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Executive Summary 

 

As a result of the failure to implement effective soil conservation practices, agricultural soils have 

undergone serious degradation problems and decline in productivity because of excessive soil 

erosion and nutrient run off and the decrease in stable soil organic matter. Efforts must be taken to 

halt the decline in soil productivity and to restore the productivity of degraded soils in the shortest 

possible time. This could be achieved by a proper management and recycling of organic wastes on 

land to protect agricultural soils. The efficient and effective use of organic wastes as soil 

conditioner and fertilizers constitute one of the best means for maintaining and restoring soil 

productivity. 

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, thirty-one different organic wastes as well as 16 Spanish and Greek soils 

were collected and exhaustively characterized and evaluated from an agricultural point of view. In 

this report the following issues are included: 

1. Criteria for evaluating the suitability for agricultural use of the different organic wastes 

characterized within the Action 3 are discussed and applied to the characterized organic 

wastes for selecting those more suitable for agricultural purposes. These criteria are based 

on environmental, sanitary, agronomic and practical aspects. 

2. Two selected organic wastes have been used as alternative to inorganic fertilizers for 

barley and ryegrass cultivation in two representative agricultural Spanish soils, and their 

effects on plant growth and soil quality in comparison with the traditional use of inorganic 

N fertilization are discussed. 

3. As other alternative method to the use of inorganic fertilization, three different organic 

wastes have been applied to an agricultural soil both, alone and in combination with 

inorganic N fertilization, for a ryegrass crop and their effects on plant growth and soil 

microbiological quality have been evaluated. 

 

  

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

Concern for the declining fertility of soils has greatly increased as result of the massive use of 

chemical fertilizers in intensive agriculture. This increasing pressure on agricultural land has led to 

higher nutrient outflows that are not compensated for, resulting in soil nutrient depletion.  

Among the practices recommended for the improvement of the soil quality and soil fertility in 

Mediterranean regions is the application of composted organic wastes, which slowly release 

significant amounts of nitrogen and phosphorus (Muse, 1993; Eghball, 2000). As reported by 

Nyamangara et. al. (2003), management of soil organic matter by using composted organic waste 

is the key for sustainable agriculture. Thus, several works have shown beneficial effects of organic 

waste (OW) application for crop production. In addition to its slow release nutrient capability, 

organic matter is largely responsible for aggregation, soil moisture holding capacity and other 

improved physical properties of the soil (Aggelides and Londra, 2000; Borken et al., 2002; Cuevas 

et al., 2003; Basso and Ritchie, 2005; Tejada et al., 2006). Therefore, increasing soil organic 

matter content must be the first step in any farming practice in the Mediterranean region. If 

productivity is to be maintained, an agricultural system able to preserve a satisfactory physical 

condition in the soil must also be developed. Organic matter additions are the only means of 

making some soils economically productive (Cook and Ellis, 1987).  

However, sometimes, organic waste application as a substitute for the conventional mineral 

fertilization is problematic because some crops have high nutrient needs or punctual needs 

throughout their growth cycle, and large quantities of organic material would be necessary to 

satisfy the overall needs of the crop, and/or the OW would not supply sufficient quantities of 

nutrients at the right moment. Bazzoffi et al. (1998) found that urban refuse compost produced a 

lower maize grain yield than mineral fertilization, as did Businelli et al. (1990), who observed a 

decrease of maize yield with compost compared with mineral fertilization. 

A combination of organic amendment application with a nitrogen mineral fertilizer meeting N 

needs can be a suitable alternative to replace the conventional mineral fertilizer. The use of treated 

organic wastes as fertilizer and soil amendment not only results in an economic benefit to the 

small-scale farmer but it also reduces pollution due to reduced nutrient run-off, and N leaching 

(Nyamangara, 2003). 

Organic wastes do several things to benefit the soil that synthetic fertilizer cannot do. First, they 

add organic matter, which improves the way water interacts with the soil. In sandy soils, organic 

wastes act as sponge to help retain water in the soil that would otherwise drain down below the 

reach of plant roots, protecting the plant against drought. In clay soils, compost helps to add 

porosity to the soil, making it drain easier so that it does not stay waterlogged and does not dry out 

into a bricklike substance. Organic wastes also inoculate the soil with vast numbers of beneficial 

microbes (bacteria, fungi, etc.) that promote biological activity of the soil (Pascual et al., 1997). 

These microbes are able to extract nutrients from the mineral part of the soil and eventually pass 

the nutrients on to plant. Furthermore, properly processed OW reduces soil borne diseases without 

the use of chemical control (Rynk et.al.; 1992; Pascual et al, 2000).  

In this report results from the application of new alternative cultivation methods with the use of 

organic wastes is discussed. In a first assay the effect on plant yield and soil quality of the addition 

of two different OW to two different textured soils is evaluated in comparison with mineral N 
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fertilization. In a second assay, the effects of the use of OW both, alone or combined with mineral 

fertilization on plant yield and microbiological soil quality is also discussed 

 

2. Cultivation with the use of organic wastes. Effects on crop and soil  

2.1. Criteria for selecting organic wastes to be used as soil improver and crop fertilizers  

For evaluating the suitability of the end products obtained after organic waste treatment with 

different methodologies, a set of selective criteria attending to environmental (heavy metal 

content, salt content, risk of nitrate lixiviation), sanitary (pathogen content), agronomic 

(phytotoxicity, fertilizing value, organic matter content) aspects should be taken into account, as 

well as other aspects such as if the product can be easily stored and handled, if the waste is 

produced in great amount and  if it is commercialized and therefore can be easily obtained.  

