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Executive summary 

In the framework of the project WASTEREUSE, http://www.wastereuse.eu/, Action 3 

(Development of alternative agricultural practices- Lab experiments, Spain) aims to evaluate the 

potential agronomic value of different treated and untreated organic wastes as derived from 

different technologies, regarding their suitability to promote crop production and quality and the 

potential effect on soil quality  

In the line of this Action, eleven agricultural soils from 6 different Spanish autonomic Regions 

(Murcia, Castilla La Mancha, Andalucia, Cataluña, Valencia Community and Castilla León) as 

well as 5 Greek soils from several places of the Municipalities of Rethymnon and Hania (Crete) 

were collected and fully analyzed. These soils can be considered as representative of Spanish and 

Greek agricultural soils and different parameters such as texture, pH, cation exchange capacity, 

exchangeable cations (K, Ca, Mg), electrical conductivity, organic carbon, total and inorganic N, 

P and K, anions, total heavy metals and micronutrients, were determined.  

In order to evaluate from an agricultural point of view a wide range of technologies used for 

organic waste treatment, a search for treated and untreated organic wastes technologies derived 

from EC or national or regional funded projects as well as for those commercialized by small size 

companies was carried out, 31 different organic wastes were collected for characterization and 

evaluation. These organic wastes were characterized by determining parameters such as pathogens 

(Salmonella and Escherichia coli), polyphenols (in alperujo residues), humidity, pH, electrical 

conductivity, volatile organic matter, ashes content, total C and N, P, K, Ca, Mg, Mn, Na, S, Al, 

Fe, B, heavy metals and others elements. The potential phytotoxicity of these organic wastes, as 

well as their possible stimulant effect on plant growth was also determined.  

In order to apply organic wastes to satisfy the nutrient requirements of a crop, knowledge of the 

amount of nutrients mineralized following application is needed. Nutrient mineralization from 

applied organic waste depends on temperature, soil moisture, soil properties, organic waste 

characteristics, and microbial activity.  

In the present deliverable, the rate of organic matter mineralization as well as the liberation of 

mineral N during a two months incubation period of a soil amended at the rate of 3% with all 

these wastes is evaluated. The effect on the nutritional status of two selected soils, differing in 

texture, of 8 selected organic wastes, differing in their nature and the stabilization treatment they 

had undergone, when applied at a rate equivalent to 240 kg N/ha is also discussed. 

 

http://www.wastereuse.eu/
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1. Introduction 

The principal challenge of Mediterranean countries is to restore the fertility and productivity of 

degraded agricultural soils in arid and semi-arid areas. The addition of exogenous organic matter 

(organic amendments) to these soils for combating the losses of soil fertility and productivity and 

soil degradation processes has proved to be a good strategy. From an agronomic point of view, 

enhancing the pool of soil organic carbon content to the optimal range improves crop and pasture 

yields through several processes (Lal 2010): i) increased available water capacity, ii) improved 

plant nutrient supplies, iii) restoration of soil structure, and iv) minimized risk of soil erosion.  

Since in Spain and many other European countries, particularly the most southern, the traditional 

sources of organic matter (peats and manure) are scarce, it has been proposed that the problems 

concerning to organic wastes accumulation and soil degradation may be lessened by considering 

them both together. The possible solution would involve using the organic matter contained in 

given organic wastes as organic amendments in agricultural and degraded soils, thus improving 

their fertility and eliminating the wastes rationally through recycling. 

Organic matter serves as a very important source of plant nutrients. Micronutrients may also be 

satisfactorily supplied by decomposing organic matter since decomposed organic matter (humus) 

possesses chelating properties which bring about covalent bonding between the organic matter and 

ions of copper, zinc, manganese, and iron (Cook and Ellis, 1987). However, in order to apply 

organic waste to soil to fulfill the nutrient requirements of a crop, it is necessary to know the rate 

of nutrients mineralization after waste application to the soil.  This mineralization from applied 

organic wastes is microbial driven and will depend on a wide range of factors such as temperature, 

soil moisture, soil properties, manure characteristics, and microbial activity. Since these factors 

cannot be accurately predicted, nutrient mineralization from applied manure can only be 

approximated.  

The amount of available N provided by the waste includes the inorganic N (NO3-N and NH4-N) in 

the waste plus the amount of organic N mineralized following application. Nitrogen 

mineralization differs for different types of organic amendments since the inorganic/organic 

fraction and quality of organic N varies among waste types. This organic N mineralization is 

expected to be lower for composted wastes than for fresh organic wastes. Organic wastes that 

contain a large portion of organic N (cattle, feedlot, dairy) provide less plant-available N since the 

organic N needs to be mineralized to inorganic N. 

Phosphorus (P) and potassium (K) availability from organic wastes is greater than that of N since 

most P (> 70%) and nearly all K in the organic waste are inorganic. To effectively utilize the 

nutrients in the organic waste, their mineralization potential should be considered.  

In the present deliverable, the rate of organic matter mineralization as well as the liberation of 

mineral N during a two months incubation period of a soil amended at the rate of 3% with all the 

wastes characterized in the frame of the WASTEREUSE project is evaluated. Likely, the effect of 

8 selected organic wastes, differing in their nature and the stabilization treatment they had 

undergone, on the nutritional status of two selected soils, differing in texture, when applied at a 

rate equivalent to 240 kg N/ha is also discussed. This dose was chosen because is near the 

maximum amount of N (250 kg/ha) that can be added annually to the soil in non-vulnerable zones 

according to legislation. 
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2. Collection and characterization of Spanish and Greek soils 

Eleven agricultural soils from 6 different Spanish autonomic Regions (Murcia, Castilla La 

Mancha, Andalucia, Cataluña, Valencia Community and Castilla León) as well as 5 Greek soils 

from several places of the Municipalities of Rethymnon and Hania (Crete) have been collected 

and fully analyzed. These soils can be considered as representative of Spanish and Greek 

agricultural soils. The locations of the collected soils as well as the cultivation they support are 

shown in Table 1.  

