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1. INTRODUCTION 

 

1.1 Copper effect on soil microflora biochemical activities and on soil sustainability 

Over the past century, large efforts have been made in increasing food production to meet human 

needs. Rapidly expanding population and the increasing demand for a higher standard of living, 

included food, have combined to give a pressure on research to find solution to sustain population 

growth and food production without compromising natural resources. What is slowly emerging, 

especially in the industrialised nations, is an awareness of the impact of these food production 

activities on the environment, particularly on natural resources as the soil. The poverty can drive 

ecological deterioration when desperate people overexploit their resource base, sacrificing the future to 

face the present. Environment decline, in turn, perpetuates poverty, as degraded ecosystems offer 

diminishing yields to their poor inhabitants.  

The three basic components of sustainability could be: i) sustainability as long-term food sufficiency, 

which requires agricultural systems that are more ecologically based and that do not destroy their 

natural resource; ii) sustainability as stewardship, that is, agricultural systems that are based on a 

conscious ethic regarding humanity’s relationship to future generations and to other species; and iii) 

sustainability as community, that is, agricultural systems that are equitable.  

The concept of sustainable agriculture seems intuitively sound. But a nagging question remains. If 

sustainability is very self-evident and sensible, why are practices associated with it not readily adopted 

by farmers. Close examination reveals that, despite the logic of sustainable agriculture, there are 

inherent conflicts between agriculture and the other segments of the society, between production and 

conservation, and between short-term and long-term objectives. Sustainable agriculture also requires 

some minimal capital expenditure which the farmers cannot afford. 

Research on sustainable agriculture is frequently directed to provide better solutions to managing the 

resources and also, where possible to be able to predetermine the impact of technologies. 

Consequently, any assessment of sustainability should include a time dimension because the intent is 

to compare a new state with a reference state of the system. Sustainability is thus a dynamic concept 

and also is relative. From this point of view, Lynam and Herdt (1988) defined “a sustainable system as 

one with a non-negative trend in measured output” which also is the non-negative trend in total factor 

productivity of the system. 

  

1.2 Soil quality and fertility 

Soil is a non-renewable (on a human time-scale at least) natural resource (Jenny, 1980). This means 

that we must preserve and, if possible, improve its quality and productive capacity by applying “soil 
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construction” measures such as preventing erosion, improving root development and expansion and 

replacing the nutrients removed by crops and fauna alike. According to Larson and Pierce (1991), the 

soil has three basic roles, acting as: i ) a medium for growing plants since it acts as physical support 

and reservoir of moisture and essential nutrients; ii ) regulator of the flow of water and iii) a system 

endowed with a certain capacity to lessen the harmful effects of contaminants through physical, 

chemical and biological processes. 

It is beyond discussion that soils, particularly those put to agricultural use such the soils of SE of Spain 

and some parts of Italy as well, should be as productive as possible. It is equally certain that such 

activity should be sustainable, and that “soil productivity” and “soil preservation”, should not be 

mutually exclusive concepts, since if the balance between them is not maintained the soil will 

gradually be degraded gradually and lose its fertility. “Production at any price” must not only be 

replaced by “improved production”. Our aim, therefore, must be not only to minimize soil degradation 

but also to adopt crop management techniques which contribute to the maintenance or recovery of soil 

fertility. However, before we can do this, we must first ascertain the soil´s quality in order to 

understand the limits we can set to its use and treatment. Objective parameters must be used to define 

this quality and, once these have been established, the most suitable strategies for soil management can 

be undertaken. 

