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CHAPTER 0: INDEX AND ABSTRACT 

RESUMEN 

El mar suministra una gran cantidad de recursos, algunos de los cuales pueden 
constituir un residuo bajo determinadas circunstancias. Este es el caso de los restos 
de pescado y las algas de arribazón que son retiradas de las playas. Ambos 
materiales presentan excelentes cualidades para la agricultura y de hecho han sido 
utilizados desde hace siglos como fertilizantes. El objetivo principal de esta tesis es 
maximizar el aprovechamiento de las cualidades de estos residuos-recursos, 
mediante el diseño de un nuevo producto, que pueda ser utilizado en agricultura 
ecológica. Para ello, restos de pescado procedentes de pesca extractiva y algas de 
arribazón fueron compostados junto con corteza de pino, en una proporción 1:1:3 
(v/v). Tras 10 semanas, se obtuvo un material estable, bien estructurado e 
higienizado. Para evaluar su potencial agrícola y poder definir sus recomendaciones 
de uso, el compost fue sometido a una caracterización física, química y biológica 
completa, así como una posterior evaluación en campo para estudiar sus efectos en 
suelo y cultivos. Los resultados obtenidos mostraron un interesante potencial para 
ser usado como abono, enmienda o sustrato de cultivo, así como su adecuación a las 
normativas legales españolas para su comercialización como enmienda o sustrato. 
Este compost también es susceptible de obtener la etiqueta ecológica europea 
(Ecolabel) para ser utilizado como enmienda y como sustrato de cultivo, siendo en 
este último caso necesario una reducción previa de la salinidad. A pesar de que el 
compost no presentó los nutrientes mínimos para ser comercializado como abono 
orgánico, se comprobó mediante un ensayo de incubación que una dosis de 30 t ha-1 
liberaba en 90 días cantidades suficientes de nitrógeno inorgánico para la mayoría de 
los cultivos. Por otra parte, los ensayos realizados en campo en una rotación 
hortícola pusieron de manifiesto también su valor fertilizante, así como un 
importante efecto residual. Para su uso como sustrato de cultivo, a pesar de cumplir 
con la normativa vigente, sería interesante reducir el nivel de salinidad, siendo esto 
fácilmente alcanzable mediante un lavado por inmersión. En conclusión, el co-
compostaje de restos de pescado junto con algas de arribazón, genera un material 
adecuado para uso agrícola como fertilizante, enmienda o sustrato de cultivo. 
Palabras clave: gestión de residuos, restos de pescado, algas de arribazón, 
compostaje, agricultura ecológica, enmienda orgánica, fertilización orgánica, 
sustrato de cultivo. 
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RESUMO 

O mar subministra unha gran cantidade de recursos, algúns dos cales poden 
constituír un residuo baixo determinadas circunstancias. Este é o caso dos restos de 
peixe e as algas de arribazón que son retiradas das praias. Ambolos dous materiais 
presentan excelentes calidades para a agricultura e de feito foron utilizados dende 
hai séculos como fertilizantes. O obxectivo principal desta tese é maximizar o 
aproveitamento das calidades destes residuos-recursos, mediante o deseño dun novo 
produto, que poida ser utilizado en agricultura ecolóxica. Para iso, restos de peixe 
procedentes de pesca extractiva e algas de arribazón foron compostados xunto con 
codia de piñeiro, nunha proporción 1:1:3 (v/v). Logo de 10 semanas obtívose, un 
material estable, ben estruturado e hixienizado. Para avaliar o seu potencial agrícola 
e poder definir as súas recomendacións de uso, o compost foi sometido a unha 
caracterización física, química e biolóxica completa, así como unha posterior 
avaliación en campo para estudar os seus efectos no solo e cultivos. Os resultados 
obtidos mostraron un interesante potencial para ser usado como fertilizante, emenda 
ou substrato de cultivo, así como a súa adecuación ás normativas legais españolas 
para poder comercializalo como emenda ou substrato. Este compost tamén é 
suceptible de obter a etiqueta ecolóxica europea (Ecolabel) para poder ser usado 
como emenda e como substrato de cultivo, sendo neste último caso necesario unha 
previa diminución da salinidade. A pesar de que o compost non presentou os 
nutrientes mínimos para ser comercializado como fertilizante orgánico, 
comprobouse mediante un ensaio de incubación que unha dose de 30 t ha-1 liberaba 
en 90 días cantidades suficientes de nitróxeno inorgánico para a maioría dos 
cultivos. Por outra parte, os ensaios realizados en campo nunha rotación hortícola 
puxo de manifesto tamén o seu valor fertilizante, así como un importante efecto 
residual. Para o seu uso como substrato de cultivo, a pesares de cumprir coa 
normativa vixente, sería interesante reducir o seu nivel de salinidade, sendo isto 
doadamente alcanzable mediante un lavado por inmersión. En conclusión, a co-
compostaxe de restos de peixe xunto con algas de arribazón, xera un material 
axeitado para uso agrícola como fertilizante, emenda ou substrato de cultivo. 
Palabras clave: xestión de residuos, restos de peixe, algas de arribazón, 
compostaxe, agricultura ecolóxica, emenda orgánica, fertilización orgánica, 
substrato de cultivo. 
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ABSTRACT 

The sea provides large amounts of resources some of which can be deemed wastes 
under specific circumstances. Such is the case with fish wastes and seaweed 
withdrawn from beaches. Both materials possess excellent properties for agricultural 
purposes and have in fact been used as fertilizers for centuries. The primary 
objective of this doctoral work was to maximize the exploitation of these wastes–
resources by developing a new product for use in organic agriculture. For this 
purpose, wastes from caught fish and seaweed were co-composted in combination 
with pine bark in a 1:1:3 (v/v) proportion. Composting for 10 weeks provided a 
stable, well-structured, hygienic material the agricultural potential of which was 
assessed in physical, chemical and biological terms with a view to establishing its 
most suitable use. Also, the compost was assessed for impact on soil and crops.  
Based on the results, the compost has the potential for use as a fertilizer, amendment 
or growing media; also, it complies with Spanish legislation on products to be used 
as amendment or substrate. In addition, the compost meets the requirements for 
award of an EC Ecolabel if used as an amendment or, provided its salinity is 
reduced, as a growing media.  
Although its nutrient contents are not enough to be marketed as an organic fertilizer, 
an incubation test revealed that a compost rate of 30 t ha–1 released enough inorganic 
nitrogen for most types of crops. Also, field tests with a horticultural rotation 
confirmed its fertilizing power and the presence of a substantial residual effect. The 
compost also fulfils the legal requirements for use as a growing media but can be 
made more interesting after reducing its salinity (e.g., by leaching in water). 
In summary, co-composting fish waste and seaweed provides a product that is 
suitable for agricultural use as a fertilizer, amendment or growing media. 
Key words: waste management, fish waste, wrack, drift seaweed, composting, 
organic agriculture, organic amendment, organic fertilizer, growing media. 
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CHAPTER I:GENERAL INTRODUCTION 

1. WASTE MANAGEMENT  

The best waste is that which is never produced. For this reason, waste management 
policies tend to focus on prevention (i.e., on reducing waste generation). However, 
completely avoiding the production of wastes is impossible because of the vast 
amounts generated worldwide every day. In fact, waste production is increasing in 
parallel to economic development and its associated growth in consumption. Thus, 
an estimated 1.3 million ton of waste was produced in towns around the world in 
2012. Also, a rise to 2.2 million ton is anticipated for 2025 (Hoornweg and Bhada-
Tata, 2012). 
Wastes, both organic and inorganic, have an increasingly recognized potential as 
resources as reflected in the growing trend to replacing their disposal with recovery 
and recycling (Agencia Europea de Medioambiente, 2013). The Waste Framework 
Directive (EC Council 98/2008, 2008) defines “recovery” as “any operation the 
principal result of which is waste serving a useful purpose by replacing other 
materials which would otherwise have been used to fulfil a particular function, or 
waste being prepared to fulfil that function, in the plant or in the wider economy.” 
“recycling” as follows: “any recovery operation by which waste materials are 
reprocessed into products, materials or substances whether for the original or other 
purposes. It includes the reprocessing of organic material but does not include 
energy recovery and the reprocessing into materials that are to be used as fuels or for 
backfilling operations”. 
In 2011, the European Union established a Roadmap to a Resource Efficient Europe. 
The Roadmap has the objective of breaking the link between economic growth and 
the environmental impacts associated with the generation of waste,  introducing a 
requirement for the Member States to develop waste prevention programmes 
concentrating on the key environmental impacts and taking into account the whole 
life-cycle of products and materials (EC Council 98/2008, 2008). 

1.1 Organic wastes 

Organic wastes are special in that their composition is closely related to that of 
living beings. This should facilitate their natural, spontaneous removal through 
incorporation into biogeochemical cycles; however, when organic wastes are 
produced in too large amounts to be naturally processed, a substantial portion 
accumulates in the environment (García-Morales et al., 2015). As a result, organic 
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waste management has become an ecological problem raising increasing public 
health and environmental awareness (Khalid et al., 2011). 
If properly managed, organic wastes can provide useful resources for a number of 
human activities in industry and agriculture. Thus, the agricultural sector can use 
organic wastes as amendments, fertilizers or, depending on their quality and 
properties, even as biostimulants of plant growth and development (du Jardin, 2012). 
Any waste management plan should be aware that soil must not be used to 
indiscriminately dump organic waste simply because it is organic in nature. In fact, 
organic wastes can be rather heterogeneous and require careful analysis in order to 
avoid potentially adverse effects. The most suitable management method for a given 
type of waste depends on whether the waste requires transformation, the particular 
transformation technique to be used, and the dose and application site of the end-
product, among other factors. Incorrectly managed organic waste can become a 
source of contamination rather than a useful resource. 
Whether a material is considered to be waste usually depends on its usefulness. In 
Spain, the act 22/2011 of Wastes and Contaminated Soils (Ley 22/2011, 2011), 
defines “waste” as any substance or object whose owner discards, intends to discard 
or is compelled to discard. This definition is somewhat ambiguous because some 
wastes constitute high-quality materials for other sectors. The term “waste” can thus 
be more accurately defined as “a resource present in an inappropriate place”. 
Although one such resource is commonly designated a “by-product”, is not always 
clear which term should be used. This act also defines “by-product” as “a substance 
or object resulting from a production process the primary purpose of which is not to 
produce that substance or object provided (a) the resulting substance or object is to 
be subsequently used for some purpose; (b) it can be used directly without a 
subsequent transformation other than the usual industrial practice; (c) it is obtained 
in an operation of the production process and (d) its subsequent use fulfils all 
product-related, human safety and environmental requirements and is thus harmless 
to humans and the environment. 
Therefore, even if a substance or object intended to be discarded by its owner 
possesses the potential for use as a resource —even one with economic value— by 
someone else, it is legally deemed waste if it requires any transformation (e.g., 
composting, dehydration) for that purpose. 

2. MARINE WASTES AND RESOURCES: REMAINS OF FISHERY ACTIVITY 

According to FAO “fishery” is “an activity leading to harvesting of fish… that may 
involve capture of wild fish or raising of fish through aquaculture” or “a unit 
determined by an authority or other entity that is engaged in raising and/or 
harvesting fish”, the unit “typically being defined in terms of some or all of the 
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following: people involved, species or type of fish, area of water or seabed, method 
of fishing, class of boats and purpose of the activities.” 
The European Union is the fifth world producer or fish (Unión Europea, 2014), with 
Spain as the first member country by number of catches. Our country additionally 
produces 860.030 t year–1 living fish weight by aquaculture (17.6% of the total EU-
27 figure). The region of Galicia accounts for 46% of the Spanish fishing fleet and 
the greatest number of catches —particularly of horse mackerel— by Spanish 
vessels. 
Fish and fish processing materials not used for human consumption should be 
managed. A large fraction of fishing wastes results from discards, which constitute a 
usual practice involving returning to the sea, whether alive or otherwise, unwanted 
fish not reaching the legal size for catching, exceeding the fisher’s quota or failing to 
meet some composition-related rule.  
Reducing discards is a primary objective with a view to ensuring the sustainability 
of fishery because it influences resource availability, affects the environment via 
changes in ecosystems and reduces fishing efficiency (Valeiras et al., 2014). In this 
respect, the EU Common Fishing Policy (EC Council 1380/2013, 2013) has ruled 
that, as of 1 January 2015, all catches must be discharged at port in order to stop 
discarding at sea. Fishers’ fulfilment of the new regulation will be facilitated by its 
gradual enforcement by species in European waters from 2015 to 2019. The species 
to be discharged at port in full from 2015 include mackerel, horse mackerel, 
anchovy and sardine. 
 The species for which fishers have no assigned quota can be marketed freely, being 
deducted from the quota of the species the fishers have. In any case, undersized fish 
and valueless species cannot be used for human consumption, so they will require 
management as waste. 
One other major source of fish waste is transformation industries. The fish and 
shellfish processing sector transforms fishing products into food for human 
consumption. Nearly 60% of all fish and selfish caught worldwide is used as frozen 
or transformed foodstuffs. However, about 50% of all catches are not used for 
human consumption (Kristinsson and Rasco, 2000). 
The fish industry generates two types of wastes and by-products, namely: 

• Liquid wastes: consisting of wastewater from the washing of raw materials, 
water used for thawing or equipment cleaning, and water from piping 
systems. 

• Solid wastes: from the processing of fish, which can easily account for 30–
45% of the initial weight of products (López-Mosquera and Seoane 
Labandeira, 2015). These wastes typically consist of guts, skin, heads, tails, 
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bones, shells, non-conforming materials, blood, oil or salt which are 
unsuitable for human consumption. 

2.1 Management of solid fish wastes 

Animal by-products not used for human consumption can be hazardous to public 
and animal health. This has led to their management being regulated individually. 
Regulation (EC) 1069/2009 of the European Parliament and of the Council (2009), 
and Commission Regulation (EU) 142/2011 (EC Council 142/2011, 2011), have 
since 4 March 2011 provided the legal framework for animal by-products for uses 
other than animal feed and their derivatives known as “SANDACH” in the European 
Community. Fish wastes are included in Class 3 (viz., those with the lowest risk) of 
these regulations but some fish farm wastes are included in Class 2. A number of 
commercial products are currently made from fish waste for uses such as foodstuffs, 
biodiesel or biogas, diet supplements, food packaging, cosmetics, fertilizers, glues, 
gelatines, enzyme isolation, chromium immobilization or food moisture preservation 
(Arvanitoyannis and Kassaveti, 2008). However, the most common uses of solid 
wastes from wild or aquacultured fish are the production of fish flour or oil, silage 
and organic fertilizers (Gill, 2000). 

2.1.1 Fish flour and oil 

Obtained by grinding and cooking the wastes at 100 ºC for 18–20 min in order to 
isolate oil and ensure that all pathogens are destroyed. After cooking, the solid 
fraction (press cake) is separated from the liquid fraction, the latter being 
centrifuged to obtain oil, water and solids. Finally, the oil is saved and the solids are 
combined with the press cake. 

2.1.2 Fish silage 

Fish silage is a viscous liquid obtained by treating whole fish or parts of fish with an 
acid (Parín et al., 1997). Fish silage and flour are typically used as animal feed on 
the grounds of their contents in energy and high-quality protein (New, 1996; 
Gabrielsen and Austreng, 1998). Because fish flour contains 65% protein and fish 
silage only 15%, delivering a given amount of protein requires using four times 
more silage than flour. On the other hand, fish silage contains more water than fish 
flour, so it is mainly used as liquid food (Parín et al., 1997). 

2.1.3 Organic fertilizers 

Fish wastes have long been used as fertilizers (Olsen and Olsen, 2011) by virtue of 
their high contents in nutrients (particularly N and P) (Arvanitoyannis and 
Kassaveti, 2008). Although fish wastes can be directly applied to soil (Olsen and 
Olsen, 2011), this can lead to off-odours and phytotoxicity from secondary 
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metabolites formed by the action of microflora on fresh organic matter (Zucconi et 
al., 1981a; Zucconi et al., 1981b). It is thus preferable to pretreat them prior to 
application. Some currently available products from fish waste afford more effective 
use and distribution. 
Fish-based fertilizers are allowed in organic agriculture under Council Regulation 
(EC) 834/2007. Also, the beneficial effects of fish wastes on agriculture go beyond 
their fertilizing action. For example, Mohan et al. (1993) has successfully used fish 
flour for crop protection by attracting pests that are then easily eliminated with 
insecticides. 
There are various types of commercial fish-based fertilizers, namely: 

• Fish emulsions, which are obtained from the liquid fraction remaining after 
preparing fish flour.  

• Fish hydrolysates, which retain the full properties of the starting material 
because they are not obtained by extracting oil. Rather, they are produced by 
cold enzymatic hydrolysis, which breaks fish materials into more simple 
protein complexes. 

• Fish flour, which is obtained by extracting oil. Initially used as fertilizer, 
fish flour became a major ingredient of animal feed for pigs and poultry in 
the mid-XX century at the expense of previous agricultural uses (Stickney 
and McVey, 2002). However, fish flour is still used in some commercial 
fertilizers. 

• Fish compost, obtained by aerobic fermentation which reduces the volume 
of the waste and implies a thermophilic phase with temperatures above 55 
ºC for a few days which ensure complete hygienization of the product. Fish 
compost has the advantages that the starting material contains the original 
oil and that the resulting product contains high stable compounds with 
interesting properties for soil. Also, it can be readily stored and contains 
little moisture, which facilitates transport. Composting gives a product of 
economic value and is a simple process requiring little investment; this 
singles it out from the previous processes, which are expensive and require 
large facilities. For this reason, fish waste producers usually hand them over 
to waste management firms and derive little benefit from their wastes as a 
result. The recovery of wastes from caught and aquacultured fish has been 
the subject of much study (Liao et al., 1995; Liao et al., 1997; Laos et al., 
1998; Laos et al., 2002) . Composting is a technically simple, economically 
feasible process yielding a stable, hygienic, odourless product that contains 
few or no phytotoxic substances and providing a number of benefits 
resulting from the complex forms into which the starting organic matter is 
transformed. 
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3. MARINE WASTES AND RESOURCES: SEAWEED 

3.1 Marine macroalgae  

Algae constitute an artificial taxonomic group comprising various plant divisions. 
Their highly heterogeneous category spans a wide variety or organisms ranging 
from unicellular prokaryotes such as blue or cyanophytic algae to multicellular 
eukaryotes more than 50 m in size. Nearly 20 000 algal species are known to 
populate the world and colonize all types of environments (APROMAR, 2015). In 
fact, they are more abundant in seas and continental waters, but can be found in 
many other environments where they have water at least for their reproductive 
function. 
Marine macroalgae constitute a group of tallophilic plants possessing photosynthetic 
pigments that afford autotrophic nutrition. Their biological cycle occurs in the 
marine environment and individuals attach to their substrates at some stage to form 
variably homogeneous coastal biotypes (APROMAR, 2015). Marine macroalgae are 
classified into three broad categories according to the photosynthetic pigments they 
contain in addition to chlorophyll a, namely: 

• Rhodophyta (red algae), which contain chlorophyll d; 
• Phaeophyta (brown algae), which contain chlorophyll c; and 
• Chlorophyta (green algae), which contain chlorophyll b. 

3.2 Wrack 

A wrack is a mass or collection of seaweed and marine phanerogams that have been 
swept to coastal shores and/or underwater areas from their place of growth. This 
natural process, which occurs by effect of the wind, storm and tides on coastal strips, 
breaks and sweeps seaweed beds, thereby facilitating renewal of algal populations 
(Andrés et al., 1991). 
After algae deposit in supralitoral areas, they are exposed to the action of 
invertebrate animals (particularly amphipods) that are in turn used by other animals 
at higher levels in the trophic chain (especially by coastal birds). Therefore, drift 
seaweed play a crucial ecological role as a link in the chain (APROMAR, 2015). 
Similarly, the amphipods are used by beach fish. In some places, the natural 
recruitment of juveniles from various fish species has been found to be associated to 
the presence of this link, resulting from the interaction of macroalgal beds with 
amphipods (APROMAR, 2015). 
Like any other ecological system, that of algae requires equilibrium. In fact, a 
coastal excess of macroalgal biomass can have adverse consequences and even 
require removal. One of the reasons why seaweed is usually removed from coastal 
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areas is because they form “green tides” whose appearance is related to the effect of 
anthropic eutrophication resulting from agriculture, urban and industrial wastewater 
or aquaculture (Bárbara and Cremades, 2010). Massive accumulation of algae 
reduces biodiversity through anoxic conditions and the release of hydrogen sulphide 
by decomposition, both of which have a high economic impact on shellfish reserves 
(Fei, 2004; Han et al., 2014). Also, algae on beaches used for recreational purposes 
are considered to be waste and usually removed during the summer to avoid off-
odours or even public health problems arising from their decomposition (Rosenberg, 
1985; Eyras et al., 1998). 

3.3 Algae as a resource 

Algae have been used for thousands of years by man for various purposes (Chapman 
and Chapman, 1980). In fact, they constitute a large fraction of the marine resources 
exploited in the world for an also wide variety of purposes (Bourgougnon et al., 
2011). The most important uses are:  

3.3.1 Human and animal nutrition 

The earliest known use of algae was human nutrition (Chapman and Chapman, 
1980). At present, direct nutritional uses such as that of “algae as vegetables” 
account for the greatest amount and value (Bourgougnon et al., 2011). The largest 
markets for algae are China, Korea and Japan, where seaweed has been used as 
human food since ancient times (Nisizawa et al., 1987). 
Algae consist mainly of carbohydrates (53%), minerals (25%) and proteins (20%). 
Their mineral fraction includes macroelements such as sodium, calcium, 
magnesium, potassium, chlorine, sulphur and phosphorus, and essential trace 
elements such as iodine, iron, zinc, copper, selenium, molybdenum, fluorine, 
manganese, boron, nickel and cobalt. Algae additionally contain all essential 
vitamins in substantial amounts. In fact, the “nutrient cocktail” they contain is 
largely responsible for their interest (Bourgougnon et al., 2011). Algae —
particularly brown algae— have also been used as feed for ship, cows, horses and 
pigs (Rey Crespo, 2015). 

3.3.2 Industrial uses 

The second use in importance of algae after nutrition (11% by weight and 10.8% by 
value) is the production of hydrocolloids (Bourgougnon et al., 2011). Cell walls in 
marine algae contain long-chain polysaccharides that increase their flexibility and 
mobility in the waters where they grow. Such polysaccharides, known as 
“phycocolloids”, are exclusive of algae and have a number of industrial uses, 
particularly in foodstuffs (e.g., in additives E400 to E407 as per European 
nomenclature). Algae can also form gels that are useful for other purposes. The most 
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commercially significant hydrocolloids obtained from marine algae are alginate, 
agar and carragenin (McHugh, 2003). 
Recently, algal extracts have been added to cosmetic products on the grounds that 
their active principles possess anti-aging action (Bourgougnon et al., 2011). 

3.3.3 Agricultural uses 

Algae contain some components with a beneficial effect on agricultural soils and 
crops. In fact, some algae are used as fertilizers or amendments, soil improvers or 
biostimulants. According to García and Martel (2000), the agronomic effects of 
algae can be ascribed to the following components: 

• Matrix polysaccharides (alginates, carragenates, agar, ulvans, and 
mucopolysaccharides and their oligosaccharides), reserve polysaccharides 
(mannitol, fucoidan, laminaran, floridean starch, cellulose and 
hemicellulose) and cell-wall polysaccharides (cellulose and hemicellulose). 

• Mineral nutrients including macroelements (nitrogen, potassium, calcium, 
magnesium and phosphorus) and trace elements. 

• Biological antioxidants and stimulants (polyphenols, xanthophylls, 
carotenoids and enzymes) 

• Phytohormones and growth regulators (cytokinins, oligosaccharides, 
betains). 

• Biotoxins, inhibitors and repellents (aromatic compounds and halogen-
containing terpenoids with fungicidal, bactericidal, insecticidal, acaricidal or 
nematocidal properties).  

Algae have been used as fertilizers and amendments in agriculture for centuries 
(Zemke-White and Ohno, 1999; García and Martel, 2000; McHugh, 2003). Algae 
can be directly applied to soil, whether fresh (López-Mosquera and Pazos, 1997; 
Vilariño et al., 1999), treated (e.g., composted) (Eyras et al., 1998; Michalak and 
Chojnacka, 2013; Han et al., 2014) or in the form of flour (García and Martel, 2000). 
In Galicia, which has more than 1500 km of coastline, this ancient practice was 
gradually abandoned with the advent of chemical fertilizers and, especially, as a 
result of the increasing labour costs of its collection and transport. At present, algae 
constitute an underused agricultural resource. 
Algae applied to agricultural soil substantially improve its physical and chemical 
properties, which makes them effective soil improvers (Aitken and Senn, 1965; 
Blunden, 1991; Verkleij, 1992; López-Mosquera and Pazos, 1997; García and 
Martel, 2000; Zodape, 2001) . Worth special note are their favourable effects on soil 
structure and stability, their ability to increase moisture retention and ion-exchange 
capacity, and their chelating properties —which are useful to remediate soils 
contaminated with heavy metals. Also, some algae (especially some calcareous 
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rhodophytes such as maerl) have the ability to neutralize acidity and are thus 
effective amendments for acid soils (Blunden et al., 1975). 
Recent developments in immunoaffinity tests have enabled the identification of a 
number of biostimulants in algae (du Jardin, 2012). The biostimulant concept is very 
recent and lacks a widely accepted definition. In 2012, the European Commission 
asked Patrick du Jardin to write a report on plant biostimulants. Following a 
thorough review of the literature, du Jardin defined biostimulants as “substances and 
materials excluding nutrients and pesticides whose application to plants, seeds or 
growing media can alter physiological processes of the plants and have beneficial 
effects on their growth or stress resistance.” 
As noted earlier, algae contain abundant biostimulants such as growth hormones 
(especially auxins and cytokinins). This property introduces a high added value as it 
makes algae especially useful as substitutes for fertilizers and phytosanitary products 
in organic agriculture.  