 

Table 1. Location and origin of the collected soils for analysis 

 LOCATION COUNTRY CROP CULTIVATION 

1 Cieza (Murcia)  Spain Ecological plum trees 

2 Albacete, (Castilla La Mancha)  Spain Vineyard 

3 Villena (Alicante)  Spain Horticultural soil 

4 Mula (Murcia)  Spain Non-cultivated soil 

5 Palencia (Castilla y León)  Spain Potato 

6 Abanilla (Murcia) Spain Non-cultivated soil 

7 Lerida (Cataluña) Spain Garlic 

8 Santomera (Murcia) Spain Lemon and orange trees 

9 San Javier (Murcia)  Spain Horticultural crops 

10 Fortuna (Murcia)  Spain Lemon and orange trees 

11 Jaen (Andalucia)  Spain Olive trees 

12 Agios Konstantinos village, Municipality of 

Rethymnon, Crete 

Greece Lemon and orange trees 

13 Koufi village, Municipality of Rethymnon, Crete Greece From the top of a small hill 

14 National road Rethymnon-Hania Greece Olive trees 

15 Korakies village, Municipality of Hania, Crete Greece Olive trees 

16 Kounoupidiana village, Municipality of Hania, Crete Greece Pine trees 

 

Parameters such as texture, pH, cation exchange capacity, exchangeable cations (K, Ca, Mg), 

electrical conductivity, organic carbon, total and inorganic N, P and K, anions, total heavy metals 

and micronutrients, were analyzed in these soils. The methods used for these analyses are shown 

in Table 2 and the main characteristics of these soils are shown in Tables 1-16 of the Annex. 

Little differences among soils were observed as regard pH values; all the studied soils (both 

Spanish and Greek soils) were basic calcareous soils with pH values ranging from 7.30 to 8.37 

(see Annex). As regard soil texture, 44% of the analyzed soils showed loam texture and 19% silty 

loam texture. Other textures found in these soils were sandy loam, clay loam, silty clay, silty clay 

loam, and sandy clay loam. Clay contents ranged from 15.9% to 50.35% and sand contents ranged 

from 3.25% to 64.6%. Soil cation exchange capacity also differed among soils and was closely 

related with clay and organic matter content, values ranging from 10.5 to 31.5 meq Na/100g soil.  
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Both Spanish and Greek soils showed a high carbonate content, as reflected by the high total C 

content of these soils as compared with their organic C content. Soils also differed as regards their 

organic C content, which can be attributed to the different additions of exogenous organic matter 

they have received as well as to the climatic conditions. As it was expected, heavy metal content 

in these agricultural soils was low. 

Table 2. Methodologies used for soil analysis 

PARAMETER METHOD 

Texture Physical-chemical analysis 

Humidity Constant weight at 105ºC 

pH Standard methods 

Electrical conductivity Standard methods 

Oxidizable carbon (organic C) Oxidation with dichromate in acid media 

Total N content Acid digestion, Kjeldahl distillation and acid 

titration 

Total P Acid digestion and ICP 

Total K Acid digestion and ICP 

Sulphur ICP 

Total C Elemental analyser 

Cation exchange capacity Physical-chemical method and ICP 

Exchangeable K Extr. BaCl2, ICP 

Exchangeable Ca Extr. BaCl2, ICP 

Exchangeable Mg Extr. BaCl2, ICP 

Volatile organic matter Ignition at 650 ºC 

Ammonia  Colour measurement in Spectrophotometer 

Anions (Cl
-
, NO3

-
, SO4

=
, PO4

=
) Ionic chromatography 

Macro and micronutrients ICP 

Heavy metals ICP 

 

Since Spanish and Greek agricultural soils exhibited similar characteristics, e.g all are basic 

calcareous soils with a similar range of different textures, the soils used for the study of both, the 

effect of organic wastes on soil nutrient status and on plant growth, were selected among the 

characterized Spanish soils.  
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3. Dynamic of waste organic matter mineralization and inorganic N release 

3.1. Dynamic of waste organic matter mineralization. Soil respiration 

This study was conducted using the 31 organic wastes collected and characterized in the frame of 

the Action 3, whose characteristics have been discussed in the deliverable “Characterization of 

wastes treated by different technologies regarding their suitability for agricultural use and 

especially for vegetable and cereal cultivation under Spanish climatic conditions” prepared by 

CEBAS-CSIC on March 31, 2013. These wastes, which have been fully characterized as shown in 

the Annex of the above mentioned deliverable, were the following: 

1. Fresh pig slurry (R1) 

2. Aerobically treated sewage sludge (R2) 

3. Anaerobically treated sewage sludge (R3) 

4. Compost from the organic fraction of domestic wastes (R4) 

5. Alperujo (solid waste from two-phase olive oil mill) stabilized in pond for one year (R5) 

6. Compost from alperujo + sheep and goat manure (R6) 

7. Compost from goat and sheep manure (R7) 

8. Compost from sheep manure (R8) 

9. Compost from residues of mushroom  cultivation (R9) 

10. Compost from prune debris (COMPOSTSOL, commercial product) (R10) 

11. Compost from pine debris (R11) 

12. Compost from green wastes + 5% of manure (R12) 

13. Compost from horse manure (R13) 

14. Compost from prune debris+ Trichoderma (R14) 

15. Solid fraction from pig slurry (fresh) (ESWAMAR, UE Project) (R15) 

16. Solid fraction from pig slurry (dried) (ESWAMAR, UE Project) (R16) 

17. Compost of sewage sludge + rice hull (UE Life Project BIOCOMPOST) (R17) 

18. Compost from a mixture composed of 40% alperujo + 40% poultry manure + 20% (prune 

straw)  (UE Life OLEICO plus Project) (R18) 

19. Compost tea (Life OLEICO plus) (R19) 

20. Vermicompost from sheep manure (LOMBRIMUR, commercial product) (R20) 

21. Compost of alperujo + goat manure + grape debris + olive leaves and prune  (LEADERplus 

Project) (R21) 

22. Fresh alperujo (R22) 

23. Residues from slaughterhouse industry  (flour) + poultry feeding + fly larvae 

(ECODIPTERA, UE LIFE project) (R23) 

24. Pig slurry + fly larvae (ECODIPTERA, LIFE Project) (R24) 

25. Liquid waste from fermentation of the residue from sugar-beet sugar extraction 

(BACHUMUS, commercial product) (R25) 

26. Compost from artichoke industry sludge + artichoke and grape residues (R26) 

27. Compost from anaerobic sewage sludge + prune debris (R27) 

28. Dried sludge (thermic treatment) (R28) 

29. Biochar from forestal residues (R29) 

30. Compost from 40% garden pruning + 60% pig slurry and slaughterhouse residues (R30) 
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31.  Digestates from the anaerobic digestion of a mixture of vegetal residues and manure for 

obtaining biogas (R31) 

The mineralization dynamic of the organic matter of the different organic wastes collected in this 

project was determined by the determination of soil respiration in a soil amended with such 

wastes.  