 

1.3 Heavy metals and soil 

Heavy metals are considered one of the major sources of soil pollution (Huang & Shindo 2000; Karaca 

et al., 2010). Heavy metal pollution of the soil is caused by various metals, especially Cu, Ni, Cd, Zn, 

Cr, and Pb (Effron et al., 2004). Zeng et al., (2007) reported that Pb is one of the most abundant heavy 

metal soil pollutants (Eick et al., 1999). Many authors have reported that heavy metals cause long-term 

hazardous effects on soil ecosystems and negatively influence soil biological processes (Kuperman and 

Carreiro 1997; Speir et al., 1999; Kunito et al. 2001; Effron et al. 2004; Chen et al., 2005; de Mora et 

al., 2005; Shen et al. 2005; D’Ascoli et al., 2006; Lorenz et al., 2006; Malley et al., 2006). For this 

reason, heavy metals need to be monitored and their concentrations in soils regulated. For example, the 

Commission of the European Community (CEC) has established permissible heavy metal limits in 

agricultural soils; for Hg, Pb, and Zn these are 1–1.5, 50–300, and 150–300 mg kg −1 dry soil, 

respectively (CEC 1986). The heavy metal contamination of soils has become a serious environmental 

issue around the world for various reasons, including industrial activities, solid waste disposal, 

fertilizer and sludge application, irrigation with wastewater, and automobile exhausts (Karaca et al., 

2002; Karaca 2004; Khan et al., 2007; Yang et al., 2006). Heavy metals affect many characteristics of 

soils, including their biological properties (Huang & Shindo 2000). Khan et al. (2007) concluded that 
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heavy metals have an inhibitory influence on soil enzyme activities and as well as microbial 

community structure. The strong inhibition of enzyme activity exerted by heavy metals has been well 

documented by many researchers (Speir et al., 1999; Kunito et al., 2001; Effron et al., 2004; Shen et 

al. 2005; Malley et al. 2006; Oliviera and Pampulha 2006; Kahkonen et al., 2008; Kizilkaya, 2008; 

Wang et al., 2008). Soil enzyme activities are considered to be good bioindicators, reflecting natural 

and anthropogenic disturbances, and evaluating soil enzyme activities is one of the cheapest and 

easiest techniques that can be used to evaluate soil pollution (Hinojosa et al., 2004; Khan et al., 2007) . 

Some researchers describe the toxicity of metals to enzymes using the ED 50 value, which is defined 

as the heavy metal concentration at which the enzyme activity is half of its uninhibited level (Huang & 

Shindo, 2000). Soil enzymes are inhibited by heavy metals to different extents depending on the 

characteristics of the soil, such as its clay, silt and organic matter contents and its pH value (Doelman 

& Haanstra, 1986; Geiger et al., 1998; Effron et al., 2004). Yang et al. (2007a, b) reported that the 

reduction in soil microbes and the inhibition of soil enzyme activities caused by metal contamination 

negatively affect soil fertility. 

 

1.4 Copper as plant control chemical 

Copper containing fungicides have been used to protect crops from bacterial diseases sinc about 200 

years. Whilst farmer’s objective is to apply fungicides to the agricultural crop/plant, inevitably a 

proportion of the chemical spray will miss its target. Much of the lost chemical will enter the soil 

surface where it will persist for a period of time and potentially migrate off-site due to leaching and/or 

runoff (Wightwick et al., 2010). 

Organic fungicide compounds persist for varying lengths of time in the environment, which is often 

expressed in terms of their expected half-life (Kookana et al., 1998; Arias-Estevez et al., 2008; 

Katayama et al., 2010). 

The repeated use of copepr-based bactericides and fungicides to control plant diseases has led to long-

term accumulation of copper in the surface of some agricultural soils throughout the world (Mackie et 

al., 2012). Copper is an enzymatic cofactor in several metabolic processes and an essential trace 

element for crop growth at low concentrations (Dewey et al., 2012). However, it is also a common soil 

contaminant, so, copper is known to accumulate within topsoil following sprays (Pietrzak & McPhail, 

2004; Rusjan et al., 2007) and can never be degraded (McBride et al., 1981), its potential to have 

adverse eco-toxicological effects on the environment is large. 

Currently, EC regulation 473/2002 (European Commission, 2002) restricts the annual dose of applied 

Cu to 6 kgCuHa-1, which corresponds to an annual accumulation of about 5 mgCuKg-1 soil in the top 

10 cm assuming no losses (Ruyters et al., 2013). 
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1.5 Cumulative copper in soils and its availability 

Copper can be present in both the solid and liquid phases of soils, and the dynamics of copper in soil 

reactions are explained in Figure 1. 