4. COMPOSTING OF  FISH WASTES AND SEAWEED 

Composting of algae has been especially active in places such as Venice, French 
Brittany, Peru and Argentina, where they have caused episodes of eutrophication 
(Potoky et al., 1988; Mazé et al., 1993; Vallini et al., 1993; Eyras and Rostagno, 
1995; Eyras and Sar, 2003; Eyras et al., 2008). Composting is regarded as one the 
most technologically, economically and environmentally effective means for 
managing excessive algal biomass (Cuomo et al., 1995). Because of their low C/N 
ratio, seaweed invariably require mixing with a lignocellulosic material to improve 
their aeration and increase their carbon content (Mazé et al., 1993). 
Seaweed compost provides quality, hygienic fertilizer containing no heavy metals or 
phytotoxic compounds that can be used as organic fertilizer or cropping substrate 
(Mazé et al., 1993; Cuomo et al., 1995). Therefore, composting seaweed not only 
helps to solve an environmental problem but also provides a high-quality product in 
some cases (Eyras et al., 1998). 
Similarly to seaweed, fish waste has been used to obtain compost as an effective 
management choice for this type of by-product in various world areas (Mathur et al., 
1986; Liao et al., 1994a; Liao et al., 1994b; Liao et al., 1995; Roinila, 1997; Liao, 
1997; Shelton et al., 1998; Laos et al., 2002; Buyuksonmez et al., 2005; 
Frederickson and Ross-Smith, 2008). Most wastes used for this purpose are obtained 
from aquacultured rather than caught fish. Also as with algae, the low C/N ratio of 
fish wastes requires using a lignocellulosic material such as pine bark or wood 
trimmings to increase the carbon content of the mixture to be composted. 
Simultaneously composting two materials with complementary properties is a 
common practice. Thus, mixing seaweed, which are especially rich in potassium and 
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micronutrients, with fish waste, which is nitrogen- and phosphorus-rich, should 
provide compost containing most of the essential elements for plant nutrition. 

5. FERTILIZATION IN ORGANIC AGRICULTURE 

Organic agriculture is growing steadily everywhere. At present, 1.8 million farmers 
are estimated to use it on more than 37 million hectares in the world (Willer and 
Kilcher, 2013). Spain has 32,206 farmers using 1,610,129 hectares organically 
grown, the main crops are cereals for grain production and permanent grassland.  In 
Spain, organic agriculture has been legally regulated since 1989, initially by the 
“Organic Agriculture” General Designation Regulation, subsequently by Council 
Regulation (EEC) 2092/91 on organic production of agricultural products and 
indications referring thereto on agricultural products and foodstuffs, and, since 1 
January 2009, by Council Regulation (EC) 834/2007 (2007) on organic production 
and labelling of organic products. 
The demand for organic products continues to increase worldwide, and the prospects 
for organic agriculture are those of an increasingly significant market. In fact, the 
world market for organic products has grown steadily, with a turnover of 59 100 
million dollars in 2010 (MAGRAMA, 2012). 
The concept of fertilization in organic farming is based on the idea of feeding the 
soil so it can feed the plant. In fact, soil fertility is a broad term that refers to the 
ability of a soil to supply nutrients to a crop (Barker, 2011). The main strategy to 
maintain soil fertility is to avoid all unnecessary waste, reusing crop residues and 
increasing the use of resources as promoting the development of microorganisms 
capable of fixing atmospheric nitrogen, promoting adequate root development and 
mycorrhizal, etc.. (Canet, 2005). But even using these techniques, most soils do not 
have an unlimited capability to supply essential elements to crops, and fertilizers 
(materials used to carry plant nutrients to soils) are needed. Organic farming aims to 
harness all the fertilizers inside of the agricultural system to provide these nutritional 
requirements so that external contributions are minimal or even zero in ideal system. 
This goal of zero contribution is not possible to achieve at operating level, 
obviously, but is much closer to reality when it comes to the level of a geographic 
area (Canet, 2005). Nevertheless, the ability to supply nutrients is not only affected 
by the nutrients contents, but also is governed by several other chemical, physical 
and biological properties which form the soil quality or soil health. In this respect 
organic farming reminds us the need to treat soil fertility as a whole and not just a 
particular nutrient content.  
When the use of fertilizers is necessary to increase the nutrient content in the soil, 
organic farming only allows the use of organic fertilizers. The term organic fertilizer 
is subject to their definition (Barker, 2011). Organic fertilizers are naturally 
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occurring materials of biological or mineral origin and are low in nutrient 
concentrations or solubility or have both properties. They may be altered physically 
in processing for agricultural uses, but never chemically which are known as 
chemical fertilizers and are not allowed in organic agriculture (Barker, 2011). 
Chemical fertilizers were developed in response to the slow-release properties of 
organic ones which may not supply sufficient nutrition rapidly enough to a crop to 
prevent deficiencies. But their indiscriminate use along with the excessive and deep 
tillage, and luxury irrigation have degraded soils, particularly in semi-arid 
mediterranean areas, as well as polluted surface and groundwaters, and 
contaminated air (Lal, 2009).  
Soil organic matter plays an important role in long-term soil conservation and/or 
restoration by sustaining its fertility, and hence in sustainable agricultural 
production, due to the improvement of physical, chemical and biological properties 
of soils (Sequi, 1989).The most direct way to increase soil organic matter is by 
applying wastes. In organic farming, the wastes to be considered are mainly crop 
residues, pruning and manure, which can not come from intensive farms (Canet, 
2005). In both cases, application modes are two: direct or after composting (Canet, 
2005). Composting has the advantage that is a simple technique that destroys their 
potential burden of pathogens, dormant weed seeds and provides numerous 
compounds that improve soil fertility. 

6. CASE STUDY 

6.1 Management project for organic wastes produced by the firm 
Pescados Rubén, S.L. 

Fishing industries are seeking to find feasible alternative ways of exploiting the 
resources contained in the wastes they produce. One case in point is the Spanish 
frozen fish producer and exporter Pescados Rubén, S.L., which has started a 
programme to transform its fish wastes into quality organic fertilizer for organic 
agriculture. 
With quality as the ultimate aim, the firm has chosen to combine fish waste with 
another local resource–waste: drift seaweed, which occur naturally in the coastal 
area where the firm operates. In fact, a sampling of zones near the firm’s processing 
facilities revealed that seaweed can be collected in large enough amounts for 
industrial exploitation. The amount of seaweed reaching the neighbouring beaches 
oscillates over the year and can reach peaks up to 3800 t in one day in November 
and December (López-Mosquera, 2008). These amounts can be supplemented with 
those of seaweed that are systematically collected from the beaches in summer to 
enable their recreational use by tourists. 
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This doctoral work focused on two wastes as defined by Spanish legislation. As 
shown here, both constitute high-quality materials for obtaining a product with a 
high added value for a number of purposes. 

6.1.1 Properties of fish waste produced by Pescados Rubén, S.L. 

Prior to this doctoral work concerning the firm Pescados Rubén, S.L., it had 
conducted a study involving weekly sampling of wastes from each fish species it 
processes for one year. The results are summarized in Table 1 (Illera et al., 2010). 

Table 1. Chemical composition of fish waste from the transforming industry Pescados 
Rubén, S.L. Mean± standad deviation. 

 Cuttlefish (n=5) Sardine (n=43) 
Horse mackerel 

(n=11) 
Mackerel (n=9) 

M.O.(%) 82,49 ± 0,36 86,15 ± 4,42 75,21 ± 2,84 83,21 ± 2,21 

N(%) 12,81 ± 0,12 7,02 ± 1,60 8,65 ± 0,54 8,80 ± 1,38 

C/N 3,96 ± 0,05 7,60 ± 2,30 5,07 ± 0,60 5,67 ± 1,40 

P2O5(%) 1,70 ± 0,02 4,39 ± 0,23 5,87 ± 0,08 4,11 ± 0,13 

K2O(%) 0,21 ± 0,05 0,91 ± 0,28 1,12 ± 0,15 1,37 ± 0,17 

Ca(%) 0,15 ± 0,07 1,67 ± 1,47 3,65 ± 1,55 1,38 ± 0,45 

Mg (%) 0,13 ± 0,04 0,10 ± 0,04 0,15 ± 0,03 0,13 ± 0,03 

Na (%) 0,68 ± 0,16 0,65 ± 0,23 0,76 ± 0,18 0,70 ± 0,09 

S (%) 0,77 ± 0,01 0,43 ± 0,12 0,59 ± 0,06 0,62 ± 0,08 

Cu (mg kg-1) 4,46 ± 0,61 2,19 ± 0,55 3,22 ± 1,44 4,08 ± 0,94 

Zn (mg kg-1) 37,82 ± 3,11 58,07 ± 17,65 66,41 ± 13,57 66,21 ± 8,35 

Mn (mg kg-1) 15,86 ± 0,23 20,30 ± 11,14 6,26 ± 9,39 2,77 ± 2,93 

Mo (mg kg-1) 0,24 ± 0,10 0,07 ± 0,16 0,00 ± 0,19 0,18 ± 0,52 

B (mg kg-1) 1,24 ± 1,16 2,36 ± 1,16 3,20 ± 1,61 2,85 ± 2,74 

Fe (mg kg-1) 263,65 ± 13,00 398,22 ± 311,00 205,27 ± 141,00 162,61 ± 173,00 

Cd (mg kg-1) 0,30 ± 0,13 0,34 ± 0,22 0,36 ± 0,25 0,46 ± 0,24 

Cr (mg kg-1) 0,13 ± 0,17 0,30 ± 1,37 0,92 ± 1,08 2,22 ± 5,51 

Pb (mg kg-1) 0,00 ± 0,42 0,00 ± 1,57 0,00 ± 1,15 0,00 ± 0,63 

Ni (mg kg-1) 0,18 ± 0,67 0,30 ± 2,79 0,71 ± 1,52 1,91 ± 5,39 

Hg (mg kg-1) 0,04 ± 0,75 0,05 ± 1,23 0,16 ± 1,00 0,03 ± 1,50 
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All wastes exhibited optimum concentrations for use as raw materials to produce 
organic nitrogen fertilizers fulfilling the requirements of the Spanish RD 506/2013 
on fertilizers. In fact, as can be seen from Table 2, all contained more than 6% N —
the lowest acceptable level.  

Table 2. Spanish Regulation on fertilizers RD 506/2013. Organic fertilizers 

Fertilizer type Minimum nutrient contents (wt%) Obtainment of essential components 

Organic N 
Fertilizer 

6% N total 
C/N < 10 

Solid obtained by treating fish with or 
without previous mixing with organic 
animal materials 

Organic NP 
fertilizer 

N + P2O5= 6% 
2% N total 
3% P2O5 total 
C/N ≤ 12 

Solid obtained by treating fish with or 
without previous mixing with organic 
animal or plant materials 

 
The wastes from oily fish exhibited high contents in P2O5 —above the legally 
accepted threshold for use as NP fertilizers, 4%, in most cases. Wastes from other 
fish species such as trout and salmon are also known to be N- and P-rich (Liao et al., 
1995; Laos et al., 2002). None of the species contained heavy metal concentrations 
exceeding the legally established limits. Therefore, all can be classified in Category 
A of the regulation. 

6.2 Highlights 

Developing an effective strategy for recovering the two target wastes–resources to 
obtain an agricultural product of as high quality as possible entailed carefully 
examining the following points: 
Interest of composting as an alternative method for fish wastes and seaweed 
management 
As noted earlier, both fish wastes and algae have been used in agriculture since 
ancient times; also, both are used separately to obtain commercial products. 
Although these both materials can be directly applied to soil in certain conditions, 
their handling and storage can be facilitated by reducing their moisture content and 
stabilizing their organic fraction, respectively. Also, although a number of methods 
such as dehydration and grinding are available for this purpose, composting 
constitutes a more simple and economical choice with the added advantages that it 
reduces the volume of material, facilitates hygienization and stabilizes organic 
matter, among others. However, stabilization by composting is not always the best 
choice as some products lack the properties required for self-composting, 
Compliance with existing regulations 
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Developing a new management process for wastes to be used in agriculture entails 
considering existing regulations on the type of product to be marketed because 
regulations differ between product uses. Thus, some such as the Spanish RD 
506/2013 for fertilizers and amendments, or RD 865/2010 for substrates, are binding 
on all commercial products of this type. Other regulations such as those governing 
the award of Ecolabels to growing media or organic amendments are not binding but 
endow the product concerned with added value. Also, some only apply to 
agricultural products obtained under the principles of organic agriculture. 
Therefore, waste management processes intended to yield agriculturally useful 
products should be designed with provision for fulfilment of as many applicable 
regulations as possible by the end-product. 
Potential agricultural uses 
Compost can be used for a variety of purposes in both traditional and organic 
agriculture, mainly as fertilizer, organic amendment or growing media. Quality 
compost has broad utility. A good management system should produce compost 
useful for any of these purposes.  
Optimum fertilizer rate 
The optimum rate of a fertilizer depends on its nutrient contents and on the 
requirements of the target crop. Organic fertilizers, contain both mineral and organic 
nutrients; the former are easily available to plants, but the latter must previously be 
mineralized for ready uptake by crops. 
The mineralization of organic matter is influenced by a number of factors; some 
(e.g., C/N ratio, organic matter stability) are material-dependent whereas others 
(e.g., biological and environmental variables) are not. This requires examining the 
mineralization dynamics of each individual material with a view to establishing 
appropriate usage guidelines. 
Allowing the nutrients contained in organic matter to mineralize increases the useful 
lifetime of organic fertilizers through a so-called “residual effect” by which released 
nutrients are available not only to the first, but also to subsequent crops in a rotation. 
This entails considering the residual effect in fertilization plans. 
Use as a growing media 
One of the uses endowing compost with an especially high added value is as a 
substrate. Although peat is the most widely used organic material for this purpose at 
present, alternative materials such as compost are gaining increasing ground by 
virtue of their economy and environmental sustainability. However, substrates 
obtained for organic materials can be subject to some limitations depending on their 
origin (e.g., a time-dependence of their properties, and a high metal content, salinity 

16 



CHAPTER I: GENERAL INTRODUCTION 

or potential phytotoxicity). This requires assessing their suitability for the intended 
purpose or even altering them if needed.  

7. OBJECTIVES 

As previously noted in this Introduction, the sea supplies large amounts of resources 
some of which can be deemed waste in specific situations. Such is the case with fish 
waste and also with seaweed removed from beaches. Both materials possess 
excellent properties for use in agriculture and have in fact been applied as fertilizers 
to soil for a long time. 
The general objective of this doctoral work was to maximize exploitation of the 
favourable properties of both types of wastes–resources by designing a new product 
of use as a fertilizer, amendment or cropping substrate in organic agriculture. 
The specific objectives derived from the general objective were as follows: 

• To use fish waste and seaweed in combination in order to produce 
agriculturally useful compost by 

- characterizing the raw materials to be composted;. 
- monitoring the composting process; 
- characterizing the end-product; and  
- assessing its compliance with existing regulations. 

• To assess the use of the product as a fertilizer by 
- examining the mineralization dynamics of organic matter; 
- quantifying the amount of nitrogen released in a cropping cycle; and 
- assessing its impact as an organic fertilizer on a horticulturally 

based rotation in a greenhouse. 
• To assess its use as a growing media  by 

- assessing its properties as a cropping substrate; and, 
- if needed, altering it for use as a substrate 
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CHAPTER II: PRODUCTION OF COMPOST FROM MARINE 
WASTE: EVALUATION OF THE PRODUCT FOR USE IN 
ECOLOGICAL AGRICULTURE 

ABSTRACT 

The sea contains large amounts of resources that are sometimes considered as waste. 
Such material includes the waste generated by the fish processing industry and 
seaweed that is washed up on shores. In this study, these waste products were 
windrow composted, along with pine bark as a source of carbon and aeration. The 
final mix proportions were: 20% seaweed, 20% fish waste and 60% pine bark (v/v). 
After 10 weeks, stable, well-structured, hygienic compost, which was rich in organic 
matter and nutrients and had a low metal content, was obtained. Tests for maturity, 
hygiene and phytotoxicity, along with a detailed physical and chemical 
characterization, showed that this compost can be used as an organic amendment 
and/or growth substrate for use in organic agriculture. The only limiting feature was 
the high salinity, which could easily be lowered prior to composting the material. 
Keywords: Drift seaweed, fishing waste, pine bark, organic amendment, oganic 
substrate. 

1. INTRODUCTION 

The sea contains large amounts of resources, including the seaweed that is washed 
up by tides and winds on to shores. Such drift seaweed has been used for centuries 
as a natural fertilizer in many coastal areas throughout the world (Zemke-White and 
Ohno, 1999). Seaweed is particularly rich in potassium, micronutrients, growth 
activators, and also alginates, which can improve the soil structure (Blunden, 1991). 
Seaweed is used for numerous purposes, and as it also forms the base of a food 
chain, it must be used sustainably. However, in some cases seaweed is considered as 
waste, particularly in areas where green tides appear as a result of eutrophication. 
Green tides damage the touristic appeal of beaches and cause problems in shellfish 
growing areas and in aquaculture (Morand and Briand, 1996). Fish waste has also 
traditionally been used as a fertilizer in coastal areas, as it is rich in nutrients, 
particularly nitrogen and phosphorous (Arvanitoyannis and Kassaveti, 2008). 
Different types of fertilizers are made from fish meal, which has been authorized for 
use in agriculture, including organic agriculture (EC Council 834/2007, 2007). The 
European Union is the world’s fourth largest fish producer, and within Europe, 
Spain is the leading fish producer (capture fisheries and aquaculture produce 

Adapted from:  
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1.020.908 t y-1 fresh weight, representing 15.84% of the total production in the EU-
27) (Unión Europea, 2012) and also the leader as regards transformation of the raw 
material. Most of the fish captured in Spain is landed by Galician fishing fleet (NW 
Spain), which represents 40% of the Spanish fishing fleet and mainly catches horse 
mackerel. The fishing industry generates large amounts of by-products, which 
depending on the type of transformation, may account for up to 30 - 45% of the 
initial weight of the product. 
With the aim of ensuring a more responsible and sustainable use of fishery 
resources, the size of the EU fishing fleet and the volume of fish captured have been 
reduced at an almost constant rate in recent years. The next reform of the Common 
Fisheries Policy proposes a ban on discards, so that larger amounts of waste/by-
catch will probably be brought ashore. Large amounts of waste are also generated by 
the canning industry, fresh fish manufacturers, fish markets and ports, and therefore 
new ways of utilizing all of the waste must be found. This type of waste is usually 
used to produce fish meal, which is the way of use that causes a lower value. 
Both seaweed and discarded fish are used to make products with a high added value 
(pharmaceuticals, cosmetics, functional foods, etc.), although only small amounts of 
the waste material are used. An alternative way of utilizing large quantities of these 
by-products would be to use them as amendments or fertilizers to improve and 
fertilize agricultural land or to use them as plant substrates. In areas where large 
amounts of seaweed appear as the result of eutrophication episodes, the seaweed is 
composted to produce fertilizers, as one of the most appropriate waste management 
methods from both economic and environmental viewpoints. This process reduces 
the volume of seaweed that reaches shores and produces a good quality compost that 
is rich in nutrients, particularly potassium, calcium and magnesium, and is also 
hygienic and free from contaminants such as heavy metals and phytotoxic 
compounds (Eyras and Sar, 2003). In different parts of the world, composting trials 
have been carried out with fish waste (usually generated on fish farms) as an 
alternative, viable method of transforming the waste into products that can be used 
in agricultural systems (Liao et al., 1997). 
In order to produce optimal conditions, co-composting of different materials with 
complementary characteristics is often carried out. In this case, mixing seaweed, 
which is rich in potassium and micronutrients, with fish waste, which is rich in 
nitrogen and phosphorus, should produce a fertilizer containing the main essential 
elements for plants. However, given the low ratio of C/N in both types of material, a 
material rich in lignocelluloses must be added to provide aeration and as a source of 
carbon. Pine bark is a lignocellulosic waste material and, moreover, it is readily 
available in Galicia and the rest of northern Spain. According to IFN 1997-2007 
(IFN3, 2007), the area covered by forest in Spain is the second largest in the 
European Union, with a total of 26.3 million hectares of land dedicated to forestry, 
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i.e. 52% of the total land area. In Galicia, some 69% of the land is dedicated to 
forestry, and the dominant species are Pinus pinaster, Quercus robur and 
Eucalyptus globulus, which generate more than 30 million m3 of bark a year. 
Drift seaweed, fish waste and pine bark are readily available in coastal areas in 
Galicia. The compost produced from these materials would be a fertilizer of natural 
origin, and if it complied with established criteria, could be used in organic 
agricultural systems. At the end of 2009, some 9.3 million hectares of land were 
dedicated to organic agriculture in the European Union, which was the second 
producer worldwide (Willer and Kilcher, 2011). Within the European Union, Spain 
is the country with the largest area of land dedicated to organic agriculture 
(1,650,886 ha in 2010) (MAGRAMA, 2011). Organic agriculture promotes nutrient 
recycling, thus conferring organic matter a major role in maintaining the fertility of 
the soil-plant systems and avoiding the use of man-made products. However, despite 
the development of organic farming, there is still a scarcity of good quality organic 
fertilizers that can be used in organic production. On the other hand, the demand for 
organic products, at both local and worldwide scales, is increasing and future 
perspectives for this type of agriculture are very promising. 
The aims of the present study were to make a compost from waste products of 
marine origin and to evaluate the compost for used as an amendment, fertilizer or 
ecological substrate. 

2. MATERIAL AND METHODS 

2.1 Compost Materials 

The algal material used in the composting trial was drift seaweed collected from a 
beach on the coast of Lugo (NW Spain, 43o 36’ N, 7o 18’ W). The predominant 
species were brown seaweed of the genera Laminaria spp. and Cystoseira spp. The 
fish waste was obtained at the same site, from a fish processing factory where 
different species of oily fish are filleted. The waste (fish heads, skin and spines) was 
derived from the horse mackerel Trachurus trachurus L. Both seaweed and fish 
waste are considered as Category 3 type waste, i.e. it is suitable for use in agriculture 
after being composted or silaged (EC Council 1069/2009, 2009). Pine bark (1-15 
mm) was also added, to improve the structure and increase the C/N ratio of the final 
product. The material was obtained from a pine processing factory in the same area 
and it was not chemically treated after felling according to EC Council 889/2008 
(2008). 
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Table 1. General characterization of the raw materials. Mean ± standard deviation of 
three replicates 

 Seaweed Fish waste Pine bark 

Moisture content (%) 82.85±3.00 44.34±1.58 47.03±1.68 
pH 1:5 6.33±0.10 5.70±0.02 5.03±0.06 
ECa 1:5 (dS m-1) 1.57±0.32 2.37 ±0.07 0.77±0.02 
C (%) 24.00±0.22 45.98±0.06 49.89±0.10 
N (%) 1.42±0.24 9.39±0.06 00.40±0.02 
C/N 16.89±0.45 4.90±0.03 121.80±7.04 
P (%) 0.32±0.02 2.05±0.03 0.00±0.00 
K (%) 4.63±0.30 1.25±0.02 0.20±0.03 
Ca (%) 2.15±0.22 1.63±0.01 0.18±0.01 
Mg (%) 1.34±0.05 0.18±0.01 0.06±0.01 
Na (%) 5.02±0.58 1.79±0.05 0.30±0.09 
Cd (mg kg-1) 0.47±0.03 0.08±0.03 0.07±0.03 
Cr (mg kg-1) <0.06±0.00 <0.06±0.00 <0.06±0.00 
Pb (mg kg-1) 0.33±0.29 0.33±0.29 0.79±0.29 
Ni (mg kg-1) 3.73±0.73 2.78±0.20 1.97±0.33 
a Electrical Conductivity 
 

The main characteristics of the materials are shown in Table 1. The seaweed 
supplied most of the moisture content, intermediate amounts of N, low amounts of P 
and particularly high amounts of K and Na. The value of the C/N ratio was close to 
17, which is consistent with the values reported from benthic brown algae collected 
from Galician shores (Villares et al., 2007). 
The fish waste contained high amounts of N and P, was highly saline and had a low 
C/N ratio. As the C/N ratios in seaweed and fish are lower than the values 
considered optimal for composting (25-35) (Jhorar et al., 1991), a lignocellulosic 
material (pine bark) with a high C/N ratio was added to increase the C content and 
also to improve the aeration. 

2.2 Setting up the composting trial 

The trial was carried out in the open air, in a field close to the site where the material 
was collected. Three conical piles (6x2x1.5 m) of mixtures of the different materials 
were established by layering the seaweed, fish waste and pine bark at a volumetric 
ratio of 1:1:3, as previously established (López-Mosquera et al., 2011). The piles 
were constructed on an impermeable base and covered with geotextile fabric 
(TopTex®) to avoid moisture loss. 
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2.3 Monitoring the compost process and sampling 

The compost piles were turned weekly during the first six weeks, and fortnightly 
during the remaining four weeks of the process. The piles were turned with an 
excavator. Water was not added throughout the process. The temperature was 
measured (in triplicate) during the process, at various points around the piles, at a 
depth of 45 cm. Likewise, samples of the material were collected, immediately 
before the piles were turned, at various points half way up the pile, to measure the 
moisture content, pH, EC, C and N. 

2.3.1 Characterization of the materials and the final compost 

Three composite samples of each of the materials were obtained at the sites of origin 
and three composite samples were obtained from each of the compost piles at the 
end of the process, when the compost was stable. The following parameters were 
measured in the raw materials: moisture content, pH, EC, and total C, N, P, K, Ca, 
Mg and Na. In addition to these general parameters, the degree of stability, 
phytotoxicity and hygiene of the compost were tested, and the following chemical 
and physical properties were measured: particle density (PD), bulk density (BD), 
total pore space (TPS), air capacity (AC), easily available water (EAW), water 
buffering capacity (WBC), Unvaliable water (UW), cation exchange capacity 
(CEC), micronutrients (Cu, Fe, Mn, Zn), potentially toxic metals (Cr, Hg, Ni, Pb) 
and N forms (organic, ureic, nitric and ammoniacal). 

2.3.2 Physical parameters of the compost 

The bulk density, real density and total porosity were determined following standard 
methods (AENOR, 2001). The data for the water retention curve was obtained by 
subjecting the different samples to increasing pressure in a sandbox (De Boodt et al., 
1974). The measurements were made at pressures exerted by water columns of 10, 
50 and 100 cm, and the contents of the different forms of water were expressed as 
the volumetric percentage (v/v). The air capacity (AC, v/v) is the difference between 
the total pore space (TPS, v/v) and the volumetric percentage of water at a pressure 
of 10 cm; the easily available water (EAW) is the volume of water released by the 
substrate when the pressure is increased from 10 to 50 cm, The water buffering 
capacity (WBC) is the volume of water retained by the compost at a pressure 
between 50 and 100 cm and the unavailable water (UW) is the volume retained by 
the compost at 100 cm of water (Felipó et al., 1979). 

