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1. Nutritional requirements of agricultural crops  

 

The lands designated for agricultural crops need to be properly fertilized in order to allow a suitable 

crop development; in fact, unlike what happens in the stable meadows or in the woods, the intensive 

cultivation of agricultural commodities removes from the soil elements that have to be compensated 

with new inputs in order to avoid a progressive soil fertility depletion which, in the long term, could 

determine a not optimal crop development and in some conditions the lack of production. 

Therefore, it is very important to provide adequate nutritional value substances to the crops. Indeed, 

with the right fertilization it is possible to maintain healthy the plants, but also the soil, preserving 

all the natural processes that allow the formation of humus, ensuring a lasting fertility. 

The fertilizers are commonly classified and divided into organic and mineral; with the first class of 

fertilizers the soil is enriched in substances that have to be processed in order to release the mineral 

salts adsorbed by the crop, while with the second class the mineral nutrients are readly usable and 

can be absorbed directly by the plants. 

Considering the elements indispensable for plant life, carbon (C), hydrogen (H) and oxygen (O) 

come by the atmosphere (mainly CO2 from air and H2O from the precipitations), while nitrogen 

(N), phosphorus (P), potassium (K), sulfur (S), calcium (Ca), magnesium (Mg), iron (Fe), zinc (Zn), 

boron (B), manganese (Mn), molybdenum (Mo), copper (Cu) come directly by the soil (and are 

adsorbed as mineral salts in ionic form). Focusing on these soil elements, it is possible to classify 

them in function of their presence in the plants in macroelements (plant content > 0.1% on the dry 

matter) and microelements (plant content < 0.1% on the dry matter). Among the macroelements, 

required by the plants in high amounts, there are N, P and K, which in conditions of low availability 

in the soil limit the crop development, and S, Ca and Mg, which are commonly available in the soils 

in sufficient amounts and in normal conditions do not cause any issue. Among the microelements, 

required by the plants in small amounts, there are all the other elements cited above (Fe, Zn, B, Mn, 

Mo, Cu and some other), which in conditions of low availability in the soil determine 

physiopathological deficiency symptoms.  

Therefore, in particular N, P and K should be distributed in larger quantities with the fertilization 

(because adsorbed in high amounts and removed with the yields), while all the other elements, that 

have however a very useful role, are normally present in the soil in sufficient quantities and do not 

require specific distributions (usually, the distribution of common utilized fertilizers involve 

indirectly a provision of these elements).  

 

 



4 

 

Nitrogen (N) is undoubtedly an element of primary importance for a healthy development of crops: 

it is essential for the formation of proteins, necessary for the vegetative growth of the plants and for 

chlorophyll synthesis. However, in case of excessive abundance of nitrogen the plant absorbs too 

much water, it becomes more susceptible to disease and insect attacks and it produces easily 

perishable fruits. In the opposite case, i.e. nitrogen deficiency, the plant will have difficulties of 

growth and the leaves will assume a red-yellowish color, caused by the scarce chlorophyll 

production. It should also be added that, since the nitrogen is not present in the soil minerals and is 

not absorbable by the plants through the atmosphere (N2 present in the air), it has to be administered 

to crops or in an organic form, subject to the nitrification process (nitrogen transformation: from 

ammoniacal nitrogen of organic remains into nitric nitrogen, necessary for the plants development 

and easily assimilated), or directly distributed in a mineral form (ammoniacal or nitric nitrogen). 

The humus contains easily assimilable organic nitrogen. The organic nitrogen can be distributed to 

the soil by means of products such as dried blood, roasted leather, or through animal excreta 

(manure, fowl dung, sewage) or by means of mixtures of composted organic residues. If instead 

there is the need to lighten a compound too much nitrogenous, it is possible to add an organic 

material poor of this element, such as straw or sawdust, which will use the excess nitrogen for its 

decomposition. 

 

Phosphorus (P) is largely responsible, for example, for flowers and fruits development. It is 

involved in all the energies processes and it is a key element for example in nucleic acids and 

phospholipids. Generally in the soil there are sufficient reserves of this element; a humus-rich soil 

with sufficient organic life will never experience phosphorus deficiency, nor overabundance of 

phosphorus. Today, however, many soils are not rich in humus and sometimes the microbial flora is 

unbalanced and it is therefore necessary to add phosphorus, especially in the early stages of plant 

development or in cold periods, when the mineralization has not yet exercised its effect and has not 

made readily assimilated this element. If, due to mineral fertilization (chemical fertilizers), an 

excessive amount of phosphorus is introduced into the soil, the plant growth may be subject to 

considerable problem: first of all, the failure to assimilate by the plant of some microelements, 

replaced by the overabundance of phosphorus in the free status. 

 

Potassium (K) plays an essential role for plant nutrition, contributing to the formation of starch and 

sugar, promoting in particular the growth of bulbs and tubers roots. Potassium also plays an 

important action of osmotic adjustment by reducing the plant water emission, thus making them 

more adaptable to drought and frost. Even for potassium, as for phosphorus, if the soil is well 
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supplied with humus usually no deficiency or excess symptoms will occur. This is especially true in 

clay soils, but often the gradual loss of organic matter in the soil imposes the need to potassic 

fertilizers. Potassium is readily available in all organic fertilizers, with the exception of horn-nail 

compost. The wood ash presents, in particular, the highest percentage of potassium (8%). Then, 

simply adding waste of wood to the fertilizer mixture it is possible to ensure the right amount of this 

very important element for plant needs. 

 

In addition to these three key elements, other elements complete the panorama of mineral salts, such 

as calcium, reported below as example. 

Calcium (Ca) for the plants, substantially, more than a nutrient element is an element of "support", 

being very important for the vegetation developmen. It also actives the soil life and reinforces the 

structure of the particles that compose it; each type of soil on which the crops are growing naturally 

tends to raise its rate of acidity and proper intake of calcium slows this phenomenon, by retracting 

the pH factor in the optimal limits. Calcium intake and the consequent correct acidity balance in the 

soil allow, in particular, to create the ideal working conditions for decomposers bacteria, essential 

for a healthy life of the ground. Administration of calcium in the soil should be, however, always 

correct and balanced; in fact, excessive dosing of this element produces adverse side effects hardly 

to rebalance. 

 

The choice of the most appropriate doses of nitrogen, phosphorous and potassium to be distributed 

to the crops depend by numerous factors. Some of them are reported below: 

• Climate, with special reference to the trend of temperatures and rainfall because these factors have 

influences directly on the plants (in terms of development) and on the ground (as phenomena of 

run-off or other activity of terrestrial microflora and microfauna). 

• The type of crop rotation and the position that the crop occupies in it, also in relation to the 

destination of crop residues. 

• The level of physical-chemical and microbiological soil fertility, with particular reference to the 

granulometric composition, to its content in mineral elements and organic matter and to the pH 

value. 

• The loss of nutrients due to leaching, to the insolubilization or to transformation in different 

compounds that prevent their use by the plants. 

• The plant requirements for growth and production and the removal of nutrients at harvest, 

operated in relation to the quality and quantity of the yield. 
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In reference to what exposed above, the requirements of elements to ensure a proper development of the 

plant are shown as example in Table 1. 

  

Table 1. Examples of nutritive needs of some crops.  
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2. Environmental impact of fertilizers 

The fertilization is indispensable to ensure an optimal crop development, but an incorrect or 

excessive use of fertilizers - especially chemicals - can result in serious damage to the environment. 

The highest damage concerns the losses of nitrogen from the soil when excessive or irrational 

fertilization are performed; the losses of phosphorus are instead very limited, being a very little 

soluble element, while pollution due to losses of potassium and of other mineral elements contained 

in the chemical fertilizers is in generalare negligible and these elements do not usually show any 

particular environmental problem. The possible pollution due to the use of fertilizers mainly 

concern the water, both deep and surface.  

When the fertilizer is distributed to the soil, nitrogen can be in various forms: organic (sewage, 

manure, organic and organic-mineral fertilizers), urea (urea and some other fertilizers compounds), 

ammoniacal (ammonium sulfate, ammonium nitrate and some other fertilizers compounds) and 

nitric (calcium nitrate, ammonium nitrate and some other fertilizers compounds). The organic 

nitrogen is transformed, more or less slowly, into ammoniacal nitrogen and then into nitric acid. 

The same process occurs to the urea nitrogen, but with greater speed; and, even more quickly, for 

the ammoniacal nitrogen. Given that, these changes depend on the activity of biological soil 

microorganisms, their speed is highly dependent by the environmental conditions and it is 

maximum at high temperatures and with good soil moisture. In general, the transformations are very 

fast in spring and in late summer, while slow down in winter and during periods of drought and in 

absence of irrigation. 

The final result of these biological activities is always the formation of nitric nitrogen, which is 

absorbed by all the plants and, if in excess of their needs, since it is very soluble it is removed by 

rain and irrigation waters that pass through the ground, with the mechanism defined "leaching", and 

that run in surface, with the mechanism defined “run-off” which can remove also soil in case of 

slope (surface erosion). 

This nitric nitrogen (contained in nitrates) dragged from the water can cause two serious pollution. 

First of all, the water that percolates in depth can reach the aquifers that supply water to wells and 

springs from which drinking water is drawn, enriching them with nitrates. Nitrates, under certain 

conditions, are dangerous to human health and therefore their presence in the waters can make them 

non-potable. If the waters that drag the nitrates removed by the soil go into surface water ways 

(ditches, canals, rivers), another type of environment damage can be caused, both in the same 

streams and above all in lakes, lagoons and sea, where the streams flow. In fact, the nitric nitrogen 

is absorbed by the algae, which develop very rapidly in the presence of nitrates. The excessive 

growth of algae, both microscopic and visible algae, decreases water transparency and reduces gas 
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exchanges between water and atmosphere, compromising the life for other aquatic organisms, shuch 

as plants and animals in the deeper layers, and thus it creates an overall serious alteration of the 

ecological water balance. This is generically called "eutrophication" - a word that derives from the 

greek and means "good nutrition" - and shows precisely a situation where there are too many 

nutrients for algae, commonly resulting in a negative phenomenon for the environment.  