The majority of copper in soil solution phase is it forms complexes to dissolved organic carbon and a 

small fraction is found as free copper ions (McLaren & Clucas, 2001; Jeyakumar et al., 2010a; 

Jeyakumar et al., 2014). In the solid phase of soil, copper can be associated with various soil 

components that differ in their ability to retain or release Cu: it forms complexes with organic matter, 

adsorbed onto the surfaces of clays, Fe and Mn oxides, present in the lattice of primary silicate 

minerals or secondary minerals like carbonates, phosphates, sulphides, or occluded in amorphous 

materials (Tessier et al., 1979; Alloway, 2005). The bioavailability of the copper in soils depends on 

the chemical properties of those soils that are likely to govern the fractionation of Cu, such us pH, 

redox potential, the content and nature of organic matter, clays and metal oxides and cation exchange 

capacity (McBride, 1981; Oliver et al., 2005; Ponizovsky et al., 2006). 

 

Fig.1 Dynamics of Cu reactions in soil (Adriano, 2001; Kabata-Pendias&Pendias, 2001; 

Loganathan et la., 2008). 

 

Solution phase Cu ions generally have a strong affinity with soil organic matter (Stevenson, 1991). 

Therefore, the organic fraction in the soil can be the most important factor in determining Cu 

bioavailability (del Castilho et al., 1993). Pietrzak and Mcphail (2004) mentioned that the conversion 
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between copper fractions is slow, indicating that Cu can stay active in soils for long periods of time, 

greater than tens of years, and may result in leaching and transport to deeper soil layers. It has also 

been observed that as copper concentrations increase, the fraction bound to organic matter also 

increase (Fernández-Calviño et al., 2008). Copper, being a divalent cation, binds strongly (mostly by 

specific adsorption) to inorganic and organic material in soil, and is known to accumulate in 

agricultural soils (Wightwick et al., 2008; Komarek et al., 2010). 

The fate and behavior of agrochemicals in the environment is influenced by the properties of the 

chemical (e.g. ability to blind to soil, susceptibility to degradation) and environmental factors (e.g. soil 

type, rainfall, topography, agricultural management practices). These environmental factors, in 

particular soil type, are widely varied, thus there are many scenarios where to consider when assessing 

the potential for off-site migration and the persistence of agrochemicals in soil (Wightwick& Allison, 

2007; Arias-Estevez et al., 2008; Komarek et al., 2010). 

However, the extent that a fungicide or a bactericide is bound within the soil is related to their 

bioavailability, defined as “the degree to which chemicals present in soil may be absorbed or 

metabolized by humans or ecological receptors or are available for interaction with biological 

systems” (Harmsen, 2007).  This is a particularly important consideration for Cu as it is generally 

considered that the vast majority of Cu in soil is so tightly bound that it is biologically inert 

(McLaughlin et al., 2000). 

Cooper and other bactericides and fungicides added to the soil partition into three separate pools 

(Figure 2). 

 

 

 

Fig. 2 Diagram illustrating the partitioning of fungicides into the unavailable, available 

andpotentially available pools in soil (adapted from Harmsen, 2007). 

 

The most available pool being the proportion of the fungicide that is soluble in the soil solution whilst 

the unavailable pool is the proportion of fungicide very tightly bound within the soil and not easily 

released. The potential available pool is considered to be reactive (or labile), as biochemical process 
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associated with de decomposition of organic material and other dissolutive processes, can release 

bound fungicide thus making it available (Stevenson & Fitch, 1981; Katayama et al., 2010). 

Copper binds strongly to negatively charged sites on inorganic mineral constituents in soil, with 

specific adsorption (covalent bonding) to iron (Fe), aluminum (Al), and manganese (Mn) oxides, and 

exchanges on layer silicate clays (electrostatic association). Specifically, adsorbed copper is not easily 

released and is considered to be inert and not biologically available (McBride, 1981). 