Soil respiration is a parameter widely used to estimate soil microbial activity. The activity of all 

heterotrophic microorganisms leads to the degradation of organic matter and such decomposition 

has been frequently used to indicate the biological state of soils (Nannipieri et al., 1990). The CO2 

emission has been used to measure the active fraction of the microbial biomass; it is also widely 

used for establishing the stability of the exogenous organic matter added to the soil and to 

ascertaining the effect of a given variable on organic matter oxidation in situ, although it can never 

identify which organic substrate in particular is being catabolized. 

For this study, a sandy-loam soil selected among the characterized Spanish soils was amended, in 

triplicate, at 3% (w/w) with the different organic wastes (31 organic wastes). Soil respiration was 

analysed by placing 30 g of each amended soil, moistened to 50-60% of its water holding 

capacity, in a hermetically sealed flask (closed flow system) equipped with a rubber septum for 

gas sampling. The samples were then incubated at 28 ºC for 60 days and the CO2 evolved was 

measured at given time intervals, with an infrared gas analyzer (Toray PG 100, Toray Engineering 

Co. Ltd., Japan) (Hernández and García, 2003). A triplicate of the unamended soil was used as 

control. Values of basal respiration were obtained by dividing the total amount of CO2-C given off 

from the soil during the incubation period by the duration of the incubation and it is expressed as 

mg of CO2-C/kg soil and day. The contents of organic C, NO3
-
-N and NH4

+
-N were measured 

immediately after waste addition (T0) and 30 (T30) and 60 (T60) days after the organic 

amendment. 

The curves corresponding to the cumulative CO2-C given off from the treated and control soil 

during the respirometric assay are shown in Figure 1whereas values of basal respiration are shown 

in Figure 2. 

 

 

 

 

 

 

 

 

 

  

 

 

Figure 1. Cumulative CO2-C (mg CO2-C/kg soil) given off from the amended and control soil 

during a two month incubation period 
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As shown in these Figures, organic wastes increased soil microbial activity, and amended soils 

exhibited, in general, higher respiration rates than the unamended soil. Organic amendments 

provide to the soil labile substrates that are used as energy source by microorganisms to build their 

own structures, increasing their growth and activity. As it can be observed in Figure 1, organic 

matter mineralization takes place in two phases: a first one up to 8-20 days, depending on the type 

of residue, where organic matter is decomposed quickly, with higher intensity and higher values of 

basal respiration, and a second phase where mineralization processes occurred more slowly, 

exhibiting lower cumulative curve slopes (Fig. 1) and lower values of basal respiration (Fig. 2)  

 

 

 

Figure 2. Basal respiration (CO2-C/kg soil day) in amended and control soil at 30 and 60 days 

of incubation 

 

The rate of organic matter mineralization differed depending on the nature of the organic waste 

(OW), and composted wastes showed in general, a more steadily mineralization than untreated 

wastes or other treated wastes. It is important to mention the high mineralization rate shown by 

R23 (OW from a mixture of slaughterhouse industry and poultry feeding treated with fly larvae) 

indicative of the low stability of the organic matter contained in this residue. Fresh alperujo (R22), 

the solid fraction of pig slurry (R15), aerobic (R2), anaerobic (R3) and thermally treated (R28) 

sewage sludges, composted domestic organic wastes (R4) and the liquid waste from fermentation 

of the residue from sugar-beet sugar extraction (R25) also showed values of soil respiration higher 

than the rest of organic wastes (Fig. 1).  

The organic matter breakdown will give rise to the release of macro and micronutrients available 

to plants. It is clear that the higher the rate of organic matter mineralization the quicker the release 

of plant available nutrients to the medium is. However, it is expected that the organic amendment 

not only provides nutrients to the plant acting as fertilizer but also improves soil quality and helps 

to maintain the level of soil organic matter. Therefore, equilibrium between nutrient release and 

soil carbon fixation would be desirable, and consequently organic amendments with an 

intermediate rate of organic matter mineralization would be more suitable for agricultural use and 

soil protection.  

Composting offers benefits but the process can alter manure characteristics and thereby influence 

nutrient mineralization. Composting manure is a useful method of producing a stabilized product 

that can be stored or spread with little odor or fly breeding potential (Sweeten, 1988). Other 
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advantages of composting include killing pathogens and weed seeds and improving the handling 

characteristics of manure by reducing its volume and weight (Rynk et al., 1992).  

3.2. Evolution of organic carbon content in amended soils 

Two months after the organic amendment, organic carbon content in most of the amended soils 

was higher than that of the unamended soil, confirming that organic amendments contribute to 

improve the pool of soil organic carbon (Figure 3). However, the soils treated with fresh pig slurry 

(R1), the commercial composts obtained from pruning debris (R10) and the compost tea (R19) 

showed values slightly lower than that of the control soil, suggesting that these residues provide 

low amount of soil organic carbon (Corg) to the soil and in addition, they have produced a priming 

effect on soil, encouraging the degradation of soil autochthonous organic matter. 

 

 

 

 

 

 

 

 

 

 

Figure 3. Organic carbon content in the control and amended soil after an incubation period of 

two months 

 

The increases in Corg depended on the Corg content of the added residue and the stability of such 

organic matter. Thus, as shown in Figure 4, changes in soil organic carbon with time differed 

depending on the type of organic waste and the stability of its organic matter.  

 

 

 

 

 

 

 

 

 

 

Figure 4. Evolution of organic carbon content (g /100g) in amended and control soil during a 

two months incubation period 
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The most drastic decreases of Corg with time were observed in the soil amended with aerobically 

treated sewage sludge (R2), pig slurry (R23), the mixture of slaughterhouse flour and poultry 

feeding treated with fly larvae (R24), a commercial compost from horse manure (R13) and a 

commercial compost from pruning debris (R10). 

 

3.3. Inorganic N released in the amended soils 

Nitrogen is a limiting nutrient for most crops, yields being seriously reduced when soil is deficient 

in this element. For this reason it has been considered of interest to establish the potential of these 

wastes to provide plant available N when added to the soil. Contents of ammonium and nitrates 

were determined in the incubated soils initially (T0) as well as 30 (T30) and 60 (T60) days after 

the addition of the organic amendment. Results are shown in Figures 5 and 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Evolution of NH4
+
-N content in amended and control soil during a two 

 months incubation period 
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As shown in Figure 5, the addition of OW increased initially soil ammonium content, and these 

increases are related to the OW ammonium content. Two different patterns of behavior were 

observed as regard ammonium content evolution. Thus, in soils treated with R2, R3, R8, R11- 

R16, R18, R19, R22 - R24, R27, R30 and R31, a sharp decrease of ammonium was observed 

during the first month of incubation and values remained nearly constant for the following month. 