The nitrogen leached from one hectare of soil (10,000 sqm) can vary greatly (from 1 to more than 

100 kg per year) as a function of both the characteristics of the soil (sandy soils and soil with low 

organic matter content commonly lose more nitrogen) and the weather trends (rainy events intense 

and repeated usually take away more nitrates, especially if they occur in the periods immediately 

following the fertilization or when the ground is bare, i.e. not covered by vegetation).  

The soil management activities are also very important. The amount of fertilizer distributed, if 

contained in the optimum range for each crop, has little influence on nitrogen losses. In fact, even a 

non-fertilized crop presents nitrogen losses (and losing more nitrogen than a natural soil, with no 

human activity), since there are some agricultural practices such as the soil tillage which promote 

the movement of water. Furthermore, the elimination of weeds and the presence of periods without 

crops reduce the nitrogen absorption by the plants, making this element more available for losses. A 

crop properly fertilized may even lose less nitrogen of a non-fertilized crop, because it has a greater 

development of plants and in particular of the roots, which absorb this element, taking it away from 

the danger of leakage. Instead, an excessive fertilization, greater than the capacity of assimilation by 

plants, inevitably results in an increase of the nitrogen loss. 

Even the type of fertilizer used has an effect on losses, especially if rains occur immediately after 

the distribution. The nitric fertilizers (nitrates), in fact, loose more easily the nitrogen, while the 

ammoniacal, urea or organic fertilizers lose only the part of the element that has already been 

transformed into nitrates. Since this transformation always requires a certain time, and in the 

meantime the plants absorb part of the nitrates, the quantity available for the leaching are more 

reduced as a result of rainfall and irrigation.  

Theoretically, it is possible to set a graded list of fertilizers: over all the manure loses less nitrogen, 

followed - in order - by fowl dung, sewage, urea, ammonium sulfate, ammonium nitrate and 

calcium nitrate; the last one is the most subject to leaching as a result of rainfall and irrigation. This 

list is only indicative, because it can be reversed by fertilizing methods, that are certainly the most 

important factor in determining the losses of nitrogen, which are greatest when it rains or when the 

plants do not absorb nitrogen. For example, the sewage distributed in the fall for a crop that will be 

sown in spring inevitably involve a considerable loss of the element during the winter. The same 

occur when manure is distributed before the wheat sowing, because the crop will absorb little 
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nitrogen in the periods in which the release of element by the manure is highest.  On the contrary, 

by distributing small amounts of calcium nitrate in several repeated times, it allows a balanced 

absorption of nitrogen by the plants, reducing the losses. 

 

How to reduce nitrogen losses 

As reported above, nitrogen fertilization in excessive quantity or performed in inappropriate periods 

can lead to pollution of groundwater and surface water due to the phenomenon of the leaching and 

soil erosion. To minimize nitrogen losses some basic rules have to be taken into account. 

- Per each crop only the strictly necessary fertilizer amounts to enable an appropiate plant 

development have to be distributed, avoiding any waste of fertilizer (and therefore also saving 

money). It is therefore necessary to know the needs of individual crops, evaluating both the removal 

and the estimated production. 

- Do not perform the fertilization in condition of bare soil when wet or in forecast of heavy rain. 

- Do not distribute fertilizers on crops in autumn-winter period when crops absorb small amounts of 

nutrients. 

- Do not distribute sewage (or organic fertilizers such as manure) in too early periods referred to 

sowing and transplanting.  

- Do not distribute mineral fertilizers containing nitrogen ready to use (especially nitrate and urea) 

when the plants are not yet present or are not in activity. 

- Divide the total amount of mineral nitrogen (ammonium nitrate, calcium nitrate, etc.) to be 

distributed in several times, giving a small amount before sowing and the rest, in the periods of 

greatest demand of each crop. 

- Use fertilizers that undergo minor losses, especially for fertilizing sowing or transplanting. 

- Create grassy edge bands between fields and any channels or ditches in order to limit the losses. 

Therefore, in general, the key point is to be sure to use the right fertilizer class depending by the 

crop stage (so that the plants can take advantage of the distribution, with efficacy and efficiency) 

and depending by the seasonal conditions (taking into account in particular temperatures and 

rainfall events). 
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The risks associated with phosphate fertilization 

Phosphorus is wrongly considered the most polluting fertilizer element that can be derived from 

cultivated land, since it contributes to eutrophication of water surfaces even more than nitrogen. In 

fact in nature phosphorus is quite rare in the waters and its lack limits the growth of algae, while its 

good availability promotes also the development of algae than can fix nitrogen from the air. 

It is important to remember that phosphorus is very little soluble and is strongly retained by the soil, 

especially if alkaline (pH above 8), such as the majority of the Italian soils. Consequently, it is 

almost impossible that the phosphorus goes to pollute the deep aquifers and losses by leaching are 

always very small, of the order of 0.5-2 kg per hectare per year of phosphorus pentoxide (P2O5). 

These losses are also little affected by the soil management, the fertilizers used and by the 

distribution technique. 

The phosphorus, if distributed in excess with respect to the crops needs, will remain in the soil, 

often turning into insoluble forms, unsuitable for plants and not subject to leaching losses. 

Considered this, not excessive phosphorus doses have to be distributed, not only for environmental 

but also for economic reasons. Phosphorus losses may instead occur with excessive or made with 

incorrect timing distribution of sewage, because sewage contains the element soluble in organic 

forms, not retained by the soil. 

 

Potassium and microelements are never pollutants 

The losses in the soil of potassium and other elements (such as magnesium, calcium, iron and other 

microelements) are negligible and above all do not cause damage to the water, even if present in 

high amounts. However, this behaviour must not lead to exceed on the contributions of these 

elements within the fertilization. 

It is important to cite the heavy metals, such as mercury (Hg), cadmium (Cd), arsenic (As), 

chromium (Cr), thallium (Tl), lead (Pb), that can be toxic in low concentrations and can cause 

severe problem when bioaccumulation occurs. But these heavy metals are not considered within the 

microelements necessary for plant life and are not present in fertilizers, therefore this is another 

matter not concerning the fertilization. 
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3. Role of organic matter in the soil 

Organic matter plays a fundamental role on soil fertility and on many of its characteristics. In 

particular, it influences the physical-mechanical property having positive effects on the structure 

and on the attenuation of the defects resulting from an unbalanced texture. The humic complexes 

formation leads to an improvement of the soil structure, especially in the presence of a good supply 

of calcium. In sandy soils the organic matter improves the water retention capacity because the 

humus has the ability to absorb and retain water quantities up to 20 times its own weight. On the 

other hand, in clay soils the organic substance improves the permeability and reduces the 

compactness. Another very important function is to reduce the surface erosion, due to the formation 

of more stable structural aggregates. Organic matter also increases the bearing capacity of the soil, 

reducing the damage due to the weight of agricultural machines and the trampling exercised by 

human.  

Among the chemical and physico-chemical functions, it is important to note in particular the role of 

organic matter in making available the mineral nutrients to the plants, favoring their absorption. 

The high cation exchange capacity of humus leads to an increase of the potassium, calcium and 

magnesium retention capacity; also it increases the phosphorus retention capacity for anion 

adsorption. The organic matter also brings an increase in the retention of the nutrients for biological 

absorption capacity; this function is critical to the retention of very mobile elements (nitrogen and 

sulfur), but in general also affects other nutrients, especially when the soil has a low exchange 

capacity. Other functions ascribed to organic matter are: 

• Slowdown of dynamics related to the phosphorus retrogradation. 

• Protection of microelements from insolubilization. 

• Increased buffering capacity. 

It is also noted, among the biological functions, the action carried out as a feed substrate for the 

development of terrestrial fauna and of microorganisms, but also an action on root activity 

stimulation, which occurs with still little known mechanisms, part of the complicated dynamic 

interactions between root and rhizosphere. 

Not forgetting that the organic matter influences the erosion (reducing it) and the stimulation of 

biological activity in general, it has to be added the important role in inactivating, by adsorption, of 

various toxic organic compounds, both of biological origin (polyphenols) and of synthetic origin 

(herbicides and plant protection products in general). The soils rich in organic matter are actually 

disposal systems that reduce pollution of groundwater. This does not mean that the land can be used 

arbitrarily as a means of disposing of toxic waste from other human activities, but the role of 
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organic matter in the environmental impact of different substances that normally come to the 

ground with the farm activity must not be overlooked. 

The positive functions of the organic matter are reflected in as many benefits under the agronomic 

aspect. This concept does not apply exclusively to sustainable agriculture techniques (e.g. organic 

farming), but it has general validity because is reflected, in addition to environmental aspects, also 

in the relative performance cost of the various conventional agriculture techniques, with particular 

reference to fertilization, soil tillage and irrigation. 

Concerning the fertilization, in particular there is the possibility to set higher chemical fertility 

levels benefiting from the increased absorbency that the humus gives to the soil. From the economic 

point of view, it should be considered also the advantage of reducing the losses due to leaching or to 

insolubilization which may be related to nitrogen and phosphorous, respectively, and in other cases, 

the same bases can be applied to all the other elements when operating in soils with low 

absorbency. 

Also tillages can benefit from the best structural conditions that are established in soils that have a 

significant amount of clay, when enriched in humus. The increase of softness that a high content of 

organic substance confers to soils with fine texture results in a lower tenacity and, ultimately, in a 

reduction of energy costs of processing. Another important aspect is the improvement of physical 

properties in soils managed with no-till techniques, such sod seeding for extensive crops and grass 

cover for tree crops. The implementation of these techniques allows to improve the content of 

organic substance to levels comparable to those of a soil covered with a pasture, and to obtain 

benefits in terms of compaction and resistance to erosion and, in general, a better permeability. 