The environmentally available pool includes Cu which is soluble in the soil solution (as free ions and 

complexed with organic and inorganic ligands) as well as readily exchangeable forms of Cu. The 

potentially available or labile pool of Cu in soils comprised predominately by Cu absorbed to organic 

matter. Organically bound Cu has generally been found to present 20-50% of the total Cu in soil 

(Stevenson & Fitch, 1981; Pietrzak & McPhail, 2004; Strawn & Baker, 2008). 

The availability of Cu in soil is influenced firstly by the total Co concentration, with pH, clay, CEC, 

organic matter being the next most important soil factors (Brun et al., 1998; Sauve et al., 2000; Gray & 

McClaren, 2006; Fernandez-Calvino et al., 2009; Wightwick et al., 2010). 

 

1.6 Environmental toxicology and copper 

The presence and persistence of copper-based fungicides in agricultural soils can cause adverse effects 

to soil organism, such as earthworms and micro-organisms, and the crucial functions these organisms 

are responsible for (e.g. the breakdown of organic matter, facilitating nutrient cycling). Thus, any 

negative impacts caused by fungicide residues can have lasting impacts on the fertility and health of 

agricultural soils. Likewise, fungicide residues, which make their way into surface and ground waters, 

have the potential to cause adverse effects to the structure and functioning of aquatic ecosystems 

(Wightwick et al., 2010). 

 

1.6.1 Ecotoxicological effects to terrestrial organisms  

Considerable ecotoxicological data has been published describing the effects of Cu to soil organisms 

(Baath, 1989; Giller et al., 1998; Markich et al., 2002; Frampton et al., 2006; Jansch et al., 2007; 

IUPAC, 2010; US EPA, 2010). 

The majority of the ecotoxicological data for soil micro-organisms describes adverse effects to the 

microbial biomass and indicators of microbial activity, principally rates of respiration and nitrification 

(Baath, 1989; Giller et al., 1998).  But there is a considerable variation in the reported values both 

toxicity in different soils than measures in microbial activity. Much of the variation in the reported 

ecotoxicological data can be explained by factors which influence the environmental availability of 
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Cu, such us pH, CEC, clay and organic carbon content of the soil (Oorts et al., 2006b; Broos et al., 

2007; Criel et al., 2008). 

In environments where pH is above neutral, copper is immobilized, accumulating over years of use. 

When copper becomes mobile and more available to organisms, it stresses macro fauna (such as 

earthworms), microorganisms and their enzyme activities and, in high amounts, becomes toxic to 

plants, thereby disturbing essential elemental cycles (White, 2009; Hinojosa et al., 2010). 

Heavy metals can modify spatial distribution of microbial abundance and activity by altering soil 

characteristics and reducing microbial biomass (Kandeler et al., 1996), soil microbial communities, 

and soil enzyme activity (Fernández-Calviño et al., 2010), and inhibit soil enzymes activity in different 

extents depending on the characteristics of the soil, such as its clay, silt and organic matter contents 

and its pH value (Doelman and Haastra 1986; Effron et al., 2004; Geiger et al., 1998). 

Soil enzyme participate in all biochemical reactions, material recycling, and energy metabolism in soil, 

and the activity levels of enzymes reflect the direction and strength of the biochemical processes 

(Yang et al., 2006). 

Thus, excessively high accumulation of total Cu in the topsoil, far in excess of the natural background 

metal concentrations normally found in soils, have been observed in soils cultivated with vegetable 

crops receiving long-term application of Cu fungicides (Loland and Sing, 2004; Van Zwieten et al., 

2004). 

The inhibition of soil enzyme activities by heavy metals is a very complex issue, as there are many 

factors that affect this inhibition. These factors can be divided into four main classes: metal factors, 

enzyme factors, soil factors, and plant factors. Metal factors include the heavy metal element in 

question, the concentration of the heavy metal, the chemical form of the heavy metal, the availability 

of the heavy metal, and indirect effects of the heavy metal (Karaca et al., 2010). 