On the base of these criteria some OW among those collected and characterized in the frame of 

Action 3 (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”, 2013) have been selected as more suitable to be used in pot experiments. 

Table 1 shows the main characteristics of the characterized OW. 

a) Sanitary aspects: 

For avoiding health risk, the use of those OW containing pathogens such as R1, R2, R3, R15 and 

R16 in which presence of Salmonella in 25 g or/and Escherechia coli have been detected should 

be rejected (Table 1). 

b) Environmental aspects 

Organic wastes, particularly compost, can present high content of salts, exhibiting high values of 

electrical conductivity (EC). This fact must be taken into consideration when establishing the OW 

application rate in order to avoid risks of both, soil salinization and superficial or groundwater 

contamination. In this sense R17 should be rejected due to its too high EC (CE=31 dS/m). 

The OW heavy metal content is also a matter of concern, and although the contents of heavy 

metals in the different OW analyzed are below the limit established by EU legislation, R15 and 

R16 should be rejected due to their high Zn content (Table 1). 

c) Agronomic aspects 

Phytotoxicity. 

On the base of the phytotoxicity test carried out for all the collected OW, the following OW were 

not considered as suitable because they showed phytotoxic effects, inhibiting the germination of 

both, cress and lettuce seeds showing IG values (Germination Index) lower than 40%: R4; R1; 

R17; R22; R23; R25 and R28. 

Organic carbon content 

The positive effects of OW on crops and soil quality are derived from its organic matter content. 

Therefore, the organic carbon content of these OW is a positive factor to be taken into 

consideration for selecting those more suitable for agricultural use. According to this criterion we 
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have considered as not suitable the following OW due to their lower organic carbon content 

(<10%): R1; R2; R3; R17; R19; R31 

Nitrogen content 

R1, R14, R19, R22, R29 and R31showed the lowest N contents (N<0.8%). On the other side: R28, 

R23 (rejected for other reasons) and R24, in this order, followed by R21, R30 and by R16, R4 and 

R17 (rejected for other reasons) presented the highest N contents. 

Potassium content  

The following OW are important due to their high K content: R21; R13; R7; R25; R18  

Phosphorus content. 

The lowest P contents were shown by R1, R5, R6, R14, R19, R22, R25, R29, R31, whereas the 

highest contents were shown by R24 and R16 (rejected), followed by R23 (rejected), R30 and 

R18. 

d) Other aspects 

According to the above mentioned criteria and on the base of their biostimulant effect (Table 1) 

and high Corg and N contents the following OW could be selected as more suitable for agricultural 

use after  rejecting those presenting problems of pathogens, heavy metal, salt contents or 

phytotoxicity: R5, R6, R7, R18, R20, R21, R24, R26, R27 and R30. 

From those OW, R5, R24, R26 and R27 were not considered for laboratory and field experiment 

due to the fact that either, they are produced only in a punctual way, or they are not commercial 

products, which imply that they cannot be available when needed. 

 

Therefore, after this screening,  among those OW characterized in this project, the following are 

considered as more suitable to be used for the laboratory and field crop assays : 

R6: Compost from alperujo + manure of sheep and goat 

R7: Compost from goat and sheep manure (commercial compost) 

R18: compost from a mixture of 40% alperujo+40% poultry manure+20% prune straw 

(commercial product). 

R20: Vermicompost of sheep manure (commercial product) 

R21: Compost from a mixture of alperujo + goat manure + grape debris + olive leaves and pruning 

debris 

R30: Compost from garden pruning + animal manure (commercial product). 

Among these organic wastes, R21; R7 and R18 were notorious for their high K content (4.31%, 

2.3 and 2.08%, respectively), and R24 for its high P content (3.45%). 
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Table 1. Main characteristics of the different organic wastes collected 

    Germin Index 
Lm 
(cm) Stem 

Dry Weight 
 % 

Pathogens 
                  

EC 
(1/5) 

Ref Organic Waste Cress Lettuce Cress Lettuce 
N  
% P % K % Humidity 

coli 
ufc/g 

Salm. 
25g Cd Cu Cr Ni  Pb Zn As C, % dS/m 

R1* Fresh.pig.Sl 152.40 170.94 4.65 3.84 0.11 0.02 0.05 98.83 2.1 105 absence <0.5 12.3 <0.5 <0.5 <0.5 109.5 <0.5 36.7 6.68 

R2 Aer.SS** 8.92 157.65 1.79 3.71 6.36 2.47 0.54 78.31 70 presence 1.15 271.1 34.1 28.5 52.8 673.1 2,87 37.07 1.88 

R3 An.SS 113.85 61.92 3.51 2.79 6.16 1.63 0.21 81.57 5.2 105 presence 0.67 222.6 46.0 33.1 45.1 603.4 1.31 36.78 3.35 

R4 Urb.W.C** 14.66 41.10 2.21 7.29 2.79 0.54 1.04 29.47 40 absence <0.5 136.3 80.0 36.5 76.1 300.8 <0.5 33.83 6.44 

R5 Old Alp 34.56 134.34 3.67 5.49 1.75 0.12 1.78 28.98 <10 absence <0.5 27.9 20.1 6.3 7.8 35.1 <0.5 48.2 2.62 

R6 Alp.Man.C 135.42 93.24 3.22 5.5 1.30 0.17 1.35 11.37 <10 absence 0.65 80.9 68.3 16.9 30.4 49.8 1.1 17.08 4.00 

R7 sheep+goat.C⁺ 110.26 122.66 3.87 3.73 2.18 0.53 3.78 39.25 <10 absence <0.5 23.66 16.7 5.53 6.09 74.0 <0.5 26.88 9.30 