The benefits on irrigation are derived by the best structural conditions and increased water retention 

capacity of the well-equipped organic matter soils. This allows to reduce both the losses due to deep 

percolation and those for runoff (when operating on sloping lands). Better water retention also 

makes it possible to take greater flexibility in setting the irrigation intervals shifts. 

In any kind of soil the dynamics of organic matter depends on the humification and mineralization 

processes, which take place simultaneously although with different intensity according to the pedo-

climatic conditions.  

In natural soil the environmental conditions are substantially stable, with eventual periodic 

variations during the year due to the succession of the seasons; this leads to the establishment of a 

dynamic equilibrium, from which arises a certain content of organic matter that can be high or low 

in relation to the soil, climate and vegetation. The alteration of these conditions, such as a 

deforestation, a fire, a climatic imbalance generates an adjustment of the dynamics until reaching a 

new equilibrium, which generally is established on lower levels. 
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The cultivation of a natural land always leads to a reduction of the content of organic matter. This is 

mainly due to the alteration of the soil profile and to the best aeration conditions caused by the 

tillages, which favor mineralization to the detriment of humification, and generally it is also due to 

the reduction of the umificabile biomass because of the removal of yields and destruction of crop 

residues. Observing the dynamics of the organic matter in a natural soil put in cultivation is known 

a progressive reduction in the amount of organic matter and humus, that, after a certain number of 

years, settles in lower stationary levels. The eventual discontinuation of the cultivation or the 

adoption of conservative techniques leads to a slow increase in the organic matter content, but 

generally the new equilibrium settles at lower stationary levels than those of the original natural 

soil. 

The content of organic matter in agricultural lands is closely related to the management techniques 

and crop rotations, taken in relation to the pedo-climatic conditions. There are several factors that 

can affect these dynamics. 

 

USE OF ORGANIC MATERIALS AS FERTILIZERS AND SOIL CONDITIONERS IN 

CROP SYSTEMS. 

Depending upon the material, organic wastes can supply macronutrients (N, P, and K) and 

micronutrients to the soil used by crops. These materials can replace part of or all synthetic 

fertilizers used in a cultivation and in addition, improve soil physical (infiltration, water holding, 

structure, etc.), chemical (cation exchange capacity, fertility, etc.) and microbiological properties. 

Through agricultural utilization of organic wastes, producers can benefit from materials that 

otherwise may be placed into landfills or present environmental pollution problems. 

Some organic materials are known to mineralize and release available plant nutrients rapidly as a 

result of microbial attack. In some cases this is desirable, particularly on soils that are already in a 

high state of fertility and productivity. On the other hand, marginal, erodible, sloping, and generally 

less productive soils would benefit, at least initially, from application of organic materials having a 

degree of microbial stability in soil. Such materials would release their plant nutrients at a relatively 

slower rate. A high nutrient availability index (NAI) indicates materials that would release nutrients 

relatively rapidly, while a high organic stability index (OSI) would be associated with more stable 

forms of organic matter. Materials with the high NAI value usually would be expected to have a 

low OSI value, and conversely. 
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Farmers often have the possibility to use both types of materials in their farming operations 

depending on whether there is a need to release nutrients rapidly, or to improve the productivity of 

marginal soils. However, the relative proportion of nutrients contained in some organic materials 

may not be in optimum balance for some crops. For example, when sewage sludge compost is 

applied at N fertilizer recommendations to sustain a corn crop, it is likely that P will be applied in 

excess of that needed by the crop. Thus, the excess P is wasted or might even become an 

environmental pollutant.  

Certainly, the most acceptable strategy for maximizing the agronomic and economic benefits from 

organic wastes and residues would be to (1) determine exactly what a farmer is trying to achieve, 

e.g. restoration of the productivity of an eroded soil or to provide supplemental N to a high value 

crop, (2) determine the approximate organic stability index (OS) and nutrient availability index 

(NAI) of the organic materials to be used, and (3) determine what practical and workable 

combinations of organic materials and mineral fertilizers are most appropriate to accomplish the 

proposed task. 

Most organic wastes and residues are low in their content of macro-and micronutrients compared 

with most chemical fertilizers. However, research has shown that crop yields are consistently higher 

when organic materials are applied in combination with chemical fertilizers than when either, -is 

applied alone. This would suggest that organic materials can increase the efficiency of chemical 

fertilizers and, if so, farmers might be able to reduce their fertilizer (and energy) inputs accordingly.  

Considerations before applying organic fertilizers 

Application rates should be based upon soil fertility, crop requirements, and chemical 

characteristics of the waste. Timing will depend upon crop needs and the weather. The application 

method will depend upon the physical characteristics of the waste and upon equipment availability. 

Generally, solid wastes can be applied with a manure spreader or common tillage equipment. Liquid 

wastes may be injected, broadcast, or applied through an irrigation system. Semi-solid or slurry 

wastes may require special equipment or may be modified so they can be handled with available or 

conventional equipment. 

Risk assessment 

It must be kept in mind that organic wastes may prove beneficial or detrimental, depending upon 

how wisely they are used and upon waste characteristics. Manures and recycled organic fertilizers 

are derived from waste products and may contain contaminants or undesirable elements, which if 
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not considered, may result in adverse outcomes on soils or even create a nuisance to neighbors. One 

waste material may provide valuable nutrients and improve soil productivity if applied 

appropriately, or damage soil productivity and possibly contaminate water resources if applied 

inappropriately.  

In the application of organic amendments to soil, its agronomic quality is an aspect of crucial 

importance. In general, it is advisable to apply stabilized organic products and sanitized by means 

of a composting process or similar, in order to reduce potential risks associated with the 

implementation of the raw organic materials, such as nitrogen immobilization, releasing of 

phytotoxic compounds, the presence of pathogen microorganisms, weed seeds, etc.. Likewise, the 

content of heavy metals in organic amendments and organic fertilizers must be below the maximum 

permitted by the regulations. 

Organic material nutrient content and availability 

The quality and nutrient content of recycled organic wastes can vary considerably and is influenced 

by a number of factors including product type, treatment, and further processing such as 

composting. Therefore organic wastes should be characterized before their use. 

Organic materials can be applied primarily for their nitrogen (N), phosphorus (P), or potassium (K), 

depending on crop requirements and available quantities. With any organic product it takes time for 

nutrients to become available, as microbial action is required to convert them into forms available to 

plants. Microbial activity is greatest in warm soils with good levels of available moisture. 

The availability of N, P, K, and other nutrients from organic wastes (OW) needs to be determined 

so that these organic resources can be effectively utilized.  

Nitrogen (N) 

The application of organic wastes (OW) represents an important supply of N to the soil. This N may 

be immediately available to plant or need that the organic fraction of the OW is mineralized to 

become available. Nitrogen in OW can be divided in four fractions: 

i) Inorganic N (NH4
+
 and NO3

-
), which can be used directly by plants or be lost by leaching 

(mainly nitrates) or volatilization (ammonium). 

ii) Organic N prone to be rapidly mineralized, mainly urea, which is easily transformed to 

ammonium. 

iii) Organic N able to be mineralized at medium-term composed of organic N compounds that 

are mineralized by microorganisms in few months. 
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iv) Organic N of slow mineralization. This fraction is constituted of organic complex resistant 

to microbial degradation needing years to be mineralized. 

Immediately after the addition of OW to soil, mineralization and immobilization processes occur, 

which determine N mineralization rate and consequently N availability. It has been indicated that 

the addition of OW to the soil increases microbial biomass and the extracellular enzymatic activity 

in comparison with the addition of mineral fertilizers (Zaman et al., 1999, Tejada et al., 2010). This 

increase in microbial biomass and activity can lead to the immobilization of the N supply by OW, 

the duration and extent of this process depending on the type of organic compound, and the 

temperature, moisture and texture of the soil.  

In general terms N mineralization from composted OW is lower than that of raw wastes. The lower 

N mineralization from compost is due to the fact that most of the easily convertible C and N 

compounds are lost during the composting process and the remaining C and N is in more stable 

forms. Table 1 shows estimated N mineralization for some OW.  

Table 1. Estimated rates of organic N mineralization  

Organic Waste Organic N mineralization rate 

during the first year of 

application, % 

Composts 25-30 

Pig slurries 90-95 

Poultry 55-70 

Swine 40 

Stabilized pig manure 40-50 

Sheep manure 40-50 

Pig manure 60-70 

   Source: Hirzel and Salazar, 2011;  

The estimated fraction of organic N mineralized in the field in the first year of application ranges 

from 25% for composted wastes to 95% for pig slurry (Table 1), indicating different N components 

in each OW type. Greater N availability from pig slurry is due to the high ammonium-N 

concentrations in this type of manure. Nitrogen in fresh wastes is relatively volatile, and as much as 

50% may be lost as ammonia or nitrogen gases during storage and after their application to land. 

Phosphorus (P) 
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Organic waste application based on phosphorus is becoming more common in areas with high risk 

of P loss in runoff, since repeated application of recycled organics based on their nitrogen content, 

can lead to the accumulation of phosphorus in the soil, which can have adverse impacts on water 

quality. 

Phosphorus also needs to be mineralized before it becomes available to plants. In the first year of 

application only 10 to 50 % of the total phosphorus applied in organics is likely to be available to 

the crop.  

Most of the P in manure is inorganic (> 75%) indicating that P availability following application 

should be very high. Based on the soil test P changes and plant P uptake one year after application, 

it has been shown that P availability in the first year after application was 85% for beef cattle 

feedlot manure and 73% for composted feedlot manure (Eghball and Power 1999). Slightly lower P 

availability from composted manure indicates a chemical reaction of P during composting, which 

caused P to become less plant-available. There is substantial variability in the estimates of P 

availability from manure and composted manure. Motavalli et al. (1989) found that P availability 

from injected dairy manure ranged from 12 to 89% based on corn P uptake. The low P availability 

in this study was due to a small P response from applied manure P. 

In a field study, Wen et al. (1997a) found that 69% of composted manure P was plant-available. 