2.3.3 Chemical parameters of the starting material and the compost 

The moisture content of the compost and raw material was measured as the weight 
lost after drying at 105º C to constant weight. Carbon and nitrogen were determined 

after combustion in a Leco 2000 autoanalyzer. After acid digestion with H2SO4 and 
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30% H2O2 (Thomas et al., 1967), the concentrations of Ca, Fe, Mg, Mn, Zn were 
determined by atomic absorption spectroscopy and those of Na and K by atomic 
emission spectroscopy. The concentrations of P were determined by colorimetry 
(Chapman and Pratt, 1997). The samples were subjected to microwave-assisted 
digestion with nitric acid (Microwave Labstation ETHOS 900), and the total 
concentrations of cadmium, copper, chromium, lead, mercury and nickel were 
determined by inductively coupled plasma-optical emission spectroscopy (ICP-
OES). The aqueous extracts (compost/water 1:5 v/v) were also obtained by UNE-EN 
methods 13037 and 13038 (AENOR, 2001). The pH, electrical conductivity and the 
concentrations of calcium, magnesium, sodium and potassium were determined in 
these extracts. The elements were analysed by absorption and atomic emission 
spectroscopy. Nitrate and ammonium concentrations were measured with selective 
electrodes. All parameters were determined in triplicate and the data shown are 
mean values. 
Data from these analyses were compared with the data for reference materials CRM 
279. The percentage recoveries were satisfactory. 
The nitrogen was fractionated into ureic, nitric, ammoniacal, and organic N, 
following (RD 1110/1991, 1991), and the values were expressed as percentages. 

2.3.4 Phytotoxicity test 

Phytotoxicity was determined by the test described by (Zucconi et al., 1981a), with 
lettuce Lactuca sativa seeds. 
The stability of the product was evaluated after two half months. The stability was 
tested indirectly by the Dewar flask or self-heating method (Brinton et al., 1995). 
The degree of stability (DS) was determined by the method of Soliva and López, 
(2004), which consists of two successive hydrolysis procedures that enable 
estimation of the resistant organic matter in the sample. The result can be expressed 
as the percentage of total organic matter (TOM) comprised by resistant organic 
matter (ROM), DS% = (ROMx100/TOM). 

2.3.5 Sanitization 

As required by the Spanish law concerning fertilizers, the levels of Escherichia coli 
and Salmonella in the compost were determined by the recommended methods (RD 
506/2013, 2013). 

2.3.6 Desalination of the fish waste 

The salinity of the fish waste was lowered by a desalination test procedure. For this 
purpose, the Trachurus trachurus L. fish waste was homogenized (<15 mm), and ten 
replicate mixtures comprising 500 mL of the homogenised fish waste and the same 
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amount of distilled water were prepared (1:1 v/v). The EC of the resulting extract 
was measured at intervals of 30 min. 

2.4 Statistical analysis 

Data were analysed for treatment effects by one-way analysis of variance 
(ANOVA). Prior to the ANOVA, the normality and homogeneity of the variances 
were checked by the Kolmogorov-Smirnov and Levene tests, respectively. 
Significant differences between the treatment means were calculated by the Tukey 
test, at p< 0.05. All analyses were performed with SPSS software 2009. 

3. RESULTS AND DISCUSSION 

3.1 Monitoring the composting process: temperature, moisture content, 
C/N, pH, EC 

The process followed a similar pattern in all three piles; the thermophilic stage was 
reached rapidly, and the maximum temperature was reached after ten weeks (Fig. 
1a). The thermophilic stage lasted for approximately 45 days. Temperatures above 
55° C for more than 30 days reduce and may even eliminate pathogen, thus ensuring 
the safety of the material (USEPA-US, 1993). After the maximum temperature was 
reached, the piles then cooled slowly until they were close to ambient temperature.  
The moisture content of the three piles was similar throughout the process (Fig. 1c), 
and although no water was added during the trial, it was maintained at between 40 
and 60%, as recommended by (Day et al., 2001). The presence of mucilaginous 
substances in the seaweed and the geotextile cover placed over the piles helped 
retain the moisture at optimal levels. The fabric cover reduced water loss by 
evaporation, while allowing gas exchange. 
The initial C/N ratio in all three piles was between 23 and 29, which is adequate for 
starting the composting process (Fig. 1b). The mean value at the end of the 
composting process was 21.9 (Table 2). 
The changes in pH followed similar patterns in all three piles until finally stabilizing 
at around pH 7.0 (Fig. 1d). The variations in pH were due to acidifying processes 
(release of CO2 and small organic acids), which occurred during the first days, and 
alkalizing processes (release of NH3 and loss of organic acids), which usually occur 
after the oxidative phase (Sánchez-Monedero et al., 2001). 
The initial C/N ratio in all three piles was between 23 and 29, which is adequate for 
starting the composting process (Fig. 1b). The mean value at the end of the 
composting process was 21.9 (Table 2). 

27 



MARTA ILLERA VIVES 

 

   

   

Fig. 1 Changes in different parameters in the three piles during the composting process 
in comparison with optimal ranges: (a) Temperature (b) Moisture content (c) C/N ratio 

(d) pH (e) Electrical Conductivity 

The changes in pH followed similar patterns in all three piles until finally stabilizing 
at around pH 7.0 (Fig. 1d). The variations in pH were due to acidifying processes 
(release of CO2 and small organic acids), which occurred during the first days, and 
alkalizing processes (release of NH3 and loss of organic acids), which usually occur 
after the oxidative phase (Sánchez-Monedero et al., 2001). 
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Table 2. Chemical and physicochemical properties of the compost in each pile. Mean ± 
standard deviation (n=3). Overall mean value and legal limits for different uses 

Parameter Pile 1 Pile 2 Pile 3 Overall mean 1 2 3 4 
Dry matter (%) 58.51±1.05a 58.32±3.36a 58.02±0.86a 58.26±1.91 ≥25  ≥60  
pH ext. 1:5 6.83±0.10a 6.49±0.06a 6.72±0.28a 6.68±0.14     
ECa ext1:5(dS m-1) 2.46±0.10ab 2.78±0.22b 2.21±0.26a 2.47±0.23  <1.5   
Carbon (%) 47.37±0.11b 43.53±0.45a 48.08±0.18b 46.28±2.00     
OMb (%) 81.77±0.18b 75.13±0.78a 82.98±0.30b 79.88±3.45 ≥20  ≥35 ≥20 
N (%) 2.16±0.05a 2.08±0.03a 2.10±0.01a 2.11±0.03 <3    
C / N 21.97±0.46b 20.97±0.23a 22.88±0.17 c 21.9±0.78   <20  
Nitric N (%) 0.13±0.01a 0.16±0.01b 0.12±0.01a 0.13±0.00     
Ammoniacal N (%) 0.10±0.01a 0.10±0.01a 0.11±0.01a 0.10±0.00     
Ureic N (%) 0.01±0.00a 0.01±0.00a 0.01±0.00a 0.01±0.00     
Organic N (%) 1.92±0.03b 1.80±0.04a 1.86±0.01ab 1.90±0.04     
Water-soluble elements (1:5, mg L substrate-1) 
NH4

+ 483.8±18.5a 478.7±11.6a 478.7±23.4a 480.43±16.23     
NO3

- 110.68±5.76a 104.24±2.69a 110.60±2.82a 108.51±4.73     
PO4

3- 69.9±2.8a 93.8±2.0 c 87.0±2.4b 82.92±10.05     
Ca+2 50.80±13.02a 99.93±16.32b 36.63±10.10a 57.08±27.25     
Mg+2 22.60±3.87a 55.17±8.37b 16.57±7.01a 27.44±17.07     
Na+ 1002.7±50.4a 1218.6±82.1a 924.5±184.3a 1041.5±124.4     
K+ 664.3±44.5ab 874.6±62.3b 604.2±129.4a 705.4±116.0     
Exchange cations in dry matter (cmol(+) kg-1) 
Ca 18.14±0.74b 22.06±1.82c 12.92±0.51a 17.29±3.75     
Mg 10.57±0.48b 11.04±0.87b 8.73±0.38a 10.06±0.99     
Na 20.55±1.25b 19.08±1.02ab 17.05±0.86a 18.84±1.43     
K 9.85±0.53b 9.64±0.38b 8.00±0.37a 9.12±0.83     
Total elements in dry matter (%)     
P 0.57±0.02 a 0.61±0.01 a 0.66±0.03b 0.61±0.04     
Ca 0.80±0.01 a 1.05±0.08 ab 1.16±0.19b 0.99±15     
Mg 0.26±0.01 a 0.31±0.01b 0.27±0.01 a 0.28±0.02     
Na 1.03±0.15 a 1.09±0.23 a 0.95±0.12 a 1.02±0.06     
K 0.74±0.02 a 0.77±0.07b 0.67±0.01 ab 0.72±0.04     

Total metals in dry matter (mg kg-1)   
Class 

A 
Class 

A 
Cd 0.08±0.03a 0.08±0.03a 0.08±0.03a 0.08±0.03 1 1 0.7 0.7 
Cr < 0.06a < 0.06a < 0.06a <0.06 100 100 70 70 
Cu 4.92±0.33a 6.28±1.16a 5.75±0.57a 5.62±0.56 100 100 70 70 
Fe 901.4±26.1b 1053.7±19.9c 785.6±28.8a 907.0±109.8 - - - - 
Hg 0.02±0.01a 0.02±0.01a 0.02±0.01a 0.02±0.01 1 1 0.40 0.40 
Mn 80.25±15.69a 98.92±1.46a 83.83±2.63a 87.30±8.09 - - - - 
Ni 2.90±0.64a 5.00±1.00b 3.23±0.45ab 3.60±0.92 50 50 25 25 
Pb 0.42±0.51a 2.17±0.29b 1.33±0.29ab 1.07±0.72 100 100 45 45 
Zn 31.14±2.17a 33.74±7.67a 28.46±2.60a 31.04±2.16 300 300 200 200 
a Electrical Conductivity; b Organic Matter; 1 EC council 799/2006; 2 EC council 64/2007; 3 R.D. 
506/2013. 4 R.D. 865/2010. Different letters after the parameters denote significant differences 
between treatments at p< 0.05 
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The electrical conductivity usually increases throughout the composting process as a 
result of organic matter mineralization. However, although leaching losses were 
avoided (by isolated the piles from the ground and covering them with fabric), the 
electrical conductivity decreased (Fig.1e). This can be attributed to the material 
used. Seaweed and fish waste contain more water and are more readily degraded 
than pine bark, so that the volume of the former decreased more than that of the 
latter. This produced a dilution effect throughout the process. Furthermore, many of 
the salts released by mineralization of the organic matter were absorbed by the pine 
bark, which is very porous and has a high absorbent capacity (USDA Forest Service, 
1971). Both of these processes lead to a gradual decrease in the EC of the mixture. 

Two and a half months after the start of the process, 3m3 of compost was produced 
by the decomposition of 10 m3 of raw material in each pile (i.e. there was a 70% 
decrease in volume). 

3.2 Characteristics of the final compost 

Once the compost was obtained, the corresponding tests of stability, phytotoxicity 
and safety were carried out. The results of these tests are shown in Table 3. 
In the Dewar flask or self-heating test, there was almost no difference between the 
temperature inside and outside of the Dewar flask, so that the degree of maturity was 
classified as V, which indicates that the compost was totally stable and that most of 
the biodegradable material had already been transformed (Brinton et al., 1995). The 
maturity was also established by measuring other parameters such as the degree of 
stability of the organic matter and the nitrogen resistance (Soliva and López, 2004). 
The mean value of the degree of stability was 51.4%, which suggest that more than 
half of the total organic matter was resistant organic matter. 

Table 3. Tests of stability, phytotoxicity and safety 

Test Criterion considered Pile 1 Pile 2 Pile 3 

Self-heating test Increase in temperature<10ºC 0.60 0.90 0.60 

Degree of stability Resistant OMa >50% 51.31 51.18 51.82 

Phytotoxicity G.I.b>50% 95.55 96.93 95.97 

Safety:     
Salmonela Absent in 25g absent absent absent 
Helminth eggs Absent in 1.5g absent absent absent 
Escherichia coli Most probable number g-1 <1000 20 50 20 
a organic matter; b germination index 
 

The germination index in the compost was higher than 95% in all piles, which 
according to (Zucconi et al., 1981a) indicates the absence of phytotoxic substances 
or the presence of only very low levels. 
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As regards the safety of the compost, the results indicated that all three piles were 
free from Salmonella, helminth eggs and had very low levels of Escherichia coli. 
The compost thus complies with the Spanish law concerning fertilizers (RD 
506/2013, 2013) and meets the requisites established by the EU eco-labelling 
scheme for soil amendments (EC Council 799/2006, 2006) and plant growth 
substrates (EC Council 64/2006, 2006). These pathogens were effectively reduced 
because the temperature of the compost remained higher than 55 °C for more than 
30 days (USEPA-US, 1993). 
Although compost has mainly been used in agriculture as a fertilizing agent and soil 
amendment, it is increasingly used as a substrate or as component of substrate, 
because peat has a high price and above all it is a non-renewable resource (Abad et 
al., 2001). The bulk density of material used as a growth medium should be low, and 
the material should be highly porous with a good distribution of water and air (Abad 
et al., 2001; Noguera et al., 2003). 

Table 4. Physical properties of the compost in each pile and overall mean value. Mean ± 
standard deviation (n=3) 

Parameter Pile 1 Pile 2 Pile 3 Overall mean 

PD (kg L-1)a 1.65±0.00 a 1.69±0.02 a 1.67±0.06 a 1.67±0.04 

BD (kg L-1)b 0.22±0.01 a 0.23±0.01 a 0.23±0.01 a 0.23±0.01 

TPS (% v/v)c 86.43±0.30 a 86.40±0.95 a 86.42±0.82 a 86.41±0.65 

AC (% v/v)d 44.46±0.24 a 46.45±2.74 a 46.09±3.67 a 45.78±2.37 

EAW (% v/v)e 6.50±0.10 a 5.29±1.33 a 6.42±1.31 a 5.96±1.13 

WBC (% v/v)f 1.79±0.07 a 1.64±0.51 a 1.69±0.56 a 1.69± 0.38 

UW (% v/v)g 33.68±0.03 a 33.02±3.26 a 32.22±0.99 a 32.98±2.02 
a particle density; b bulk density; c total pore space; d air capacity; e easily available water;  
f water buffering capacity; g unavailable water. Different letters after the parameters 
denote significant differences between treatments, calculated by Tukey test at p<0.05 

The values of the physical properties are shown in Table 4. There were no 
significant differences in the physical parameters between the three piles. The values 
of the total pore space (mean value 86.4%), bulk density and particle density were 
suitable for use of the material as a substrate (Abad et al., 2001; Noguera et al., 
2003) (Table 3). The water retention curve indicated a high capacity for aeration 
(45.8%), but with an imbalance in the pore distribution as large and small pores 
predominated over intermediate-sized pores, which contain the easily available 
water. Therefore, the compost contained only small amounts of easily available 
water (EAW) and buffering water (BW), and high amounts of unavailable water 
(UW). 
This type of water distribution may be valuable for horticultural or forest nurseries. 
In horticultural nurseries, small containers (6-7 cm high) are used and are usually 
watered little and often, so that a substrate with a high aeration capacity would help 
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prevent problems related to anaerobiosis. The same also applies to the deep 
containers that are used in forest nurseries to enable the moisture to concentrate in 
the lower parts and thus encourage growth of deep roots. 
The mean moisture content of the final compost was close to 40%, with no 
significant difference between the piles (Table 2). This value is within the range 
required for use of a compost as humic organic amendment (RD 506/2013, 2013). 
This moisture content does not limit use of the compost for other purposes. 
The pH was close to neutral and there were no differences between the piles. This 
pH ensures a good availability of nutrients for the plants and for biological activity. 
However, there were significant differences in the electrical conductivity between 
piles (Table 4); in all cases the values exceed the limit permitted for growth 
substrates by the EU eco-labelling scheme (EC Council 64/2006, 2006). 
This high salinity, indicated by the high value of electrical conductivity, is mainly 
due to the fish waste (Table 1). Although the fish waste was mixed with pine bark, 
this was not sufficient to overcome the high salinity. Leaching of salts was 
minimized by not watering the piles and by isolating them with geotextile fabric. 
Soluble elements were present in the following order of abundance: 
Na+>K+>NH4

+>NO3
->PO4

3->Ca+2>Mg+2. Although the contents of soluble elements 
did not generally differ significantly in three replicate samples of compost (Table 4), 
pile 3 contained lower levels than the other two piles. 
In future trials, it would be interesting to try to lower the salinity of the fish waste, 
which contributes most to the overall salinity of the mixture. Some tests were carried 
out with samples of the fish waste, which were subjected to different treatments 
(leaching with different amounts of water for different times of contact and 
immersion). The most effective method was immersion of the fish waste in fresh 
water for 30 minutes, which lowered the electrical conductivity by almost 50% (Fig. 
2). 
The organic matter content of the compost was almost 80%, and therefore the 
compost can be classified by the EU eco-labelling scheme as a soil amendment, 
OM≥20%, (EC Council 799/2006, 2006) and as an “organic compost amendment”, 
OM ≥ 35%, (RD 506/2013, 2013) (Table 4). Moreover, piles 1 and 3 reached the 
optimum levels (OM > 80%) cited by (Abad et al., 1992) for use of a material as a 
plant substrate. 
On average, the N content represented 2.1% of the final product, with no differences 
between piles. In addition, the organic N represented more than 80% of the total N. 
These values are within the levels permitted for soil amendments by the EU eco-
labelling scheme (EC Council 799/2006, 2006).  
The C/N ratio differed significantly between the three piles, and the overall mean 
value was 21.9, which is considered optimal for plant substrates (20-40) according 
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Abad et al. (1992), although slightly higher than the 20 recommended by the 
Spanish legislation for used as an “organic compost amendment” (RD 506/2013, 
2013).  
 

 

Fig. 2 Changes in the salinity of the fish waste after immersion for different periods of 
time in fresh water in a proportion of fish:water 1:1; error bars show the standard 

deviation of three replicates 
 

The proportion of N:P:K in the compost was 2.4:1.6:1, which indicates a good 
supply of macronutrients. The total contents of Ca and Na were approximately 1%, 
with some differences between piles. The amounts of soluble, exchangeable and 
total sodium in the compost were high, which prevents use of the compost in arid 
and semi-arid regions with low rainfall. However, in humid areas, sodium is readily 
washed out and does not cause any problems for cultivating plants or as regards soil. 
The exchange cation contents differed significantly in the different piles. In general, 
sodium was the most abundant cation, followed by calcium, with magnesium and 
potassium present in lower proportions. The mean cation exchange capacity (CEC) 
of the compost was 55.3±1.8 cmol(+) kg-1, which is within the range considered 
optimal for use as a substrate with intermittent fertirrigation (Abad et al., 1992), as 
in this way, the cations are available for the plant and are not readily leached by 
watering. 
The metal contents of all of the piles were very similar and enabled classification of 
the compost as type A, which is suitable for use in any type of cultivation system. 
The metal contents were much lower than the maximum values stipulated in the 
Spanish legislation concerning fertilizers (RD 506/2013, 2013) and in the criteria 
established for soil amendments and plant growth substrates by the EU eco-labelling 
scheme (EC Council 799/2006, 2006; EC Council 64/2006, 2006). 
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4. CONCLUSIONS 

In conclusion, the co-composting of discarded fish, drift seaweed and pine bark 
appears to be a useful method of utilizing these waste materials. Composting the 
materials for 10 weeks produced a stable, hygienic material which was rich in 
organic matter and nutrients and had a good structure and a low metal content. The 
material could be rendered suitable for organic agriculture use as a fertilizer, soil 
amendment, or plant growth substrate by lowering the salinity. 
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CHAPTER III: MINERALIZATION DYNAMICS IN SOIL 
FERTILIZED WITH SEAWEED – FISH WASTE COMPOST 

ABSTRACT 

Seaweed and fish waste can be composted together to obtain fertilizer with 
high organic matter and nutrient contents. The nutrients, however, are mostly in 
organic form and must be mineralized to make them available to plants. The 
objective of this work was to establish a usage guideline for the compost by 
studying its mineralization dynamics. Also, the release of inorganic N and C 
from soil fertilized with the compost was monitored and modelled. 
C and N were released throughout the assay, to an extent significantly dependent 
on fertilizer rate. Mineralization of both elements fitted a first-order exponential 
model, and each fertilizer rate required using a specific fitting model. An 
increased rate favoured mineralization (especially of carbon). After 90 days, 
2.3% of C and 7.7% of N were mineralized (and 23.3% of total nitrogen made 
plant available) with the higher rate. 
C mineralization was slow because organic matter in the compost was very stable. 
On the other hand, the relatively high initial content in mineral N of the 
compost increased gradually by the effect of mineralization. The amount of N 
available would suffice to meet the requirements of moderately demanding 
crops at the lower fertilizer rate, and even those of more demanding crops at 
the higher rate. 
Keywords: Mineralization kinetics; modelling; carbon; nitrogen. 

1. INTRODUCTION 

Drift seaweed is a natural resource abounding in coastal habitats which has been 
used in agriculture for several centuries (Zemke-White and Ohno, 1999; McHugh, 
2003) on the grounds of its fertilizing properties. Occasionally, however, algae 
constitute waste that causes eutrophication and so-called “green tides”(Morand and 
Briand, 1996). These adverse effects have raised serious environmental problems 
in some world regions and have had a negative impact on coastal activities such as 
the recreational use of beaches (Rosenberg, 1985; Piriou and Menesguen, 1992; 
Eyras et al., 1998), aquaculture and shellfish harvesting (Niell et al., 1996). These 

 
Adapted from:  
Illera-Vives, M.; López-Fabal, A.; López-Mosquera, M.E.; Ribeiro, H.M  

Mineralization dynamics in soil fertilized with seaweed fish waste compost. 
Journal of the Science of Food and Agriculture. In press. 2015. DOI 10.1002/jsfa.7207. 
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problems are usually addressed by removing and dumping the algae, which causes 
substantial amounts of a potentially valuable resource to be wasted. Like seaweed, 
fish waste routinely produced by transforming industries requires appropriate 
management. Depending on the particular type of transformation, the amount of 
waste produced may account for 30 – 45% of the initial weight of fish. Both drift 
seaweed and fish waste possess a high agricultural potential. Thus, seaweed (Eyras et 
al., 1998), fish waste (Liao, 1997; Buyuksonmez et al., 2005; Atikpo et al., 2008) 
and the two in combination (Illera-Vives et al., 2013) have been used in composting 
experiments in various world regions. The resulting compost has a high economic 
potential for use in organic agriculture. The nutrients it contains are mostly in 
organic form, so they must be mineralized before application in plant-available 
forms to soil. This results in more gradual release of nutrients than from mineral 
fertilizers and facilitates fulfilment of crop requirements while avoiding 
unnecessary losses, but entails adjusting the fertilizer rate in terms of the dynamics 
of nutrient release to the soil. Nevertheless, the mineralization process differs 
between composts as it depends on a number of factors including the C/N ratio, 
composting conditions, and compost quality and and maturity. (Amlinger et al., 
2003) Therefore, the effects on soil fertility can range from mineralization to 
immobilization of nitrogen (Brito de Oliveira et al., 2012). This has fostered studies 
aimed at characterizing the mineralization dynamics of various materials (Benbi 
and Richter, 2002) with a view to developing guidelines for effective use of these 
resources without losing their nutrients. Although a number of studies describing the 
mineralization dynamics of organic fertilizers have been reported (Stanford and 
Smith, 1972; Beloso et al., 1993; Bernal et al., 1998; Benbi and Richter, 2002; 
Amlinger et al., 2003; Cordovil et al., 2005; Busby et al., 2007; Pedra et al., 2007; 
Ribeiro et al., 2010a; Ribeiro et al., 2010b; Brito et al., 2013), none has seemingly 
dealt with fertilizer from marine waste. Modelling mineralization kinetics in soil 
usually involves predicting an active fraction (Jansson, 1963) of organic matter and 
a rate constant in order to estimate the rate of mineralization of the substrate. A 
number of approaches have been used to model mineralization kinetics in 
soil (Benbi and Richter, 2002). The single-fraction approach of Stanford and 
Smith (1972) is based on the potential maximum fraction of organic matter that can 
be mineralized at a rate k via a first-order kinetic process. Other authors have 
suggested that the active fraction of organic matter should be split into two or 
more pools depending on its lability, and hence that more than one fraction each 
with a specific rate should be considered (Benbi and Richter, 2002; Brito et al., 
2013). There is little consensus about which is the better choice. Using more than 
one pool is preferred by some authors because it allows two or more fractions of 
organic matter to be distinguished in terms of mineralization behaviour; however, 
it is not always possible to obtain accurate data for the different fractions. Thus 
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Benbi and Richter (2002) found a two-pool model to accurately describe N release, 
whereas Cordovil et al. (2005) found a single-pool model to be adequate to fit their 
results. Some authors have suggested choosing the model best fitting the results 
obtained in each case (Bernal et al., 1998). The best model for describing the 
mineralization dynamics of each fertilizer will thus depend on the specific 
properties of its constituent material. 
The primary objectives of this work were: (i) to evaluate the release of inorganic N 
and C from soil fertilized at variable rates with a compost consisting of seaweed and 
fish waste; (ii) to identify the best model for describing the dynamics of 
mineralization of the compost; and (iii) to assess the potential of the compost as a 
fertilizer with a view to designing new fertilization programmes in the future. 

2. MATERIAL AND METHODS 

2.1 Material 

The present study was conducted on a greenhouse soil (a humic cambisol) 
developed from quartz schist. The soil had an OM content of 3.4%, a low cation 
exchange capacity and a moderate electrical conductivity (Table 1). 
The compost (Table 2) was a mixture of seaweed and fish waste containing the 
following feedstock materials: 20% (v/v) drift seaweed (Laminaria spp. and 
Cystoseira spp., mainly) collected on the northern coast of Galicia (northwest 
Spain); 20% (v/v) mackerel (Trachurus trachurus L.) waste from a fish filleting 
plant; and 60% (v/v) pine bark (10 – 15 mm chips), which was added as a structural 
material and a source of carbon. The compost was produced in (6 × 2 × 1.5 m) piles 
using the Windrow method for 10 weeks as described in Illera-Vives et al. (2013). 