This was particularly noticeable for those OW containing great amount of ammonium (R23, R24, 

R16 and R31). However, the reverse tendency was observed when the soil was treated with OW 

such as R1, R25, R26 and R28, and in a lesser degree for R9, R20, R6, R5 and R7, in this order. In 

the soil amended with these wastes, ammonium content increased during the first month, 

decreasing afterwards.  

A clear differentiation of behavior cannot be established in function of the nature of the OW or 

treatment undergone by the OW.  

Ammonium decreases during the first month of incubation can be attributable to losses by 

volatilization or/and to the transformation to nitrate by the action of nitrifying bacteria existing in 

the soil, whereas ammonium increases can be explained by a quick mineralization of the organic 

matter provided with the OW, which renders ammonium in the first steps of the process.  

After two months of incubation, the soil ammonium content was low; even so, treated soils 

showed, in general, higher ammonium contents than the control soil, increased with respect to the 

control from 7% to 227%. 

As regards nitrates, its contents in the soil tended to increase with the incubation time in all soils 

(Figure 6). The addition of OW to the soil increased initially its nitrate content due to the nitrates 

provided with the OW. 

During the two months of incubation a steady increase in the nitrate content was observed in both, 

the control and the amended soils (Figure 6). This can be explained by the oxidation to nitrate by 

nitrifying bacteria of the ammonium produced in the organic matter mineralization process. 

Amended soils showed, in general, higher nitrate contents than the control soil (Figure 6), 

however, some treated soils showed nitrate contents lower than that of the control, suggesting N 

immobilization by soil microorganisms.  

The highest nitrate contents were found in soil treated with OW containing sewage sludge or pig 

manure, which agree with the high content of nitrogenous compounds in this kind of OW and 

highlight the potential of this type of OW as N fertilizer. 

After two months of incubation, the highest amounts of mineral N (NH4
+
-N + NO3

-
-N) were found 

in the soils treated with R23 (mixture of residues from slaughter industry and poultry feeding 

treated with fly larvae), residue with low degree of stabilization of its organic matter, which 

mineralized quickly during the first month of incubation, increasing from T30 to T60 both nitrate 

and ammonium content in the soil (Figure 7). 

Soils treated with aerobic sewage sludge (R2), composts of sewage sludge with rice hull (R17), 

pig slurry treated with fly larvae (R24), and anaerobic or thermally dried sewage sludge (R3 and 

R28), and the solid fraction of pig slurry (R16), presented, by this order, the highest contents of 

mineral N. 
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Figure 6. Evolution of nitrate-N content in the control and amended soil during a 

two months incubation period 

 

 

 

 

 

 

 

 

 

Figure 7. Content of mineral N in the control and amended soils after an incubation period of 

two months 
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It is clear that the nature of the OW and the degree of stability of their organic matter will 

determine the amount and rate of plant available N provided to the soil. 

 

4. Effect of selected wastes on the properties of two different soils (nutritional status)  

This study was performed as complementary of the study previously discussed and its main 

objective was to evaluate the incidence of the type of soil on the effect of OW on soil nutritional 

state.  

For this study two Spanish soils differing in their clay content were selected among the 

characterized Spanish soils: a silty-loam soil with 17% clay and 18% sand originated from Cieza 

(Table 1 of the Annex), and a silty-clay-loam soil with 40% clay and 14% sand originated from 

San Javier (Table 9 of the Annex).  

Eight OW were also selected for this study on the basis of testing both, a range of OW differing in 

nature (urban wastes, manure, vegetal residues, and mixture of different residues) and a range of 

different methods of waste treatment (anaerobic digestion, composting vermicomposting, 

treatment with fly larvae and non-treated waste). The selected wastes were the following:  

1. Anerobic sewage sludge (R3)  

2. Compost of anaerobic sewage sludge + pruning debris (R27) 

3. Compost from sheep and goat manure (R7) 

4. Solid fraction from pig slurry centrifugation (R15) 

5. Vermicompost from sheep manure (R20)  

6. Digestate from the anaerobic digestion of bagasse + manure (R31) 

7. Compost from artichoke industry sludge + artichoke + grape residues R26) 

8. Compost from Alperujo + goat manure + grape debris + olive leaves and prune (R21) 

The two selected soils were amended (by quadruplicate) with the 8 different OW at a rate 

equivalent to 240 kg of N per hectare, moistened at 60% of soil water holding capacity and placed 

in a growth chamber at controlled temperature (24-28ºC) and humidity (50-70%) conditions to be 

incubated for 4 months. Non amended soils were used as control. 

At the starting of the experiment and after 20, 60, and 120 days 4 pots per treatment were 

collected for analysis. The analyzed parameters were: total N, organic C, total and available P and 

K, ammonium, nitrates, nitrites, sulfates, phosphates, Cl
-, 

Br
-
, and F

-
, and soluble micronutrients.  

 

4.1. Effect of OW on soil nitrogen and carbon content 

As a result of organic matter mineralization, the content of organic carbon (Corg), which had 

increased with the organic amendment, decreased during the incubation period, and treated soils 

maintained Corg values higher than that of the control at the end of the incubation period. This 
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highlights the importance of OW for improving the level of soil organic matter replenishing the 

losses of Corg caused by successive crops. 

The addition of the OW to the soils increased slightly the initial soil total N content, values 

remaining nearly constant throughout the incubation period, suggesting that losses of N as 

ammonium by volatilization were not important.  

As shown in Figure 8, soil ammonium content tended to increase initially with the addition of the 

OW, while ammonium values decreased with time up to 20-60 days of incubation and then 

remained nearly constant until the end of the incubation period. 

Comparing the evolution of ammonium content in the soil amended with the composted sewage 

sludge with that of the soil amended with the anaerobically digested sewage sludge little 

differences were observed attributable to different treatment undergone by the OW, both OW 

behaving in a similar way regardless the treatment undergone. As regard composts, soils treated 

with composts from vegetal residues (R21 and R26) showed higher ammonium decreases than 

those treated with compost from animal manure (R7) or anaerobic sewage sludge (R27). 

 

 

 

 

 

 

 

 

 

Figure 8. Evolution of NH4
+
-N (mg/kg soil) in amended and control soils during an incubation 

period of 120 days. T0, initial point, T1, T2 and T3: 20, 60 and 120 days of incubation. 

 

Contrarily to ammonium, nitrate content increased with the incubation time (Figure 9), as it was 

observed in the previous incubation. This fact, as it has been already indicated is attributable to the 

oxidation of the ammonium present in the soil to nitrate.  