Phosphorus availability from all manure types is high and can be assumed to be at least 70%. The P 

in manure can be used similar to P fertilizer (100% available) in areas with adequate soil P for crop 

production to avoid soil P accumulation. In P deficient areas, an estimation of at least 70% 

availability from manure should be considered. The amount of P available in the second, third, and 

fourth years after application is small and can be determined by testing soil for available P. 

Potassium (K) 

Potassium is also an immobile nutrient and incorporating recycled organics into the soil will 

improve its availability and prevent run-off.  Potassium in manure and compost is highly plant-

available and can be used similar to K fertilizer application. In a field study, Wen et al. (1997b) 

found K availability of 100% from composted manure. Potassium in other manure types is also 

expected to be about 100% plant available and therefore, these resources can be used similar to K 

fertilizer. 

Secondary nutrients and micronutrients 
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Plants require macro and micro nutrients for normal growth. Secondary nutrients required for plant 

growth include sulfur (S), calcium (Ca), and magnesium (Mg). Important micronutrients include 

boron (B), chlorine (Cl), copper (Cu), iron (Fe), manganese (Mn), molybdenum (Mo), and zinc 

(Zn). Micronutrients are also important for plant growth, as plants require a proper balance of all the 

essential nutrients for normal growth and optimum yield. 

The micronutrients zinc and copper or macronutrients such as sulfur are also found in recycled 

organics, particularly poultry manure and biosolids. Manure usually contains all the nutrients 

required for plant growth and therefore can be a good source of these plant nutrients. But not all of 

the secondary and micronutrients in manure are plant-available. These nutrients need to be 

mineralized in the soil before being absorbed by plants. Sulfur mineralization was found to range 

from 62 to 127% in an incubation study (Tabatabai and Chae, 1991), indicating that in some cases 

manure S is immobilized. Information on the mineralization of other secondary and micronutrients 

is limited.  

  



19 

 

4. RESAFE project 

The RESAFE project presented and financed under the LIFE projects in 2013, is characterized by 

some important objectives. The main one is to demonstrate how it is feasible the production and the 

use of a fertilizer characterized by a reduced salinity. This innovative product based on urban 

organic wastes, bio-char and agricultural organic waste, will allow to replace the chemical and 

mineral fertilizers. Following this approach will be possible for farmers and those in charge of 

waste management to reduce costs and gain advantages in both economic and environmental terms: 

a. Utilization of waste material. 

b. Profit generated from the sale of the new fertilizer. 

The environmental impact and the greenhouse gas emissions from the waste dumps will be reduced 

significantly. 

With the use of the innovative fertilizer with reduced salinity will be possible to reduce the amount 

of chemical fertilizers thanks to: 

- Direct adding of nutrients (more precisely N and P). 

- Indirect action focused on the absorption and availability of different minerals (greater retention of 

P and other elements that slow down the retrograde process of phosphorus etc.). 

- The demonstration of a significant increase in fertility and soil health. The presence of more 

organic matter in the soil can reduce the fragility of the soil, improve soil porosity, reduce 

compaction, improve drainage and aeration of the roots and finally greatly contribute to the 

absorption of minerals. 

It will be also possible to increase the availability of nitrogen and phosphorus for the plants. A 

higher content of organic matter will increase the percentage of soil humus and will have positive 

effects on the development of the microflora which will increase the amount of nitrogen and 

phosphorus available for the plants. 

The use of the new product will also boost the potential of the soil to counteract the action of 

pathogens. 

 

The actions of RESAFE Project 

The RESAFE project aimed to achieve the prefixed goals through a coordinated action that has 

involved the various operating units of the project. Having to make some demonstration actions in 

three different countries (Italy, Spain and Cyprus), it was necessary to identify beyond the common 

objectives, even the common working methods that once applied to the different realities in the 

three countries, however, there is the possibility to have of a common backgroung in order to 
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compare and evaluate the results obtained and get some generalizable information. The key points 

to identify a comparable demonstrative action were: 

 

a. Identification of waste organic matrix from farms or from trasformation processes or from 

municipal and civil waste requiring treatment to facilitate their disposal in agriculture. 

b. Chemical and physical characterization of the identified matrices. 

c. Developed in the laboratory of an enzyme treatment system of the matrices and detection of 

recipes (proportionate mixtures of different matrices) more responsive to the needs of obtaining a 

fertilizer product at low salinity and high quality (RESAFE fertilizer). 

d. Predisposition of pilot systems for the production of small masses of "RESAFE fertilizer" 

sufficient to manage the demonstrative trials in field condition. 

e. Effects evaluation in the field of this fertilizer distribution on the quantity and quality aspects of 

different crops and on the evolutions of the soil’s chemical and physical characteristics. 

 

5. Availability and choice of organic matrices used to produce RESAFE 

fertilizer and their characterization 

 

The selected organic matrix for the formulation of the "RESAFE Fertilizer" take into account three 

fundamental aspects: 

• Availability of such materials in the area to avoid costs of transport both from the economic point 

of view and for the environmental impact. 

• Chemical and physical characteristics of the materials selected, with a prior evaluation of their 

suitability to be mixed to obtain a fertilizer for the fertilization of cultivated plants in replacement of 

mineral fertilizers, with a high carbon content, able to bring an improvement of soil fertility. 

• Opportunities to optimize the use of matrices that represent a waste, sometimes difficult to dispose 

of. 

Based on these objectives it was made an analysis of organic materials derived by animal wastes or 

by industrial processes or by the everyday life families consumption, among the most present in the 

area. 

5.1 ORGANIC MATERIALS USED IN ITALY 

As regards the waste derived from farms, the products considered were those most present in the 

areas where the project was performed. Regarding Italy, being involved Emilia-Romagna region 

and expressly an area where there are many broilers and laying hens farms (Figure 5.1), it was 
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considered the fowl dung rather than the manure being much more rare farms of cattle and pigs. By 

broiler farms on litter it is possible to get a mixture of straw and broiler manure, rich in carbon and 

fiber but not particularly in nitrogen, that can be distributed in the field directly or after a period of 

composting in a heap. 

 

  

Figure 5.1. In Emilia-Romagna there are many poultry farms on litter and rearing of laying hens in 

cages. 

 

Instead, the rearing of hens in the cage has brought, until a few years ago, to obtain poultry manure 

without straw addition, rich in nitrogen and salts and characterized by a high degree of humidity; 

placed in heaps it usually involved problems of disposal, being too wet, and in addition to this it 

produced bad odors. In the recent years, many farms have introduced a system of drying the fowl 

dung by converging the flow of ejectors (that suck air inside the sheds to ensure the air exchange) 

on the tapes carrying the poultry manure with a continuous motion outside the sheds. When the path 

of the tapes has been completed the fowl dung is dry and it is possible to store it under canopies 

until the time of its distribution, with no particular risk of smells (Figure 5.2). 

However, the dried product obtained with this method is rich in nitrogen ready to be released and its 

direct use may involve risks, especially when distributed on young seedlings. 
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Figure 5.2. Obtainment of dry poultry manures without litteraddition. 

 

Another matrix present in the area is represented by the processing waste of the fruit sorting and 

packaging in warehouses as well as of the vegetables in the processing plants for deep-freezing 

products. In the territory in fact there are many private and cooperative storehouse involved in the 

processing and marketing of fruits and there is also one national industry leader in frozen vegetable 

products. The wastes are represented by fruits and vegetables that do not meet quality standards for 

marketing, the remaining products of storage phase and the products that have been discarded in the 

sorting phase within the industrial process. 

Taking into account that hundreds of thousands of tonnes of fruit and vegetables are processed in 

these facilities, it is possible to imagine the waste product volume present. In the past, part of this 

waste (especially if they were apples, pears or pea peels) was used for animal feed but the low 

proportion of animal farms and the more stringent rules make it difficult this use, leading in fact to 

the disposal in the field or to the delivery to composting facilities. 
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Other waste products are represented by organic waste from house kitchens, obtained through the 

differentiate waste collection (recycling) required by several local municipalities and implemented 

by the different structures involved in garbage collection. 

In addition to this, the presence of waste material represented by the pruned wood of trees 

within the towns and the grass mowing in urban parks have to be taken into account.  

The management of these masses for compost formulation, however, is not a simple operation 

because it needs specific equipment for the grinding of debris, arenas to stabilize the masses during 

the composting process and machinaries for handling and mixing as well as for sieving the material 

in order to remove coarse residues. 

On the Italian territory, ASTRA and ENEA have also verified the availability of a compost 

produced from a company of public services, in charge of the management of garbage. This 

compost is essentially constituted by: 

• municipal waste coming from recycling – these are kitchen waste collected from private citizens 

and from collective and commercial customers (canteens, restaurants, fruit and vegetables, ...). 

• vegetable waste from agro-industrial activities – these are vegetable waste from companies that 

prepare fresh or preserved products and consist in production waste, surplus, etc. 

• lignin-cellulose material from maintenance of public and private green areas – it comes from 

pruning, timber, grass cuttings and leaves collection resulting from the maintenance of public and 

private green areas. 

The incoming raw materials come both from local companies that carry out processing activities of 

fresh fruit and vegetables and from the organic fraction from the differentiate waste collection. 

 

              

Figure 5.3. Integrated anaerobic - aerobic treatment plant in Cesena (Italy), where organic waste 

is recovered  
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The organic wastes collected are reused through a prior anaerobic-aerobic integrated treatment based 

on the following processes (Figure 5.3): 

- Anaerobic digestion (in absence of oxygen) of organic waste and production of biogas with a high 

methane concentration (about 55-60%), with a dry modular system of digesters (Dry Batch 

Fermentation). 

- Aerobic ageing (in presence of oxygen) of the product of anaerobic digestion (digestate) by means 

of a first phase of intensive oxidation in aerated lanes and a second step of aerobic stabilization in 

aerated arenas. 

At the end of the process the obtained outputs are: 

- Production of electric energy and heat by internal combustion engines fed with the biogas (which 

has a 55% of methane) produced by the anaerobic digestion. 