 

Copper in soils can inhibit enzyme activity through many pathways (Dick, 1997; Dussault et el., 

2008): 

 Reducing the production of enzymes through its toxic effect on soil microflora. 

 Combining with the active protein groups of the enzyme. 

 Through complexation of the substrate. 

 Reacting with the enzyme-substrate complex. 

Soil enzyme activity is sensitive to heavy metal contamination; thus, it is widely used as a biological 

indicator of soil health and in estimating the adverse effects of various pollutants on soil quality (Chen 

et al., 2005; Gao et al., 2010).  
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Field knowledge regarding copper impacts specifically on soil microorganism is limited (Dell’Amico 

et al., 2008; Wang et al., 2009; Brand et al., 2010; Fernandez-Calviño et al., 2010).  

Several studies have been performed in soils contaminated artificially under laboratory conditions, 

with single and extreme doses of Cu. In these cases, the results have shown that enzymes are highly 

sensitive to Cu (Chaperon and Sauvé, 2007).  

1.6.2 Ecotoxicological effects on aquatic organisms 

The effect of Cu on aquatic organisms has been very widely studied, and a large amount of 

ecotoxicological data is available, most of which relates to fish and invertebrates (Markich et al., 

2002). Copper is considered highly toxic to aquatic invertebrates. 

 

1.7 Monitoring of the environmental impact of copper on soil microflora 

In order to assess the impact on soil bacterial communities by heavy metals contamination, included 

copper, several direct and indirect strategies are available. Very important for having a picture of the 

soil bacterial communities is the approach based on the analysis of the different enzyme activities 

occurring in soil. Enzymes are proteins which have a main role in soil functionality. They are implied 

in the main cycles of elements such as C, N, P and S. A lot of processes in soil are carried out by 

enzymes (degradation of organic wastes, oxidation of organic matter, etc). Soil enzymes can be 

bioindicators of the potential of a soil to carry out specific biochemical reaction in order to maintain 

soil fertility. It is important to emphasise that the true interest that microorganisms hold as regards their 

relation with soil quality or processes of degradation, or recovery there from, does not concern their 

type or specific functions, but, rather, in estimating the microbial activity occurring in the environment 

under study. For this, biochemical type parameters may constitute an excellent starting point. The 

basic importance of enzyme activity in soil lies in the fact that ecosystem functioning cannot be totally 

understood without the participation of enzymatic processes, since enzymes determine the rate of most 

chemical transformations that take place in the soil. They also provide information on the potential 

capacity of the soil to carry out specific reactions, which are important in nutrient cycles.  

Enzyme activities related to the cycle of elements (carbon, nitrogen, phosphorus or sulphur) are of 

paramount in soil quality. Among these enzymes we propose: phosphatases, ureases, proteases and 

different enzymes related to C-cycling such as glucosidases, celluloses and poly-phenoloxidases. 

Indicators of the size of microbial community (microbial biomass carbon) or its activity (basal 

respiration, ATP and dehydrogenase activity) will give an accurate idea of the impact of the addition 

of these wastes on the microbial activity and abundance in desertified soils. A general assessment on 

the changes on functional and structural microbial community will be assayed by several techniques. 

Enzymes catalyze all biochemical reactions and are an integral part of nutrient cycling in the soil. In 
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general, they are associated with viable proliferating cells, but enzymes can be excreted from a living 

cell or be released into soil solution from dead cells. Once extracellular enzymes have left the shelter 

of the cell, they are exposed to an inhospitable environment in that non-biological denaturalization, 

adsorption, inactivation, and degradation by proteolytic microorganisms all conspire to take their 

damage of enzymes unless they survive by new protection of the mineral and/or humic association, 

which is resistant to proteolysis than the free enzymes. Generally, those immobilized enzymes in 

mineral and/or organic colloid change in their status, properties and natures, (such as kinetics, stability 

and mobility of enzymes), since they are associated physically and chemically to other surrounding 

chemical compounds. 