Table 1. Properties of the experimental soil. Mean ± standard deviation (n = 5) 
Property Mean Property Mean 
pH  5.43±0.10 Exchange cations [cmol(+) kg−1] 
ECa (1:5)(dS m-1) 0.19±0.10 Ca 6.02±1.18 
C (g kg–1) 19.4±3.41 Mg 0.79±0.10 
N (g kg–1) 2.48±0.27 Na 0.42±0.05 
OMb (g kg–1) 33.45±5.88 K 0.58±0.12 
CECe

c (cmol (+) kg–1) 8.23±1.31 Al 0.41±0.09 
P (mg kg–1) 30.64±3.01 % Al saturation 5.17±1.58 
a Electrical conductivity; b Organic Matter; c Cation exchange capacity 
 

Its final C/N ratio (about 22, Table 1) and OM content (>80% dry matter) made it 
potentially useful as an organic soil amendment. The compost additionally contained 
essential nutrients (viz., 2.0% N, 1.4% P2O5 and 0.9% K2O on a dry matter basis), 
with most N (89%) in organic form —and hence useful as organic fertilizer. 
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Table 2. Chemical and physico–chemical properties of the compost. Mean ± standard 
deviation (n = 3) 

Property Mean Property Mean 
Dry matter (d.m.) (g kg–1) 58.51±1.05 Total elements (g kg–1 d.m.) 
pH  6.83±0.10 N 21.57±0.47 
ECa (dS m-1) 2.46±0.10 Organic N 19.20±0.31 
Carbon (d.m.) (g kg–1) 473.7±1.06 P 5.74±0.16 
OMb (d.m.)(g kg–1) 817.66±1.84 K 7.40±0.24 
C/N 21.97±0.46 Ca 7.96±0.12 
  Mg 2.60±0.03 
  Na 10.32±1.54 
a Electrical conductivity; b Organic Matter 

2.2 Incubation experiment 

2.2.1 Treatments 

The incubation experiment involved treating the studied soil with the compost at 
two different rates, namely 30.5 (C1) and 50.84 (C2) g dry compost kg-1 soil (viz. 
659 and 1098 mg total N kg-1 soil, and 14.45 and 24.08 g C kg-1 soil). These 
rates, equivalent to 39 and 66 tons ha-1, were previously used by Illera-Vives on a 
lettuce – rotation (Illera-Vives et al., 2015). Non-fertilized soil was used as a control 
sample (C). 

2.2.2 Carbon mineralization 

Soil samples were sieved through 2 mm mesh and their moisture was adjusted to 
75% field capacity before pre-incubation at 25 ∘C for 7 days. For each treatment 
and day of sampling, five samples of fresh soil equivalent to 60 g dry soil were 
taken, mixed with the required amounts of compost and placed in 100 mL 
plastic containers that were covered and incubated in a chamber at 25 ºC for 110 
days in accordance with a completely randomized design. The containers were 
aerated and distilled water was added if needed on a weekly basis. Measurements 
were made after 1, 7, 14, 21, 28, 42, 56, 70, 84 and 110 days of incubation. For 
each period between two successive samplings, five samples per treatment were 
taken, opened and placed in 1.5 L glass jars, each containing a vessel with 20 mL 
distilled water to avoid desiccation of the soil and another vessel with 20 mL of 1 
mol L−1 NaOH solution to trap evolved CO2. The jars were sealed with airtight 
glass lids and held in the incubation chamber. At the time of sampling, the 
vessel containing the NaOH solution was removed, resealed and stored until 
analysis for CO2. Also, the soil samples were withdrawn to measure pH and EC, 
and new containers introduced together with fresh NaOH in each glass jar. 
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2.2.3 Nitrogen mineralization 

The soil was sieved through 2 mm mesh and its moisture adjusted to 75% field 
capacity. For each treatment, an amount of fresh soil equivalent to 100 g dried soil 
was weighed and mixed with com- post. The process was conducted in triplicate 
for each treatment and day of sampling in accordance with a completely 
randomized design. The soil samples were subjected to aerobic incubation in a 
chamber at 25 ºC for 13 weeks. Because the containers were covered to avoid 
evaporation losses, they required aeration on a weekly basis to maintain an aerobic 
environment. Water content was controlled by weighing the containers and 
adding distilled water whenever necessary. On days 0, 1, 2, 4, 7, 14, 21, 35, 49, 
63, 77 and 90 after compost addition, three containers from each treatment series 
were withdrawn to extract their mineral N content (NH4

+-N and NO3
–-N) for 

quantitation. 

2.3  Analytical methods 

For determination of mineral N, a fresh soil sample equivalent to 20 g dry soil 
was extracted with 75 mL of 2 mol L-1 KCl and analysed spectrophotometrically 
by using the Berthelot method for ammonium (NH4

+) and the sulphanilamide 
method for nitrate (NO3

-) (Houba et al., 1988). Evolved CO2 was determined 
titrimetrically (Zibilske, 1994). EC and pH were measured in fresh soil samples 
equivalent to 10 g dry soil that was extracted with 25 mL deionized water under 
stirring for 1 h. 

2.4 Statistical analysis and kinetic models 

The experimental results were subjected to one-way analysis of variance (ANOVA) 
in order to assess the effects of each treatment. The statistical significance of mean 
differences was determined via Duncan’s t-test at the 0.05 probability level. 
The results of C and N mineralization (mg kg–1 soil) obtained in the experiments 
were fitted with the following models: 

(i) The single-fraction first-order kinetic model of Stanford and 
Smith (1972)  based on the following equations: 

- N mineralization: Nit = Ni0 + N0 × [1 – e (–k×t)],  
where Nit is the amount of soil inorganic nitrogen at time t, Ni0 the initial amount of 
inorganic N, N0 that of potentially mineralizable N, k the mineralization rate 
constant (days–1) and t time (days).  

- C mineralization: Cmint = C0 × [1 – e (–k×t)] 
where Cmint is the amount of C released at time t, C0 that of potentially 
mineralizable C, k the mineralization rate constant (days–1) and t time (days).  
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(ii) The two-fraction first-order kinetic model of Molina et al. (1980) which 
uses the following equations: 

- N mineralization: Nit = Ni0 + N01 × [1 – e (–k1×t)] + N02 × [1 – e (–k2×t)],  
where Nit is the amount of soil inorganic nitrogen at time t; Ni0 is the initial amount 
of inorganic N; N01 and N02 are the amounts of the two fractions of potentially 
mineralizable N; k1 and k2 are the mineralization rate constant for N01 and N02, 
respectively (days–1); and t is time (days).  

- C mineralization: Cmint = C01 × [1 – e (–k1×t)] + C02 × [1 – e -k2×t)] 
where Cmint is the amount of C released at time t; C01 and C02 are the amounts of the 
two fractions of potentially mineralizable C; k1 and k2 are their respective 
mineralization rate constants (days–1); and t is time (days).  
The most suitable model for each experiment was taken to be that best fitting the 
results obtained with all treatments. Significant differences between curves were 
assessed by fitting the results of each treatment individually (whole model) and all 
in combination or in pairs (reduced models). The whole model was compared with 
the reduced models via an F-test: 

F = (SSEr-SSEf) / (dfr-dff)) / (SSEf / dff), 
where SSEr and SSEf are the sums of squares of the reduced and whole model, 
respectively, and dfr and dff the corresponding degrees of freedom. A reduced 
model was deemed inapplicable —and differences between treatments assumed to 
be significant as a result— when its difference from the whole model led to a p-
value exceeding that associated to p < 0.001. 
The modelled results were used to estimate Compost Available N (CAN), Compost 
Mineralized N (CMN) and Compost Mineralized C (CMC) from the following 
equations: 

𝐶𝐶𝐶𝐶𝑁𝑁𝑡𝑡 =
𝑁𝑁𝑁𝑁  (𝑠𝑠𝑠𝑠𝑁𝑁𝑠𝑠 + 𝑐𝑐𝑠𝑠𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐) 𝑡𝑡 − 𝑁𝑁𝑁𝑁 (𝑠𝑠𝑠𝑠𝑁𝑁𝑠𝑠)𝑡𝑡   

𝑁𝑁 𝑐𝑐𝑠𝑠𝑐𝑐𝑡𝑡𝑠𝑠 𝑡𝑡𝑐𝑐𝑐𝑐𝑠𝑠𝑁𝑁𝑎𝑎𝑎𝑎 × 100 

 

𝐶𝐶𝐶𝐶𝑁𝑁𝑡𝑡 =
[𝑁𝑁𝑁𝑁  (𝑠𝑠𝑠𝑠𝑁𝑁𝑠𝑠 + 𝑐𝑐𝑠𝑠𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐) 𝑡𝑡 − 𝑁𝑁𝑁𝑁 (𝑠𝑠𝑠𝑠𝑁𝑁𝑠𝑠 + 𝑐𝑐𝑠𝑠𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐)0] − [𝑁𝑁𝑁𝑁 (𝑠𝑠𝑠𝑠𝑁𝑁𝑠𝑠)𝑡𝑡 − 𝑁𝑁𝑁𝑁 (𝑠𝑠𝑠𝑠𝑁𝑁𝑠𝑠)0]

𝑁𝑁 𝑠𝑠𝑜𝑜𝑜𝑜𝑡𝑡𝑜𝑜𝑁𝑁𝑐𝑐 𝑡𝑡𝑐𝑐𝑐𝑐𝑠𝑠𝑁𝑁𝑎𝑎𝑎𝑎 × 100 

 

𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡 =
[𝐶𝐶𝑐𝑐𝑁𝑁𝑜𝑜 (𝑠𝑠𝑠𝑠𝑁𝑁𝑠𝑠 + 𝑐𝑐𝑠𝑠𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐) 𝑡𝑡 − 𝐶𝐶𝑐𝑐𝑁𝑁𝑜𝑜(𝑠𝑠𝑠𝑠𝑁𝑁𝑠𝑠)𝑡𝑡] 

𝐶𝐶 𝑠𝑠𝑜𝑜𝑜𝑜𝑡𝑡𝑜𝑜𝑁𝑁𝑐𝑐 𝑡𝑡𝑐𝑐𝑐𝑐𝑠𝑠𝑁𝑁𝑎𝑎𝑎𝑎 × 100 

3. RESULTS AND DISCUSSION 

3.1 Variation of EC and pH during incubation 

Because of their nature, algal composts can make soil saline (Eyras et al., 2008). The 
initial electrical conductivity of the studied soil (1:5 CE), 0.19 dS m–1, was close to 
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the limiting threshold for the more sensitive plant species (0.2 dS m–1 (Porta 
Casanellas, 1982)). Both compost rates increased EC substantially with respect to 
the control sample. This, however, was the result of the high salt content of the 
compost rather than that of mineralization. In fact, EC increased little during 
incubation (0.07 dS m−1 with C1 and 0.04 dS m−1 with C2) (see Table 3). Soil pH 
decreased with time (especially after 28 days of incubation) (Table 3).  

Table 3. Variation of electrical conductivity and pH during incubation. Mean ± standard 
deviation (n = 5) 

Day CE pH 
 C C1 C2 C C1 C2 
1 0.26 ± 0.01 a 0.63 ± 0.02 b 0.89 ± 0.04 c 5.66 ± 0.09 b 5.41 ± 0.04 a 5.44 ± 0.09 a 
3 0.26 ± 0.01 a 0.61 ± 0.02 b 0.83 ± 0.05 c 5.40 ± 0.05 b 5.30 ± 0.04 a 5.38 ± 0.06 b 
7 0.27 ± 0.01 a 0.64 ± 0.01 b 0.87 ± 0.02 c 5.29 ± 0.07 a 5.26 ± 0.13 a 5.24 ± 0.02 a 
14 0.28 ± 0.01 a 0.68 ± 0.01 b 0.87 ± 0.01 c 5.28 ± 0.17 a 5.23 ± 0.06 a 5.26 ± 0.04 a 
21 0.27 ± 0.01 a 0.68 ± 0.05 b 0.92 ± 0.03 c 5.54 ± 0.10 c 5.15 ± 0.02 a 5.31 ± 0.08 b 
28 0.26 ± 0.01 a 0.61 ± 0.04 b 0.77 ± 0.08 c 5.49 ± 0.06 c 4.89 ± 0.04 a 5.06 ± 0.10 b 
42 0.26 ± 0.10 a 0.63 ± 0.03 b 0.95 ± 0.06 c 5.50 ± 0.13 c 5.04 ± 0.03 b 4.82 ± 0.05 a 
56 0.22 ± 0.01 a 0.60 ± 0.03 b 0.93 ± 0.02 c 5.51 ± 0.05 c 5.11 ± 0.05 b 4.98 ± 0.03 a 
70 0.26 ± 0.01 a 0.69 ± 0.04 b 0.94 ± 0.04 c 5.47 ± 0.12 c 5.11 ± 0.02 b 4.98 ± 0.02 a 
84 0.26 ± 0.01 a 0.71 ± 0.02 b 0.93 ± 0.05 c 5.40 ± 0.09 c 5.08 ± 0.02 b 4.97 ± 0.02 a 
110 0.28 ± 0.01 a 0.70 ± 0.02 b 0.93 ± 0.06 c 5.34 ± 0.14 b 5.04 ± 0.03 a 4.96 ± 0.05 a 
C:0, C1:39, C2:66 t compost/ha–1. Different letters in each row for each property denote 
significant differences between treatments at p < 0.05 
 

This was the likely result of natural acidification of the soil by effect of 
mineralization of organic matter leading to nitrification. Soil pH decreased gradually 
at first and then levelled off after 40 days. Neither compost rate had a significant 
effect on pH and no differences between the two treatments were observed except 
after 56 and 70 days of incubation.  

3.2 Identification of the best model for the mineralization process 

The results of the mineralization experiment (Tables 4 and 5) were fitted to a single-
pool model and a two-pool model (fig. 1) in order to identify the better choice and 
establish whether organic matter in the soil consisted of two different factions in 
terms of mineralization (viz. a labile fraction and a more mineralization-resistant 
faction). The C and N equations in both models fitted the results similarly well and 
with almost identical R2 values, so this criterion was of no use in choosing between 
the models. Also, both models led to significant fitting (p <0.05), with increased R2 
values for C relative to N (p <0.001 for all three treatments).  
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Figure 1. Variation of cumulative C and N (mg kg–1 soil). Observed data (points) and 
predicted data (curves). 

The two-pool model clearly distinguished two organic fractions with a markedly 
different mineralization rate in C and C1, namely: k1 = 0.005 for the more 
recalcitrant fraction, and k2 = 0.029 (C) and k2 = 0.013 (C1) for the more labile 
fraction (Table 6). On the other hand, this model provided an identical 
mineralization rate (k1 =k2 =0.003) for both fractions in C2. Therefore, the two-pool 
model was chosen in order to obtain a uniform description of C mineralization in all 
tests because application to C2 resulted in no greater error.  
With N data (Table 7), the two-pool model provided no substantial advantages over 
the single-pool method for describing mineralization of the compost. Thus the two-
pool model identified two fractions, albeit with an identical mineralization rate 
(0.017), in non-fertilized soil (C). With this model, C1 and C2 samples contained 
two fractions differing in mineralization rate (k1 =0.01 vs. k2 = 0.023 for C1 and k1 = 
0.001 vs. k2 = 0.002 for C2). However, the fraction associated with k1 (N01) 
accounted for a very small portion of total labile N (N01 +N02), which allowed a 
simpler model such as that of Stanford and Smith (1972) to be used. Consequently, 
N mineralization was described by using the single-pool model for all treatments. 

3.3 Carbon mineralization 

The unfertilized soil released C throughout the experiment (Table 4), which 
confirms that the incubation conditions during the test were satisfactory as long as 
mineralization occurred even with lowest initial C content. The amount of carbon 
mineralized after 110 days (377 mg C kg−1) was roughly one-half that predicted by 
the model (720 mg C kg−1, equivalent to 3.7% of all initial C in the soil). As can be 
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seen from Table 6, most C was mineralized slowly (k = 0.005) and only 20% was in 
easily available form (k = 0.029).  

Table 4. Cumulative amounts of C (mg kg–1 soil) during incubation. Mean ± standard 
deviation (n = 5)  

Days                C                C1                 C2 
1 1.98 ± 2.15 a 11.46 ± 2.51 b 27.98 ± 7.10 d 
3 20.25 ± 1.67 a 36.25 ± 3.49 b 59.48 ± 6.26 d 
7 44.49 ± 7.74 a 72.44 ± 8.70 b 117.46 ± 11.87 d 
14 90.44 ± 5.60 a 128.99 ± 10.05 b 185.22 ± 17.06 d 
21 125.15 ± 10.36 a 182.88 ± 14.84 b 245.92 ± 19.24 d 
28 156.86 ± 12.01 a 230.07 ± 19.24 b 302.95 ± 20.63 d 
42 205.59 ± 15.43 a 313.95 ± 32.57 b 410.31 ± 20.00 d 
56 243.99 ± 20.18 a 376.54 ± 30.85 b 519.73 ± 50.06 c 
70 288.35 ± 16.82 a 438.71 ± 38.55 b 730.71 ± 113.09 c 
84 320.21 ± 16.76 a 510.52 ± 46.27 b 901.36 ± 163.45 c 
110 377.17 ± 15.49 a 631.96 ± 82.30 b 1025.80 ± 149.38 c 
C:0, C1:39, C2:49 and C3:66 t compost/ha–1. Different letters in each row denote significant 
differences at p < 0.05 between treatments 
 

The fertilized soil samples also released C with both compost treatments. Therefore, 
the mineralization process must have remained active after 110 days of incubation 
(Table 4).  Consistent with previous results of Pedra et al. (2007) the mineralization 
rate peaked during the first few days, and then gradually decreased and eventually 
levelled off (Pedra et al., 2007). The maximum rate in the fertilized soil samples 
(28mg C d−1 in C2) was observed on the first day and that in the unfertilized samples 
on the third. 
Although the soil had a high initial content in C (48.08 mg kg−1), applying the 
organic fertilizer caused a significant (p <0.05) loss of C as CO2 (particularly with 
C2), which is consistent with previous reports (Bol et al., 2003; Fangueiro et al., 
2007; Pedra et al., 2007; Ribeiro et al., 2010a). The experimental results were fitted 
to a first order model (fig. 1) in order to identify significant differences between 
fertilizer rates. None of the treatments was amenable to application of a reduced 
model (Table 6) owing to the substantial differences in mineralization dynamics. F-
values were especially high between fertilized soil samples and the control, and also 
significant between the two fertilizer rates. These results are consistent with those of 
other authors who previously found fertilizer rate to be positively correlated with C 
release (Busby et al., 2007; Ribeiro et al., 2010a). The total amount of C released by  
the amended soils was much lower than that found by Pedra et al. (2007) in a study 
of mineralization in municipal solid waste compost at similar rates to those used in 
this work and more similar, but still somewhat lower, than that reported by Ribeiro 
et al. (2010a) for on-farm produced compost. This was probably the result of the 
higher C/N ratio of the compost.  

45 



MARTA ILLERA VIVES 

The amount of potentially mineralizable carbon in the soil (C0), increased with 
increasing fertilizer rate (Table 6). The C mineralization rate was very low in all 
instances and fell below the ranges reported reported by Herbert et al. (1991) for 
mature compost, and those of Bernal et al. (1998) Pedra et al. (2007) and Ribeiro et 
al. (2010a) for various types of compost. A low rate constant of C mineralization 
may be typical of mature compost. Thus Bernal et al. (1998) found the constant to 
increase with increasing maturity of compost consisting of a mixture of sewage 
sludge and cotton waste. The extent of C mineralization (CMC) was significantly 
influenced by fertilizer rate, with C2 leading to a significantly higher CMC value 
than C1 from day 20. This result contradicts those of Busby et al. (2007) who found 
no effect of fertilizer rate on CMC, and those of Busby et al. (2007) and Pedra et 
al. (2007), who found CMC to decrease with increasing rate. This apparent 
contradiction may have resulted from the favourable effect of algae on biological 
activity in soil (Stirk et al., 2004; Khan et al., 2009). In spite of the increase in 
mineralization rate associated with rate, only 2.32% of total C in the compost was 
mineralized after 110 days in C2. This proportion is much lower than those 
previously found in compost-treated soils (e.g. 15% by Ribeiro et al. (2010a) or 19% 
by Bernal et al. (1998)), but consistent with that reported by Busby et al. (2007) 
(2.6%). This suggests that the compost is highly stable, which can be very useful for 
carbon sequestration purposes.  

3.4 Nitrogen mineralization 

The N0 values estimated with the model for unfertilized soil fell within the range 
reported by Stanford and Smith (1972), for 39 soils from the USA: 18–305 mg kg−1 
soil. Also, our estimated mineralization rate (k =0.02 d−1) was higher than theirs 
(0.035–0.095 per week), which suggests that our experiment was conducted under 
appropriate incubation conditions. 
The initial concentration of inorganic N in the soil at the beginning of the 
experiment was high with both fertilizer treatments. In fact, Ni0 was well above the 
control value as a result of the large amount of available mineral N present in the 
compost and the high N rate applied; also, it differed significantly between fertilizer 
rates. Soil mineral N increased continuously over time and continued to differ 
significantly between compost rates throughout the experiment (Table 5). Applying 
the organic fertilizer to the soil had a significant (p <0.05) effect on N availability 
(Table 5), which precluded using a reduced model (Table 7). Mineral N release 
increased markedly even by the end of the experiment in C2, but levelled off after 
60 days in C1. After 90 days, the soil N content ranged from 22.99 mg N kg−1 for 
the control treatment to 264.38 mg kg−1 with the higher compost rate (Table 5).  
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Table 5. Variation of the amount of N during incubation (mg kg–1 soil). Mean ± standard 
deviation (n = 3).  

Days C C1 C3 
0 (Nia) 10.88 ± 1.73 a 100.84 ± 11.46 b 174.49 ± 13.83 c 
1 8.41 ± 1.01 a 134.18 ± 8.17 b 186.12 ± 8.10 c 
2 9.89 ± 4.24 a 119.20 ± 4.29 b 169.01 ± 27.84 c 
7 7.88 ± 1.52 a 117.89 ± 7.69 b 193.23 ± 24.13 c 
14 5.85 ± 1.14 a 129.03 ± 10.38 b 192.61 ± 22.09 c 
21 25.48 ± 3.82 a 131.51 ± 21.60 b 187.90 ± 5.03 c 
35 28.12 ± 0.44 a 176.29 ± 16.35 b 219.55 ± 36.73 b 
49 12.53 ± 0.63 a 137.97 ± 8.96 b 203.56 ± 8.00 c 
63 36.12 ± 2.20 a 167.76 ± 13.44 b 266.58 ± 1.69 c 
77 46.91 ± 3.51 a 176.22 ± 9.96 b 253.20 ± 15.33 c 
90 22.99 ± 2.95 a 167.98 ± 8.23 b 264.38 ± 5.17 c 
C:0, C1:39, C2:49 and C3:66 t compost/ha–1. aInitial nitrogen. Different letters in each row 
denote significant differences at p < 0.05 between treatments 
 

At both compost rates, R2 exceeded 0.7 and was lower for the control treatment. 
However, the statistics were significant in all cases (p <0.05), which confirms that 
the model was suitable for describing the results (Table 7 and figure 1). The 
mineralization rate differed markedly between fertilizer rates. With C1, k (0.02mg 
d−1) was similar to the value for unfertilized soil but lower than previously reported 
values, (Tyson and Cabrera, 1993; Bernal et al., 1998; Ribeiro et al., 2010b), which 
suggests that the compost contains highly stable organic matter. Bernal et al. (1998) 
found the mineralization rate of sewage sludge compost to decrease with increasing 
maturity. By contrast, the mineralization rate with C2 was well below previously 
reported values. This, however, was the result of the high content in mineralizable 
nitrogen (N0), so the mineralization rate, N0 × k, was comparable for both fertilizer 
treatments – as reflected in the fact that the final proportion of compost available N 
(CAN) was also similar with both treatments (Table 8).  
Compost mineralizable N (CMN) was initially very low but never suggestive of N 
immobilization. This may have resulted from the high stability of the compost, 
which had a high C/N ratio (21.97) and in which more than 50% of all organic 
matter was resistant as per the Soliva test (Illera-Vives et al., 2013). Nitrogen 
immobilization is usually associated with immature compost, which can facilitate N 
fixation in soil by virtue of its containing high concentrations of incompletely 
stabilized, easily degradable C compounds ( Hébert et al., 1991; Beloso et al., 1993; 
Bernal et al., 1998).  
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Table 6. C concentrations and mineralization rates as estimated with two first-order 
exponential models Mean ± standard deviation (n = 5) 

 

Cmint = C0 × (1 – e (-k×t)) 
 Coa kb  R2 

C  478.08 0.014  0.999** 
C1 970.52 0.009  0.997** 
C2 3758.36 0.003  0.990** 
 Cmint = C01 × (1 – e (-k1×t))+ C02 × (1 – e (-k2×t)) 
 C01 k1 C02 k2 R2 

C 574.92 0.005 145.72 0.029 0.999** 
C1 682.42 0.005 430.31 0.013 0.997** 
C2 1901.21 0.003 1857.53 0.003 0.990** 
 C01 k1 C02 k2 F 

Reduced C+C1+C2 126.89 0.002 648.67 0.009 74 
Reduced C+C1 846.69 0.004 208.68 0.022 6 
Reduced C+C2 610.30 0.008 1408.70 0.003 22 
Reduced C1+C2 3910.77 0.001 387.18 0.012 8 
a  Potential mineralization (mg kg–1 soil); b Mineralization constant (day–1).** Significant at the 
p < 0.001 level 

Table 7. N concentrations and mineralization rates as estimated with two first-order 
exponential models. Mean ± standard deviation (n = 5) 

Nit=Ni0 + N01 × (1 – e (-k1×t)) + N02 × (1 – e (-k2×t)) Ni0 N01 k1 N02 k2 R2 

C 7.55 8.610 0.017 25.02 0.017 0.574* 
C1 114.14 0.001 0.010 66.04 0.023 0.736** 
C2 176.651 0.017 0.001 687.8 0.002 0.872** 
Nit = Ni0 + N0 × (1 – e (-k×t)) Nia Nob kc R2 

C 7.55 33.63 0.020 0.574* 
C1 114.14 66.05 0.020 0.736** 
C2 176.64 176.37 0.008 0.929** 
 Ni No k F 
Reduced C+C1+C2 105.60 299.89 0.002 434 
Reduced C+C1 58.08 37.63 0.061 567 
Reduced C+C2 90.51 359.88 0.003 1500 
Reduced C1+C2 143.91 102.89 0.015 132 
a Initial N availability (mg kg–1 soil); b Potential mineralization (mg kg–1 soil); c Mineralization 
constant (days–1). *Significant at the p < 0.005 level; ** Significant at the p < 0.001 level 
 
 

A proportion of 8% of organic N was mineralized during the experiment in C2, 
consistent with previous results of other authors (Bernal et al., 1998); however, the 
low pH of the soil throughout the experiment (about 5) might have restricted N 
mineralization; in fact, a soil pH of 5 or lower inhibits biological activity (Brye et 
al., 2004), so a neutral soil may have exhibited even more marked mineralization 
(Beck, 1983).  
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The active N fraction (ANF) in the soil organic matter, calculated as ANF=N0/Ntotal 
according Cordovil et al. (2005) was relatively similar with both compost rates (viz. 
10% and 16%). Roughly one-half of all ANF was mineralized within 90 days. The 
amount of nitrogen released with C1 (188.5 kg N ha−1) should suffice to meet the N 
requirements of fairly demanding horticultural crops such as spinach, lettuce, melon 
and leek; however, more demanding crops such as aubergine, tomato and pepper 
would require a rate as high as that of C2 (313.8 kg N ha−1) (Mompó and García, 
2010). Therefore, the compost can be used as a replacement for mineral fertilizers 
for horticultural crops. Also, it helps sustain agricultural systems and is thus allowed 
in organic farming.  