 

 

 

 

 

 

 

 

 

Figure 9.Evolution of nitrate-N content in amended and control soils during an incubation 

period of 120 days. T0, initial point, T1, T2 and T3: 20, 60 and 120 days of incubation. 
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Although OW behaved in a similar way in both soils as regard ammonium and nitrate evolution, 

the intensity of nitrate formation was greater in the less heavy soil (Cieza soil), which suggests 

that the nitrification process is enhanced in soils with lower clay content where oxygenation is 

favored, and increased activity of nitrifying bacteria is anticipated. 

 

4.2. Effect of OW on available P and K 

Nutrients such as P and K also play an important role in soil fertility, K availability being a 

limiting factor in many horticultural crops such as lettuce or tomato. The addition of OW 

increased initially the amount of available P and K in the two soils employed (Figure 10). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Evolution of available P and K content in amended and control soils during an 

incubation period of 120 days. T0, initial point, T1, T2 and T3: 20, 60 and 120 days of 

incubation 

 

Potassium contents increased with the incubation time in both soils, however, P contents tended to 

decrease, particularly in San Javier soil, probably due to the formation of insoluble phosphates 

and/or fixation of P in soil mineral colloids. In any case, all amended soils showed higher contents 

of both available P and K along the incubation period, indicating that OW improve soil nutrient 

status, thus increasing soil fertility. The highest contents of these nutrients were found in the soils 

treated with R7, R21 and R15, all them containing animal manure. 

 

5. Conclusion 

This study confirms that addition of organic wastes increases the level of organic matter in the soil 

and, despite organic matter mineralization, an important fraction remains in the soil, improving 
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soil fertility due to the beneficial effect of such organic matter. Thus, organic wastes increase soil 

aggregation formation and stability, increase soil porosity favoring water infiltration and air and 

water movement as well as soil exploration by plant roots, and also increase soil cation exchange 

capacity.  

Added OW stimulates soil microbial growth and activity, improving soil functioning, and also can 

supply macronutrients (N, P and K) and micronutrient to be used by plants, being an alternative to 

traditional inorganic fertilization. Nutrients contained in organic wastes are released more slowly 

and are stored for a longer time in the soil than mineral fertilizers, thereby ensuring a long residual 

effect in the soil.  

Organic carbon content in the studied OW ranged from 40% to 80% depending on the nature of 

the OW, and although a fraction of the organic matter added to the soil is mineralized, a 

considerable proportion remains in the soil contributing to an increased pool of organic carbon. 

The load of organic compounds that the organic wastes provide to the soil depends on the stability 

of their organic matter. The more stable the OW the greater the load of organic carbon remaining 

in the soil with time. In this sense composted residues will contribute in a greater extent to the 

maintenance of soil organic matter levels than fresh residues.  

Contrarily, the rate of nutrient release in the soil from the organic waste is higher when less 

stabilized wastes are applied. The type of nutrient supply depends on the nature of the organic 

waste. Thus, as it has been observed in this study, sewage sludge and animal slurries are rich in N 

and P whereas animal manures can provide a high load of K. 

It has been observed in this study that N mineralization differed greatly among the different 

organic wastes evaluated, which is due to the fact that the inorganic/organic fraction and quality of 

organic N varies among the type of waste. Mineralization of organic N is expected to be low for 

composted manure and high for less stabilized wastes. The analyzed organic wastes have proved 

also to supply available P and K to the soil, which make these wastes suitable for deficient soils.  

The use of organic wastes for crop production is a good alternative to the use of inorganic 

fertilizers, although due to the slow release of nutrients from the organic wastes, organic 

fertilization needs to be supplemented with inorganic fertilization. Organic fertilization has the 

advantage as regards inorganic fertilization, for improving soil characteristics and replenishing the 

losses of organic matter due to successive crops while at the time supplies nutrients to be used by 

the plants. 
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Soil 1. 

Location: Cieza (Murcia) Spain 

Crop cultivation: Ecological plum trees 

Table 1. Soil Characteristics 

Sand, % 18.25 

Silt, % 64.65 

Clay, % 17.1 

Texture  Silty Loam 

Humidity % 1.98 

pH 8.0 

Electrical conductivity, µS/m 565 

Organic carbon, % 1.44 

Total N, % 0.15 

Total P, % 0.04 

Total K, % 0.59 

S g/100g 0.11 

Total C % 6.98 

Cation Exch. capacity,meq Na/100g 10.95 

Exchangeable K,meq/100g 1.41 

Exchangeable Ca,meq/100g 4.35 

Exchangeable Mg,meq/100g 3.36 

Cl
-
  mg kg

-1
 0.42 

Nitrates mg kg
-1 

3.2 

Phosphates  mg/kg 264.75 

NH4
+
  mg/kg 2.15 

Sulphates, meq/100g 0.5 

Al, mg/kg 1.28 

B mg/kg 1.1 

Ca  mg/kg 15.60 

Fe  mg/kg 11345.05 

Mg g/100g 3.29 

Mn  mg/kg 249.24 

Na, meq/100g 2.23 

Ni  mg/kg 7.25 

Cu  mg/kg 17.97 

Zn  mg/kg 19.19 

Cd  mg/kg <0.5 

Cr  mg/kg 7.85 

Pb  mg/kg 5.55 
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Soil 2. 

Location: Albacete, (Castilla La Mancha) Spain 

Crop cultivation: vineyard 

 

Table 2. Soil Characteristics 

Sand, % 21.00 

Lime, % 52.45 

Clay, % 26.55 

Texture  Silty Loam 

Humidity % 3.99 

pH 7.98 

Electrical conductivity, µS/m 871 

Organic carbon, % 0.98 

Total N, % 0.155 

Total P, % 0.04 

Total K, % 1.10 

S  g/100g 0.10 

Total C % 6.05 

Cation Exchange capacity, meq Na/100g  22.15 

Exchangeable K, meq/100g 2.04 

Exchangeable Ca, meq/100g 9.75 

Phosphates mg/kg  280.65 

NH4
+
  mg/kg 1.15 

Sulphates, meq/100g 2.35 

Al, mg/kg 2.20 

B mg/kg 1.05 

Ca  mg/kg 12.53 

Fe  mg/kg 21348.55 

Mg g/100g 0.81 

Mn  mg/kg 335.42 

Na meq/100g 2.07 

Ni  mg/kg 10.25 

Cu  mg/kg 15.87 

Zn  mg/kg 27.77 

Cd  mg/kg <0.05 

Cr  mg/kg 11.3 

Pb  mg/kg 6.95 
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Soil 3. 