In the last years there has been an increase in molecular-based methods. One of the most adopted in 

soil microbiology is the Phospholipid Fatty Acids (PFLAs) profiling, which represents changes 

occurring in the soil microbial community structure by their PFLAs signatures. This approach is often 

combined with other DNA-based fingerprinting techniques, such as Denaturing Gradient Gel 

Electrophoresis (DGGE) of polymerase chain reaction (PCR) amplicons of 16S rDNA sequence of 

bacteria in soil, and more recently also High Resolution Melting Analysis (HRMA), which is a very 

informative and cutting edge PCR-based method. In HRMA, when present saturating concentrations of 

DNA binding dyes (i.e. Syber Green), the specific sequence of the amplicon determines the melting 

behavior as the temperature of the solution is increased. Fluorescence intensity decreases as the double 

stranded DNA becomes single stranded and the dye is released. 

 

 

 

Fig. 3 Overview of the steps in 16S rRNA gene HRM analysis. Amplification and quantification 

of the 16S rRNA gene (A), melting of the PCR product in 0.1°C increments (B), normalization of 

the melt curves (C), conversion into difference curves in relation to control sample (black curve) 

(D). 

 



 
LIFE12 ENV/IT/336 AFTER CU Deliverable Action C1  

                                                                                               12 

The melting temperature (Tm) at which 50% of the DNA is in the double stranded state can be 

approximated by taking the derivative of the melting curve. The distinctive melting curve can have 

used to detect DNA sequence variations in the amplicon without the need for any post-PCR 

processing. The method is easy to use, highly sensitive, specific, low cost and yields rapid sample turn-

around, in the identification of the different composition of soil bacterial communities (De Leeneer et 

al., 2008; Kramer et al., 2009; Whitehall et al., 2009). Furthermore, HRMA is a non-destructive 

method.  

Therefore, subsequent analysis of the sample by other techniques, such as gel-electrophoresis or DNA 

sequencing, can still be performed after HRMA analysis. These characteristics make HRMA ideal for 

use in routine settings. Due to its numerous advantages, HRMA has been widely applied in diagnostic 

laboratories for screening for bacterial biodiversity. 
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2. DELIVERABLE ACTION C1 

 

2.1 Experimental design and methods 

In this project, one of the most important objectives was to demonstrate the environmentally impact of 

copper compounds used in plant protection on soil microbiological communities, by examining how 

copper affects soil microbiological activities and composition, and at which extent copper causes the 

emergence and the spread of copper- and antibiotic-resistant bacteria. The demonstration activities 

started with investigations concerning how copper pollution can influence the physical-chemical 

features of the studied soil.   

These demonstration activities were carried out on sample (microcosms) prepared at CEBAS using 

bulked samples of soils, then further treated with copper to simulate what occurring in nature. Two 

copper sulphate concentrations were used and added to the soil samples, both of them introduced in a 

single application:  i) an equivalent quantity of Cu which could be incorporated to the soil in 1 year, 

that is 6 kg Cu+/ha/year (2mg Cu/ Kg) according to the EU Regulation on Organic Production and 

Labeling of Organics Products (European Comission, 2007); ii) a double Cu quantity (12 kg 

Cu+/ha/year = 4 mgCu/Kg). 

 

REF Treatment Container 

Control Soil Soil without copper treatment 
 

D1 Copper dose 6 kg/Ha/year no punch container 

D1_P Copper dose 6 kg/Ha/year Punch container (to leach) 

D2 COPPER DOSE 12 Kg/Ha/year no punch container 

D2_P COPPER DOSE 12 Kg/Ha/year Punch container (to leach) 
 

Tab. 1 Samples reference, treatment and type of container 

 

Several containers, each one with one hundred g of soil were treated as show in Table 1, and placed in 

a growth chamber. The experiment has been realized during 60 days, and samplings were established 

at initial point (0 days) and 15, 30 and 60 days. In our experiment, the possible leaching of CuSO4 (the 

Cu was placed as a salt) has been considered; containers which some holes were also sited in order to 

permit leaching. 