Table 8. Mineralization efficiency of the compost as estimated by the models. Mean ± 
standard deviation of 3 replicates for N and 5 for C 

Day 10 20 30 60 90 

Nitrogen  

𝐶𝐶𝐶𝐶𝑁𝑁𝑡𝑡𝑎𝑎 =
𝑁𝑁𝑁𝑁  (𝑠𝑠𝑠𝑠𝑁𝑁𝑠𝑠 + 𝑐𝑐𝑠𝑠𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐) 𝑡𝑡 − 𝑁𝑁𝑁𝑁 (𝑠𝑠𝑠𝑠𝑁𝑁𝑠𝑠)𝑡𝑡   

𝑁𝑁 𝑐𝑐𝑠𝑠𝑐𝑐𝑡𝑡𝑠𝑠 𝑡𝑡𝑐𝑐𝑐𝑐𝑠𝑠𝑁𝑁𝑎𝑎𝑎𝑎 × 100 

C1 17.57 ± 0.67 a 18.98 ± 0.61 a 19.71 ± 0.82 a 20,98 ± 1,73 a 21.64 ± 2.50 a 

C2 17.13 ± 0.42 a 18.64 ± 0.64 a 19.58 ± 0.95 a 21.71 ± 0.88 a 23.27 ± 0.69 a 

𝐶𝐶𝐶𝐶𝑁𝑁𝑡𝑡𝑏𝑏 =
[𝑁𝑁𝑁𝑁  (𝑠𝑠𝑠𝑠𝑁𝑁𝑠𝑠 + 𝑐𝑐𝑠𝑠𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐) 𝑡𝑡 − 𝑁𝑁𝑁𝑁 (𝑠𝑠𝑠𝑠𝑁𝑁𝑠𝑠 + 𝑐𝑐𝑠𝑠𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐)0] − [𝑁𝑁𝑁𝑁 (𝑠𝑠𝑠𝑠𝑁𝑁𝑠𝑠)𝑡𝑡 − 𝑁𝑁𝑁𝑁 (𝑠𝑠𝑠𝑠𝑁𝑁𝑠𝑠)0]

𝑁𝑁 𝑠𝑠𝑜𝑜𝑜𝑜𝑡𝑡𝑜𝑜𝑁𝑁𝑐𝑐 𝑡𝑡𝑐𝑐𝑐𝑐𝑠𝑠𝑁𝑁𝑎𝑎𝑎𝑎 × 100 

C1 1,18 ± 0,51 a 2,70 ± 0,75 a 3,48 ± 0,64 a 4,85 ± 0,79 a 5.56 ± 1.52 a 

C2 1.07 ± 0,90 a 2.70 ± 1.91 a 3.71 ± 2.27 a 6.00 ± 2.21 a 7.68 ± 1.50 a 

Carbon 

𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡𝑐𝑐 =
(𝐶𝐶𝑐𝑐𝑁𝑁𝑜𝑜 (𝑠𝑠𝑠𝑠𝑁𝑁𝑠𝑠 + 𝑐𝑐𝑠𝑠𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐) 𝑡𝑡 − 𝐶𝐶𝑐𝑐𝑁𝑁𝑜𝑜(𝑠𝑠𝑠𝑠𝑁𝑁𝑠𝑠)𝑡𝑡) 

𝐶𝐶 𝑠𝑠𝑜𝑜𝑜𝑜𝑡𝑡𝑜𝑜𝑁𝑁𝑐𝑐 𝑡𝑡𝑐𝑐𝑐𝑐𝑠𝑠𝑁𝑁𝑎𝑎𝑎𝑎 × 100 

C1 0.24 ± 0.06 a 0.42 ± 0.11 a 0.57 ± 0.15 a 1.01 ± 0.28 a 1.51 ± 0.42 a 

C2 0.30 ± 0.02 a 0.61 ± 0.04 b 0.91 ± 0.07 b 1.72 ± 0.21 b 2.32 ± 0.39 b 
a Compost Available Nitrogen; b Compost Mineralized N; c Compost Mineralized C. Different 
letters for each parameter denote significant differences at the p < 0.05 level between 
treatments 
 

4. CONCLUSIONS 

Compost mineralization was found to occur throughout the experiment and to 
continue after 3 months of incubation. The amounts of C and N released were 
significantly influenced by fertilizer rate. The results fitted a first-order exponential 
model and C – though not N – comprised two pools of different lability. Organic C, 
which was present at a very high level in the compost, was very stable; hence it 
exhibited a low mineralization rate. However, an increasing proportion of compost 
C was mineralized with increasing rate. Only 1.5% of all C applied with the lower 
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rate and 2.3% with the higher rate was mineralized after 90 days. However, the 
compost exhibited a strong fertilizer effect by virtue of its high initial content in 
mineral N and the release of further N by mineralization. Thus the higher rate led to 
7.7% mineralization of organic N and to 23.3% of all N being in available form – a 
high enough proportion to meet the requirements of demanding horticultural crops. 
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CHAPTER IV: EVALUATION OF COMPOST FROM SEAWEED 
AND FISH WASTE AS A FERTILIZER FOR HORTICULTURAL 
USE  

ABSTRACT  

Composting may be an effective process for treating fish waste and drift seaweed to 
recover organic matter and nutrient resources and to produce fertilizers for organic 
agriculture. The aim of this study was to evaluate the use of this type of compost as 
a fertilizer in a horticultural crop rotation. A greenhouse trial was carried out to test 
the effects of the compost on a tomato crop and its residual effects on the succeeding 
lettuce crop. Different compost rates (C1, C2 and C3:40 t ha-1, 50 t ha-1 and 66 t ha-1) 
were compared to single rates of a mineral fertilizer (M) and of a certified organic 
fertilizer made from dehydrated broiler litter (BL) as well as to the control treatment, 
which lacked fertilization (C). Tomato yield increased significantly (5.56 kg plant-1) 
with the highest rate of compost compared to the mineral and control treatments 
(4.54 and 4.58 kg plant-1, respectively). This increased yield was associated with an 
increase in the diameter and weight of the fruits. Moreover, the lettuce yield 
improved with compost rates C2 (395 g lettuce-1) and C3 (367 g lettuce-1), showing a 
strong residual effect of the compost. This compost is suitable as organic soil 
fertilizer and may be recommended for improving horticultural crop yields.  
Keywords: Organic agriculture; Solanum lycopersicum; Lactuca sativa; algae; 
waste management. 

1. INTRODUCTION 

The organic matter (OM) content of soil is one of the main indicators of its quality 
and agronomic productivity, and the influence of OM on the physical, chemical and 
biological qualities of soil has been widely reported (Reeves, 1997). Organic matter 
accumulates in soil when carbon (C) inputs exceed C outputs, and in agricultural 
systems, losses of OM due to mineralization generally exceed gains because of the 
large amounts of OM removed during crop harvesting. The practice of harvesting 
most biomass of crops along with other factors, such as intensive soil tilling, 
accelerates the loss of C from the soil (Weil and Magdoff, 2004). Organic materials 
have been used for centuries to counteract these losses of soil OM and to supply 
variable amounts of nutrients to the soil.  

Adapted from:  

Illera-Vives, M.; Seoane Labandeira, S.; Brito, L.M.; LópezFabal, A.; López-Mosquera, M.E.  

Evaluation of compost from seaweed and fish waste as a fertilizer for horticultural use.  

Scientia Horticulturae, 186:101-107. 2015. DOI 10.1016/j.scienta.2015.02.008 
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Suitable materials for composting are found abundantly in coastal areas. One such 
material is fish waste, which is yielded as a by-product of fish markets and fish 
processing industries. Depending on the type of transformation, the waste may 
represent between 30 and 45% of the initial weight of the product. The most 
common destination for these by-products is fishmeal production, in a management 
system that yields economic benefits for the businesses involved. Fish waste is 
suitable for agricultural use because it contains large amounts of nutrients, such as 
N, P and Ca (Illera et al., 2010). Several fertilizers made from fishmeal are now 
commercially available and some are authorized for use in organic agriculture (EC 
Council 2092/91, 1991). Even fish effluent can be used to irrigate cherry tomato 
plants (Castro et al., 2006). 
Another resource available in coastal areas is beached seaweed that is deposited on 
beaches in large amounts as a result of tidal or wind action. Drift seaweed is a 
natural resource in coastal habitats and has been used sustainably in agriculture for 
several centuries (Zemke-White and Ohno, 1999; McHugh, 2003) due to its value as 
a fertilizer. Seaweed is particularly rich in potassium (K) and micronutrients as well 
as growth activators such as auxins, cytokines and alginates, which improve the soil 
structure (Blunden, 1991; Verkleij, 1992; López-Mosquera and Pazos, 1997; Stirk et 
al., 2004; Papenfus et al., 2013).  In addition, seaweed is a resource with many 
applications in human life, such as human food, animal feed or in the industry due 
its high polysaccharide content. Nevertheless, algae sometimes represents a waste, 
causing eutrophication and generating the so-called green tides (Morand and Briand, 
1996) that cause serious environmental problems in different parts of the world. 
These green tides affect coastal activities such as the recreational use of beaches 
(Rosenberg, 1985; Piriou and Menesguen, 1992; Eyras et al., 1998), aquaculture and 
shellfish harvesting (Niell et al., 1996). When this occurs, the algae are usually 
removed and dumped, leading to the loss of a potentially valuable resource. 
Both of the above-mentioned materials are of great potential use in agriculture. 
However, the stabilization of these types of materials is recommended prior to their 
use to prevent problems associated with the appearance of phytotoxic substances 
(Michalak and Chojnacka, 2013) and to diminish their water contents and 
transportation costs. Composting is one of the least expensive methods of stabilizing 
waste materials. Several studies have evaluated the fertilizer effects of composts and 
have suggested composting as one of the most appropriate techniques for producing 
organic fertilizers (Potoky et al., 1988; Piriz et al., 2003; Han et al., 2014). 
Composting fish waste has also been suggested as a valid method of transforming 
this waste into useful soil amendments for agricultural purposes (Frederick et al., 
1989).  
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The application of high quality organic amendments to agricultural land has the 
benefit of being environmentally sustainable and compatible with organic 
production systems. Organic agriculture is undergoing constant growth worldwide, 
and at present 1.8 million farmers in 162 countries apply organic agricultural 
techniques to more than 37 million hectares of land (Willer and Kilcher, 2013). 
These farms cover the demands of a large market of consumers who are willing to 
pay relatively high prices for organic products (Govindasamy et al., 1998), reaching 
a value of 59.100 million US dollars in 2010 (MAGRAMA, 2011).   
Tomato is one of the most important crops in Europe, with a production of 
approximately 16 million tonnes in 2012 of which one third were grown in Spain 
(EUROSTAT, 2013). However, the effect of organic fertilizers on tomato 
production is not entirely clear. Some authors have reported higher yields with 
organic fertilizers compared to mineral fertilizers (Moral et al., 1996; Eyras et al., 
1998), whereas other authors either suggested the opposite (Heeb et al., 2005a; Heeb 
et al., 2005b; Heeb et al., 2006) or did not find any significant differences in the 
tomato yields produced by these two types of fertilizers (Kong et al., 2005). The 
discrepancy in the findings may be due to the heterogeneity of the physical and 
chemical characteristics of the different organic fertilizers, which may give rise to 
different yields even under the same crop conditions. This was shown by 
comparison of eight types of organic fertilizers (Kanal and Kuldkepp, 1993), which 
included cattle dung with and without litter, pig slurry, peat compost formed from 
hen and pig slurry, sawdust-duck manure, non-composted peat and straw litter with 
pig slurry applied to potato and cereal crops. The findings of that study indicate that 
the results obtained with different types of organic fertilizers are not readily 
comparable, and thus a specific agronomic evaluation is required for each type of 
organic fertilizer, crop and type of management.  
The objectives of this research study were as follows: (i) to evaluate fish waste and 
seaweed compost as a fertilizer for greenhouse-grown tomato; and (ii) to evaluate 
the residual fertilizing effect of the compost on a lettuce crop grown immediately 
after harvesting the tomato without any further addition of fertilizer.  

2. MATERIALS AND METHODS  

2.1 Materials 

The trial was carried out in a greenhouse with acidic soil (pH 4.2) developed from 
quartz schist. The soil had a low effective cation exchange capacity (CECe) (8.2 
cmol (+) kg-1), high electrical conductivity (5.6 dS m-1) and an appropriate OM 
content of 3.1%. In spite of the low initial pH value, it was not amended because the 
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Al saturation in CECe (which is the main limiting factor in acidic soils) was low 
enough (4.7%) to allow for the proper production of the tested crops. 
The compost derived from seaweed and fish waste was produced using the Windrow 
method with the following feedstock materials: (1) drift seaweed (mainly 
comprising Laminaria spp. and Cystoseira spp.) collected on the northern coast of 
Galicia (NW Spain), (2) mackerel (Trachurus trachurus L.) waste from a fish 
filleting plant, and (3) pine bark (10-15 mm), which was included as a structural 
material and as a source of carbon. The final ratio of these materials was 1:1:3 (v/v). 
The thermophilic stage lasted for approximately 45 days, and after the maximum 
temperature was reached, the pile cooled slowly until it was close to ambient 
temperature. Water was not added throughout the process. After 10 weeks, the 
maturity of the compost was established by measuring parameters such as the degree 
of stability and performing the Dewar flask test and phytotoxicity test. The finished 
compost had an OM content of 82%, indicating that this compost may be suitable as 
an organic soil amendment. The compost contained essential nutrients, with an N-P-
K ratio of 2-0.6-0.7 (% dry weight). Most of the N (89%) was in organic forms. The 
neutral pH (6.8) ensured a good availability of the nutrients for the plants and for 
biological activity. The C/N ratio was approximately 22 and the heavy metal content 
was low. The only limiting feature was the high salinity (2.5 dS m-1 1:5). A detailed 
description of the composting process and its characterization can be seen in Illera-
Vives et al. (2013).  
The dehydrated broiler litter, was produced with fresh chicken manure passed 
through a drying tunnel at 250 °C before being triturated with a hammer mill, 
homogenized, and finally pelleted in a granulator press to 5-mm diameter pellets 
with a length of 12–14 mm. A detailed description of this process and its 
characterization can be seen in Lopez-Mosquera et al. (2008). The commercial 
fertilizer had an N-P-K ratio of 3:1.3:2.5 (% dry weight), with 80% of the N in 
organic forms and a neutral pH (7.1). Its low C/N ratio (11.5) ensured easily 
mineralization (approximately 60% for the first crop). The chicken manure 
contained very low amounts of heavy metals. 

2.2 Experimental design 

The experiment was conducted using a completely randomized design of six 
treatments and three repetitions. In April 2011, 18 plots of 1.5 m2 were established 
in a single-layer polythene greenhouse (300 m2) with automatic ventilation in Lugo 
(Galicia, NW Spain; 42º 59´N 7º32´W). The treatments included three compost rates 
(40, 50 and 66 t ha-1 (fresh weight), designated C1, C2 and C3, respectively); one 
slow-release NPK (20-2.2-8.3) treatment of mineral fertilizer (M) applied at a rate of 
1.15 t ha-1; and one commercial organic fertilizer based on dried broiler litter (BL) 
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certified for organic agriculture (15 t ha-1 fresh weight). A control treatment (C), 
without fertilizers, was also included. The above-mentioned treatments were applied 
by superficial ploughing (10 cm).  
Treatment compost rates were calculated based on the demand of 230 kg ha-1 N for 
approximately 110 t ha-1 tomato yield (Rodriguez del Rincón, 1982) and considering 
an annual rate of mineralization of 60% for BL (Evers, 1998), and lower rates for 
the compost were used (50% for C1, 40% for C2, and 30% for C3) due to the higher 
C/N ratio of the compost. A summary of all of the treatments can be seen in Table 1. 

Table 1. Fertilization treatments: N-P-K content, rates applied, amounts of nutrients 
applied and availability for the first crop.  

 Mineral BL C1 C2 C3 
Composition N-P-K (% DWa) 20-2.2-8.3 3-1.3-2.5 2-0.6-0.7 
Dose (t ha-1 FWb) 1.15 15 40 50 66 
Total N (kg ha-1) 230 387 464 580 765 
Total P (kg ha-1) 33 170 143 179 236 
Total K (kg ha-1) 125 321 187 241 317 
N availablec (kg ha-1) 230 232 232 232 230 
P availablec (kg ha-1) 33 102 72 71 71 
K availablec (kg ha-1) 125 193 94 96 95 
BL: broiler litter; C1, C2 and C3: low, medium and high doses of compost; aDry weight; 
bFresh weight; cEstimated mineralization rates: BL= 60%, C1=50%, C2=40%, C3=30% 
  

2.3 Tomato-lettuce rotation 

Six greenhouse-reared tomato seedlings (Solanum Lycopersicum var. Valentim) 
were planted in each plot (108 plants in total), with a between-plant spacing of 0.50 
m. The plants were trained on vertical poles and the apical buds were removed after 
production of the 6th raceme. When the first raceme stopped producing fruits, the 
lower leaves were removed to improve aeration of the plants. Lateral shoots were 
removed throughout tomato production. The crop was watered twice a day using a 
drip system with a variable dose to satisfy the crop requirements (170 L plant-1 over 
the entire cycle). Phytosanitary treatments compatible with organic production 
(active substances: neem seed oil; copper phosphonate; dispersants and tensioactive 
substances) were applied to prevent and treat pests and diseases (mainly 
Trialeuroides vaporarium, Autographa gamma, Botrytis cinerea and Phytophthora 
infestans).  Over 80 days, the tomatoes from the 4 central plants of the 6 plants in 
each plot were harvested at color stage 5 (60-90% of the fruit is red) (Grierson and 
Kader, 1986). The recorded data included the number of fruits per plant, fresh 
weight and the diameter of the fruits. At three different stages of the study (initial, 
intermediate and final), a composite sample was harvested from each plot to 
determine the dry tomato weight. 
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After removing the tomato plants (May 2012), lettuces (Latuca sativa cv. Santoro) 
were planted in the same experimental plots without additional fertilization to 
evaluate the residual effects of the fertilizers. Twenty lettuce seedlings were planted 
in a herringbone configuration in each plot, with a plant spacing of 0.3 m. The crop 
was watered twice a day with a drip system (16 L plant-1 over the entire cycle). After 
40 days, the lettuces were harvested and weighed (fresh weight).  Samples of 5 
lettuces from each plot were used to determine the lettuce dry matter content. To 
evaluate the nitrate content of the internal and external leaves, three lettuces were 
collected from each plot following the recommendations of the European directive 
(EC Council 466/2001, 2001). The leaves were then pressed according to the 
method proposed by Alt and Füll (1987) to obtain an extract for determination of the 
nitrate content with a CRISON selective electrode (Consalteri et al., 1992). 

2.4 Chemical and physicochemical characterization of the soil  

At the end of the tomato crop (6 months after planting) and at the end of the lettuce 
crop (15 months after tomato planting), a soil sample of each plot was collected 
from the arable layer (0-20 cm). The samples were air-dried, sieved (< 2 mm) and 
stored for subsequent analysis.  
The soil pH was determined following the method described by Guitián-Ojea and 
Carballas (1976) and the electrical conductivity of the saturated extract (Richards, 
1941) was determined using a CRISON conductivimeter. The carbon and nitrogen 
contents were measured using a carbon-nitrogen element analyzer (CHNS LECO, 
TruSpec model). The exchanged cations were extracted with 1N NH4Cl (Peech et 
al., 1947) and determined by atomic adsorption spectrophotometry (Ca, Mg and Al) 
or flame emission spectrophotometry (Na and K) (Varian SPECTRAA 220 FS). The 
available phosphorus was extracted with 0.5 M NaHCO3 and the P content was 
determined by colorimetry (Olsen and Sommers, 1982).  

2.5 Statistical analysis 

Statistical analysis of the data was carried out with SPSS version 17.0. Treatment 
mean values were compared by ANOVA and significant differences (p<0.05) 
between treatments were determined by Duncan’s test. The relationships between 
the different crop characteristics were assessed by the Pearson’s correlation 
coefficient at a significance level of p<0.05.  
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3. RESULTS AND DISCUSSION 

3.1 Tomato production 

Tomato yield was not significantly improved with mineral fertilization (Table 2) 
probably due to the initial high fertility of the greenhouse soil, to which fertilizers 
were added over several years. However, differences in the tomato yield were 
observed between treatments with the highest compost rate (C3) and with the control 
(Table 2). Although the production of the BL-fertilized crop was not significantly 
different from the C crop, it also showed higher production rates, with a similar 
harvest to the C3-fertilized crop. This shows the beneficial effects of both organic 
fertilizers, which in the case of the compost could go beyond the supply of nutrients 
because seaweed is known to have a beneficial effect on soil physical conditions due 
to its high alginate content (Blunden, 1991; Verkleij, 1992; Eyras et al., 2008), and it 
is also known to stimulate plant growth due to its high contents of growth regulators, 
such as auxins and cytokinins (Stirk et al., 2004). The tomato yields increased with 
the treatment C3 compared to the M and C treatments, which was associated with 
increased fruit weight and larger fruit diameters but not with an increased number of 
fruits.  
The tomato dry matter content (Table 2) was within the usual range reported for 
tomatoes (Davies et al., 1981). The application of mineral fertilizer significantly 
increased the tomato dry matter content (6.5%) compared to treatment C3 (5.7%), 
which was probably associated with the increased yield found for this last treatment. 
Some researchers have reported a negative relationship between the dry matter 
content and the size of the fruits (Ho, 1996), which is similar to the findings of this 
study in which this relationship (R= -0.522) was significant (p<0.05). A higher dry 
matter content indicates a higher level of soluble solids and therefore higher sugar 
content.  

Table 2. Tomato production parameters: production per plant (weight and number of 
fruits), dry matter and fruit size (weight and caliber). Means ± standard deviation (n=3) 

 kg tomato plant-1 DM(%)a Nº fruits plant-1 g fruit-1 Diameter (mm) 
Control 4.54 ± 0.69 a 6.09 ± 0.69 ab 29.60 ± 4.61 a 154.5 ± 19.9 a 70.28 ± 3.51 a 
Mineral 4.58 ± 1.01 a 6.48 ± 0.42 b 30.50 ± 4.40 a 151.3 ± 30.2 a 69.46 ± 5.33 a 
BL 4.88 ± 1.08 ab 6.16 ± 0.57 ab 30.36 ± 3.27 a 161.0 ± 32.9 a 70.74 ± 5.45 a 
C1 4.65 ± 0.72 a 6.03 ± 0.83 ab 31.71 ± 4.73 a 148.0 ± 23.7 a 69.23 ± 4.70 a 
C2 4.63 ± 0.98 a 6.40 ± 0.39 ab 28.79 ± 6.93 a 162.9 ± 19.4 a 71.78 ± 3.34 ab 
C3 5.56 ± 1.25 b 5.69 ± 0.61 a 29.91 ± 6.28 a 185.6 ± 17.5 b 74.79 ± 3.07 b 
BL: broiler litter; C1, C2 and C3: low, medium and high doses of compost. a Dry matter 
content. Different letters for each parameter denote significant differences at p < 0.05 
between treatments  
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Regarding the marketable characteristics of the tomatoes, the largest commercially 
viable fruit size was found for tomatoes grown with the C3 treatment. However, in 
all treatments, most of the fruits were of caliber G (82-67 mm according to EC 
Council 790/2000 (2000)). From a management perspective, productive varieties 
that are also uniform in terms of fruit size are of interest (Nuez, 1995). Here, 
treatment C3 was associated with the most homogeneous size; 82.7% of the fruits 
were of caliber 108-82 and 82-67 mm, while only 74.2% in the BL crop and 70.0% 
in the C crop were into this range (Figure 1). 
The tomato fresh weights and accumulated yields are shown in Figure 2. The weight 
of the tomatoes showed a steady decline throughout the crop cycle, although this 
decrease was less marked in plants fertilized with the highest compost rate (Fig. 2a). 
This was reflected by higher yields mainly at the end of the crop cycle (Figure 2b), 
which is beneficial for maintaining a stable level of production throughout the whole 
crop. However, in the trial conducted by Heeb et al. (2006), the yields of red 
tomatoes from plants organically fertilized were significantly lower (1.3 – 1.8 kg 
plant–1) than the yields from plants that received mineral fertilizer (2.2 – 2.8 kg 
plant-1). The authors attributed these differences to a low nutrient availability at the 
initial stages of the crop cycle. The sustained production in the plots treated with 
organic products in this study may indicate a good availability of nutrients from the 
start of the trial. 
 

 

Figure 1. Tomato fresh weight per plant for the different commercial sizes according to 
EC Council 790/2000 (2000).  Different letters above each column for the same 

commercial grade indicate significant differences between treatments at p<0.05  
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Figure 2. The evolution of tomato production during harvest time. a) Tomato fresh 
weight (g fruit-1); and b) tomato yield (kg plant-1) 

3.2 Residual effects of the compost on the lettuce yield 

One of the main benefits of organic fertilizers is the release of available nutrients 
into soil, which may last for several years (Eghball, 2002). This residual effect may 
lead to increased production for up to four years after application of the organic 
fertilizer (Wallingford et al., 1975). 
Crop yield differences between treatments were clearer for lettuce (Table 3) 
compared to the previous tomato crop. Tomato is a nutrient-demanding crop that 
rapidly depletes the available soil nutrients such that additional supplies are usually 
required for subsequent crops (Broadley et al., 2003). This is consistent with the fact 
that plots treated with the mineral fertilizer produced a similar harvest to the C plots, 
which had not been fertilized. Except for the lowest compost rate (C1), the organic 
fertilizers had a strong residual effect that significantly improved the yield of lettuce 
compared to the obtained with the mineral fertilizers or without fertilization. The 
highest lettuce yield was attained in the treatment with dehydrated broiler litter, 
which is consistent with the results reported by Cabaleiro (2013). This author 
reported a significant residual effect of this same fertilizer on two commercial 
lettuce crops with a single initial dose of 5.3 t ha-1. 
The lettuce yield was not improved with increased compost applications between C2 
and C3. This may be explained by the increased tomato yield in C3, which led to 
increased nutrient uptake by the crop in this treatment and lower nutrient availability 
for the lettuce crop. The dry matter content of both lettuces and tomatoes tended to 
increase with the treatments associated with lower yields. 
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Leaf nitrate content is a quality factor for lettuce. EU Regulations (EC Council 
466/2001, 2001) have established the maximum nitrate content for lettuce harvests 
collected between the 1st April and the 30th September at 3,500 mg NO3

- kg-1 (fresh 
weight), as higher contents may represent a risk for human health. Although the 
nitrate ion is not toxic, approximately 5% of the total nitrate ingested is transformed 
into nitrite, which is toxic (Spiegelhalder et al., 1976; Pannala et al., 2003). 
Therefore, it is crucial to find the optimal fertilizer rate that improves yields without 
decreasing the lettuce quality caused by the high nitrate content of the lettuce. In the 
present study, the lettuce nitrate content was always below the legal limits both in 
the outer and inner leaves (Table 3). The outer leaves, in which the greatest 
accumulation of nitrates generally occurs (Sánchez et al., 2002; Abu‐Rayyan et al., 
2004), showed the greatest differences between treatments. Nitrate accumulation 
increased for lettuces fertilized with BL or C3 compared to other treatments. This 
indicates that the availability of N was increased with the highest rate of compost 
application and broiler litter compared to the other treatments. The nitrate contents 
of the outer and inner leaves were positively and significantly correlated with the 
fertilizer rate (p<0.05 and p<0.001 for the inner and outer leaves, respectively).  