Location: Villena (Alicante) Spain 

Crop cultivation: horticultural soil 

  

Table 3. Soil Characteristics 

Sand, % 64.6 

Silt, % 19.5 

Clay, % 15.9 

Texture Sandy Loam 

Humidity % 1.50 

pH 8.18 

Electrical conductivity, µS/m 250 

Organic carbon, % 0.61 

Total N, % 0.10 

Total P, % 0.02 

Total K, % 0.48 

S  g/100g 0.05 

Total C % 4.77 

Cation Exchange capacity, meq Na/100g  10.45 

Exchangeable K, meq/100g 1.265 

Exchangeable Ca, meq/100g 5.41 

Exchangeable Mg, meq/100g 1.16 

Cl
-
  mg kg

-1
 0.39 

Nitrates mg kg
-1 

113.65 

Phosphates mg/kg  180 

NH4
+
  mg/kg 1.2 

Sulphates, meq/100g 0.2 

Al, mg/kg 1.31 

B mg/kg 0.8 

Ca  mg/kg 5.17 

Fe  mg/kg 11329.16 

Mg g/100g 0.37 

Mn  mg/kg 147.34 

Na meq/100g 1.74 

Ni  mg/kg 3.55 

Cu  mg/kg 11.97 

Zn  mg/kg 21.01 

Cd  mg/kg <0.5 

Cr  mg/kg 7.65 

Pb  mg/kg 7.2 
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Soil 4. 

Location: Mula (Murcia) Spain 

Crop cultivation: non-cultivated soil 

 

Table 4. Soil Characteristics 

Sand, % 38.7 

Silt, % 44.05 

Clay, % 17.25 

Texture  Loam 

Humidity % 2.40 

pH 8.03 

Electrical conductivity, µS/m 537 

Organic carbon, % 1.29 

Total N, % 0.15 

Total P, % 0.02 

Total K, % 0.49 

S  g/100g 0.14 

Total C % 6.12 

Cation Exchange capacity, meq Na/100g  10.7 

Exchangeable K, meq/100g 1.27 

Exchangeable Ca, meq/100g 5.99 

Exchangeable Mg, meq/100g 0.67 

Cl
-
  mg kg

-1
 1.11 

Nitrates mg kg
-1 

318.55 

Phosphates mg/kg  140.25 

NH4
+
  mg/kg 7.65 

Sulphates, meq/100g 0.2 

Al, mg/kg 1.37 

B mg/kg 0.85 

Ca  mg/kg 21.14 

Fe  mg/kg 7707.41 

Mg g/100g 0.74 

Mn  mg/kg 309.37 

Na meq/100g 1.81 

Ni  mg/kg 5.7 

Cu  mg/kg 14.07 

Zn  mg/kg 27.79 

Cd  mg/kg <0.5 

Cr  mg/kg 5.0 

Pb  mg/kg 7.15 
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Soil 5. 

Location: Palencia, Spain 

Crop cultivation: Potato 

 

Table 5. Soil Characteristics 

Sand, % 46.85 

Silt, % 26.6 

Clay, % 26.55 

Texture  Loam 

Humidity % 3.81 

pH 8.27 

Electrical conductivity, µS/m 219 

Organic carbon, % 1.78 

Total N, % 0.11 

Total P, % 0.05 

Total K, % 0.88 

S  g/100g 0.06 

Total C % 5.71 

Cation Exchange capacity, meq Na/100g  14.55 

Exchangeable K, meq/100g 1.19 

Exchangeable Ca, meq/100g 5.22 

Exchangeable Mg, meq/100g 0.705 

Cl
-
  mg kg

-1
 0.285 

Nitrates mg kg
-1 

115.45 

Phosphates mg/kg  286.05 

NH4
+
  mg/kg 2.35 

Sulphates, meq/100g <0.2 

Al, mg/kg 1.71 

B mg/kg 0.6 

Ca  mg/kg 5.87 

Fe  mg/kg 17268.95 

Mg g/100g 0.72 

Mn  mg/kg 227.72 

Na meq/100g 1.63 

Ni  mg/kg 2.3 

Cu  mg/kg 11.47 

Zn  mg/kg 28.84 

Cd  mg/kg <0.5 

Cr  mg/kg 2.6 

Pb  mg/kg 1.75 
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Soil 6. 

Location: Abanilla (Murcia), Spain 

Crop cultivation: non-cultivated soil 

 

Table 6. Soil Characteristics 

Sand, % 3.25 

Silt, % 46.4 

Clay, % 50.35 

Texture  Silty clay 

Humidity % 2.90 

pH 8.23 

Electrical conductivity, µS/m 496 

Organic carbon, % 1.18 

Total N, % 0.11 

Total P, % 0.04 

Total K, % 1.13 

S  g/100g 0.10 

Total C % 6.68 

Cation Exchange capacity, meq Na/100g  21.7 

Exchangeable K, meq/100g 1.42 

Exchangeable Ca, meq/100g 5.14 

Exchangeable Mg, meq/100g 3.46 

Cl
-
  mg kg

-1
 0.34 

Nitrates mg kg
-1 

7.55 

Phosphates mg/kg  138.15 

NH4
+
  mg/kg 1.6 

Sulphates meq/100g 1.6 

Al, mg/kg 1.94 

B mg/kg 1.8 

Ca  mg/kg 16.21 

Fe  mg/kg 19647.62 

Mg g/100g 1.52 

Mn  mg/kg 371.15 

Na meq/100g 2.13 

Ni  mg/kg 10.95 

Cu  mg/kg 19.49 

Zn  mg/kg 58.74 

Cd  mg/kg <0.5 

Cr  mg/kg 16.3 

Pb  mg/kg 3.4 
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Soil 7. 

Location: Lerida 

Crop cultivation: garlic 

 

Table 7. Soil Characteristics 

Sand, % 26.4 

Silt, % 44.45 

Clay, % 29.15 

Texture  Clay loam 

Humidity % 7.10 

pH 8.01 

Electrical conductivity, µS/m 695 

Organic carbon, % 0.89 

Total N, % 0.19 

Total P, % 0.06 

Total K, % 0.80 

S  g/100g 0.12 

Total C % 5.86 

Cation Exchange capacity, meq Na/100g  19.8 

Exchangeable K, meq/100g 1.05 

Exchangeable Ca, meq/100g 7.14 

Exchangeable Mg, meq/100g 2.39 

Cl
-
  mg kg

-1
 1.04 

Nitrates mg kg
-1 

386.85 

Phosphates mg/kg  580.65 

NH4
+
  mg/kg 1.0 

Sulphates meq/100g 1.25 

Al, mg/kg 1.87 

B mg/kg 1.45 

Ca  mg/kg 11.04 

Fe  mg/kg 21424.46 

Mg g/100g 0.61 

Mn  mg/kg 371.15 

Na meq/100g 1.79 

Ni  mg/kg 10.35 

Cu  mg/kg 19.49 

Zn  mg/kg 58.74 

Cd  mg/kg <0.5 

Cr  mg/kg 16.1 

Pb  mg/kg 6.0 
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Soil 8. 