- Production of mixed composted soil conditioner (with characteristics in accordance with D.Lgs. n° 

217 of April 29
th

 2006), usable in organic farming (Figure 5.4). 

       

 Figure 5.4. Mixed composted product derived by organic wastes. 

The anaerobic digestion process is a strongly innovative process of "batch-type" (i.e. a cell is filled 

with material, it is then closed to be open and empty after 30 days), which allows to treat a biomass 

with a dry matter content of up to 50% (dry-fermentation), without the need to convert them into 

liquid substrate such as in classical wet digestion. 

The different stages of the anaerobic biodegradation process (hydrolysis, acetogenesis and 

methanation) occur all together within a fermenter in reinforced concrete (single-phase process), in 

which the biomass is stationed statically without movements, remixing, addition or elimination of 

material (batch process). The homogenization of the material in fermentation and maintenance of 

optimal conditions for the reproduction and growth of bacteria responsible for the process is 

guaranteed by means of the recirculation of leachate from the waste which, through specific 

systems, is taken from the bottom of the fermenter and sprayed on the top of the biomass. 
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Taking into account the different experimentally matrices and the difficulties of working with 

certain materials with the lack of all the necessary equipments, the Italian partners have deemed it 

appropriate to use in the formulation of fertilizer RESAFE the following materials: 

- Dehydrated fowl dung. 

- Compost produced by the garbage collection company. 

- Biochar. 

The last product is a charcoal, specifically obtained from the pyrolysis of biomass which is stopped 

before complete combustion of the carbon present in the biomass itself (Figure 5.5). 

 

 

Figure 5.5. Biochar, charcoal derived by wood biomass. 

 

The advantage given by the biochar within the compost is that this coal is able to retain the carbon 

that does not return in gaseous form (CO2) in the atmosphere, also it is a soil amendment, 

improving the characteristics of permeability, porosity, ventilation, ability to retain moisture. 

Biochar within the compost does not function as a fertilizer and is not attacked by the microbial 

flora of the soil, which therefore do not release carbon into the atmosphere. Biochar remains 

incorporated in the soil for a long time and is viewed as a valuable tool for reducing CO2 

atmospheric emissions or even to recover from the atmosphere of CO2 that could be captured 

permanently. 

 

5.2 ORGANIC MATERIALS USED IN SPAIN 

Three different materials with a different origin and degradation level and quality were used in 

Spain for RESAFE project: Urban Organic Wastes, UOW (urban origin), Farm Organic Residue, 

FOT (animal origin), and Biochar, B (industrial origin). In addition, urban organic waste was 

submitted to an industrial composting process. For this reason Spain will use three organic materials 

with different degradation level (FOR will be a degradable material; UOW which will be 
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composted, could have a medium level degradation; and biochar will be no biodegradable and a 

stable material.  

URBAN ORGANIC WASTE 

Of all the different types of waste that are generated, biological organic wastes (not plastic wastes, 

oils, synthetic organic, etc.), among them those of a municipal origin, represent one of the most 

significant as regards the environment since they are produced continuously and in a generalised 

way.  They therefore deserve particular attention. The obligation to collect and treat/depurate solid 

municipal wastes and sewage, as laid down by several European directives, implies a substantial 

economic cost and therefore to give them a value becomes a needed within the framework of 

sustainable development. Even though the most problematic waste is of a domestic origin, its 

volume is similar to those of an industrial origin, but while the producers of industrial wastes are 

responsible for treating them adequately, the responsibility in the first case is that of local 

authorities. 

At this point, we should pause to clarify the type of organic wastes that will be treated in this 

Doctoral Thesis and for which we shall look for different ways of adding value.  Viable alternatives 

will only be proposed for wastes that are NOT considered “toxic or dangerous”, that is, the 

quantities of persistent organic (PCBs, dioxins, polycyclic aromatic hydrocarbons, etc.) and 

inorganic (basically heavy metals) contaminants that they contain are low enough tol not invalidate 

the proposals.  The protection of soil and water and the prevention of risk to human health will be 

the underlying precepts of this study.  

The study will be framed in a European context and will take into consideration legislation 

concerning the application of organic matter to soils, the emission of greenhouse effect gases, etc. 

which already exists in Austria, UK, Sweden and Holland.  However, the project will also take into 

consideration specific problems that countries like Spain may be suffering with their extremely 

degraded soils because of scarce organic matter content and the possibility of rectifying this deficit 

through the addition of suitable organic wastes in controlled conditions.  

Composting 

Composting is a biotechnological process by which different microbial communities initially 

degrade organic matter into simpler nutrients, and complex organic macromolecules of those 

humic-like substances are gradually produced, forming an organic fertilizer known as compost. 

(Hsu and Lo, 1999). The breakdown of organic matter during composting is a stepwise reduction of 



 

complex substances to simpler compounds under aerobic condition. In this sense (Figure 1), 

Oxygen, temperature and moisture are

succession during the composting process. Besides these main physical factors of composting 

engineering, the chemical structures of original materials such as proportion of different elements 

(C:N ratio) also determine the decomposition rates during these two phases of composting process: 

rapid (sugars, starches and proteins), slow (cellulose, hemicellulose, fats, waxes, and resins), or very 

slow (lignin). Materials high in cellulose and lignin take longer

high in sugars, other carbohydrates and lipids take less time to attain stabilized compost (Epstein 

pp82). 

The biodegradable process during composting can be depicted in many ways, but, basically, it 

consists of two major stages: activate composting phase (also called as “thermophilic phase”) and 

curing phase. During the active composting phase, easily decomposable compounds are break down 

quickly, and pathogen can be eliminated by high temperature up to 60

bacteria community to activate in the dynamics of succession. At this phase, the quick short decline 

of pH is shown due to formation of organic acids, meanwhile the reduction of C/N and the 

increasing of fulvic acids content are observed.

 In contrast, during the curing phase the compounds less susceptible to carbon mineralization (i.e., 

transformation of C to CO2) are broken down along with fatty acids, which can be phytotoxic 

hazard against plant growth, and humic acids are produced as a form of p

ring. All parameters of temperature, pH, C/N ratio tend to be gradually stable until the end, and 

form the optimum condition for growth of fungi in composting pile
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of pH is shown due to formation of organic acids, meanwhile the reduction of C/N and the 

increasing of fulvic acids content are observed. 
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) are broken down along with fatty acids, which can be phytotoxic 

hazard against plant growth, and humic acids are produced as a form of polymers of long chains or 

ring. All parameters of temperature, pH, C/N ratio tend to be gradually stable until the end, and 

form the optimum condition for growth of fungi in composting pile (Figure 5.6)
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Figure 5.6 Composting of the UOW 

HORSE MANURE 

For RESAFE project, we have used horse manure fresh; this manure has a good and natural quality 

(contains grass and grain fibers, minerals, shed cells, fats, water, sand or grit depending on the type 

of soil  grass was growing in. About 3/4 of the total weight of manure is water. 

If you've got horses, you've got manure. Being interested in manure may seem odd or distasteful to 

most people. However, horse owners know they need to take an interest in their horse's manure as 

the consistency and quantity is an indication of their horse’s health. Compaction colic can occur if a 

horse becomes constipated. Diarrhea can be a sign of a very nervous horse—it's not unusual to see 

when a horse is on the trailer or show, or it can be a sign of illness. A healthy pile of manure is not 

offensive to a horse owner. Rather, it means everything is working well in the horse's digestive 

system. Manure is very important to horse owners. Here are some horse manure fact you might not 

be aware of. 

One horse creates about nine tons of manure per year. This is why stall and pasture cleaning is 

essential to horse health. If manure is not cleaned up regularly it makes the perfect environment for 

producing unhealthy ammonia fumes in stables, as well as a place for moulds, bacteria and parasites 

to thrive. Horse manure changes color and consistency depending on their diet. When the horse is 

on grass, or very bright green rich hay, the manure will be a bright green color when fresh. If the 

horse is eating paler green hay, the manure will be paler and if the horse is forced it eat brownish 

hay, the manure will be a similar color.  

BIOCHAR 

Pyrolysis proceeds in three steps: in the initial step moisture and some volatile loss. In the 

secondary step occurred primary bio-char. The last fast step follows by a slower step including 

some chemical rearrangement of the bio-char. During the third step, the bio-char decomposes at a 

very slow rate and carbon-rich residual solid forms. The formation of secondary charring makes the 

char less reactive. 

 

5.3 ORGANIC MATERIALS USED IN CYPRUS 
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The raw materials in Cyprus were selected on the basis of local availability. Only 2 matrices were 

used (UOW and FOR). In fact BC for this Country was not selected due to the practical absence of 

pyrolysis plants.   

 

URBAN ORGANIC WASTE 

Several companies, active in the area of collecting waste have been contacted and visited prior to 

identify the appropriate waste. In specific, municipalities often do not have a structured process for 

collecting and processing urban organic waste (UOW) and therefore at the end green waste was 

used as UOW.  

 

POULTRY MANURE 

Poultry manure  (FOR), in particular laying hen manure, have been selected because both of local 

availability and nutrient contents of raw materials. The poultry manure had been pre-dried at farm 

level. 

 

6. Preparation of RESAFE fertilizer (PILOT scale)  

 

VEGETABLE ACTIVE PRINCIPLES (VAP) 

Vegetable Active Principles are natural products obtained using as raw materials Cucurbitaceae, 

Graminaceae, Labiatae, Apiaceae and Rutaceae families or parts thereof, according to a EU patent 

(Amek and CTI, 2002). Plants were picked up during their balsamic period. After elimination of 

damaged and not suitable parts, plants were minced. Then they were mixed with the natural liquids, 

in different proportions, to obtain a semisolid swill. At the end of fermentation VAP were wrapped 

up with a special technique to preserve their features in time, at room temperature. The complex 

products demonstrated enzymatic activities for C and P cycle (β-glucosidase and phosphatase were 

investigated). When the enzymes are used, they will be activated by the contact with the biomass to 

be treated.  