Table 3. Lettuce production parameters: fresh weight per plant, dry matter and NO3
- 

content of the inner and outer leaves. Means ± standard deviations (n=3) 

 
Fresh weight 
(g lettuce-1) 

Dry Matter (%) 
NO3

- inner leaves 
(mg NO3

- kg-1 FWa) 
NO3

- outer leaves 
(mg NO3

- kg-1 FWa) 
Control 278.6 ± 88.7 a 5.87 ± 0.69 c 649.4 ± 52.7 ab 1020.0 ± 346.9 a 
Mineral 230.5 ± 85.3 a  6.50 ± 0.70 d 636.3 ± 159.3 ab 1523.8 ± 346.0 b 
BL 476.2 ± 154.2 c 4.80 ± 0.89 ab 777.3 ± 107.5 c 1991.5 ± 447.6 c 
C1 278.4 ± 107.3 a 5.35 ± 1.06 bc 589.2 ± 85.7 a 1219.2 ± 398.6 ab 
C2 395.3 ± 120.7 b 4.41 ± 0.47 a 620.4 ± 85.9 ab 1221.4 ± 453.1 ab 
C3 367.0 ± 160.9 b 5.43 ± 1.13 bc 742.9 ± 176.1 bc 2080.2 ± 256.2 c 
a Fresh weight; BL: broiler litter; C1, C2 and C3= low, medium and high doses of compost. 
Different letters for each parameter denote significant differences at p < 0.05 between 
treatments  
 

3.3 Fertilizer effects on soil characteristics  

The initial experimental soil pH value (4.2) was below the optimal level for tomato 
(5.5 to 6.8, according to Benton (2007)) and for lettuce (6.0 to 7.5, according to 
Nonnecke (1989)) (Table 4). The pH value increased during the growth of both 
crops in all treatments, but none reached optimal levels for these crops. In this trial, 
only the dehydrated broiler litter showed a significantly higher pH than the mineral 
plot at the end of the trial, which was a result of its liming amendment effect 
(Matos-Moreira et al., 2011). A complementary effect to that of pH was observed 
for the exchangeable Al, which reached significantly lower levels in the BL-
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amended soil compared to the other treatments at 15 months after fertilizer 
application. These results are in accordance with the findings of Hue (1992) and 
Matos-Moreira et al. (2011), who used broiler litter fertilizer. Haynes and 
Mokolobate (2001) attributed this behavior not only to the increase in the pH but 
also to the high quality of organic matter in this fertilizer, which contains soluble 
humic compounds and aliphatic acids that allowed for Al complexation.  
The electrical conductivity (EC) of the soil was initially high (5.6 dS m-1) and above 
the recommended maximum threshold (2.5 dSm-1) for tomato crops (Benton, 2007). 
However, the levels decreased during the experiment due to nutrient leaching by 
irrigation and nutrient uptake by the tomato crop. Thus, at the end of the tomato crop 
cycle, the EC was below the maximum threshold (1.3 dSm-1) indicated for lettuce 
crops by Maas and Hoffman (1977). Despite the marine origin of seaweed and fish 
waste, the compost application did not increase the soil EC, which is important from 
an agricultural point of view. There were no significant differences in the soil C 
content between treatments, indicating that the organic fertilizers was unable to 
increase these levels over such a short time, though it must be considered that the 
initial soil already had significant levels of C. Nevertheless, soil C content (and 
therefore OM) generally increased with time, especially in the BL and C3 treatments 
(Table 4). The total soil N content generally showed a tendency to decrease during 
the experimental period, which may be due to the transformation of the organic N to 
inorganic forms that were absorbed by the crop, lost by lixiviation or released into 
the atmosphere as ammonia.   
Although tomato is classified as a “heavy feeder” of K and Ca (Benton, 2007), no 
significant differences were found for these nutrient contents in tomato between 
treatments except when BL was applied, which increased soil P and K contents 
(Table 4). This is explained by the high P and K contents of this fertilizer (Table 1). 
With the application of BL, the exchangeable Al decreased significantly, reducing 
the precipitation of Al phosphates and thus improving P availability.  

Table 4. Chemical and physicochemical properties of the experimental soil at three 
different time points: Initial (before fertilization), end of the tomato crop, and end of 

the lettuce crop (0, 6 and 15 months after tomato planting, respectively). Means ± 
standard deviation (n=3) 

Timea C M BL C1 C2 C3 
pH  

0 4.2 ± 0.2                      
6 4.6 ± 0.2 a 4.4 ± 0.3 a 4.5 ± 0.0 a 4.6 ± 0.1 a 4.7 ± 0 a 4.7 ± 0.2 a 
15 5.0 ± 0.4 a 4.7 ± 0.2 a 5.1 ± 0.0 b 4.8 ± 0.1 a 4.9 ± 0 ab 5.0 ± 0.1 ab 

 
ECb (dS m-1) 

0 5.6 ± 1.1                      
6 3.8 ± 1.5 a 3.7 ± 0.3 a 3.5 ± 1 a 2.4 ± 0.3 a 2.5 ± 0 a 2.8 ± 0.9 a 
15 1.8 ± 1.2 a 2.6 ± 1.8 a 1.7 ± 1 a 1.7 ± 0.8 a 1.5 ± 1 a 2.2 ± 1.9 a 
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Timea C M BL C1 C2 C3 

 
C (%) 

0 1.8 ± 0.3                      
6 1.9 ± 0.3 a 2.1 ± 0.4 a 2.1 ± 0.0 a 2.1 ± 0.6 a 2.2 ± 0.0 a 2.1 ± 0.1 a 
15 2.3 ± 0.4 a 2.5 ± 0.3 a 3.0 ± 0.0 a 2.5 ± 0.4 a 2.7 ± 00. a 2.7 ± 0.3 a 

 
N (%) 

0 0.25 ± 0.04                      
6 0.21 ± 0.02 a 0.26 ± 0.05 a 0.25 ± 0.02 a 0.24 ± 0.05 a 0.22 ± 0.04 a 0.22 ± 0.04 a 
15 0.18 ± 0.05 a 0.21 ± 0.03 a 0.19 ± 0.01 a 0.19 ± 0.03 a 0.21 ± 0.03 a 0.21 ± 0.03 a 

 
C/N 

0 7.3 ± 0.6                      
6 8.9 ± 0.5 ab 8.2 ± 0.7 a 8.3 ± 1 a 8.6 ± 0.8 ab 10.2 ± 0 b 9.7 ± 0.5 ab 
15 13.1 ± 1.1 a 11.89 ± 0.4 a 11.87 ± 1 a 13.5 ± 1.1 a 12.9 ± 1 a 13.1 ± 0.5 a 

 
CECe

c (cmol(+)kg-1) 
0 8.23 ± 1.31                      
6 7.11 ± 1.42 a 7.74 ± 1.10 a 7.20 ± 0.75 a 6.93 ± 0.76 a 6.52 ± 0.04 a 7.38 ± 0.98 a 
15 7.39 ± 3.12 a 5.07 ± 1.20 a 7.03 ± 0.66 a 6.10 ± 0.38 a 6.03 ± 0.54 a 6.95 ± 1.10 a 

 
K (cmol(+)kg-1) 

0 0.60 ± 0.20                      
6 0.46 ± 0.08 a 0.51 ± 0.07 a 0.92 ± 0.0 b 0.44 ± 0.1 a 0.49 ± 0.0 a 0.49 ± 0.04 a 
15 0.42 ± 0.17 a 0.35 ± 0.06 a 0.58 ± 0.0 b 0.35 ± 0.0 a 0.37 ± 0.0 a 0.37 ± 0.03 a 

 
Ca (cmol(+)kg-1) 

0 6.06 ± 1.64                      
6 5.14 ± 1.08 a 5.61 ± 1.19 a 4.60 ± 0.52 a 4.60 ± 0.37 a 4.28 ± 0.03 a 5.19 ± 1.22 a 
15 5.41 ± 2.17 a  3.50 ± 0.85 a 5.15 ± 0.49 a 4.25 ± 0.40 a  4.14 ± 0.35 a  4.99 ± 1.05 a  

 
Mg (cmol(+)kg-1) 

0 0.83 ± 0.18                      
6 0.73 ± 0.19 a 0.77 ± 0.16 a 0.74 ± 0.00 a 0.62 ± 0.10 a 0.6 ± 0.00 a 0.68 ± 0.04 a 
15 0.76 ± 0.43 a  0.47 ± 0.14 a 0.82 ± 0.00 a 0.59 ± 0.10 a  0.6 ± 0.00 a  0.71 ± 0.16 a  

 
Na (cmol(+)kg-1) 

0 0.44 ± 0.09                      
6 0.34 ± 0.07 a 0.36 ± 0.09 a 0.52 ± 0.16 a 0.66 ± 0.35 a 0.55 ± 0.05 a 0.65 ± 0.07 a 
15 0.52 ± 0.35 a  0.26 ± 0.04 a 0.41 ± 0.08 a 0.49 ± 0.10 a  0.51 ± 0.14 a  0.56 ± 0.13 a  

 
Al (cmol(+)kg-1) 

0 0.39 ± 0.09                      
6 0.44 ± 0.06 a 0.48 ± 0.27 a 0.42 ± 0.01 a 0.61 ± 0.07 a 0.59 ± 0.14 a 0.37 ± 0.21 a 
15 0.28 ± 0.08 b 0.49 ± 0.13 b 0.08 ± 0.02 a 0.42 ± 0.10 b 0.40 ± 0.03 b 0.32 ± 0.18 b 

 
Pd (mg kg-1) 

0 30.4 ± 3.4                      
6 28.2 ± 2.1 a 31.1 ± 1.7 ab 43.2 ± 4.5 c 32.7 ± 1.3 ab 34.9 ± 1.1 b  36.5 ± 5.7 b 
15 27.8 ± 2.7 a 34.1 ± 8.0 ab 50.0 ± 1.1 c 34.1 ± 2.1 ab 40.3 ± 3.4 b 38.8 ± 0.9 b 
BL: broiler litter; C1, C2 and C3 low, medium and high doses of compost.a Months after 
treatment b EC in saturation extract; c Effective cation exchange capacity; d P Olsen.  
Different letters in each row denote significant differences at p < 0.05 between treatments  
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4. CONCLUSIONS 

Compost from fish waste and seaweed was found to be a suitable soil amendment 
for horticultural crops grown using organic methods, as indicated by the tomato and 
lettuce yields.   
The application of compost at a rate of 66 t ha-1 significantly increased the tomato 
yield and was associated with increased fruit weight and larger fruit diameter 
compared to crops receiving mineral fertilization or no fertilization.  
The compost residual effect was significant and contributed to higher commercial 
yields for lettuce compared with the control and mineral fertilizer treatments. In 
spite of the high EC of the compost and the elevated rates used, the soil salinity did 
not increase. However, further investigation is required to show whether the yield 
increases can be attributed to the presence of other substances contained in the 
seaweed, such as growth regulators and alginates, which improve the physical, 
chemical and biological properties of soil. 
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CHAPTER V: LEACHING TECHNIQUES FOR SALINE WASTES 
COMPOSTS USED AS GROWING MEDIA 

ABSTRACT  

The purpose of this work was to examine solute release by the effect of leaching of a 
saline compost with two main objectives: (1) to identify the most efficient method 
for this purpose, in order to minimize the environmental impact of this process in 
terms of water consumption and (2) to study the composition of the leachates to 
manage them properly and avoid possible contamination. A laboratory method 
involving column leaching with distilled water (CL) and two field methods 
involving saturation leaching (SL) and drip leaching (DL) were compared to this 
end. In order to more accurately assess nutrient release and compare the three 
leaching techniques, the cumulative amounts of ions leached were processed by 
using an exponential growth model. All target ions fitted properly, and so did the 
curve for the ions as a whole. Salts were removed mainly by effect of the leaching of 
major ions in the substrate (Na+, Cl–, inorganic N, SO4

2– and K+). SL and CL proved 
similarly efficient and reduced the salt content of the substrate to an electrical 
conductivity below 2 dS m–1 in the saturation extract, which is the optimum level for 
nursery crops. By contrast, the DL method provided poor results: salt contents were 
reduced to an electrical conductivity of only 8 dS m–1

 in the saturation extract, so the 
resulting substrate can only be useful to grow highly salt-tolerant crops.       
Keywords: Soluble salts, column leaching, saturation leaching, drip leaching, water 
quality. 

1. INTRODUCTION 

The sea supplies large amounts of useful resources including seaweed washed 
ashore by tides and wind action. Although seaweed plays an ecological role, it 
occasionally constitutes waste. Such is the case in areas where its accumulation can 
lead to eutrophication (Morand et al., 1990) in shell fishing zones, where it can 
decimate bivalve cultures, or in aquacultures. Like seaweed, fish waste routinely 
produced by transforming industries requires appropriate management. Seaweed 
(Eyras et al., 1998; Vendrame and Moore, 2005; Eyras et al., 2008), fish waste (Liao 
et al., 1997; Buyuksonmez et al., 2005; Atikpo et al., 2008) and the two in 
combination (Illera-Vives et al., 2013) have been used in composting experiments in 
various world regions. One use of this compost with a high economic potential is in 

Adapted from:  

Illera-Vives M.; López-Mosquera M.E.; Salas-Sanjuán M.C.;  López-Fabal, A.  

Leaching techniques for saline wastes composts used as growing media in organic agriculture: assessment 
and modelling.  

Environmental Science and Pollution Research, 22(9): 6854-6863. 2015. DOI 10.1007/s11356-014-3897-1 
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organic agriculture. In fact, physical and chemical analyses and tests for maturity, 
hygiene and phytotoxicity have shown that this compost can be useful both as an 
organic amendment and as a growing medium under the EU eco-label scheme with 
the sole restriction of its high salinity (Illera-Vives et al., 2013). 
Use as a substrate is among those with the greatest added value for compost. Interest 
in valorising waste and organic byproducts for use as growing media has grown 
steadily by virtue of (a) its allowing waste to be properly managed rather than 
dumped (Chong, 2005; Raviv, 2005); (b) its avoiding some diseases (Hoitink and 
Boehm, 1999), which is especially useful when the use of synthetic phytosanitary 
products is completely banned (e.g. in organic crops) (Canet and Albiach, 2008); (c) 
seaweed compost boosting plant development (Khan et al., 2009); and (d) its 
facilitating the long-sought replacement of peat, with its associated economic and 
environmental advantages (Abad et al., 2001; Raviv, 2005). However, organic 
substrates can be subject to some limitations resulting from temporal variability in 
their properties, high metal contents, phytotoxicity or, especially, a high salinity 
(Abad et al., 2001) depending on their origin (Chong, 2005). Finding economically 
viable methods to reduce the salinity of these materials would increase their market 
value and facilitate their management as a result. Compost salinity can be reduced 
with various methods. Some are applied prior to composting and involve leaching 
the substrate or mixing it with a less saline material to reduce its salt content. During 
composting, salinity can be reduced by the leaching effect of rainfall or irrigation.  
Once the composting process has completed, salinity can only be reduced by 
leaching or mixing with other materials. Compost leaching techniques are applied 
prior to, or during cropping. The latter choice requires designing an appropriate 
irrigation program for each type of substrate. A number of authors have found salts 
in compost to be rapidly leached— and the substrate electrical conductivity lowered 
as a result— upon successive irrigation (Chong, 2005; Hernández-Apaolaza et al., 
2005).  
Alternatively, saline composts can be leached prior to use, whether directly by the 
action of rainfall on the stack (Guo and Chorover, 2004) or by applying an effective 
technique such as irrigation with water, an acid or a nutrient solution (Guo and 
Chorover, 2004; Chong, 2005; Mazuela et al., 2005; Fornes et al., 2010). This 
choice has the advantage that the substrate has a low salinity from the beginning and 
is, therefore, less likely to cause water stress and impair crop development as a result 
(Wang and Blessington, 1990; Papafotiou et al., 2004).  
However, designing a cost-effective, environmentally friendly compost leaching 
procedure minimizing water consumption requires careful assessment of the 
efficiency of leaching techniques outside the laboratory. In this work, two field 
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leaching techniques were examined and their results compared with a laboratory 
technique for the same purpose.  

2. MATERIAL AND METHODS 

2.1 Compost  

The target compost was obtained from (a) seaweed washed ashore on the NW 
Spanish coast, and consists mainly of Laminaria spp. and Cystoseira spp., (b) fish 
(Trachurus trachurus L.) waste from a filleting industry and (c) pine bark (10–15 
mm) as structuring material and carbon source. The proportion of the three materials 
in the final compost was 1:1:3 (v/v) (Illera-Vives et al., 2013).  
As can be seen from Table 1, the compost possessed acceptable physical properties 
for use as a growing medium. Thus, it had an acceptable bulk density, and a high 
porosity and aeration capacity (46.09 % v/v), but a low water retention capacity 
(6.42 % v/v). Its container capacity (CC), measured as the proportion of water 
retained at a suction pressure of 1 kPa, was 40.23 % (v/v). Chemically (Table 1), the 
compost was rich in soluble nutrients (Abad et al., 1992; Noguera et al., 2003); 
however, it exhibited a high salinity (an electrical conductivity of 18.7 dS m-1 in the 
saturation extract) that was mainly due to Cl-, Na+

 and NH4 
+, and was reduced by the 

three leaching methods described below.  

Table 1. Chemical and physicochemical properties of the compost. Means ± standard 
deviations (n=3) 

Parameter Mean Physical properties 
Dry matter (d.m.) (%) 58.51 ± 1.05 Particle density (kg L–1) 1.67 ± 0.06 
pH in saturation extract 5.83 ± 3.35 Bulk density (kg L–1) 0.23 ± 0.01 
ECa saturation extr.(dSm–1) 12.46 ± 0.10 Total pore space (%v:v) 86.42 ± 0.82 
Carbon (% d.m.) 47.37 ± 0.11 Air capacity (%v:v) 46.09 ± 3.67 
Organic Matter (% d.m.) 81.77 ± 0.18 Easily available water (%v:v) 6.42 ± 1.31 
N (% d.m.) 2.16 ± 0.05 Water buffering capacity (%v:v) 1.69 ± 0.56 
C/N ratio 21.97 ± 0.46 Unavailable water (%v:v) 32.22 ± 0.99 
% dry matter Water-soluble elementsb (mmol(+) L substrate–1) 
Nitric N 0.13 ± 0.01 Inorganic N 50.20 ± 7.37 
Ammonia N 0.10 ± 0.01 Cl– 56.60 ± 12.91 
Urea N 0.01 ± 0.00 SO4

2– 19.77 ± 5.39 
Organic N 1.92 ± 0.03 PO4

3– 4.85 ± 2.62 
P 0.57 ± 0.02 Ca2+ 7.83 ± 5.05 
Ca 0.80 ± 0.01 Mg2+ 10.01 ± 3.45 
Mg 0.26 ± 0.01 Na+ 41.01 ± 5.03 
Na 1.0 ± 0.15 K+ 15.01 ± 2.63 
K 0.74 ± 0.02 

    a EC electrical conductivity; b obtained from concentrations in the saturation extract 
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2.2 Laboratory tests 

2.2.1 Column leaching (CL)  

A total of 15 methacrylate columns 9 cm in diameter and having five holes in the 
bottom to collect leachates were used. Each column was filled with 3,018 mL of 
compost with a moisture content equaling the container capacity (viz. the water 
content of the substrate at a suction pressure of 1 kPa). Substrate losses were 
avoided by placing a plastic mesh and a 2 cm thick layer of washed silica sand in the 
bottom of the columns. Each column was supplied with a volume equivalent to one 
third of the container capacity by drip irrigation at 20 different points on the 
substrate surface at a rate of 2.5 L h–1. This was followed by sampling of the 
resulting leachate. Also, three columns were withdrawn to determine the contents in 
soluble elements of the material in the saturation extract when the cumulative 
irrigation volume equaled the container capacity (3 water applications). A total of 15 
irrigations were performed to obtain a volume equivalent to 5 times the container 
capacity.  

2.3 Field tests  

2.3.1 Drip leaching (DL)  

Six 8 L trunk-conical containers with an 18 cm base diameter and a 5 mm hole in 
the bottom to collect leachates were filled with 5 L of compost with a moisture 
content equal to the container capacity. The compost was leached by using self-
compensating drippers delivering 2 L h–1

 to each container. A total of 15 hourly 
irrigations were performed with an amount of tap water of electrical conductivity 
(EC) 0.80 dS m–1

 equivalent to one third the maximum volume absorbed by the 
compost at container capacity. Leachates were collected after each three irrigations 
(1 CC) and three containers were withdrawn after the first and fifth to analyze the 
saturation extracts.  

2.3.2 Saturation leaching (SL)  

Saturation leaching tests were performed in 15 trunk-conical containers (3 L, 12 cm 
base diameter) with five holes in the bottom to collect leachates. Each container was 
filled with 2.2 L of compost and placed in another container of identical dimensions 
but having no hole in the bottom in order to be able to retain water for a preset time. 
Also, the compost mass in each container was supplied with the amount of water 
needed for saturation and then allowed to stand for 23 h, after which the compost 
was drained by gravity for 1 h. This process was performed five times. Each run was 
followed by collection of the leachates and withdrawal of three containers to 
determine the contents in soluble elements of the saturation extracts. 
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2.4 Analytical methods  

All collected leachates and saturation extracts were analysed for electrical 
conductivity (EC) with a Crison conductivity meter; Ca2+ and Mg2+ by atomic 
absorption spectrophotometry; K+ and Na+ by atomic emission spectrometry; NH4

+ 
with an ion-selective electrode; and NO3

–, PO4
3–, Cl– and SO4

2– with a Metrohm 883 
ion chromatograph equipped with a Metrosep A supp 4 anion-separation column 
(250 mm long × 4.0 mm i.d., 5 μm particle size). 

2.5 Data processing  

The starting materials exhibited some differences in chemical composition as a 
result of being obtained from different composting batches (see Table 1). In order to 
avoid a potential impact of such differences on the results, these were expressed 
relative to the contents in starting material [mmol(+) L substrate–1] as determined in 
the saturation extracts. Also, the ion contents of the irrigation water used in the field 
tests were subtracted from the results for the leachates. The significance of the 
effects of the leaching treatments at the end of the tests was assessed by subjecting 
the amounts of ions removed and their concentrations in the saturation extracts to 
analysis of variance; when a significant difference was found, Tukey’s test at p<0.05 
was used to identify homogeneous groups. In order to more accurately assess 
nutrient release and compare the three leaching techniques, the cumulative amounts 
of ions leached were processed by using a growth model based on the equation of 
Strand (1964) (1): 

y = (x / (a+bx))3  (1) 
Where y is the cumulative amount leached of an ion and x is the volume of water 
applied related to the volume of water retained by the compost tested at container 
capacity (CC). This model was chosen because it afforded good fitting of the 
variation of all target parameters. The horizontal asymptote of the model curve 
represents the maximum theoretical amount leached:  

Theoretical maximum leaching = 1/b3  (2) 
which is directly dependent on parameter b; thus, the smaller b is, the greater will be 
the amount potentially leached —relative to the initial soluble content. Parameter a 
is related to curve growth and hence to the leaching rate: the greater a, the faster the 
substrate will be leached.  
In addition to the previous equation parameters, curves were compared in terms of 
their maximum slope and the volume above which the slope fell below 10% —
where ion leaching was assumed to be minimal. 
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Significant differences between treatment curves were assessed by fitting the results 
of each technique individually (whole model) and in pairs (reduced model). The two 
models were compared via an F-test: 

F = ((SSEr-SSEf) / (dfr-dff)) / (SSEf / dff)  (3) 
where SSEr and SSEf are the sum of squares of the reduced and whole model, 
respectively, and dfr and dff the corresponding degrees of freedom. The reduced 
model was deemed inapplicable —and differences between treatments assumed to 
be significant as a result— when its difference from the whole method led to an F-
value exceeding that associated to p < 0.001. 
Where SSEr and SSEf are the sum of squares of the reduced and whole model, 
respectively, and dfr and dff are the corresponding degrees of freedom. The reduced 
model was deemed inapplicable—and differences between treatments assumed to be 
significant as a result—when its difference from the whole method led to an F value 
exceeding that associated to <0.001.  

3. RESULTS AND DISCUSSION 

3.1  Overall ion leaching 

Figure 1(a) shows the variation of the total amounts of ions leached relative to their 
initial contents in the saturation extracts.  
As can be seen, ion removal peaked at an early stage of leaching and the cumulative 
leaching curves exhibited an initially high slope that subsequently decreased and fell 
below 10% in all instances by effect of limited leaching. As can be seen, the three 
curves were similar (particularly the CL and SL curves, which afforded application 
of a reduced model) (see Table 2). The CL curve was the most variable; it exhibited 
the highest slope (1.49) and was the first to peak (after only 0.18 CC was added). 
Also, it was the first to reach a slope lower than 10% (with 2.36 CC) and falling 
below 5% (3.54 CC) during the test. The high slope and rapid levelling of the curve 
reflected efficient leaching of ions in the form of strong reduction of the saline 
content by application of small amounts of water. 
The SL curve was similar to the CL curve albeit less pronounced. Thus, its slope 
was considerably lower and required a greater water volume (2.79 CC) to fall below 
10%. Beyond that point, however, leaching was limited and ion removal continued 
slowly through the end of the test, to an extent equalling or even surpassing that of 
CL. The DL curve was more regular than the previous two and exhibited the lowest 
slope and leaching rate throughout the test, thus reflecting a poor ion leaching 
efficiency. 
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Drip Leaching (DL) curve 
Saturation Leaching (SL) curve 
Column Leaching (CL) curve 

    Drip Leaching (DL) 
 Saturation Leaching (SL) 
 Column Leaching (CL) 

  

  

  

  

Figure 1. Cumulative release during the leaching process relative to the contents in 
soluble forms of the starting material: observed values (points) and modelled curves 

(lines). xCC: volume of water applied/volume retained at container capacity 
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Despite its being a field technique, saturation leaching (SL) was similarly efficient 
to column leaching (CL) as regards removal of salts; both treatments provided 
leachates containing greater amounts of salts than the saturation extract from the 
starting material (see Table 3). By contrast, the DL treatment extracted salts in lower 
proportions than those present in the starting compost.  