Location: Santomera (Murcia) 

Crop cultivation: Citric trees 

 

Table 8. Soil Characteristics 

Sand, % 38.7 

Silt, % 37.45 

Clay, % 23.85 

Texture  Loam 

Humidity % 3.34 

pH 8.37 

Electrical, µS/m 244 

Organic carbon, % 1,49 

Total N, % 0.15 

Total P, % 0.02 

Total K, % 0.55 

S  g/100g 0.13 

Total C % 4.97 

Cation Exchange capacity, meq Na/100g  13.95 

Exchangeable K, meq/100g 0.67 

Exchangeable Ca, meq/100g 6.51 

Exchangeable Mg, meq/100g 1.09 

Cl
-
  mg kg

-1
 0.33 

Nitrates mg kg
-1 

81.3 

Phosphates mg/kg  147.0 

NH4
+
  mg/kg 2.0 

Sulphates meq/100g 0.35 

Al, mg/kg 1.39 

B mg/kg 1.3 

Ca  mg/kg 15.62 

Fe  mg/kg 14151.0 

Mg g/100g 0.83 

Mn  mg/kg 265.39 

Na meq/100g 1.64 

Ni  mg/kg 9.65 

Cu  mg/kg 13.67 

Zn  mg/kg 19.64 

Cd  mg/kg <0.5 

Cr  mg/kg 11.65 

Pb  mg/kg 7.7 
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Soil 9. 

Location: San Javier (Murcia), Spain 

Crop cultivation: Horticultural crops 

Table 9. Soil Characteristics 

 

 

Sand, % 14.15 

Silt, % 46.1 

Clay, % 39.75 

Texture  Silty clay loam 

Humidity % 5.40 

pH 8.23 

Electrical conductivity, µS/m 600.5 

Organic carbon, % 1.24 

Total N, % 0.19 

Total P, % 0.12 

Total K, % 1.31 

S  g/100g 0.09 

Total C % 5.92 

Cation Exchange capacity, meq Na/100g  31.45 

Exchangeable K, meq/100g 1.74 

Exchangeable Ca, meq/100g 9.86 

Exchangeable Mg, meq/100g 6.34 

Cl
-
  mg kg

-1
 1.13 

Nitrates mg kg
-1 

133.45 

Phosphates mg/kg  484.35 

NH4
+
  mg/kg 1.7 

Sulphates meq/100g 0.8 

Al, mg/kg 2.69 

B mg/kg 3.45 

Ca  mg/kg 7.32 

Fe  mg/kg 28911.91 

Mg g/100g 1.19 

Mn  mg/kg 600.08 

Na meq/100g 2.77 

Ni  mg/kg 13.8 

Cu  mg/kg 30.42 

Zn  mg/kg 77.92 

Cd  mg/kg <0.5 

Cr  mg/kg 11.45 

Pb  mg/kg 14.7 
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Soil 10. 

Location: Fortuna (Murcia) Spain  

Crop cultivation: citric trees 

 

Table 10. Soil Characteristics 

Sand, % 36.00 

Silt, % 44.15 

Clay, % 19.85 

Texture  Loam 

Humidity % 2.17 

pH 8.01 

Electrical conductivity, µS/m 446.5 

Organic carbon, % 1.58 

Total N, % 0.17 

Total P, % 0.08 

Total K, % 0.67 

S  g/100g 0.14 

Total C % 5.92 

Cation Exchange capacity, meq Na/100g  15.5 

Exchangeable K, meq/100g 1.13 

Exchangeable Ca, meq/100g 9.08 

Exchangeable Mg, meq/100g 2.88 

Cl
-
  mg kg

-1
 0.525 

Nitrates mg kg
-1 

105.85 

Phosphates mg/kg  381.9 

NH4
+
  mg/kg 3.55 

Sulphates meq/100g 0.3 

Al, mg/kg 1.44 

B mg/kg 1.4 

Ca  mg/kg 13.31 

Fe  mg/kg 17101.25 

Mg g/100g 0.94 

Mn  mg/kg 326.66 

Na meq/100g 1.58 

Ni  mg/kg 10.1 

Cu  mg/kg 36.47 

Zn  mg/kg 56.62 

Cd  mg/kg <0.5 

Cr  mg/kg 13.15 

Pb  mg/kg 14.7 
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Soil 11. 

Location: Jaen (Andalucia) Spain 

Crop cultivation: olive trees 

 

Table 11. Soil Characteristics 

Sand, % 52 

Silt, % 22.8 

Clay, % 25.2 

Texture media Sandy clay loam 

Humidity  % 2.62 

pH 8.24 

Electrical conductivity, µS/m 161.2 

Organic carbon, % 0.67 

Total N, % 0.12 

Total P, % 0.16 

Total K, % 0.45 

S  g/100g 160.9 

Total C % 7.69 

Cation Exchange capacity, meq Na/100g  17.3 

Exchangeable K, meq/100g 0.94 

Exchangeable Ca, meq/100g 11.43 

Exchangeable Mg, meq/100g 0.86 

Cl
-
  mg kg

-1
 1.6 

Nitrates mg kg
-1 

94.9 

Phosphates mg/kg  160.9 

NH4
+
  mg/kg <1 

Sulphates meq/100g <0.2 

Al, mg/kg 1.35 

B mg/kg 18.16 

Ca  mg/kg 19.69 

Fe  mg/kg 11752.66 

Mg g/100g 0.50 

Mn  mg/kg 228.08 

Na meq/100g 0.58 

Ni  mg/kg 11.75 

Cu  mg/kg 48.23 

Zn  mg/kg 28.60 

Cd  mg/kg <0.5 

Cr  mg/kg 30.62 

Pb  mg/kg 18.66 
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Soil 12. 