R8 Sheep.C 50.19 88.33 4.70 5.87 2.15 0.56 2.44 43.52 <10 absence <0.5 80.5 46.9 13.1 15.5 133.9 1.4 27.87 4.76 

R9 Mushr.C** 39.52 49.69 0.75 6.82 2.68 0.68 3.16 41.86 <10 absence <0.5 70.8 27.2 8.0 9.1 225.3 0.9 28.51 10.8 

R10 Prune.debris.C 89.49 57.05 3.24 5.53 1.57 0.24 1.65 28.34 <10 absence <0.5 170.3 95.6 107.0 59.3 171.8 10.7 18.4 5.38 

R11 Pine.C 86.17 69.32 2.46 5.13 1.75 0.22 0.89 43.09 <10 absence <0.5 112.7 94.0 19.1 96.8 512.3 3.6 25.79 3.34 

R12 GreenW.Man.C 89.49 78.52 3.13 5.28 1.89 0.19 1.70 40.17 <10 absence <0.5 47.5 73.2 13.8 34.7 96.0 4.1 28.88 4.06 

R13 Horse.C** 10.20 20.71 3.38 2.75 2.30 0.51 5.65 45.49 <10 absence <0.5 41.4 17.5 8.7 11.2 104.4 1.4 29.79 11.16 

R14 Prune+trich.C 202.93 192.31 5.07 3.51 1.69 0.09 0.46 62.70 <10 absence <0.5 0.7 21.9 1.6 1.8 62.7 0.8 43.47 0.60 

R15 Solid.pig.sl 73.00 143.43 5.25 4.85 3.27 2.5 0.67 71.24 3,6 x10 presence <0.5 305.6 8.6 7.15 2.36 2726 <0.5 42.34 1.87 

R16 D.solid.pig.sl 47.30 50.00 4.83 3.33 3.79 4.69 0.99 43.70 <10 presence <0.5 552.5 16.2 14.7 4.0 4471.8 0.7 33.86 7.12 

R17 SS+rice.C 0.00 3,54 0.00 0.25 4.29 1.26 2.75 54.68 <10 absence 1.0 185.9 83.2 30.7 96.2 492.7 13.9 20.31 31.05 

R18 Alp.Man.strow.C 19.96 109,09 4.90 3.80 1.89 0.84 2.38 12.28 <10 absence <0.5 95.8 39.5 13.4 7.2 156.9 0.9 30.15 5.34 

R19* Tea.C*** 45.26 28,94 4.36 2.82 0.05 0.005 0.19 98.22 <10 absence <0.5 0.57 <0.5 <0.5 <0.5 1.4 <0.5 44.0 6.41 

R20 Vermicomp 136.43 117,68 4.73 4.21 2.38 0.51 0.57 62.27 60 absence <0.5 42.8 50.75 9.84 9.94 135.92 1.97 30.9 1.35 

R21 Alp.man.grap.oliv⁺ 136.92 126,17 4.26 3.95 2.50 0.39 4.68 7.86 <10 absence <0.5 25.1 17.44 6.17 4.81 82.55 0.76 38.76 5.07 

R22 Fresh.alp** 0.00 7,48 0.00 0.88 1.43 0.12 1.83 44.58 <10 absence <0.5 15.4 3.1 1.7 0.9 20.4 <0.5 55.44 4.80 

R23 Meat.W.Fly*** 0.00 0,00 0.00 0.00 6.97 1.84 0.72 46.93 <10 absence <0.5 14.0 3.1 1.0 2.6 29.2 <0.5 43.08 7.51 

R24 Pig.Sl.Fly 59.83 111,11 6.00 4.82 3.87 4.28 0.63 19.48 <10 absence <0.5 165.8 8.2 5.7 2.0 917.3 <0.5 31.28 3.95 

R25* Bachumus*** 0.00 0,00 0.00 0.00 1.65 0.01 2.23 48.53 <10 absence <0.5 <0.5 <0.5 <0.5 <0.5 14.3 <0.5 23.0 12.68 

R26 Artichok.C 97.02 128.21 5.74 4.83 3.86 0.58 1.16 55,09 <10 absence <0.5 34.8 50.95 14.55 725 162.82 0.91 39.33 2.28 

R27 An.SS+Prune.C 112.78 147.44 4.83 4.14 3.41 1.27 0.66 49,36 <10 absence 0.65 154.5 44.15 22.8 47.08 411.05 3.13 29.56 6.94 

R28 Dried.SS*** 0.00 5.79 0.00 1.08 4.48 0.64 0.23 59,38 <10 absence 0.7 310.8 49.8 25.6 94.1 988.5 5.6 33.69 3.50 

R29 Biochar 104.99 32.63 2.29 1.28 0.64 0.19 0.72 49,55 <10 absence <0.1 13.5 10.4 11.7 0.9 35.6 <0.1 74.92 1.10 

R30 Garden+anim.w.C 34.12 93.24 4.63 5.63 2.37 0.82 1.60 6,94 <10 absence 0.2 64.4 35.6 11.1 16.6 214.9 1.2 27.05 8.71 

R31 Digestate++ 97.03 97.11 3.82 2.49 4.10 0.03 0.35 91,72 <10 absence <0.5 3.26 <0.5 <0.5 <0.1 15.2 <0.5 3.41 14.92 

  Control 100.00 100.00 3.48 2.85                               

* Liquid waste; **Extract 1/20 Cress; ***Extract 1/20 Cress and Lettuce;  ⁺Extract 1/20+dil 1/5 Cress and Lettuce; Digestate Extract 1/400 Cress 
and Lettuce      

 

 

2.2. Cultivation of barley and ryegrass in soils amended with composted organic wastes. Effects 

on plant yield and soil quality 

The objective of this assay was to obtain information about the effect of organic wastes on crop 

yields as a function of the application rate, as well as to ascertain the efficiency of the used OW as 

N fertilizers by comparison with the yields obtained with increasing doses of mineral N in the 

form of NH4NO3. 