Table 2. Fitting parameters of the leaching curves for the three techniques. 
   a b SSE df Test 

Fa 
MPb MSc S 

<10%d 

y=(x / (a+bx))3 

K+ CL 0.15 0.81 0.12 46 a 1.90 1.89 2.89 
DL 0.34 0.98 0.00 16 b 1.05 0.57 2.56 
SL 0.32 0.82 0.07 16 c 1.84 0.87 3.83 

Ca2+ CL 0.12 0.94 0.16 46 a 1.19 1.71 1.88 
DL 0.14 1.04 0.05 16 b 0.89 1.28 1.60 
SL 0.15 1.15 0.16 16 c 0.66 0.96 1.32 

Mg2+ CL 0.13 1.19 0.08 46 a 0.60 1.01 1.18 
DL 0.09 1.11 0.10 16 b 0.73 1.76 1.14 
SL 0.12 1.20 0.07 16 a 0.58 1.05 1.13 

Na+ CL 0.16 0.85 0.13 46 a 1.63 1.63 2.64 
DL 0.29 1.05 0.07 16 b 0.86 0.58 2.09 
SL 0.29 0.87 0.09 16 c 1.50 0.84 3.17 

Cl– CL 0.13 0.86 0.41 46 a 1.56 1.93 2.36 
DL 0.25 0.95 0.07 16 b 1.16 0.82 2.49 
SL 0.20 0.83 0.13 16 c 1.77 1.34 3.11 

PO4
3– CL 1.21 0.46 1.00 46 a 10.29 0.73 22.93 

DL 0.39 0.78 0.39 16 b 2.07 0.78 4.51 
SL 0.58 0.69 0.69 16 c 2.99 0.67 6.89 

SO4
2– CL 0.17 1.00 0.09 46 a 1.00 1.11 1.89 

DL 0.33 1.03 0.11 16 b 0.93 0.53 2.31 
SL 0.32 0.88 0.04 16 c 1.46 0.77 3.21 

Inorg. 
N 

CL 0.18 0.96 0.20 46 a 1.13 1.13 2.13 
DL 0.35 0.93 0.07 16 b 1.25 0.62 2.95 
SL 0.30 0.95 0.16 15 a 1.20 0.71 2.71 

Total 
ions 

CL 0.16 0.89 0.18 46 a 1.41 1.49 2.36 
DL 0.30 0.85 26.25 16 b 1.61 0.85 3.38 
SL 0.32 0.94 0.06 16 a 1.21 0.67 2.79 

a Same letters denote no significant differences at p < 0.001 between treatments and were 
thus fitted to the same curve. b Maximum predicted, c Maximum slope, d CC  (volume of water 
applied / volume retained at container capacity) above which the slope fell below 10% 
 

The lower efficiency of DL was possibly a result of the water applied distributing 
less uniformly in the substrate than with the other two techniques; in fact, the 
dripping system used four irrigation points for an increased area (a base 27 cm in 
diameter) relative to the CL system; meanwhile, SL facilitated uniform distribution 
of the water by keeping it in contact with the substrate for 23 h. Although the CL 
system used an irrigation procedure similar to that of DL, the area of the CL cylinder 
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was much smaller and the water more uniformly distributed throughout by effect of 
its having 20 water delivery points for an area of only 63 cm2. The fact that the DL 
system applied all water with only four sources caused the formation of preferential 
channels and lateral flows that prevented the water from thoroughly distributing in 
the substrate prior to draining. This, together with the greater inefficiency of the DL 
drainage system —a single hole in the container bottom— hindered leaching of 
irrigation water and led to accumulation of salts in peripheral zones of the container. 

Table 3. Leaching efficiency: amounts of elements leached in the tests relative to their 
soluble contents in the starting material. Mean ± standard deviation (n = 3) 

Element 
(mmol(+)/mmol(+)) 

CL DL SL 

K+ 1.67 ± 0.06 c 0.93 ± 0.10 a 1.47 ± 0.11 b 
Ca2+ 1.03 ± 0.16 c 0.82 ± 0.07 b 0.56 ± 0.11 a 
Mg2+ 0.55 ± 0.05 ab 0.68 ± 0.10 b 0.48 ± 0.05 a 
Na+ 1.44 ± 0.05 c 0.75 ± 0.08 a 1.21 ± 0.11 b 
Cl– 1.38 ± 0.11 b 1.00 ± 0.06 a 1.52 ± 0.07 b 
PO4

3– 2.68 ± 0.07 c 1.59 ± 0.23 a 1.99 ± 0.34 b 
SO4

2– 0.88 ± 0.05 b 0.78 ± 0.01 a 1.20 ± 0.09 c 
Inorganic N 0.99 ± 0.08 a 1.02 ± 0.09 a 0.97 ± 0.15 a 
Total ions  1.24 ± 0.07 b 0.92 ± 0.08 a 1.33 ± 0.07 b 
Different letters in the same row denote significant differences between treatments at p < 
0.05 
 

3.2 Leaching of individual ions 

Although the leaching curves for all target ions fitted the exponential growth model 
of Strand (1964), and so did the curve for the ions as a whole (Table 2), phosphorus 
differed markedly from all other ions, especially for CL and SL, with a very low b 
value and a very high a suggestive of much slower and sustained release. This 
phenomenon, which was previously observed by Fornes et al. (2010) and Guo and 
Chorover (2004), must be a consequence of phosphate mobilization and leaching 
being affected by factors other than those influencing other ions. In fact, the low 
solubility of phosphates influences their leaching, which requires both the 
mobilization of adsorbed P and the dissolution of precipitated P forms.  
The ease of leaching of phosphate ion differed markedly between treatments 
(especially between CL and the other two). Thus, the SL and DL curves for 
phosphate were more similar to each other and to those for all ions as a whole; in 
any case, neither allowed application of a reduced model (Table 2).  
The CL curve exhibited a much lower initial slope that increased midway through 
the test, required 2.63 CC to peak and failed to decrease markedly at any time during 
the test— which suggests that the ion was continuously leached during the process. 
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Only with DL did the slope fall below 10 % within the span of the test; with the 
other two techniques, that point was estimated with the model and found to be 6.89 
CC for SL and 23 CC for CL. The differences between curves (particularly those 
between CL and the other two) may have resulted from differences in the way the 
applied water flowed across the substrate. Thus, with DL and SL, the substrate was 
wet—and water distribution favoured— most of the time. In addition, the long time 
during which the water remained in contact with the substrate in SL facilitated its 
uniform distribution and efficient subsequent drainage. With DL, water accumulated 
in the bottom of the container owing to its poor drainage; this facilitated dissolution 
of salts, which, however, were poorly leached—and led to little reduction of their 
contents in the substrate as a result. With CL, the applied water distributed 
uniformly and was rapidly drained, which reduced the contact time between the 
water and the substrate bulk. Also, the increased height of the column facilitated 
adsorption or precipitation of leached ions in the bottom prior to draining, which 
delayed their presence in the leachate. 
As can be seen from Table 4, the other individual ions behaved similarly to all as a 
whole. Thus, they were released very rapidly at the beginning and less so as the 
amount of irrigation water was increased. The rapid levelling of the overall release 
curve for CL relative to the other two techniques was only echoed by chlorine, 
nitrogen and sulphate. The increased leaching efficiency of the early stages was 
especially marked for Na+, K+ and Cl– with SL and CL (Fig. 1b, c, f), and exceeded 
that for the overall leaching curve (Table 2).  

Table 4. Treatment efficiency: concentrations of elements in the saturation extract 
relative to their initial contents. Mean ± standard deviation (n = 3) 

Parameter 
(mmol(+)/mmol(+)) 

           CL           DL               SL 

K+ 0.188 ± 0.014 b 0.571 ± 0.066 c 0.062 ± 0.006 a 
Ca2+ 0.070 ± 0.010 a 1.545 ± 0.176 b 0.081 ± 0.007 a 
Mg2+ 0.022 ± 0.004 a 1.116 ± 0.124 b 0.035 ± 0.001 a 
Na+ 0.146 ± 0.014 a 0.560 ± 0.043 b 0.124 ± 0.012 a 
Cl– 0.012 ± 0.002 a 0.546 ± 0.095 b 0.107 ± 0.020 a 
PO4

3– 0.500 ± 0.347 a 2.402 ± 0.523 b 0.500 ± 0.165 a 
SO4

2– 0.052 ± 0.015 a 0.571 ± 0.130 b 0.066 ± 0.010 a 
Inorganic N 0.198 ± 0.052 b 0.575 ± 0.067 c 0.030 ± 0.004 a 
Total ions 0.102 ± 0.026 a 0.716 ± 0.092 b 0.085 ± 0.002 a 
Different letters in the same row denote significant differences between treatments at p < 
0.05 
 

The leaching curves for these ions exhibited a high maximum predicted midway 
through the test. This was especially so for Cl– ion, which was leached by an amount 
exceeding twice the initial value after application of only 2 CC. The DL technique, 
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however, was poorly efficient even for these easily leached ions. In fact, the DL 
curves for these ions differed little from those for others such as Mg2+, SO4 2–, 
inorganic N or Ca2+, which were less efficiently removed than with the other two 
techniques; thus, they exhibited a lower predicted peak (see Fig. 1d, e, g, i). In any 
case, the release curves for inorganic N and SO4

2– ion were more similar to that for 
all ions as a whole (Fig. 1g, i).  
Leaching declined more rapidly in Ca2+ and Mg2+ than in the other ions with the 
three techniques. This result suggests that both ions were only leached at an early 
stage and hence that subsequent applications of water were scarcely efficient. With 
SL, these ions were even retained to some extent by the substrate—which decreased 
their concentrations in the leachate to levels below those in the applied irrigation 
water—at a late stage of the test.  
The leaching efficiency of individual ions (Table 3) was generally greatest with CL. 
However, SO4

2– and Cl– were more efficiently removed by SL; in any case, the 
differences were only significant for SO4

2–. DL only surpassed the other two 
techniques with Mg2+ and inorganic N—and only slightly and not significantly. Ion 
leaching reduced the electrical conductivity of the substrate. The different ions 
contributed differently to the reduction of the EC, depending on its total amount 
leached—as a result of to its initial amount (table 1) and its leaching efficiency 
(Table 3). Consistent with previous results of Fornes et al. (2010), Cl– and Na+ were 
the main agents of the reduction by effect of their being present at high 
concentrations in the starting material and easily leached from it. The reduction in 
CE was also due, to a lesser extent, to inorganic N, SO4

2– and K+. This was a result 
of inorganic N, despite its only moderate leachability, being present in large 
amounts in the starting material, and of SO4

2– and K+, despite their low 
concentrations in the substrate, being highly efficiently leached.  

3.3 Overall efficiency 

Based on the results for the saturation extracts obtained at the end of the tests (Table 
4), CL and SL were similarly efficient in removing salts (by 90 and 91%, 
respectively, relative to the initial contents); this is consistent with their increased 
leaching efficiency (Table 3). In fact, leaching with these two techniques was 
significantly more marked than with DL (28 %).  
As can be seen from Fig. 1, ions were removed much more rapidly by the first water 
application in DL; therefore, if only a slight reduction in salinity by using less than 2 
CC is sought, this technique is more effective than the other two (see Fig. 2).  
Whether the salinity level of a substrate, and hence its EC, is acceptable depends on 
the particular crop, management system and other factors. In order to promote its 
use in organic farming, it would be interesting to meet the requirements of European 
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legislation for award of the eco-label for growing media (EC Council 64/2006, 
2006), which imposes a maximum salt content equivalent to EC=1.5 dS m–1

 in a 1:5 
extract. This target could be attained with a single SL or CL treatment with a water 
volume equivalent to 1 CC (viz. 540 and 480 mL L substrate–1, respectively). By 
contrast, the DL technique only reached reduction levels near the EC limit by the 
end of the test (results not shown).  
 

 

Figure. 2 Electrical conductivity of the saturation extract during leaching with the 
different treatments and reduction rates in respect of the initial values. xCC: volume of 

water applied / volume retained at container capacity 

However, the eco-label target value (1.5 dSm–1) is scarcely restrictive since a 
substrate with that EC is in fact only suitable for salt-resistant crops. The optimum 
value proposed by Noguera et al. (2003) for a broader range of uses is 3.5 dS m–1 in 
the saturation extract. This target can be easily reached with two SL applications or 
a volume equivalent to 2 CC in CL (1,080 and 960 mL water/L substrate–1, 
respectively), but cannot be obtained with DL.  
Even more restrictive is the threshold proposed by Burés (1997) for nursery crops: 2 
dS m–1 in the saturation extract, imposed by the high salt-sensitivity of plants during 
early growth (Fornes et al., 2010). The difficulty of reaching this target differs 
markedly between techniques. Thus, it requires using 5 CC (2,400 mL water/L 
substrate–1) with CL but only three water applications (2,400 mL/L substrate–1) with 
SL. 
DL was the least efficient technique in removing ions (Table 4), especially Ca2+ and 
PO4 3-, where the initial contents of the substrate scarcely decreased or even 
increased by this treatment. This was possibly a result of the high accumulation of 
water in the containers throughout the tests boosting dissolution of some ions 
(particularly PO4 3–) and the additional effect of ions supplied by the irrigation water 
(Ca2+ mainly). Also, dissolved ions were not completely removed owing deficient 
drainage, so they accumulated in peripheral zones of the container and increased the 
overall ion contents of the substrate as a result.  
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The CL and SL treatments proved highly efficient in leaching ions; the two 
exhibited no significant differences except in inorganic N and K+, which were 
significantly better leached by SL—the leaching efficiency was very high with both, 
however. The high salt reduction efficiency of the two treatments is especially 
advantageous for removing Na+ and Cl– ions, which are major components of saline 
compost but inessential for plant nutrition. By contrast, the removal of other 
elements can detract from the nutritional value of the resulting substrate.  

3.4 Wastewater management 

Leachates produced during the washing process must be managed properly. The first 
step in an effective management system is minimizing the volume of water produced 
by using the above-described techniques and adjusting the salinity target depending 
on the intended use of the substrate. Leachates should not be discharged into a 
natural water reservoir because, even in the absence of other pollutants, their high 
content of soluble organic matter can promote biological activity and, ultimately, 
eutrophication. In such a case, leachates should be subjected to a biological and/or 
physicochemical treatment prior discharging. However, the most inexpensive and 
desirable fate of the leachates inevitably produced is recycling for recovery of the 
nutrients and other valuable elements they may contain.  
One of the simplest choices is to use this wastewater as fertilizer for fertigation or 
foliar fertilization of crops in soil or pots (Gils et al., 2005; Tejada et al., 2008; 
Jarecki et al., 2012). This allows the nutrients in leachates to be used, and hence, 
their losses and polluting effects to be minimized. Also, the humic content of 
compost leachate can have a significant additional benefit for the production of 
some crops (Tejada et al., 2008). Leaches can be applied as such or as dilute liquid 
fertilizers (Romero et al., 2013) depending on the requirements of the particular 
crop. Also, they are completely soluble so they do not plug sprayers or drippers. If 
necessary, additional fertilization can be used to balance the supply of nutrients 
(Gils et al., 2005). However, before leachates are supplied in a sustained manner to 
soil, potential salinization and sodication must be considered in order to avoid using 
low-quality water with high salt and Na contents for irrigation. Salinization can be 
avoided by using leachates only in low-risk situations (e.g. on soils with a good 
infiltration capacity) and maintaining adequate leaching fractions to prevent 
accumulation of salt. The sodium adsorption ratio, which is a measure of the risk of 
sodication, exceeded 30 in the leachates obtained at the beginning of the leaching 
process (results not shown); this is a relatively high level which, however, should 
not compromise the structural stability of soil by effect of too high an electrical 
conductivity (Ayers and Westcot, 1985). If a leachate is to be applied on a 
continuous basis, the soil should bemonitored for essential chemical parameters.  
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Some compost leachates can even be used with hydroponic cultures (Jarecki et al., 
2012). Because of their high salt contents, however, such leachates should only be 
used with salttolerant crops; in any case, compost leachate has been found to 
improve crop performance by inducing salt tolerance or an adaptive mechanism in 
crops such as tomato under salt stress conditions (Chinsamy et al., 2013). In 
addition, an acceptable plant response requires supplementation and balancing of 
nutrient contents. For example, the high levels of K in this type of leachate could 
restrict Ca uptake.  
One other potential use of compost leachate is as a disease inhibitor. Experimental 
evidence suggests that plant disease can be suppressed by treatment with a variety of 
water-based compost preparations (Scheuerell and Mahaffee, 2002) as an alternative 
to chemicals against pests and diseases. Also, because compost leachate contains 
seaweed, it has a high potential for containing growth regulators (particularly auxin 
and cytokinin) as well (Stirk et al., 2004), and hence for use as a biostimulator.  

4. CONCLUSIONS 

Despite its being technically similar to column leaching technique, the drip leaching 
proved much less efficient. Thus, applying 2.4 L water/L substrate–1

 with by 
dripping reduced EC in the saturation extract to only 8 dS m–1. Therefore, these 
substrates are only suitable for highly salinity-tolerant crops. The saturation 
technique was similarly efficient to column and even surpassed it with water 
applications exceeding 1 L L substrate-1. Both provided substrates for use in plant 
nurseries. The salt reducing effect primarily resulted from removal of major ions 
from the substrate (Na+, Cl–, inorganicN, SO4 

2– and K+). 
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CHAPTER VI: DISCUSIÓN GENERAL 

1. GENERAL DISCUSSION 

Both fish waste and seaweed are agriculturally useful resources; in fact, their 
nutrient contents make them suitable for the production of fertilizers. Thus, fish 
wastes are N- and P-rich (Arvanitoyannis and Kassaveti, 2008), whereas algae are 
K-rich (Blunden, 1991). Therefore, a combination of the two can yield fertilizer with 
a balanced nutrient content. Some fertilizers made from algae or fish waste 
processed by transformation or stabilization are already commercially available; 
none, however, has been obtained from a combination of the two types of waste 
(López-Mosquera et al., 2011). 
The main use of fish waste at present is the production of fish flour (Islam et al., 
2004), which is scarcely profitable to the waste producers. By contrast, recovering 
fish wastes by composting is a simple process requiring little investment in facilities 
or staff and hence potentially beneficial to producers in the form of an added value 
for their wastes. Drift seaweed is a readily available resource in the vicinity of fish 
industries and can be co-composted with fish wastes to obtain a product with a 
number of advantages in addition to its containing a wealth of nutrients. In fact, 
algae contain exclusive substances such as phycocolloids, biotoxins, inhibitors, 
fungal and pest repellents (Bennamara et al., 1999), and plant growth regulators 
(Stirk et al., 2004), all of which are highly useful for agricultural purposes. 
Therefore, the process described in Chapter II is suitable for managing not only fish 
wastes, but also seaweed. The latter can be available as waste generated by specific 
events such as green tides, which have an adverse impact on shellfish reserves (Niell 
et al., 1996), or at specific times such as the summer on some beaches (Rosenberg, 
1985; Eyras et al., 1998). In the absence of algal wastes, however, there is still the 
possibility of using seaweed collected from beaches as a resource. 
Obtaining useful compost entails optimizing the composition of the composting 
mixture. The firm Pescados Rubén, S.L., and our research group at the University of 
Santiago de Compostela, have jointly filed a patent for this purpose (Blanco-Fanego 
and López-Mosquera, 2011). As stated in Chapter II, both fish wastes and seaweed 
have a low C/N ratio and porosity. This requires using a C-rich structuring material 
to ensure optimal microbial development on the substrate (Laos et al., 2002; Han et 
al., 2014). A number of materials can be used for this purpose including pine bark, 
straw, wood chips and trimmings (Mazé et al., 1993; Laos et al., 2002; Mendo et al., 
2006; Han et al., 2014). The choice of structuring material should be dictated by its 
availability in the close environment if local resources are to be efficiently exploited 
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and production costs lowered as a result. In this work, the material a by-product 
from the wood industries in our vicinity: pine bark. Thus all the materials used were 
obtained around the factory producing the fish wastes to be managed. 
The amount of pine bark to be used was calculated in relation to the C requirements 
of the compost and found to be 3 times that of  fish waste and seaweed (i.e., a 1:1:3 
fish/seaweed/bark proportion by volume). This amount of bark raised the C/N ratio 
to about 35 and boosted microbial development (Jhorar et al., 1991) as reflected in a 
rapid temperature rise in the compost piles. Because pine bark is lighter than algae 
and fish waste, the proportion by weight was 2:2:1. Also, the large differences in 
moisture contents between components led to a proportion by dry weight of 3:1:1.5 
and hence to fish waste being the greatest contributor to the composition of the 
mixture, and also to the physical and chemical properties of the product. 
Optimizing the composting mixture and conditions—including programmed 
turnover for aeration— led to efficient biological activity as reflected in the 
evolution of temperature in the piles. Ten weeks of composting led to a stable, 
hygienic product rich in organic matter and nutrients and having a very low content 
in heavy metals and no phytotoxic substances potentially hindering plant growth. 
Therefore, as shown in Chapter II, the product was suitable for agricultural use. 
Compost to be marketed in Spain as a fertilizer must comply with the national 
regulation on fertilizers, established by RD 506/2013, and be of one of the types 
listed in its Annex IV. Based on composition, the compost can only be included in 
Group II (organic fertilizers) or Group IV (organic amendments). The regulation, 
however, is somewhat ambiguous as regards the accepted starting materials. Thus, 
article 18 specifies the organic materials that can be used, which are restricted to the 
biodegradable organic wastes listed in Annex IV —a selection of the European list 
of wastes. As a result, many raw materials not classified as residues are excluded as 
potential ingredients of organic composts to be used as fertilizers in Spain. Fish 
wastes and pine bark are assigned code LER 02.01.02 and 03.01.01, respectively, on 
the list; however, seaweed is not explicitly included in this list of biodegradable 
organic wastes but might be classified under code LER 02.01.03 (viz., plant wastes 
from agriculture, aquaculture, silviculture, hunting and fishing). By contrast, 
Commission Regulation (EC) 889/2008 on the production and labelling of organic 
products does provide for the use of fresh algae and their derivatives as fertilizers. In 
practice, this possibility is limited by the need for certified fertilizers for organic 
agriculture in Spain to meet the previous national regulation (RD 506/2013, 2013). 
One other constraint on this compost to meet RD 506/2013 requirements for 
fertilizers or amendments is its high C/N ratio, which must not exceed 20 for Group 
IV materials (organic amendments) and 12 or 15, depending on the particular type, 
for Group II materials (organic fertilizers). These limits have been set in order to 
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ensure stability in organic materials and prevent N inmobilization after application 
to soil. However, the C/N ratio by itself is no accurate indicator of the type of 
organic matter a product contains, nor of its degradability (Almansa et al., 2007). In 
fact, whether organic matter in compost will be readily degraded is dictated by its 
stability as measured by the ratio of degradation-resistant to total organic matter 
(Soliva and López, 2004). As shown in Chapter II, the compost is stable because 
more than 50 % of the organic matter it contains was resistant. Also, as shown in 
Chapter III, its carbon content is stable (incubation for 90 days resulted in 
mineralization of only 2% of organic carbon and in immobilization of no N). The 
high C/N ratio of the compost is a result of the large amounts of C present in pine 
bark, which is very difficult to degrade and completely unavailable to 
microorganisms. In any case, the ratio (22) can be easily reduced by sieving the 
material to remove part of the pine bark. Thus, passing the compost through a sieve 
of 10 mm mesh reduced C/N to less than 18 and made it compliant with the legal 
requirements for use as an organic amendment. In addition, this process allows 
removed pine bark to be reused and production costs reduced as a result. 
Once avoided these two constrictions, the compost is thus made suitable for 
marketing as an “Organic Amendment Compost” (Group IV), but not as an organic 
fertilizer (Group II) because it contains inadequate amounts of nutrients. In practice, 
however, the product has fertilizing effects, albeit at increased rates more similar to 
those of organic amendments (see Chapter IV). As also shown in Chapter IV, the 
residual effect of the compost allows its rate to be reduced after the first year of 
application. 
The compost contains N, P and K in a 2.1:0.61:0.72 proportion in addition to 0.99 % 
Ca and 0.28 % Mg, all as dry weight. It is particularly rich in N (2.10 % dry weight) 
in relation to most commercial composts, which usually do not exceed 1.5 % (Hadas 
and Portnoy, 1994). As shown in Chapter III, a rate of 30 t ha–1 delivered 188 kg N 
ha–1 within 90 days, which is enough for horticultural crops with modest nutrient 
requirements. More demanding crops require rates in the region of 50 t ha–1 (Mompó 
and García, 2010). The N:P2O5:K2O proportion of the compost is 1:0.7:0.4, with N 
as the most abundant nutrient. This is a result of using an increased dry weight 
proportion of fish waste, which is especially rich in this element, in the composting 
mixture. If the fertilizer rate is calculated in terms of N, then the amounts of P and K 
supplied will fail to meet the requirements of most crops. Therefore, the compost is 
highly suitable for fertile soils such as greenhouse soils, which typically contain 
high levels of both elements and have greater requirements in N. The fact that, after 
12 months of the end of the composting process, the N fraction in mineral form 
(viz., 0.3 % dry weight or 15% of total N) had grown in relation to the first 10 weeks 
of composting (viz., 0.3 % dry weight or 15% of total N) indicates that the compost 
underwent mineralization to some extent during the process.  
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The compost fulfils the requirements for award of an Ecolabel for amendments in 
accordance with Commission Regulation (EC) 799/2006 (EC Council 799/2006, 
2006). This is a voluntarily requested quality mention that rewards products with a 
lower environmental impact than similar others on the market. Rather than product 
composition (dry matter, organic matter and total N), the Regulation focuses on the 
origin of the waste used as raw material, the absence of substances potentially 
interfering with plant growth and the levels of pathogens, contaminants and 
hazardous substances. 
One other potential use of the compost is as a growing media. Although agricultural 
composts have traditionally been used as fertilizers or amendments, they are being 
increasingly used as substrates or substrate components as well (Chong, 2005; 
Raviv, 2005). This use can further increase the value of the compost and facilitate 
the partial replacement of peat —extraction of which is being increasingly 
questioned and restricted on environmental grounds— in existing substrates. 
Using compost as a substrate entails fulfilling very stringent physical, chemical and 
biological requirements. In fact, virtually no compost by itself can meet the 
requirements of a multiplicity of crops (Burés, 1997), fulfilment of which could 
require further physical or chemical processing, or combination with other materials. 
In any case, marketing the resulting compost as a substrate increases its value and 
can offset any added production costs. 
Compost to be marketed as a growing media in Spain must comply with the 
applicable regulation (RD 865/2010). This compost can be classified into Group 1 
(specifically, in Subgroup 1.1, “Compost”) of its Annex I. The only requirement for 
inclusion in this group in addition to production system and maximum levels of 
microorganisms and heavy metals allowed for all organic substrates is containing 
more than 20% of organic matter by dry weight. An annex in the Regulation lists the 
specific organic wastes from which the substrates can be obtained; however, unlike 
the regulation on fertilizers, this does not explicitly exclude the use of biodegradable 
organic materials not classified as wastes —and hence not included in the annex. 
Therefore, the regulation on growing media is more open to the use of algae as a raw 
material. 
The physical properties of the compost, which include an adequate bulk density, and 
a high porosity and aeration capacity, are acceptable for use as a substrate. Also, its 
fairly low water retention capacity is still adequate for cropping epiphytic plants 
such as many orchids, ferns and bromeliads (Ballester, 1992) but other plants, would 
require frequent irrigation with small amounts of water to restore moisture losses 
from a scant water reserve. Sieving can help in this respect (Ansorena Miner, 1994); 
thus, removing particles greater than 5 mm in size was found to increase the amount 
of readily available moisture to 15% v/v (a 9% increase) while reducing the aeration 
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capacity to 39 % v/v (a 7% decrease) (unpublished results). Also, the presence of a 
substantial proportion of pine bark, which is slowly degraded, makes the compost 
stable in time and extends is useful lifetime as a substrate, thereby making it suitable 
for long-term use (e.g., to grow ornamental plants in containers) (Burés, 1997). 
The compost is highly saline owing to the nature of the raw materials (particularly 
fish waste) and the lack of irrigation during the composting process (see Chapter II). 
Salinity, however, is very common among compost-based growing media (Abad et 
al., 2001; Fornes et al., 2010) and can be reduced by leaching with water or a 
nutrient solution, or by mixing with non-saline materials. As shown in Chapter V, 
the leaching treatment is more feasible because mixing entails using large amounts 
of additional materials (Illera-Vives et al., 2012). In fact, leaching removes major 
ions (Na+, Cl–inorganic N anions, SO4

2– and K+) from the substrate. Saturation with 
water for 24 h has proved an effective field method for bringing salinity below the 
accepted threshold for award of a growing media Ecolabel: an electrical conductivity 
lower than 1.5 dS m–1 ext. 1:5 as per (EC Council 64/2006, 2006). 
Using compost as a substrate can have additional benefits such as suppression of 
some diseases (Hoitink and Boehm, 1993; Hoitink and Boehm, 1999). This is 
especially interesting with organic crops, treatment of which with synthetic 
phytosanitary products is completely forbidden (Canet and Albiach, 2008). Also, the 
compost contains a number of biostimulants such as phytohormones (auxins and 
cytokinins, mainly), which are removed partly by the composting process but still 
remain at adequate levels in the end-product (results not shown). Using the compost 
as a substrate boosts the action of these plant growth regulators through direct 
contact, with root systems unlike amendments and fertilizers which are diluted by 
the soil. 
In summary, composting a combination of wastes from caught fish and marine 
seaweed provides an effective method for managing both and obtaining an 
agriculturally useful material as fertilizer, amendment or growing media. 
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2. CONCLUSIONS 

1. Chapter II: Composting process 
a. The co-composting of discarded fish, drift seaweed and pine bark is 

a useful method for recovering these waste materials.  
b. Composting the materials for 10 weeks produced a stable, hygienic 

material which was rich in organic matter and nutrients and had a 
good structure and a low metal content.  

c. The material could be rendered suitable to be used in organic 
agriculture as a fertilizer, soil amendment, or growing media by 
lowering the salinity. 