Location: Agios Konstantinos village, Municipality of Rethymnon, Crete 

Crop cultivation: lemon and orange trees 

 

Table 12. Soil Characteristics 

Sand, % 46.3 

Silt, % 34.1 

Clay, % 19.6 

Texture  Loam 

Humidity  % 3.05 

pH 8.11 

Electrical conductivity, µS/m 163.9 

Organic carbon, % 1.94 

Total N, % 0.19 

Total P, % 0.14 

Total K, % 0.38 

S  g/100g 0.16 

Total C, % 8.29 

Cation Exchange capacity, meq Na/100g  22.6 

Exchangeable K, meq/100g 0.55 

Exchangeable Ca, meq/100g 14.84 

Exchangeable Mg, meq/100g 0.95 

Cl
-
  mg kg

-1
 1.6 

Nitrates mg kg
-1 

113.1 

Phosphates mg/kg  141.5 

NH4
+
  mg/kg <1 

Sulphates meq/100g <0.2 

Al, mg/kg 1.66 

B mg/kg 17.57 

Ca  mg/kg 18.36 

Fe  mg/kg 16688.89 

Mg g/100g 0.62 

Mn  mg/kg 519.87 

Na meq/100g 0.74 

Ni  mg/kg 51.97 

Cu  mg/kg 50.55 

Zn  mg/kg 55.67 

Cd  mg/kg <0.5 

Cr  mg/kg 70.14 

Pb  mg/kg 18.79 
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Soil 13. 

Location: Koufi village, Municipality of Rethymnon, Crete 

Crop cultivation: From the top of a small hill 

 

Table 13. Soil Characteristics 

Sand, % 32.2 

Silt, % 45.4 

Clay, % 22.4 

Texture Loam 

Humidity % 3.91 

pH 8.03 

Electrical conductivity, µS/m 152.0 

Organic carbon, % 2.52 

Total N, % 0.26 

Total P, % 0.035 

Total K, % 0.37 

S  g/100g 0.17 

Total C, % 9.78 

Cation Exchange capacity, meq Na/100g  30.2 

Exchangeable K, meq/100g 0.50 

Exchangeable Ca, meq/100g 19.04 

Exchangeable Mg, meq/100g 0.73 

Cl
-
  mg kg

-1
 1.8 

Nitrates mg kg
-1 

92.2 

Phosphates mg/kg  85.9 

NH4
+
  mg/kg <1 

Sulphate smeq/100g <0.2 

Al, mg/kg 1.64 

B mg/kg 20.34 

Ca  mg/kg 20.01 

Fe  mg/kg 16310.03 

Mg g/100g 0.57 

Mn  mg/kg 394.51 

Na meq/100g 0.56 

Ni  mg/kg 59.60 

Cu  mg/kg 47.37 

Zn  mg/kg 36.37 

Cd  mg/kg <0.5 

Cr  mg/kg 63.83 

Pb  mg/kg 13.76 
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Soil 14. 

Location: national road Rethymnon-Hania 

Crop cultivation: olive trees 

 

Table 14. Soil Characteristics 

Sand, % 12.4 

Silt, % 62.4 

Clay, % 25.2 

Texture  Silty loam 

Humidity % 2.93 

pH 8.06 

Electrical, µS/m 624.0 

Organic carbon, % 0.37 

Total N, % 0.07 

Total P, % 0.058 

Total K, % 0.30 

S  g/100g 0.18 

Total C, % 9.50 

Cation Exchange capacity, meq Na/100g  18.5 

Exchangeable K, meq/100g 0.44 

Exchangeable Ca, meq/100g 14.34 

Exchangeable Mg, meq/100g 0.81 

Cl
-
  mg kg

-1
 1.2 

Nitrates mg kg
-1 

44.1 

Phosphates mg/kg  57.8 

NH4
+
  mg/kg <1 

Sulphates meq/100g <0.2 

Al, mg/kg 1.25 

B mg/kg 19.39 

Ca  mg/kg 25.78 

Fe  mg/kg 9961.24 

Mg g/100g 0.48 

Mn  mg/kg 142.61 

Na meq/100g 1.17 

Ni  mg/kg 27.14 

Cu  mg/kg 22.68 

Zn  mg/kg 19.22 

Cd  mg/kg <0.5 

Cr  mg/kg 33.59 

Pb  mg/kg 7.66 
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Soil 15. 

Location: Korakies village, Municipality of Hania, Crete 

Crop cultivation: olive trees 

 

Table 15. Soil Characteristics 

Sand, % 63.3 

Silt, % 17.1 

Clay, % 19.6 

Texture Sandy loam 

Humidity % 2.73 

pH 7.30 

Electrical, µS/m 158.5 

Organic carbon, % 2.98 

Total N, % 0.28 

Total P, % 0.09 

Total K, % 0.43 

S  g/100g 0.03 

Total C, % 3.19 

Cation Exchange capacity, meq Na/100g  20.8 

Exchangeable K, meq/100g 1.53 

Exchangeable Ca, meq/100g 8.38 

Exchangeable Mg, meq/100g 1.04 

Cl
-
  mg kg

-1
 3.7 

Nitrates mg kg
-1 

99.9 

Phosphates mg/kg  458.1 

NH4
+
  mg/kg <1 

Sulphates meq/100g <0.2 

Al, mg/kg 2.40 

B mg/kg 21.59 

Ca  mg/kg 0.34 

Fe  mg/kg 23036.39 

Mg g/100g 0.21 

Mn  mg/kg 417.60 

Na meq/100g 0.50 

Ni  mg/kg 27.55 

Cu  mg/kg 35.24 

Zn  mg/kg 48.32 

Cd  mg/kg <0.5 

Cr  mg/kg 79.11 

Pb  mg/kg 32.14 
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Soil 16. 

Location: Kounoupidiana village, Municipality of Hania, Crete 

Crop cultivation: pine trees 

Table 16. Soil Characteristics 

Sand, % 43.5 

Silt, % 39.7 

Clay, % 16.8 

Texture  Loam 

Humidity % 4.03 

pH 8.04 

Electrical, µS/m 224.0 

Organic carbon, % 4.01 

Total N, % 0.26 

Total P, % 0.20 

Total K, % 0.49 

S  g/100g 0.15 

Total C, % 9.99 

Cation Exchange capacity, meq Na/100g  28.5 

Exchangeable K, meq/100g 0.72 

Exchangeable Ca, meq/100g 18.18 

Exchangeable Mg, meq/100g 1.80 

Cl
-
  mg kg

-1
 3.9 

Nitrates mg kg
-1 

39.9 

Phosphates mg/kg  196.2 

NH4
+
  mg/kg <1 

Sulphates meq/100g <0.2 

Al, mg/kg 1.89 

B mg/kg 31.25 

Ca  mg/kg 16.91 

Fe  mg/kg 16685.34 

Mg g/100g 0.21 

Mn  mg/kg 268.13 

Na meq/100g 0.83 

Ni  mg/kg 27.55 

Cu  mg/kg 30.28 

Zn  mg/kg 42.16 

Cd  mg/kg <0.5 

Cr  mg/kg 52.77 

Pb  mg/kg 15.47 

 