Each treatment was replicated three times and placed in a random design into the growth chamber set 

at 16 h photoperiod with a day/night temperature regime of 24/15ºC (Figure 4 and 5). 

For the microcosm experiment a sandy loam soil was used. This soil (fine sand 65,2%, clay 16,1% and 

silt 18,7 %) was characterised by a low organic matter (0.7g/100g) and nutrient content (total N: 0.52 
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g/100gsoil, total P: 0.03 g/100g soil and total K: 0.49g/100 g soil).  The soil had a pH (H2O) of 8.27 

and an electrical conductivity of 696,3 µS cm1 (Table 2).  

 

 

 
Fig. 4 Microcosm Punch containers in growth chamber. 

 

 

 
 

Fig. 5 Microcosm no punch containers in growth chamber. 
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Tab. 2 Physical-chemical characteristics of the soil used 

 

The data obtained were submitted to one-way ANOVA in order to determine pair-wise difference by 

post-hoc test (Tuckey’s method). The software used for the statistical analysis was SPSS 15.0. 

 

 

Soil Dry weigth 

pH 8.27 

Electrical conductivity, µS/cm 696.3 

Humidity, % 9.14 

Total carbon,  g/100g 7.25 

Total nitrogen, g/100g 0.052 

C org, g/100g 0.40 

Total P,  g/100g 0.03 

Total K,  g/100g 0.49 

Ca,  g/100g 16.74 

Mg,  g/100g 0.72 

Na,  g/100g 0.09 

Al,   g/100g 0.053 

Fe,  g/100g 1.52 

Mn, mg/kg 314.93 

B,  g/100g 13.92 

Metals  

Cd  mg/kg 0.18 

Cu  mg/kg 8.67 

Cr mg/kg 22.32 

Ni  mg/kg 11.28 

Pb  mg/kg 10.01 

Zn  mg/kg 22.96 

Soluble  elements, mg/l  

Al 0.34 

B 0.76 

Ca 100.3 

Cu <0.01 

Fe 0.06 

K 35.27 

Mg 23.90 

Mn 1.60 

Na 436.35 

P <0.01 

S 1148.45 

Zn <0.01 
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2.2 Results 

 

2.2.1 Soil physic-chemical and physical properties 

2.2.1.1 pH  

Soil pH is a measure of the alkalinity or acidity of the soil. The pH scale ranges from zero to 14.  A pH 

value of 7 is neutral. Values below 7 are defined as acidic and those above are alkaline. The soil pH 

can influence the availability of nutrients to plants and potential toxicity of aluminium and hydrogen. 

In most soil tests, the pH of the soil is measured in water (pH water) or calcium chloride (pH CaCl2). 

Soil pH CaCl2 values are usually between 0.5 to 1.1 units lower than pH (water). The pH (water) value 

readily reflects current soil conditions, but is subject to seasonal variations. Soil pH affects the 

availability of nutrients to plants, therefore it can be used to determine the production potential of the 

soil.  Low pH levels prohibit plant growth. The soil pH which ranged from 7,47-7,99 is basic, above 

neutral pH for all the copper treatments and the control soil.  These results are presented in Table 3.  

 

pH T0 T15 T30 T60 

D1 7,63 7,87 7,81 7,80 

D1 P 7,68 7,93 7,85 7,80 

D2 7,67 7,96 7,83 7,77 

D2 P 7,63 7,94 7,87 7,74 

Control 7,47 7,99 7,87 7,95 

 

Tab. 3 Soil pH values registered during the experiment 

 

 

2.2.1.2 Copper into the soil 

In our experiment we measured the quantities of Cu in the soil with the time (0, 15 and 60 days). As 

shown in Table 4, the total Cu concentration in the reference soil was 11,5 mg k-1 while the average 

concentration of soil Cu was (2-4) mg/kg higher in D1 and D2 spiked soil, respectively, since these are 

the amounts incorporated to control soil. 