2. Chapter III: Mineralization dynamics 
a. Compost mineralization was found to occur during a three months 

incubation experiment, being the amounts of C and N released 
significantly influenced by fertilizer rate, increasing the C 
mineralized proportion with increasing rate.  

b. The results fitted a first-order exponential model and carbon (but 
not N) comprised two pools of different lability.  

c. Organic C, which was present at a very high level in the compost, 
was very stable; hence it exhibited a low mineralization rate. Only 
1.5 -2.3% of the total C was mineralized after 90 days. 

d. The compost exhibited a strong fertilizer effect by virtue of its high 
initial content in mineral N and the release of further N by 
mineralization. Thus the higher rate led to 7.7% mineralization of 
organic N and to 23.3% of all N being in available form – a high 
enough proportion to meet the requirements of demanding 
horticultural crops. 

3. Chapter IV: Evaluation as a fertilizer 
a. The compost was found to be a suitable soil amendment for 

horticultural crops grown using organic methods, as indicated by the 
tomato and lettuce yields.   

b. The application of compost at a rate of 66 t ha-1 significantly 
increased the tomato yield and was associated with increased fruit 
weight and larger fruit diameter compared to crops receiving 
mineral fertilization or no fertilization.  

c. The compost residual effect was significant and contributed to 
higher commercial yields for lettuce compared with the control and 
mineral fertilizer treatments. 
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d. In spite of the high EC of the compost and the elevated rates used, 
the soil salinity did not increase.  

4. Chapter V: Salinity reduction. 
a. Despite its being technically similar to column leaching technique, 

the drip leaching proved much less efficient. Thus, applying 2.4 L 
water L substrate–1

 by dripping reduced EC in the saturation extract 
only to 8 dS m–1. Therefore, these substrates are only suitable for 
highly salinity-tolerant crops.  

b. The saturation technique was similarly efficient to column and even 
surpassed it with water applications exceeding 1 L L substrate-1.  

c. Both column and saturation techniques provided substrates for use 
in plant nurseries.  

d. The salt reducing effect primarily resulted from removal of major 
ions from the substrate (Na+, Cl–, inorganic N, SO4 

2– and K+). 
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RESUMEN EXPANDIDO 
Residuos-recursos de origen marino 
Las zonas costeras ofrecen un gran número de recursos naturales, y entorno a ellas 
se generan numerosas actividades económicas, siendo la pesca una de las 
principales. La Unión Europea es el quinto productor mundial de pesca, siendo 
España el primer país de la Unión en capturas y en acuicultura (Unión Europea, 
2014). Dentro de España, Galicia ocupa el primer lugar en capturas. Esta actividad, 
genera un gran volumen de desperdicios, tanto durante la pesca como durante el 
procesado, suponiendo aproximadamente el 50% de la cantidad total de pescado 
capturado (Kristinsson and Rasco, 2000). Estos desperdicios se componen 
principalmente de cabezas, espinas y la piel de los pescados que se transforman, 
lotes enteros que se deshechan por no ser aptos para el consumo o los descartes que 
con la nueva normativa de la Política Pesquera Común no pueden ser devueltos al 
mar (EC Council 1380/2013, 2013). Actualmente, hay numerosos productos 
comerciales elaborados a partir de restos de pescado con usos muy variados 
(Arvanitoyannis and Kassaveti, 2008). No obstante, los tres destinos más comunes 
ya procedan de la acuicultura o de poblaciones silvestres, son: la fabricación de 
harina de pescado/aceite, la producción de ensilaje y la fabricación de abonos 
orgánicos (Gill, 2000). Hay una larga tradición en el uso de restos de pescado como 
fertilizante (Olsen and Olsen, 2011), dada su riqueza en elementos nutritivos, 
fundamentalmente N y P (Arvanitoyannis and Kassaveti, 2008).  
Otro de los recursos que ofrecen las zonas costeras son las algas de arribazón, que 
llegan a las playas arrastradas por la marea o por el viento. Los arribazones son la 
base de toda una cadena trófica que depende de ellas, por lo que juegan un papel 
importante en los ecosistemas marinos. No obstante, estos arribazones a veces se 
acumulan excesivamente interfiriendo con el normal desarrollo de otras actividades 
costeras como son los usos recreativos de las playas (Rosenberg, 1985; Eyras et al., 
1998) o la acuicultura y el marisqueo (Rodríguez et al., 1987; Niell et al., 1996). Por 
otra parte, en algunos casos las algas experimentan un desarrollo excesivo debido a 
problemas de contaminación, generando las llamadas mareas verdes (Morand and 
Briand, 1996) que producen grandes problemas ambientales. Cuando se da alguna 
de estas circunstancias, las algas son generalmente retiradas y derivadas a vertedero, 
perdiéndose así como recurso. 
Los arribazones representan una parte importante de los recursos marinos explotados 
en nuestro planeta (Bourgougnon et al., 2011) ya que suponen un recurso natural 
para los hábitats costeros y han sido utilizados de forma sostenible durante siglos 
(Zemke-White and Ohno, 1999; McHugh, 2003) para diferentes fines (Chapman and 
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Chapman, 1980), como la alimentación (tanto humana como animal), en procesos 
industriales o en agricultura. Desde el punto de vista agrícola, las algas contienen 
ciertos componentes que poseen un efecto beneficioso sobre los suelos y los 
cultivos. De hecho las algas tienen aplicaciones agrícolas a tres niveles: i. como 
fertilizante o enmienda; ii. como mejoradores del suelo y iii. como bioestimulantes. 
Sus formas de aplicación son variadas, pudiendo ser aplicadas directamente al suelo 
en fresco (López-Mosquera and Pazos, 1997; Vilariño et al., 1999), tras sufrir un 
proceso de transformación como el compostaje (Eyras et al., 1998; Michalak and 
Chojnacka, 2013; Han et al., 2014) o incluso en forma de harinas (García and 
Martel, 2000). En Galicia, con más de 1500 km de costa, esta práctica ancestral está 
en desuso desde la generalización del empleo de los fertilizantes químicos y, sobre 
todo, debido al encarecimiento de la mano de obra necesaria para su recogida y 
transporte; de tal manera que hoy en día podría decirse que se trata de un recurso 
infrautilizado para este fin.  
Gestión de subproductos marinos mediante compostaje 
Tanto las algas como los restos de pescado pueden dar lugar a productos de alto 
valor añadido (farmacéuticos, cosméticos, alimentos funcionales, etc.), pero en ellos, 
solo se procesan pequeñas cantidades de material. Una vía alternativa de 
valorización de estos materiales que permite gestionar grandes cantidades, es 
utilizarlos como enmienda o abono en terrenos agrícolas o utilizarlos como sustrato. 
Numerosos autores ya han realizado experiencias de compostaje de algas, 
considerándose como una de las técnicas más apropiadas para gestionarlas desde el 
punto de vista económico y ambiental (Potoky et al., 1988; Mazé et al., 1993; 
Vallini et al., 1993; Cuomo et al., 1995; Eyras and Sar, 2003). También en distintas 
partes del mundo se han realizado experiencias de compostaje con los restos de 
pescado, generalmente procedentes de acuicultura, como técnica alternativa y viable 
para transformarlos en productos útiles en agricultura (Frederick et al., 1989). Sin 
embargo, actualmente no existe ningún caso de co-compostaje de ambos materiales. 
El objetivo general de esta tesis es generar a través de un proceso de compostaje un 
producto de calidad para ser utilizado en agricultura ecológica como enmienda, 
abono o sustrato de cultivo.  Para alcanzar este objetivo se realizaron las siguientes 
actividades: 

1. Diseño y seguimiento del proceso de compostaje 
2. Caracterización del producto obtenido y adecuación a las normativas 

vigentes 
3. Estudio de su dinámica de mineralización 
4. Ensayos en cultivos hortícolas 
5. Uso como sustrato 

96 



APPENDIX I: ABSTRACT (RESUMEN)  

1. DISEÑO Y SEGUIMIENTO DEL PROCESO DE COMPOSTAJE 
Antes de iniciar el proceso es importante caracterizar bien los materiales de partida, 
y de esta manera poder diseñar una mezcla que resulte adecuada para un correcto 
proceso de compostaje. Observando las características de los materiales (algas y 
restos de pescado), se pudo comprobar que las algas poseen un contenido medio en 
N, bajo en P y especialmente alto en K y Na. Los restos de pescado tienen un alto 
contenido en N, y en este caso también aportan cantidades elevadas de P, 
contribuyendo  de esta manera al equilibrio NPK entre los dos materiales.  
Los materiales empleados para la realización de este ensayo de compostaje fueron 
algas de arribazón recogidas en la costa de Lugo. Las especies dominantes fueron 
algas pardas de los géneros Laminaria sp. y Cystoseira sp. En cuanto a los restos de 
pescado, se utilizaron los procedentes de una industria dedicada al fileteado de 
distintas especies de pescado azul, en este caso los restos empleados fueron de 
Trachurus trachurus L. 
La relación C/N de algas y pescados se encuentra por debajo del rango descrito 
como óptimo (25-35) para un adecuado proceso de compostaje (Jhorar 1991). Por 
último, la estructura física de ambos materiales es muy poco porosa, lo que impide 
que circule el oxígeno creando una atmósfera anóxica que impedirá el proceso de 
compostaje y generará malos olores. Ambas circunstancias hacen necesario el aporte 
de un material adicional como la corteza de pino, que posee un alto contenido en 
carbono y una estructura adecuada. Finalmente, se estableció una mezcla de algas, 
restos de pescado y corteza de pino (1:1:3 v/v) siendo esta la cantidad necesaria para 
elevar la relación C/N hasta niveles óptimos para el compostaje. 
Una vez determinada la mezcla que se va a utilizar, se hace necesario seleccionar 
una de las posibles técnicas de compostaje. Para este ensayo se optó por la técnica 
de pilas con volteo manual, ya que supone un método eficaz y sencillo que no 
requiere de una gran inversión inicial y que propicia un buen seguimiento visual 
durante todo el proceso. Se establecieron tres pilas troncocónicas de 10 m3 cada una 
en las que se mezclaron, en capas, los distintos materiales. Las pilas fueron cubiertas 
por una manta geotextil (TopTex®) para protegerlas de la lluvia. 
El proceso de compostaje duró un total de diez semanas, durante las cuales se 
realizó un seguimiento de los parámetros más importantes (humedad, temperatura, 
C/N, pH, CE) para asegurar un correcto desarrollo del proceso. 
La humedad de las pilas en todo momento se mantuvo entre el 40 y el 60% tal y 
como recomiendan Day et al. (2001), a pesar de que no se incorporó agua durante el 
proceso. Esto se debió, por una parte, a la presencia de sustancias mucilaginosas en 
las algas (Eyras and Sar, 2003) que retienen el agua y, por otra, al geotextil utilizado 
para cubrir las pilas que evitó parte de la pérdida de agua producida por evaporación. 
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La temperatura de la pila se mantuvo por encima de los 55ºC durante más de 30 
días, lo que asegura una óptima higienización (USEPA-US, 1993). Durante el 
proceso se realizaron volteos para airear las pilas con el objetivo de mantener un 
adecuado nivel de oxígeno y para  de regular la temperatura evitando que esta suba 
excesivamente (lo cual produciría la muerte de los microorganismos que se 
encuentran en el material). Estos se realizaron semanalmente durante la fase 
mesófila, termófila y de enfriamiento, que se prolongó durante seis semanas. 
Superada esta fase, el compost se dejó madurar durante cuatro semanas más, 
realizándose un volteo cada 15 días. 
El pH presentó oscilaciones debidas a procesos acidificantes (liberación de CO2 y 
ácidos orgánicos de pequeño tamaño) que ocurren en los primeros días y, 
alcalinizantes debidos a la liberación de NH3 y a la pérdida de ácidos orgánicos que 
suelen suceder después de la fase oxidativa (Sánchez-Monedero et al., 2004). 
Finalmente, se estabilizó y alcanzó un valor de pH próximo a 7,0.    
Cuando la temperatura alcanzó un valor cercano a la temperatura ambiente, se 
comprobó la finalización del proceso de compostaje mediante tests que 
determinaron que la materia orgánica del compost se encontraba estable. 
2. CARACTERIZACIÓN DEL PRODUCTO FINAL Y ADECUACIÓN A LA 
NORMATIVA 
Una vez determinado el fin del proceso de compostaje, el material obtenido fue 
sometido a un análisis químico y físico completo para conocer sus propiedades y su 
adecuación a la normativa vigente. En la composición del producto final, destaca el 
alto contenido de materia orgánica (80% s.m.s 47% s.m.f.), muy por encima del 
35% mínimo exigido por la Ley de Fertilizantes para enmiendas orgánicas (RD 
506/2013, 2013). Este compost también posee un elevado contenido en N (2,1%), 
superior a la mayoría de los compost comerciales producidos en climas cálidos, que 
suelen tener concentraciones de N inferiores al 1,5% (Hadas and Portnoy, 1994), sin 
embargo no es suficiente para cumplir con las exigencias de la Ley de Fertilizantes 
para comercializarlo como abono orgánico. El equilibrio de nutrientes N:P2O5:K2O 
resultó ser 1:0.7:0.4, siendo el N el nutriente más abundante. Al tratarse de un 
material obtenido a partir del reciclado de productos orgánicos de origen natural es 
susceptible de obtener la etiqueta ecológica europea para enmiendas (merged), 
mientras que para  sustratos de cultivo (EC Council 64/2006, 2006), debe ser 
sometido a una reducción de la salinidad de los 2,5 dS m-1 iniciales a 1,5 dS m-1 en 
extracto 1:5 (v:v).  
3. ESTUDIO DE SU DINÁMICA DE MINERALIZACIÓN 
El análisis químico muestra un contenido en N total interesante. Sin embargo, este N 
se encuentran en su mayor parte en forma orgánica, por lo que debe ser mineralizado 
antes de pasar a formas disponibles para las plantas. Este proceso de mineralización 
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difiere entre los distintos tipos de compost ya que depende de muchos factores, 
como la relación C/N, el proceso de compostaje, la madurez y la calidad del 
compost (Amlinger et al., 2003). Por esta razón, es necesario estudiar la dinámica de 
mineralización de cada tipo de compost individualmente, con el fin de establecer 
directrices para su uso. La tasa de mineralización del compost se puede modelizar 
mediante el estudio de la cinética de mineralización de este en el suelo, que por lo 
general implica la predicción de una o varias fracciones activas de la materia 
orgánica y que se mineralizan a una constante de velocidad (k) determinada 
(Jansson, 1963). Para establecer este modelo se realizó un ensayo de incubación 
aeróbica de un suelo de invernadero abonado con dos dosis distintas de compost, 
junto con un tratamiento control sin abonar: C: 0 t ha-1; C1: 39 t ha-1, C2: 66 t ha-1 en 
el que periódicamente se determinó la liberación de C y N.  
La dosis de fertilización influenció significativamente las cantidades de C y N 
liberados. En el caso del C se distinguieron claramente dos fracciones orgánicas de 
diferente labilidad por lo que se ajustó a un modelo de dos fracciones,  mientras que 
solo se determinó una fracción en el caso del N. 
La cantidad total de C liberado por los suelos enmendados fue mucho menor que la 
encontrada por otros autores con fertilizantes similares (Pedra et al., 2007; Ribeiro et 
al., 2010), junto con una tasa de mineralización también baja en comparación con 
otros trabajos (Hébert et al., 1991; Bernal et al., 1998; Pedra et al., 2007; Ribeiro et 
al., 2010), que puede ser resultado de la alta estabilidad del compost (Bernal et al., 
1998). Se observó un aumento del porcentaje de mineralización al incrementar la 
dosis de abonado, siendo este resultado atípico, ya que otros autores no encontraron 
efecto de la dosis en este parámetro o incluso observaron descensos con su aumento 
(Busby et al., 2007; Pedra et al., 2007). Esto puede ser debido al efecto favorable de 
las algas sobre la actividad biológica en el suelo. (Stirk et al., 2004; Khan et al., 
2009; Kurepin et al., 2014). En cuanto al N, la concentración inicial en el suelo al 
principio del ensayo fue elevada debido a la gran cantidad de N mineral disponible 
en el compost y las altas dosis aplicadas. La mineralización del N se dio muy 
lentamente al inicio de la incubación, pero en ningún momento se llegó a producir 
inmovilización y fue aumentando con el tiempo, manteniéndose hasta el final del 
mismo. Entre el 6 y el 8% de N orgánico fue mineralizado durante el experimento. 
La cantidad total liberada con la dosis menor (188,5 kg ha-1 de N) debería ser 
suficiente para satisfacer las necesidades de N de numerosos cultivos hortícolas. 
4. ENSAYOS EN UNA ROTACIÓN HORTÍCOLA BAJO INVERNADERO 
Para evaluar la capacidad fertilizante, se realizó un cultivo de tomate bajo 
invernadero, en el que se comparó el efecto en suelo y planta de (i) tres dosis del 
compost C1, C2 y C3 (40, 50 y 66 t ha-1) con (ii) un abono mineral, (iii) un abono 
orgánico comercial a base de estiércol de pollo deshidratado certificado para ser 

99 



MARTA ILLERA VIVES 

empleado en agricultura ecológica y (iv) parcelas control sin fertilizar. También se 
evaluó el efecto residual de los distintos tratamientos, mediante un cultivo de 
lechuga al que no se aplicó fertilización adicional tras el cultivo de tomate.  
El suelo sobre el que se realizó el ensayo se trataba de un suelo de invernadero con 
una alta fertilidad inicial, por lo que la fertilización mineral no llegó a mostrar un 
efecto significativo en la producción en comparación con el control. Sin embargo sí 
que se observó este efecto al utilizar la dosis más alta de compost, que mostró un 
aumento significativo en comparación con los tratamientos mineral y control. Esto 
muestra que el efecto del compost sobre las plantas va más allá del efecto 
fertilizante, siendo su contenido en fitohormonas, entre otros posiblemente el 
causante de esta mejora en el rendimiento. La mayor producción en C3, se reflejó en 
un aumento en el peso y el tamaño de los frutos. Las plantas fertilizadas con la dosis 
más elevada de compost  presentaron un tamaño de frutos más homogéneo y una 
producción más estable hasta el final del cultivo, lo que resulta interesante desde el 
punto de vista del manejo. El efecto residual de los abonos orgánicos fue marcado. 
Mientras las parcelas que recibieron abonado mineral produjeron una cosecha de 
lechuga similar a las control, las fertilizadas orgánicamente mostraron un aumento 
significativo en la producción (excepto para la dosis menor de compost). 
No hubo diferencias significativas en el contenido de sales en el suelo entre los 
distintos tratamientos, lo que indica que a pesar del origen marino del compost y su 
alta salinidad, la aplicación de compost no produjo salinización secundaria. 
5. ADECUACIÓN PARA SER USADO COMO SUSTRATO 
Otra de las posibles aplicaciones del compost es su uso como sustrato de cultivo. 
Aunque los compost han sido utilizados en agricultura mayoritariamente como 
abono y enmienda, en los últimos años se emplean cada vez más como sustratos o 
como componentes de sustratos (Chong, 2005; Raviv, 2005). Pero de todos los usos 
posibles de un compost, el de sustrato es el más exigente a nivel físico, químico y 
biológico; por lo que resulta difícil que un material por sí sólo cumpla todos los 
requerimientos para ser adecuado para diferentes cultivos (Burés, 1997). En este 
caso, el compost posee propiedades físicas aceptables para su uso como sustrato con 
una densidad aparente óptima (1,6 kg L-1), una alta porosidad y capacidad de 
aireación (86,42 y 46,09% respectivamente), aunque con una capacidad de retención 
de agua baja (6,42%). Químicamente, el compost es rico en nutrientes solubles 
(Abad et al., 1992; Noguera et al., 2003); sin embargo, mostró una alta salinidad 
(con una conductividad eléctrica de 18,7 dS m-1 en el extracto de saturación) que se 
debe principalmente a  la presencia de Cl-, Na+ y NH4

+. El inconveniente de la 
elevada salinidad puede ser solventado fácilmente mediante la lixiviación de estos 
iones por medio del lavado del material, tratamiento cuyo coste puede ser 
compensado por la mayor valorización del producto. Se llevó a cabo un ensayo de 
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comparación de métodos de lavado para identificar el método más eficiente de 
lavado y minimizar el impacto ambiental de este proceso en términos de consumo de 
agua y evitar una posible contaminación Se compararon tres métodos de lavado, (i) 
uno en laboratorio en columnas,  y dos de campo (ii) uno mediante la saturación del 
compost y (ii) otro mediante  el lavado por goteo previo a su uso.  
Las cantidades acumulativas de iones presentes en los lixiviados se ajustaron a un 
modelo de crecimiento exponencial tanto a nivel individual como en conjunto. Las 
sales se retiraron principalmente por efecto de la lixiviación de los iones 
mayoritarios en el sustrato (Na+, Cl-, N inorgánico, SO4

2- y K+) que se dio 
principalmente en los primeros lavados. El lavado por saturación mostró una 
eficiencia similar a la obtenida en laboratorio consiguiendo reducir el contenido de 
sales del sustrato a una conductividad eléctrica por debajo de 2 dS m-1 en extracto de 
saturación, que es un nivel óptimo para cultivos de viveros. Por el contrario, el 
método de lavado por goteo en contenedor proporcionó un bajo rendimiento en la 
reducción de la salinidad, no logrando bajar de 8 dS m-1 en el extracto de saturación 
por lo que el sustrato resultante sólo podría ser utilizado para los cultivos altamente 
tolerantes a la salinidad. 
La eliminación de sales con la técnica de goteo solo es efectiva en las primeras fases 
de lavado (hasta 2 veces la capacidad de contenedor)  por lo que si la disponibilidad 
de agua es limitada,  esta sería una técnica adecuada. La reducción de salinidad 
objetivo dependerá del cultivo y del sistema de manejo, entre otros factores. Con el 
fin de promover su uso en la agricultura ecológica, sería interesante cumplir con los 
requisitos de la legislación europea de concesión de la etiqueta ecológica para los 
sustratos de cultivo, que impone una CE máxima de CE = 1,5 dS m-1 en extracto 1:5. 
Este objetivo puede alcanzarse con un solo lavado a capacidad de contenedor con el 
lavado a saturación. El valor óptimo propuesto por Noguera et al. (2003) para una 
gama más amplia de usos es de 3,5 dS m-1 en el extracto de saturación. En este caso, 
este nivel se alcanzó con la técnica de saturación con un volumen equivalente a 2 
veces la capacidad de contenedor. 
En conclusión, el co-compostaje de restos de pescado procedentes de la pesca 
extractiva junto con algas marinas, supone un método adecuado para la gestión de 
estos materiales obteniendo un producto adecuado para uso en agricultura ecológica 
como fertilizante, enmienda del suelo, o sustrato de cultivo. 
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