8 

 

Two soils differing in texture were chosen for this crop assay among the Spanish soils 

characterized in the frame of Action 3: a silty-loam soil with 17% clay and 18% sand originated 

from Cieza, and a silty-clay-loam soil with 40% clay and 14% sand originated from San Javier. 

The characteristics of these soils are shown in Table 2. 

As organic amendments two OW were selected among those considered as more suitable for 

agricultural use in the previous selection commented above: 

i) a commercial compost from goat and sheep manure (R7) with 39.25% of moisture and 

2.18% of N (dry weight), 26.88% of organic carbon, 53% P and 3.78%  K; 

ii) a compost from a mixture of alperujo, goat manure, grape debris and olive leaves and 

pruning residues (R21). This compost had 7.86% of moisture and 2.5% N, 38.76 organic 

carbon, 0.39% P and 4.68% K (dry weight). 

As mineral N fertilizer, a solution of ammonium nitrate was used at rates of 60, 120 and 240 

kgN/ha. 

2.2.1. Experimental design: 

The organic wastes (OW) were added to the soils at rates equivalent to 60, 120, 240 and 500kg 

N/ha. Amended soils were put in suitable container and either, 24 seeds of barley or 1g of ryegrass 

was sown in each container.  

Another set of containers were set up without organic amendment but with the addition of 60, 120 

and 240 kg N/ha supplied as ammonium nitrate. The dose of 500 kg N/ha was only considered for 

the OW assuming that OW always provides less available N than mineral fertilization since a 

great part of the N in the OW is in organic form and needs to be mineralized for becoming 

available to plants. 

All treatments were carried out by quadruplicate. A quadruplicate of each soil without fertilization 

was used as control. 

Soils were moistened and placed in a growth chamber with controlled conditions of light (16h 

day/8h night) temperature (24 ºC/16 ºC) and humidity (60% day/ 80% night). Soils were 

periodically irrigated using an appropriate rate to avoid leaching. Plants were grown for a month 

and then the aerial part of the plant was cut and weighted fresh and dried at 60 ºC to determine 

crop yields.  

Soils were homogenized after eliminating all root remains, passed through a 2mm sieve and 

analyzed for chemical and microbiological parameters. 

2.2.2. Results 

Effects on plant yield 

As shown in Figure 1, in both soils the addition of the OW led to higher ryegrass yield than the 

control soil; the differences with control yield were more evident in plant fresh weight. For R7 

(compost from goat and sheep manure) the highest yields of ryegrass were obtained when the OW 

was applied at a rate equivalent to 240 kg N/ha (10-11 t OW, dry weight per ha) and 500 kg N/ha 

(20-23 t OW, dry weight per ha), although the differences between doses were small.  
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Table 2. Soil characteristics 

 Cieza San Javier 

Sand, % 18.25 14.15 

Silt, % 64.65 46.1 

Clay, % 17.1 39.75 

Texture  Silty loam Silty clay loam 

Moisture % 1.98 5.40 

pH 8.0 8.23 

Electrical conductivity, µS/m 565 600.5 

Organic carbon, % 1.44 1.24 

Total N, % 0.15 0.19 

Total P, % 0.04 0.12 

Total K, % 0.59 1.31 

S  g/100g 0.11 0.09 

Total C % 6.98 5.92 

CEC, meq Na/100g 10.95 31.45 

Exchangeable K,meq/100g 1.41 1.74 

Exchangeable Ca,meq/100g 4.35 9.86 

Exchangeable Mg,meq/100g 3.36 6.34 

Cl
-
  mg kg

-1
 0.42 1.13 

Nitrates mg kg
-1 

3.2 133.45 

Phosphates  mg/kg 264.75 484.35 

NH4
+
  mg/kg 2.15 1.7 

Sulphates, meq/100g 0.5 0.8 

Al, mg/kg 1.28 2.69 

B mg/kg 1.1 3.45 

Ca  mg/kg 15.60 7.32 

Fe  mg/kg 11345.05 28911.91 

Mg g/100g 3.29 1.19 

Mn  mg/kg 249.24 600.08 

Na, meq/100g 2.23 2.77 

Ni  mg/kg 7.25 13.8 

Cu  mg/kg 17.97 30.42 

Zn  mg/kg 19.19 77.92 

Cd  mg/kg <0.5 <0.5 

Cr  mg/kg 7.85 11.45 

Pb  mg/kg 5.55 14.7 

 

When R21 (compost from a mixture of alperujo, goat manure, grape debris and olive leaves and 

pruning debris) was added to the soil, the highest ryegrass yield was observed in San Javier soil at 
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a rate of 60 kg N/ha whereas in Cieza soil the highest yields were observed at 60 and 500 kg N/ha; 

a similar yield was obtained at both rates.  

No clear differences in the effect between the two OW employed can be established since 

although in the Cieza soil yields obtained in the soil treated with R21 were some times higher than 

those obtained with R7, in the soil of San Javier the reverse trend is observed. It is clear that both 

OW have improved ryegrass yield probably due to both, the improvement of soil physical and 

microbiological characteristics, and the nutrients they provide to plant as their organic matter is 

mineralized. 