The natural, enzymatic cocktail biotreatment had already been tested in different applications:  

− In a “non conventional” biostabilization technology of undifferentiated UOW organic 

fraction from mechanical sorting. In that case it had been used in order to speed up the 

waste stabilization process; moreover best results were obtained by merely adding 

enzyme cocktails to a static process, without any aeration and/or periodic turning (Tuffi 

et al. 2014); 
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− In poultry manure biostabilization and transformation into a fertiliser characterised by 

slow release Nitrogen; 

− In the deodorization and transformation of poultry manure in a new and ecofriendly 

bating agent for leather tanning (Dall’Ara et al. 2013). 

Previous results, included in patent, showed that the the use of PAV for UOW biostabilization could 

maximize N retention (increasing both yield -from 25% to 30% as screened matter- and N content 

50%) and increase of 20% humic and fulvic acid contents, in processes with VAP compared with 

traditional static composting processes.  

 

6.1 PROCESS TO OBTAIN RESAFE FERTILIZER 

An innovation is represented by the process- biotreatment- which was applied not directly to UOW 

from separated collection but to a biomix composed of compost (UOW after treatment), animal 

dejections (FOR) and biochar; 3 organic materials with 3 different stabilization degree (stabile, 

degradable, very stable respectively) in order to obtain a “2nd level” fertilizer.   

This biotreatment was applied in order to stabilize the mixture of organic matrices, reduce salinity 

and obtain a high grade fertilizer, rich in macro and micro nutrients, so it can partially substitute 

mineral fertilization. 

The biotreatment consisted in adding to the substrate a natural products with enzymatic activity 

(Vegetable Active Principles or VAP) in a batch bioxidative static process.   

 

To make RESAFE fertilizer (HQ- ORBP), we have to use three different organic wastes. In 

addition, VAP (vegetal active principles) has been also incorporated into to fertilizer (RESAFE 

fertilizer) (Figure 6.1). The quantities of each organic waste could be:  

a) Compost from urban organic wastes (domestic wastes) should be incorporated in a quantity 

between 50-60 % of the total mass;  

b) BIOCHAR should be incorporated up to 10% of the total mass.  

c) The quantity of manure should be the rest until 100%.  

All organic materials must be well mixed and homogeneized. The humidity of this mix must be 

around 50% before process.   

VAP should be incorporated in doses of 0.3-1% on total mass, depending on heap/pile dimension. It 

should be incorporated on the bottom of pile/windrow, inside a basal layer of compost, and then 

coverd by the biomix. When using poultry manure, each pile in the external part was covered with a 
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layer of compost characterized by finer texture than poultry manure to reduce water losses and odor 

emissions. Preparation steps are reported in pictures of Figure 6.2 and 6.3 for Italy and Spain.  

 

Figure 6.1. Production of HQ-ORBP that is RESAFE fertilizer. 

A demonstrative simplified and energy saving biotreatment was applied: it consisted in static 

oxidative biostabilization in pile of biomix of selected matrices, with oxygen supplied by natural 

convection and with the substrate addition of natural complex products (VAPs).  This process was 

economic because it was performed in batch, static process using air natural convection and without 

air insufflation, thus reducing costs for power and manpower. 

The process was carried out realising aerobic micro-aerophilic conditions for a long time in 

thermophilic ranges at pilot scale, therefore affording sanitation.     

The stabilization process (triplicate) has been carried out in open-air heaps and consisted of a stage 

lasting three months, during which the heaps were no-turned, similar to maturation stage, in which 

the products were allowed to stand untouched for this time (Figures 6.2 and 6.3). 

Once a windrow/pile is constructed, the microbial activity generates carbon dioxide, water vapor, 

and heat. This activity was evident through increased pile temperature and possibly by visible 

"steam" coming from the pile. Over time, some of the carbon and water has been removed, thus 

should cause the pile to lose mass (size) and moisture. If water content falls below 40% to 50%, 

water should be added and mixed into the pilot plant. Gradually the C/N ratio will fall as the readily 

compostable carbon is metabolized by microorganisms, and the nitrogen is converted to nitrate and 

organic forms (or inorganic compounds such as struvite).  

Pile temperature is a good indicator of the compost process. During the first few days of 

composting, pile temperature should increase to between 60-70 ºC. The high temperature may be 

maintained for several days, until the microorganisms begin to deplete their food source or until 

moisture conditions become less than optimal. Mixing the composting feedstock brings more 

+ VAP 
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undecomposed "food" in contact with the microorganisms, replenishing their energy supply. If 

moisture content in the mixture is too high, insufficient aeration will limit activity of high-

temperature aerobic microorganisms. If the moisture content is too low, it will limit microbial 

activity. 

    

 

   

Figure 6.2 The three piles preparation in Italy, then covered with a plastic tunnel 
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Figure 6.3a - Mixture compost and FOR. 

   

   

Figure 6.3 b - Pilot plant preparation in Spain. 

 

Temperature has been measured in the external and internal zone of the windrow. The temperature 

profile during the composting process is showed in Figures 6.4 and 6.5, for Italian and Spanish 

piles. For Spanish case, the temperature rises initially to about 65 degrees, which ensures the 

hygiene of the organic material. When it reaches this temperature has been chosen to air the mass, 

in order to bring down the temperature, because if we did not, we would risk to destroying (above 

70°C) necessary and useful microorganisms for the process. Moreover, there was a temperature 

difference between the center of the heap (internal) with the outside (external): the lowest values 

have been measured always above the internal. 

In a composting process, this parameter is controlled based on periodic volts/turns. In our 

stabilization static process (pilot plants), volts were not used; pilot plant was maintained in a static 

pile. In theory, the determination of oxygen consumption or CO2 evolution would have been the 

best way to know exactly aeration in the stabilized material, but as we have said, the pile was 

treated in a static way. In our case, the temperature did not exceed 70 ° C in any of the cells along 
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the stabilization process and this is indicative that the aeration is controlled by the organic materials 

mixture. 

 

Figure 6.4 Evolution of temperature into three piles in Italy during the first 10 days 

 

Figure 6.5 Evolution of internal temperature into three piles in Spain during the first 60 days 

 

One of the goal of RESAFE project was the maximisation of N retention in final fertilizer (HQ-

ORBP) obtained from UOW, FOR and BC, thas reducing odour/smell and environmental impact 

and in the meanwhile leaving nutrient inside the fertilizer (economic value). This was approached: 

- Adopting a static biooxidative process with VAP, which is an intrinsic way to reduce 

nitrogen losses due to volatilization as ammonia,  (with N content maintenance of almost 100% in 

pilot plants in Spain and Cyprus and 75% in Italy); 

- Promoting the formation of compounds which can bind/block ammonia, such as struvite 

(H16MgNO10P), which is a nitrogen and phosphorus sink, can prevent ammonia losses via 

volatilization and leakage, controlling at the same time nutrient availability (on the basis of specific 
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raw materials, i.e in presence of poultry manure where NH4
+
 is present in the right proportion with 

Mg and PO4
=
). Recent studies (Kabbe et al., 2015) showed that struvite is a P compound which 

meets the requirements of enhancing plant uptake and in the meanwhile preventing rainloss. 

6.2 RESAFE FERTILIZER CHARACTERIZATION/QUALITY 

The main characteristics of obtained RESAFE fertilizers from UOW, FOR and BC for the 3 

Countries (Italy, Spain and Cyprus) can be resumed as in the following. 

1. A well humified organic matter, that positively influencing: the soil physical properties, the 

nutritional functions, the microbial and physiological activities and the interaction with 

organic synthesis products. Final product is dried, rich in organic carbon (23-32%), with a 

C/N in the range 8-18; we can indicate that soil organic carbon increased after field 

experiment when RESAFE fertilizer was used. 

2. A customization of final fertilizers, based also on raw material selection, with higher TOC  

(32-33%) for Spain and Cyprus, where the needs for organic matter is fundamental for long 

term sustainability of agriculture. In fact there is a strict connection between organic matter 

(organic carbon) and soil fertility: if soils do not have enough organic matter/ organic 

carbon, they cannot be fertile and they do not produce anything. 

3. Good nitrogen percentage; depending on the kind of matrices and its initial N content. It 

reaches 3% in presence of poultry manure. 

4. Reduced or controlled salinity, depending on raw materials characteristics; in presence of 

poultry manure final values decrease to 4 mS/cm, between low and moderate salinity 

(Figure 6.6)  in comparison with 3 (target). These figures are reached in presence of reduced 

water solubility compounds, such as struvite. 

5. Good water retention (about 28-33% on soils after RESAFE fertilizer addition).   

6.  Relatively high N (up to 3%), P (up to 2% as P2O5) and K (up to 2% as K2O) contents,  

depending on raw materials and good micronutrient contents; thus reducing the need for 

(integration with) mineral fertilization. 

The nutrients content (N> 2%, P2O5>2% and N+ P2O5 ≥ 5%) allow to classify the fertilizer 

(concime organico NP) in compliance with Italian legislation. 

Furthermore final fertilizer stabilization was also shown by  the Germination indeces (where root 

length measurements are included) in barley (Hordeum vulgare) and Rye-grass seeds, which 

indicates the disappearance of phytotoxic compounds after treatment.  

In this way, RESAFE fertilizer can be considered an example od organic edhafic fetilizers, with 

nutrients for plants but also with the capacity of enhancing soil fertility.  



 

Final RESAFE (HQ-ORBP) fertilizers were then used for field agricultural tests.

 

Figure 6.6 - Italy: E.C. from the 3 pilot plant and the heap with mixture of the 3 piles.
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process, but it could be due to the variability of the organic materials and the sampling problem. On 

the positive side, previous studies have demonstrated that the stabilization and maturation process 

decrease heavy solubility and hence their availability to plants. 

 

7. Experimental protocol for field trials in RESAFE project 

After the obtainment of RESAFE fertilizer masses through the mixing process of the matrices and 

the addition of the PAV enzyme complex, to test its agronomic effectiveness RESAFE fertilizer 

have to be distributed on different crops, assessing how it affects agronomic and quality aspects; it 

is also necessary to verify the influences on the parameters of soil fertility by chemical and 

physical-chemical analysis. 

