoxic compounds, such as phenols and tannins . Composted or stabilized wood products are usually

preferred as substrate component but not as stand-alone growing media because of their limited water-holding capacity 

. Nevertheless, wood fibers substrates proved to be successful in the production of both vegetables  and woody

ornamentals .

In an experiment investigating wood fibers as components of growing media for the fast-growing species Prunus
laurocerasus, it was found that such substrate might impose constrains in water availability . In fact, for sustainable

irrigation management in container grown crops, the components inherent physical properties, and the number and size of

pores of the chosen substrates play a critical role . Nevertheless, the size and shape of the substrate components can

be manipulated to decrease the proportion of large pores, thus potentially increasing the irrigation efficiency  and,

consequently, nutrient management. Similarly, pore uniformity is as important as overall size; thus, such substrates can

improve their performances in combination with different substrate amendments (e.g., biochar and compost), which would

increase the water-holding capacity and, consequently, reduce the water requirement for high-value crops and mitigate

water and nutrient leaching . The addition of wood fiber to peat-based growing media has been proved to reduce

substrate volume loss in tomato seedling and transplanting trials, thus improving plant growth .

4. The Role of Organic Substrates in Crop Tolerance to Abiotic and Biotic
Stresses of Soilless Crops

4.1. Biochar

Salinity stress is one of the main investigated abiotic stresses that often occurs in soilless cultivation, especially in coastal

areas where saline ions can infiltrate irrigation water . A reduction in the detrimental effects of salinity, possibly occurring

in the root zone of potted plants, has been related to the high Na adsorption ability of biochar that induces a low Na-to-K

ratio in the xylem . Awad et al.  observed a significant reduction in the accumulation of Na in the leaves of cabbage

and dill grown on biochar than those grown on perlite. The addition of biochar to the growing media of ornamental shrubs

limited the damage of salinity in Prunus laurocerasus irrigated with water containing NaCl at critical concentration for this

species . However, despite its capacity to reduce the impact of saline ions on plants, biochar itself may present higher

EC compared with that of other organic substrates, which can vary from low to very high, depending on the feedstock

material . In general, biochar obtained from livestock litter has higher EC than that of green refuses due to the higher

concentration in macrocations . This higher EC can therefore represent a limit to the use of this material to grow plants

that are sensitive to osmotic stress, such as many ornamental crops. On the other hand, this extra nutrient budget can be

used to overcome nutritional impairments possibly occurring in the root zone or for the supply of nutrients as an

alternative source to chemical fertilizers . Biochar indeed shows higher pH compared with that of peat whose pH,

conversely, must be raised before use as a substrate in most containerized crops. The simple expedient of prewashing

and addition of natural or chemical acids would be successful in reducing both the pH and EC levels of biochar products,

thus making the application of this material safe in the replacement of peat .

4.2. Coir

Coir can improve the physiological responses of plants to unfavorable external inputs. Its role in increasing plant

resistance to abiotic stresses was, for instance, highlighted in broccoli crop grown on coir dust substrate, reaching a

higher marketable yield compared to that of plants grown in perlite, both in normal and in low irrigation regimes . In fact,

the higher water-holding capacity of coir compared to that of perlite  enhances plant resistance to low irrigation

conditions. Similarly, coir was found to increase water use efficiency in potted marigold (Tagetes erecta), and a positive

response of the fiber amended plants to drought stress .
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4.3. Green Compost

Since in organic media additional beneficial elements and bioactive compounds are released from the decomposing

organic component, these substances could be responsible for enhanced plant growth and resistance to abiotic and biotic

stresses . The relation between green compost and compost-grown plants tolerance to abiotic stresses is strongly

connected to the selection of the raw material used to obtain the compost . Compost as a growing media can be

responsible for the increased salinity in the root zone, with K and Na among the more easily extractable elements

resulting in an increase. However, compost’s salinity can easily be reduced quite .

The bioactive molecules that are part of compost play a major role in enhancing plant resistance to abiotic stresses,

having beneficial effects on plants and improving their capability to face adverse environmental conditions , even if the

mechanisms activated are often difficult to identify and are still under investigation . Humic substances in particular

were found to stimulate plants root growth and development influencing nutrient uptake and root architecture , thus

leading to a better uptake of water and nutrients as well as increased tolerance to environmental stresses .

Green composts also have the greatest potential to impact plant health and development because of their disease-

suppressive properties . Aliquots of a quality agricultural waste compost incorporated as additional or basic

component could contribute to better redesign of the suppressive profile of the ready-for-crop substrates and reduce the

needs of disease management for chemicals . Suppressiveness means that the compost is able to hinder the

pathogenesis by interfering with at least one of the disease triangle factors, thereby achieving a significant lessening of

the expected damages . However, not all composts show this desirable property, and many studies have been

performed to identify measurable parameters predicting it  and determine the procedures for obtaining it . A number

of studies demonstrated the crucial role of the leader microorganisms belonging to the complex of compost microbiota in

giving high biological suppressive levels to the colonized organic matter that is eliminable by sterilization . There may

be a general or specific suppressiveness according to whether it is regulated by the totality of the members, or by a single

or restricted group of the microbial community , respectively, which may be indicative of the spectrum of the target

utilizations. Thus, specific suppressive or multi-suppressive substrates can be assembled. A recent study stated that the

microbial diversity associated with the formation of very complex microbial structures during the composting process of

green residues is critical for the specific suppression of soil-borne pathogens .

A scheme on antagonistic microbial interactions occurring in the rhizosphere when using suppressive compost is reported

in Figure 1.

Figure 1. Antagonistic microbial interactions occurring in the rhizosphere on peat-based substrate amended with

suppressive compost.
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4.4. Wood Fibers

Wood fiber is characterized by a higher microbial activity than that of peat, similar to that observed in coir peat, but this is

probably mainly due to N-immobilization processes, especially if not enriched by proper nitrogen sources .

However, there are a limited number of studies on wood fiber to assess its contribution to plant resistance against biotic

and abiotic stress, unlike other wood and/or plant fiber by-products, such as sawdust, miscanthus, and reed .

Therefore, this can be considered a research field that is under continuous evolution and worthy of exploration.

5. Conclusions

Soilless culture provides solutions for resources-saving production systems, but continuous efforts are required to achieve

highly sustainable production in circular-thought soilless cropping. Indeed, in such a transition to circular horticultural

production, the transformation of green waste into shared resource plays a major role.

Their physicochemical characteristics may indeed give a relevant contribution to crop performance beyond the mere

function of root support, which makes these materials a promising alternative to peat, as stand-alone or as single

components for growing media. The presence of organic materials in the root zone of container-grown plants has been

proved to play a relevant role in plant nutrition and irrigation. The action mechanisms of organic materials on plant

nutrition are first an additional amount of nutrients available in the root zone for plants. Moreover, the chemical properties

related to their ability of retaining and exchanging nutrient elements play an important role. Moreover, there is evidence of

possible improved proliferation of organisms that may positively interact with plant nutrition and irrigation as in the case of

mycorrhiza purification.

Different issues may arise from the use of alternative-to-peat organic materials, which include the possible presence of

undesired organic compounds and excess of mineral elements, uncontrolled bioactivity in the root zone, the maintenance

of substrate initial properties throughout the cultivation cycle, and the constant availability at market level of these

materials. However, one of the main constraints to the use of organic growing substrates is probably represented by the

high variability of these materials, which depends on both the feedstock used and the production process. Encouragingly,

the application of standardized production procedures might partially overcome this problem.
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