It is worthy to note that when we consider the weights of fresh vegetal biomass (Figure 1) little 

differences were observed with respect to yield between the organic treatments and the inorganic 

fertilization. However, when the dry weight of ryegrass is considered, ryegrass yields were higher 

in soils treated with mineral N. This suggests that the addition of the OW has improved soil 

physical conditions, favoring the retention and absorption of water by the plants. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 . Yields of ryegrass in two different soils amended with, R7 or R21 at rates equivalent 

to 60, 120, 240 and 500 kg N/ha or with inorganic N at rates of 60, 120 and 240 kg N/ha. R7: 

compost from a mixture of goat and sheep manure; R21: compost from a mixture of alperujo, 

goat manure, grape debris olive leaves and pruning residues 

 

In the barley crop, a different response for barley was observed depending of the type of soil 

(Figure 2). Thus, whereas in the soil of Cieza the OW only increased yield with respect to the 

control when applied at the higher doses (240 and 500 kg N/ha), the treatment with R7 rendering 

higher yields than that with R21, in the soil of San Javier OW increased control yield at all 

application rates, with R21 producing the highest yields at rates equivalent to 60 and 120 kg N/ha, 

and R7 at rates of 240 and 500 kg N/ha. 
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For this crop, the inorganic N fertilization led, at some rates, to higher yields than those obtained 

with OW. The improvement in plant water retention was less evident in this crop than in the 

ryegrass crop, highlighting that the effect of a particular treatment on plant varies depending on 

the vegetal species.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 . Yields of barley (fresh weight) in two different soils amended with, R7 or R21 at rates 

equivalent to 60, 120, 240 and 500 kg N/ha or with inorganic Nat rates of 60, 120 and 240 kg 

N/ha. R7: compost from a mixture of goat and sheep manure; R21: compost from a mixture of 

alperujo, goat manure, grape debris olive leaves and pruning residues 

 

 

 

Effects of OW addition on soil quality 

With regard to nutrient content, after ryegrass harvesting, higher amounts of available K, Mg, Mn, 

S and ammonium were recorded, in general, in the soils treated with OW compared to the control 

soils, particularly at the higher application rates. Both soils also showed higher amounts of 

available Ca when treated with R7, and available P, Al and Fe were increased with respect to the 

control in the silty-loam soil (Cieza soil) (Table 3). 

A similar behavior with respect to available macro and micronutrients content was observed in the 

soils for the barley crop (Table 4), highlighting that organic waste can slowly release nutrients 

available to plants, thus increasing soil fertility. This effect will depend on the characteristics of 

the OW, soil type and environmental conditions. 

Heavy metals were found only in traces, which is expected since the heavy metal content in the 

applied OW was low.  

Although OW can provide macro and micronutrients to the soil acting as fertilizer of gradual 

effect, thus improving soil nutrient status and fertility, the main benefit derived from the addition 
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of OW to the soil is the improvement in soil quality, including physical, chemical, and biological 

properties as well as water efficiency.  

Organic wastes decrease soil bulk density increasing soil porosity, which in turn favours air and water 

circulation stimulating the growth of plant roots. They also increase soil permeability and soil water 

holding capacity, increasing soil capacity to resist drought periods; this influences positively the 

formation and stability of soil aggregates and increases the soil cation exchange capacity. They also 

improve soil microbiolgical properties increasing soil microbial population and activity. 

 

Table 3. Content of available elements in the soils treated with the organic wastes after ryegrass 

harvesting 

CIEZA SOIL            

mg/kg,dw Al Fe Ca B K Mg Mn Mo Na S P NH4
+
-N 

Control 7.22 4.42 66.73 0.52 24.21 27.66 0.20 <0.01 32.18 7.38 1.16 8.222 

R7-d1 8.17 4.76 66.07 0.35 34.82 28.29 0.21 <0.01 33.24 23.90 1.12 8.950 

R7-d2 6.86 4.03 84.58 0.34 57.50 34.96 0.25 <0.01 40.46 55.15 1.18 8.930 

R7-d3 2.86 1.76 95.02 0.35 84.45 38.60 0.26 <0.01 44.67 92.99 1.14 9.186 

R7-d4 1.81 1.02 136.68 0.38 171.86 54.20 0.36 <0.01 56.24 190.16 1.15 9.350 

R21-d1 10.06 5.82 71.16 0.33 30.72 29.22 0.23 <0.01 32.48 8.69 1.31 8.489 

R21-d2 10.60 6.22 66.32 0.34 39.26 29.14 0.23 <0.01 34.75 9.31 1.40 8.872 

R21-d3 14.27 8.01 66.81 0.41 61.96 31.25 0.26 <0.01 41.44 12.27 1.80 9.272 

R21-d4 30.57 17.10 65.49 0.49 116.21 34.22 0.32 <0.01 57.91 18.56 2.44 9.499 
SAN JAVIER 

SOIL           
 

mg/kg, dw Al Fe Ca B K Mg Mn Mo Na S P NH4
+
-N 

Control 1.11 0.68 53.47 1.54 14.14 27.27 0.17 <0.01 243.26 118.24 <0.1 8.751 

R7-d1 0.89 0.50 71.82 1.46 24.23 37.11 0.23 <0.01 285.36 149.75 <0.1 9.221 

R7-d2 0.61 0.32 75.75 1.36 34.91 39.30 0.24 <0.01 267.44 158.47 <0.1 9.408 

R7-d3 0.49 0.28 107.46 1.42 52.45 54.35 0.33 <0.01 289.33 220.19 <0.1 9.413 

R7-d4 0.45 0.23 157.10 1.44 119.19 76.99 0.45 <0.01 313.51 313.75 <0.1 9.689 

R21-d1 0.68 0.49 51.78 1.41 14.87 25.31 0.21 <0.01 281.34 135.25 <0.1 8.960 

R21-d2 0.85 0.50 59.94 1.41 24.04 31.54 0.20 <0.01 273.38 131.06 <0.1 9.094 

R21-d3 1.12 0.65 50.65 1.36 34.51 28.62 0.18 <0.01 256.87 109.64 <0.1 10.289 

R21-d4 0.86 0.59 72.75 1.23 53.12 40.16 0.25 <0.01 282.85 126.67 <0.1 10.753 
d1, d2, d3 and d4: 60, 120, 240 and 500 kg N /ha 