The main objectives of the activity, performed in three countries (Italy, Spain and Cyprus), were: 

a. Evaluate the fertilizing effect of RESAFE fertilizer (HQ-ORBP) on some representative crops. 

b. Evaluate the possibility of replacing at least 50% of the currently used mineral fertilizer. 

c. Verify and apply different fertilization strategies that include the use of RESAFE fertilizer. 

d. Demonstrate the influence of the use of RESAFE fertilizer on product quality 

e. Demonstrate the reduced environment impact resulting from the use of RESAFE fertilizer. 

The realization of the trials required the definition of a shared operative protocol that can be 

applied in any other situation to verify different kinds of product. 

 

Shared operative protocol  

The trials must be set on different crops depending by the country, taking into account the most 

widespread crops in the various territories and the more interesting crops from in terms of 

fertilization. Within the project, the trials were set as reported below: 

Italy: durum wheat, spring barley, potato, corn, industrial tomatoes, melon, lettuce, cabbage. 

Spain: potato, barley, corn, tomato, melon. 

Cyprus: melon, watermelon, arugula, kale. 

 

Choice of the treatments to be compared 

The treatments choice is very important in order to demonstrate in the field the efficacy of a new 

organic fertilizer. By agreement among the different partners to meet the goals of the project, it was 

considered that at least 6 treatments were required, identified as follows: 

1) Untreated check, i.e. control not fertilized. 

2) 100% of N required distributed with mineral fertilizer. 
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3) 100% of N required distributed with RESAFE fertilizer (no integration). 

4) 100% of N required distributed with matrices without PAV (manure + biochar + compost). 

5) 50% of N required distributed with RESAFE fertilizer + integration of 50% as mineral 

fertilizer. 

6) 50% of N required distributed with matrices without PAV (manure + biochar + compost) + 

integration of 50% as mineral fertilizer. 

 

Distinguishing feature of each demonstrative trial performed was the choice of the dose of the 

fertilizers to be used. Every country has to apply its own strategy based on the guidelines adopted 

in each country to manage the fertilization of crops. 

In Italy, and specifically in Emilia-Romagna, since most of the crops are managed according to the 

principles of integrated production, the technical guidelines within the “Disciplinari di Produzione 

Integrata” which regulate the fertilization management were followed. These regional guidelines 

provide a calculation of the dose of fertilizers to be distributed taking into account the values of soil 

analysis carried out every five years. Spain and Cyprus have followed the rules indicated for these 

countries. 

 

The distribution of organic wastes should be carried out before the final preparation of the 

ground for transplanting or planting of tubers. The cultivation should follow the normal growing 

calendars available for each countries. As regards the planting spaces and the crop interventions in 

any situation the cultivation techniques have to be applied according to the principle of 

ordinariness. 

 

Crop management: it is important to perform the cultural practices that can ensure the maximum 

vitality of the plants, by removing interference from weeds and performing the defense techniques 

to ensure the maximum plant health. 

 

Variety choice is free, based on the most spread and more representative cultivar in each different 

environment.  

 

Irrigation must meet the requirements of the crop. 
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7.1 GENERAL FERTILIZER RECOMMENDATIONS 

Calculation of doses 

For grain crops, the dose of nutrients to be applied in each case depends crucially on the crop 

extractions, the nutrient content in the soil and utilization efficiency of the crop. The level and rate 

of nutrient mineralization from the organic material added as fertilizer must be taken into account as 

well as the level of nutrients remaining in the soil derived from the organic fertilization carried out 

in the previous year. The extraction of nutrients depends mainly on the production, while the use 

efficiency, especially in the case of nitrogen, depends fundamentally on crop root system, fertilizer 

management and the efficiency of irrigation.  

Some basic ideas for the calculation of the fertilization dose for the three main nutrients (N, P and 

K) are given below: 

Nitrogen 

The needs of N can be calculated by a simplified balance in the soil layer in which most of the roots 

develop which generally covers the first 60 cm. To simplify, N losses by lixiviation or 

immobilization are not considered in this balance, in which, it must be taken into consideration that 

for avoiding production reduction due to lack of N, it is necessary that the content of mineral N in 

the ground at the end of the culture is not less than a minimum value. This minimum value can 

therefore be considered as a requirement when performing the balance.  

The amount of nitrogen fertilizer applied in culture would be: 

Fertilizer dose = (Extraction of N by plant + minimum content of mineral N on the soil at the end 

of the crop) - (Contribution from crop residues + N mineral content in the soil at planting + 

mineralization of soil organic matter + mineralization of organic amendments + Contribution of 

irrigation water). 

Since in this simplified balance the losses by immobilization, lixiviation and volatilization are 

ignored, it is advisable to increase the calculated fertilizer dose by 10-20%. 

The following describes how to determine each of the terms of the simplified balance sheet: 

• The extraction of N by the plant for the expected production can be estimated on the base of the 

data existing in the literature. 

• The minimum content of mineral N in the soil at the end of the crop in most crops ranges between 

30 and 60 kg N/ha (0-60 cm layer). In the case of early broccoli, cauliflower, leek, onion and 

spinach, N values range between 60 and 90 kg /ha.  



40 

 

• The contribution of N by crop residues can be estimated using existing published data on the 

nutrient content in crop residues, taking into account that N in these residues must be mineralized 

(converted to ammonium and nitrate) before being available to plants. Between 40-80% this N 

may be available for cultivation after 2-3 months, if these residues are incorporated into the soil. 

• The content of mineral N in the soil at the starting of the culture is usually high and, therefore, its 

determination is important. This determination is made by measuring ammonium and nitrate 

content in soil samples. 

• The contribution of N by the mineralization of soil humus can be estimated using existing 

published data based on the content of soil organic matter and texture. 

• The contribution of N by mineralization of organic amendments is calculated by taking into 

account the richness in N of the organic amendment and its mineralization rate. 

• The contribution of N with irrigation water is calculated from the water applied and its 

concentration in nitrate, taking into account that nitrate has 22.6% N.  

Phosphorus and Potassium 

The strategy for potassium and phosphate fertilization must consider the contribution of an amount 

of phosphorus and potassium that is sufficient to cover crop needs for these elements and at the 

same time maintaining the soil with satisfactory levels of available phosphorus and potassium. 

The calculation of the needs of potassium and phosphate fertilizer may be performed by a 

simplified balance of these nutrients in the soil that include the main inputs and outputs in the soil-

plant system. 

The amount of potassium and phosphorus to be added can be calculated as follows: 

• Dose of fertilizer = Extraction of phosphorus or potassium by the crop - (contribution of the soil 

reserve in available nutrients + contribution of crop residues + contribution from amendments and 

organic fertilizers + contribution from the irrigation water). 

The determination of each of these terms is performed as follows: 

• The extraction of phosphorus and potassium by crop for the expected production can be 

estimated on the base of the data existing in the literature.  

• The available P or K existing in the soil is estimated by determining the content of these 

elements in soil samples.   

• The contribution of P and K in crop residues from the precedent cultivation can be estimated 

from existing published data on the nutrient content in crop residues. For practical purposes of 
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calculation it may be considered that 100% of this P and K will be available to the following 

crops in assuming that such wastes are incorporated to the soil.  

• The contribution of P and K in the amendments and organic fertilizers can be obtained knowing 

the dose, type of product applied and the physical-chemical characteristics of these organic 

materials. 

• The contribution of K with irrigation water can be calculated from the amount of water applied 

and its potassium concentration.  

Time of fertilizer application 

The main advantage of the fractionated application of the required nutrients, mainly in the case of 

N, allows an increase of the fertilizer efficiency by better encompassing nutrient supply with 

nutrient uptake by the culture. 

In the case of traditional irrigation, the distribution time should be approximately: 

Starting fertilization: 

• Nitrogen: 20-40% of the total. 

• Phosphorus: 100% of the total. 

• Potassium: 100% of the total. 

Topdressing fertilization: 

• Nitrogen: 60-80% of the total, spread over one or more applications, depending on the culture 

duration, avoiding the application in the last part of the crop cycle. 

In the case of fertirrigation the distribution of N, P and K is more fractional and, generally, 20-30% 

should be applied in the first third of the growing season, a 50-60% in the second third, and 10-30% 

in the last third cycle.  

Some basic rules that should be taken into account are: 

• In the initial stage of cultivation, nutrient demand is low, but if it occurs a deficit of nitrogen 

effects on growth may be irreversible. 

• During phenologic periods such as flowering, fruit set and bulb formation, excessive nitrogen 

applications must be avoided. 

• In the final stage of the crop, the application of N should be small or zero, as it can affect 

negatively on quality and can cause high levels of mineral N in the soil that subsequently could 

leach. 
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8. Applications of RESAFE fertilizer in Italy and Spain 

In order to state that a new fertilizer has got the features to be successfully applied on agricultural 

crops, several open field trials have to be performed, respecting certain experimental conditions and 

having also a demonstration function. Therefore, inside the RESAFE project different trials have 

been set up in order to evaluate how to use this quality fertilizer developed within the project. 

To examine the fertilizer effect, crops that have different needs related to development 

characteristics, cycle length, etc. have to be taken into consideration; therefore herbaceous and 

vegetable crops were examined. 

  

Figure 8.1. Spring barley.    Figure 8.2. Durum wheat. 

 

Figure 8.3. Corn. 

Normally the herbaceous crops (wheat, barley and corn, Figure 8.1-8.3, 8.8-8.9) are in rotation with 

vegetables, but they respond to the need to verify the effect of fertilizers on a medium-long crop 

cycle; the evaluations on corn also meet the need to verify the behavior of organic fertilizer on a 



43 

 

very nitrogen demanding crop, that could present nitrogen deficiency if the availability falls below 

the requirements.  

Among the vegetables, fruit species (tomato and melon, Figure 8.4 and 8.5 respectively, Figure 

8.13-8.14), tuber species (potato, Figure 8.7, 8.12) and leaf species (cabbage and lettuce, Figure 8.6 

and 8.8 respectively) were chosen. 