 

 

The effect of the added OW on soil microbiological properties was evaluated by measuring microbial 

biomass carbon content (Cmic) and microbial respiration in both soils after ryegrass and barley crop.  

Microbial biomass carbon content is considered as a good indicator of the size of microbial 

populations and it reflects both, active and dormant microorganisms. The content of Cmic was 

determined in the control soils and in the soils treated at rates of 240 and 500 kg N/ha. 

As shown in Figure 3, the addition of OW has a stimulant effect on microorganisms growth, and 

treated soils show at both rates, higher values of Cmic than those of control soil regardless the type of 

OW (R7 or R21) applied to the soil. This increase of soil microbial population with OW addition can 
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be due to the improvement in soil physical properties and the amount of easily biodegradable organic 

matter they provide to the soil. To this increase in soil microbial population also contributes the great 

amount and diversity of microorganisms provided by the OW. 

 

Table 4. Content of available elements in the soils treated with the organic wastes after barley 

harvesting 

CIEZA SOIL            

mg/kg , dw Al  Fe Ca B K Mg Mn Mo Na S P NH4
+
-N 

Control 14.83 8.37 61.60 0.37 21.83 28.46 0.23 <0.01 33.04 6.95 0.93 8.063 

R7-d1 9.12 5.42 75.64 0.31 100.64 32.60 0.24 <0.01 36.35 26.23 0.87 8.490 

R7-d2 6.20 3.66 71.60 0.32 44.02 30.15 0.22 <0.01 39.17 59.25 0.95 8.715 

R7-d3 5.26 2.95 87.38 0.32 76.13 35.99 0.26 <0.01 45.32 97.70 0.88 9.411 

R7-d4 1.97 1.05 127.94 0.35 164.70 51.61 0.34 <0.01 59.81 200.29 1.04 9.112 

R21-d1 20.29 11.24 50.47 0.32 26.23 27.28 0.24 <0.01 32.46 8.57 1.04 8.998 

R21-d2 19.78 11.06 52.68 0.35 32.80 28.50 0.24 <0.01 38.27 10.60 1.14 8.984 

R21-d3 30.96 17.27 51.84 0.37 55.21 31.13 0.29 <0.01 41.35 12.49 1.46 9.542 

R21-d4 43.56 23.95 54.75 0.43 106.45 37.82 0.37 <0.01 56.67 19.56 2.72 9.656 
SAN JAVIER 

SOIL           
 

mg/kg, dw Al  Fe Ca B K Mg Mn Mo Na S P NH4
+
-N 

Control 0.42 0.19 72.08 1.36 9.99 35.85 0.22 <0.01 260.21 129.27 <0.1 8.651 

R7-d1 0.56 0.55 71.00 1.31 15.73 36.37 0.23 <0.01 263.25 145.42 <0.1 8.547 

R7-d2 0.54 0.37 71.16 1.19 21.74 35.76 0.22 <0.01 244.72 140.67 <0.1 8.854 

R7-d3 0.22 0.13 114.67 1.32 42.61 57.04 0.35 <0.01 286.98 217.92 <0.1 9.352 

R7-d4 0.25 0.10 149.55 1.31 113.47 75.60 0.45 <0.01 304.08 292.86 <0.1 9.849 

R21-d1 0.61 0.35 64.55 1.27 11.78 32.89 0.21 <0.01 258.84 131.04 <0.1 8.627 

R21-d2 0.90 0.52 57.24 1.24 13.75 30.24 0.19 <0.01 257.04 123.95 <0.1 8.506 

R21-d3 1.21 0.68 57.83 1.43 27.43 30.93 0.20 <0.01 265.14 130.43 <0.1 8.994 

R21-d4 1.41 0.82 56.07 1.44 51.20 32.22 0.20 <0.01 282.55 131.42 <0.1 9.731 
d1,d2, d3 and d4: 60, 120, 240 and 500 kg N /ha 

 

 

 

 

 

 

 

 

 

 

Figure 3. Microbial biomass carbon (Cmic) in two different soils amended at 240 and 500 kg 

N/ha rates, after one month of barley or ryegrass growth. R7: compost from a mixture of goat 

and sheep manure; R21: compost from a mixture of alperujo, goat manure, grape debris olive 

leaves and pruning residues 

 

The soil biota increase caused by OW will lead to a higher enzyme production. Enzymes act as 

catalysers in most of the reactions involved in mineralization and nutrient fixation processes being, 
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therefore, closely related to the nutrient availability to plant (Perucci, 1990). In addition, some 

metabolites released from organic matter by microorganisms (vitamins, aminoacids, etc.) as well as 

low molecular weight compounds derived from organic matter mineralization may exert a direct and 

positive influence on plant growth (Keiji et al., 2011).  

 

Soil respiration 

For evaluating the effect of the added OW on soil microbial activity, controls and amended soils 

were subjected to a respirometric assay. For this study, 30 g of each soil was placed in 

hermetically sealed flasks (closed flow system) equipped with a rubber septum for gas sampling, 

and moistened to 50-60% of its water holding capacity. Flasks were then incubated at 28 ºC for 20 

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). 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 obtained values are shown in Figure 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Basal respiration in two different soils amended at 240 and 500 kg N/ha rates, after 

one month of barley or ryegrass growth. R7: compost from a mixture of goat and sheep 

manure; R21: compost from a mixture of alperujo, goat manure, grape debris olive leaves and 

pruning residues. Number 1-4 indicates the four OW rates added: 60, 120 240 and 500 kg N/ha 

 

As shown in Figure 4, regardless the type of soil, both OW encouraged soil microbial population 

activity, amended soils showing higher basal respiration values than non-treated soils. This 

increase in soil respiration had a tendency to be greater with increasing application dose. This 

improvement of soil microbiological quality is of paramount importance since microorganisms 

play a key role in the cycles of nutrients in the soil, in the organic matter breakdown and in 

different processes related with soil formation and aggregate stability. 
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2.3 Effects on crop yield and soil quality of the combined use of organic and inorganic 

fertilization 

The optimal amount of manure to be applied to a field depends on its composition, the soil 

nutrient availability, the crop grown, and the environmental conditions. The extent to which 

organic fertilizers can increase the efficiency of applied mineral fertilizers in sustaining soil and 

crop productivity has not received much research attention. The little data available however, 

indicate that integrated plant nutrition involving the combined use of organic and mineral 

fertilizers increases crop yields more than either used alone (Quansah, 2000). 

In this sense, a trial was carried out in which the effect of OW applied alone or in combination 

with inorganic N fertilization on ryegrass yield was evaluated. 

Three different OW selected among the 31 OW characterized in the frame of Action 3 were used: 

the two OW (R7 and R21) used in the previous assay and a vermicompost from goat manure 

(R20) with 2.38% N, 30.9% C, 0.51% P, 0.57% K and a moisture of 62.27%  (dry weight).  

In this assay the silty-clay-loam soil used in the previous assay (San Javier soil) was used. As 

inorganic N fertilizer (Nmin), a solution of ammonium nitrate was employed. The applied 

treatments were the following: 

1) T100%: 100% organic N= 180 kg N/ha 

2) T100+25% Nmin: 100% organic N + 25% Nmin = 180 kg organic N/ha + 45kg Nmin/ha  

3) T75+25% Nmin:75% organic N+25% Nmin = 135kg organic N/ha + 45kg Nmin/ha 

4) T50+50% Nmin: 50-50% = 90kg organic N/ha + 90kg Nmin/ha. 

5) T25+75% Nmin: 25% organic N+ 75% Nmin = 45 kg organic N/ha + 135 kg Nmin/ha 

6) D1: 45 kg Nmin/ha     

7) D2: 90 kg Nmin/ha      

8) D3: 135 kg Nmin /ha 

9) Control soil 

All treatments were carried out in quadruplicate. Treated and control soils were sown with 1g of 

ryegrass seeds, moistened to 50-60% of soil water holding capacity and placed in a growth 

chamber with controlled conditions of light (16h day/8h night) temperature (24 ºC/16 ºC) and 

humidity (60% day/ 80% night). Soils were periodically irrigated avoiding leaching. Plants were 

grown for a month and then the aerial part of the plant was cut and weighted fresh and dried at 60 

ºC to determine crop yields. 

The effect of the different treatments in soil microbiological quality was evaluated by determining 

microbial biomass carbon (Cmic) content and basal respiration in the soils after ryegrass harvesting. 

 

2.3.1. Results 

Effects on plant  

In the soils fertilized with Nmin the highest ryegrass yields were obtained at the rate of 90 kg N/ha 

(D2), followed by that of the soil treated with 135 kg N/ha (D3) (Figure 5), suggesting that the 

increased dose does not favor ryegrass yield. This could be due to a nutritional imbalance as a 

result of an excess of N. 
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Soils treated with either, compost from goat and sheep manure (R7) or vermicompost from goat 

manure at rate of 180 kg Norg/ha without incorporation of mineral fertilization, showed higher 

yields than soils treated with Nmin at any of the three doses assayed. These yields were similar to 

those obtained with the combined use of OW and Nmin at 50%-50% (90kg Norg/ha+ 90 kg Nmin/ha). 

The fact that the 50%-50% (90kg Norg/ha+ 90 kg Nmin/ha) treatment leads to higher yield than the 

treatment with only 90 kg Nmin/ha,  suggests that the addition of organic fertilizer improves the 

effects on yield of the mineral fertilization.  

The incorporation of 45 kg of Nmin in addition to the OW (180 kg N/ha) decreased ryegrass yield 

for both type of OW (R7 and R20) in comparison with the addition of the OW alone. This could 

be due, as mentioned before, to some type of imbalance among nutrients derived from an excess 

of N.  

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Ryegrass yield in the different treated soils after one month of growing. D1, D2 and 

D3: 45, 90 and 135 kg Nmineral (as ammonium nitrate)/ha. R7: compost from goat and sheep 

manure; R20: vermicompost from goat manure; R21: compost from a mixture of alperujo, goat 

manure, grape debris and olive leaves and pruning residues 

Unlike R7 and R20, yields obtained in the soils treated with the compost obtained from a mixture 

of alperujo, goat manure, grape debris and olive leaves and pruning residues (R21) were very 

similar for all treatments, with the only exception of the combination of 135 kg organic N/ha+ 45 

kg Nmin/ha which led to yields somewhat lower (Figure 5). It must be taken into consideration that 

the plant only has grown for one month, and more time may be necessary to be able to observe 

differences among treatments. 