    

Figure 8.4. Industrial tomatoes.   Figure 8.5. Melon. 

     

Figure 8.6. Lettuce.     Figure 8.7. Potato. 

 

Figure 8.8. Cabbage. 

 

The trial setting followed the operative protocol described in the previous chapter. The fertilizer 

distribution was carried out before the planting or trasplanting of the crop, during the preparation of 
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the seedbeds. Because the soils had not received recent organic fertilization, it was taken into 

account that in the first year only 40% of the nitrogen was available. It is clear that in the case of 

annual contributions of organic fertilizers, the efficacy will be considered equal to 100% because 

the mineralization of the substances distributed in previous years has to be added to the total amount 

available for the crop. 

 

 

 

 

 

 

 

Figure 8.9   Corn crops in Spain 

 

 

 

 

 

 

 

 

Figure 8.9   Barley crops in Spain 

 

 

 

 

 

 

 

 

 

Figure 8.12   Potato crops in Spain 



45 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.13  Tomato crops in Spain 

 

 

 

 

 

 

 

 

 

 

Figure 8.14   Melon crops in Spain 

 

 

Distribution method 

The fertilizer distribution in these demonstration trials was carried out by hand (Figure 8.15), but it 

can be easlily carried out with machine (fertilizer spreader in the case of dry material and spraying 

wagons used for sewage in case of wet matrices). 
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Figure 8.15. Fertilizer distribution in the trial site. 

 

The RESAFE fertilizer has been distributed into a single pre-crop intervention, as well as for the 

other organic matrices. Instead, the mineral nitrogen fertilizer, as a good practice, has been 

distributed in part at the planting time and in part with the crop already present in the field, in order 

to prevent excessive dosages that could generate losses. 

To obtain good demonstrations the crops have to be managed without creating variables that may 

affect the final result. Therefore, the practices performed in the trial sites has been in line with these 

principles. The collections were made in several times only in the case of melon, while on all other 

crops the collections were carried out concentrated (at harvest period, depending by the crop). 

In the trials all the assessments required by the operative protocol were performed. The collected 

products and crop residues have been regularly weighed and then analyzed in the laboratory. 

In the trials there were no weather conditions or pests occurence that have created situations of non-

homogeneity or that have fostered a treatment rather than another. Although not required, almost all 

the trials had replicated parcels, in order to eliminate most of the variability possible in the soil, 

which however was chosen taking into consideration the maximum uniformity. 

The activities carried out has shown that the choice of the crops was correct because it allowed to be 

able to differentiate the results obtained, and to have a range of different situations to evaluate. 

The results obtained on repeated trials are unable to exhaust the need to demonstrate the validity of 

RESAFE fertilizer on different crops and in different situations, although it is possible to draw 

some considerations regarding the production levels achieved by crops and the changes observed in 

soil. 

 

Production parameters 
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For most vegetable crops the RESAFE fertilizer, either at full or partial dose, has brought a greater 

initial crop development that has resulted in a higher final production. The plant with major 

development has however maintained a balanced growth without incurring in fruit set problems that 

may be encountered with plants too vigorous. 

The horticultural crops in most cases have been irrigated by drop irrigation and this certainly 

guaranteed that around the root occurred the ideal conditions for mineralization of the organic 

substance that has provided to the plants the necessary amount of nutrients. 

 

Overall, although referring to a single season, it can be said that the results achieved in open field in 

these demonstration trials suggest that RESAFE fertilizer has the characteristics to replace part or 

all of mineral fertilizers on most vegetable crops, while on extensive crops (especially in case of 

herbaceous crop with long cycle and high consumption of nitrogen) probably the strategy should be 

changed, since the only initial distribution failed to meet the nutritional requirements. 

The experimental field area is sited in Murcia Region, S.E. Spain. The climate of the region is semi-

arid Mediterranean with a mean annual rainfall of 300 mm, about 75% of which falls in April and 

October. One characteristic of the rainfall is its irregularity; it is infrequent but usually it is intense and 

gives rise to serious episodes of soil erosion. The mean annual temperature is 17ºC and means potential 

evapotranspiration reaches 800 mm yr
-1

.  

ON PLANT-SOIL SYSTEM: The agricultural experiments carried out at greenhouse and open-

field level have demonstrated that the RESAFE fertilizer, at suitable rates, can be used, alone or in 

combination with inorganic fertilizers, as a good alternative to inorganic fertilization for vegetal and 

cereal cultivation, improving soil characteristics while giving similar yield and crop quality than 

conventional inorganic fertilization. The addition of the RESAFE fertilizer increases the level of 

organic carbon in the soil, and improves soil nutritional status. The suitability of the use of the 

RESAFE fertilizer as soil amendment or organic fertilizer should be considered after careful 

characterization of the receptor soil and an evaluation of the potential mineralization capacity of the 

organic fertilizer. Our results indicated that the use of RESAFE fertilizer, HQ-ORBP, increased soil 

carbon concentration (organic matter) after crops. Repetitive application of the RESAFE fertilizer 

will increase soil edaphic fertility and productivity.   

Common agricultural practices such as excessive use of agro-chemicals, intensive cultivation, deep 

tillage and excess of irrigation have degraded soils, increased gas emissions and polluted water 

resources. Among the practices recommended in the RESAFE Project for the improvement of soil 

quality and fertility in the Mediterranean regions is the application of organic wastes as fertilizers 
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(in our project we have elaborate the RESAFE fertilizer, HQ-ORBP and RESAFE + VAP 

fertilizer), which slowly release significant amounts of nitrogen and phosphorus. Management of 

soil organic matter by using organic wastes as amendments is the key for sustainable agriculture. 

Organic matter plays a key role in the development and functioning of terrestrial ecosystems, 

determining the potential productivity of natural and agricultural systems. 

 

9. Evaluation of the results  

The RESAFE project, that followed several activities some of which are preparatory to the 

development of a new fertilizer, has reached largely the initial purpose. The first characterization of 

organic matrices, chosen individually by each country involved among those most available on the 

territory, and the development of recipes for the formulation of a composite organic fertilizer, have 

allowed the realization of a pilot phase within which it has been possible to produce the fertilizer 

considering also possible improvements to be realized at the moment when it is decided to switch to 

a phase of large-scale production. 

The analysis that have supported each operative phase also allowed to evaluate the changes that 

have occurred after the mixing of the different matrices with the addition of PAV enzyme complex, 

and to characterize the physical and chemical profile of the fertilizer obtained. The monitoring 

actions have highlighted a number of issues that require further discussion about the need to keep 

moist the masses during the aging period, the size of the heaps, the mechanisms by which the 

enzyme complex acts, etc.  

Overall, it can be state that the process is industrialized and repeatable in different situations. 

Concerning the field results, that are the most effective way to measure the efficacy of the fertilizer 

in ensuring the contribution of nutrients to crops and to ensure an appropiate development, it should 

be emphasized that a year of activity (although it has involved three countries, different crops and 

more trials per crop), it can not be considered exhaustive for the new fertilizer evaluation process 

because there are many variables: pedo-climatic factors, crop varieties, agronomic management 

techniques that can have a side-effect on the results. In general, the results showed that it is possible 

to consider a chemical nitrogen savings when RESAFE fertilizer is used. The activity carried out, 

although it allowed to evaluate crop productivity, it could not answer conclusively the need to know 

how it can change the content of organic matter in the soil when RESAFE fertilizer is repeatedly 

distributed and if in the long there are positive or negative interactions on physical and chemical 

structures. The analysis so far available show how RESAFE fertilizer does not have risk, 

concerning the heavy metals content and the salinity, therefore it is expected that the repeated use 
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can only lead to a situation in which the soil microflora can best fulfill its functions, favoring the 

absorption of nutrients by the plant. 

 

 

10. Considerations on future developments  

The organic matter present in the cultivated land is subject to a continuous decrease due to the soil 

tillage and the soil degradation, not compensated by the processes of humification. Considering the 

production with the use of the land - and not on artificial substrates- the risk is that in the near future 

the chemical, physical and biological complex identified as fertility will be reduced, creating 

problems that should not be underestimated. The RESAFE project had the merit to link a number of 

facilities each with their own skills that working together on a common goal have developed an 

operational methodology through which produce a quality fertilizer starting from waste mixed 

together and treated with an enzyme complex. 

The activities carried out in three countries, each characterized by the presence of various waste and 

from different organic matrices, have allowed to obtain in different situations a fertilizer that has 

permitted for the most part to manage the fertilization of some crops, substituting in whole or in part 

the mineral fertilization. 

The fertilizer resulted easily to be spread with normal fertilizer spreaders if the mass is very dry of 

with modified sewage wagons in the case of materials with higher humidity. 

Within a two-year course, not all questions could be answered and even demonstration activities 

subject to natural variability need to be able to find confirmation before it will be possible to 

generalize the assumptions that now are related to the examined specific cases. Beyond the behavior 

in the field, RESAFE fertilizer still has a number of aspects that need to be explored and a number 

of questions that show the need to work deeper on this topic: 

• In the fertilizer production, what humidity level should be maintained to favor the internal 

reactions triggered by the enzyme complex PAV?, 

• What is the mechanism of action by which the PAV acts? 

• What is the dynamic of nutrients release from the fertilizer? 

• Could RESAFE fertilizer replace peat or potting soil in the plant nursery structures without the 

need to open new peat quarries? 

• What increases in organic matter can be expected in the medium or long term from the periodic 

distribution of RESAFE fertilizer? 

• What could be the cost of converting waste into agricultural fertilizer? 
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• Could the waste shovelable of bio-digestion plants enter into the composition of RESAFE 

fertilizer? 

These and other questions need answers to move from a phase of development and demonstration 

of a new product to a production phase. 

The studies for the LCA calculations and the need to promote an economic analysis are important 

elements to look forward to the opportunity to turn waste into a savings opportunities for technical 

means and money. 