The different behavior among the OW assayed confirms the fact that the availability of N supply 

with OW depends on the characteristics of the OW since inorganic/organic fraction and quality of 

organic N varies among the type of waste. 

Effects on soil microbiological properties 

The advantage of using OW with respect to inorganic fertilizers, is that they not only supply 

nutrients to the soil but also act as soil improvers, enhancing soil physical, chemical and 

microbiological properties. It is widely accepted that microorganisms are the driving force for 

most of the processes occurring in the soil, being involved in the breakdown of the organic matter 

and in the cycles of nutrients in the soil. Thus, microbiological soil quality is closely related to soil 

fertility. 
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To evaluate the effects of the different treatments carried out for ryegrass crop on soil 

microbiological quality, parameters such as microbial biomass carbon content (Cmic), indicative of 

the size of soil microbial populations, and basal respiration, parameter used as indicator of the 

general microbial metabolic activity, were determined in the soil after ryegrass harvesting. 

As shown in Figure 6, soils treated with inorganic fertilization increased slightly Cmic values with 

respect to the control, which is attributable to the utilization of the provided N by soil 

microorganism as energy source to build their own structures. However, the highest increases in 

the values of microbial biomass carbon were observed in the soils with addition of R7 and R20 

both, at the rate of 180 kg Norg/ha and at this rate but complemented with 45 kg Nmin/ha. As the 

proportion of added OW decreased, values of Cmic also decreased but they remained always higher 

than that of the control soil. 

 

 

 

 

 

 

 

 

 

 

Figure 6. Biomas carbon content in the different treated soils after ryegrass harvest. D1, D2 

and D3: 45, 90 and 135 kg Nmineral (as ammonium nitrate)/ha. R7: compost from goat and 

sheep manure; R20: vermicompost from goat manure; R21: compost from a mixture of 

alperujo, goat manure, grape debris and olive leaves and pruning residues 

 

 

As observed for ryegrass yields, soils treated with R21 behaved differently to soils treated with R7 

or R20. This can again be explained by the different characteristics of these OW. Thus, R7 and 

R20 are organic amendments derived from animal manure and will provide to microorganisms 

more easily than R21 labile substrates. The presence of alperujo and pruning debris in the latter 

waste probably determine the less availability for the microorganisms of the substrates provided 

with this OW, thus rendering a lower stimulation of microbial population growth. 

Values of Cmic reflect the size of soil microbiota, however, this parameter is not an indicator of the 

activity of such microbiota since it includes both, active and dormant microorganisms. To assess 

the influence of the different treatments on the activity of soil microorganisms, soil respiration 

was measured in these soils after ryegrass growth.  

Figure 7 shows the values of basal respiration obtained for these soils. Basal respiration is 

obtained by dividing the CO2 given off from the soil during an incubation period by the duration 

in days of such incubation and is expressed as mg CO2-C/kg soil day. 

It can be observed that all OW increased soil microbial activity at all the proportions assayed, 

whereas the application of inorganic fertilizer increases microbial activity only slightly. OW not 
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only provide substrate available for soil microorganisms but they also improve soil physical 

conditions, increasing soil porosity and water retention potential, thus enhancing soil aeration and 

moisture conditions, which in turn favor microbial activity.   

 

 

 

 

 

 

 

 

 

 

 

Figure 7.  Basal respiration in the different treated soils after ryegrass harvest. D1, D2 and D3: 

45, 90 and 135 kg Nmineral (as ammonium nitrate)/ha. R7: compost from goat and sheep 

manure; R20: vermicompost from goat manure; R21: compost from a mixture of alperujo, goat 

manure, grape debris and olive leaves and pruning residues 

 

 

 

3. Conclusions 

Results from this study have shown that the use of organic wastes in crop cultivation as alternative 

method to the traditional use of inorganic fertilizers can be a desirable strategy to replenish the 

losses of soil organic matter caused by successive and intensive cultivation, thus contributing to a 

sustainable agricultural soil management.  

As it has been shown, the addition of organic wastes to the soil can constitute an important supply 

of N to the soil, but the availability of this N to plant may vary depending, among other factors, of 

the characteristics of the organic amendment. Thus, this N may be in form immediately available 

to plants or need the mineralization of the OW organic fraction to become available. Immediately 

after the incorporation of the OW to the soil, processes of mineralization and immobilization take 

place, which determine the rate of organic N mineralization and consequently its level of 

availability to plants. As it has been also observed, the addition of organic materials increases with 

respect to the addition of inorganic fertilizers, soil microbial biomass and activity. As a result of 

this increase, part of the N provided by the organic amendment can be immobilized, the extent and 

duration of this process depends though on the type of OW, soil moisture, temperature and texture. 

Land application of organic wastes as fertilizers not only provides essential nutrients to plants but 

also improves soil quality and degree of valorization of OW. Improvement of environmental 

conditions and public health as well as the need to reduce costs of fertilizing crops are also 

important reasons for advocating increased use of organic materials. 

The use of OW in ryegrass and barley crops has resulted in similar and even greater yields, in 

some cases, than with the use of mineral N. However, since a great part of the organic nutrients 

contained in the OW needs to be mineralized in order to become available to the plant, it cannot 

be assured that plants will have the necessary nutrients the moment they actually need them. For 
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this reason, at this stage it is believed that for a sustainable crop production the integrated use of 

chemical and organic fertilized should be adopted.  
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