This experiment demonstrated that the Cu was increased lightly in soils when they were treated with 

CuSO4. We indicate that this Cu quantity should be found in soils after 1 year of using the CuSO4, but 

it could be increased with the time because Cu pollution is an accumulative phenomenon into the agro-

soils. 
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Total Cu (mg/kg) 0 days 15 days 60 days 

 

Dose 6 kg/ha (D1) 

Dose 6 kg/ha (D1) + leaching 

Dose 12 kg/ha (D2) 

Dos 12kg/ha (D2) + leaching 

Control 

 

13,1 

13,0 

14,0 

14,6 

11,5 

 

12,5 

12,8 

14,5 

13,8 

11,6 

 

12,2 

12,7 

14,3 

14,0 

11,5 
 

Tab. 4 Quantity of Cu measured in the soil during experiment. 

 

2.2.1.3 Total N in the soil 

In our experiments we demonstrate that the more important nutrient for plants (N) showed some 

variations during experiment, although in they can be considered as “normal”. The Cu addition did not 

cause any problem for this nutrient. The values are showed in Table 5 and they can vary between 0,12 

and 0,38 g/100g soil. 

 

N total (g/100g) T0 T15 T30 T60 

D1 0,15 0,31 0,25 0,38 

D1 P 0,12 0,30 0,24 0,24 

D2 0,20 0,15 0,20 0,23 

D2 P 0,15 0,21 0,22 0,23 

Control 0,13 0,28 0,14 0,17 

 

Tab. 5 Total nitrogen determined in the soil during experiment 

 

2.2.1.4 Essential Nutrients   

There are 15 essential elements that plants must have in order to grow properly.  

Nutrient elements obtained from atmosphere through photosynthesis  

 Hydrogen 

 Carbon 

 Oxygen 

Nutrient elements obtained from the soil are:  

 Nitrogen 

 Phosphorus 

 Potassium 
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 Sulfur 

 Magnesium 

 Calcium 

 Iron 

 Boron 

 Manganese 

 Zinc 

 Molybdenum 

 Copper 

 

Out of the 15 essential elements that come from the soil, we dealt with only those 12 that are generally 

managed by the growers. These 12 elements are ‘mineral nutrients’ and are obtained from the soil. The 

primary nutrients are nitrogen, phosphorus and potassium. We know that these three nutrients are 

required in larger quantities than other nutrients. These three elements form the basis of the N-P-K 

label on commercial fertilizer bags. As a result, the management of these nutrients is very important. 

However, the primary nutrients are no more important than the other essential elements since all 

essential elements are required for plant growth.  

In our experiments we determined all macro and microelements (Tables 6 and 7) at 0, 15, 30 and 60 

days. A priori we thought that Cu addition as CuSO4 should not influence on these elements. Some 

variations in these elements can be observed but it is due to the analytical method variability, and the 

sampling. 
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T15 
Al 

(g/100g) 
As 

(mg/Kg) 
Be 

(mg/Kg) 
Bi 

(mg/Kg) 
B 

(mg/Kg) 
Ca 

(g/100g) 
Cd 

(mg/Kg) 
Co 

(mg/Kg) 
Cr 

(mg/Kg) 
Cu 

(mg/Kg) 
Fe 

(mg/Kg) 
K 

(g/100g) 
Li 

(mg/Kg) 
Mg 

(g/100g) 
Mn 

(mg/Kg) 
Mo 

(mg/Kg) 
Na 

(g/100g) 
Ni 

(mg/Kg) 
Pb 
(mg/Kg) 

P 
(g/100g) 

Sb 
(mg/Kg) 

Se 
(mg/Kg) 

S 
(g/100g) 

Sr 
(mg/Kg) 

Ti 
(mg/Kg) 

Tl 
(mg/Kg) 

V 
(mg/Kg) 

Zn 
(mg/Kg) 

D1 1,89 0,59 0,59 20,24 21,93 16,38 0,15 <0,5 26,56 12,46 13155 0,99 17,71 1,10 364,9 0,54 0,12 14,70 13,85 0,08 <0,5 0,95 0,46 457,21 156,15 74,06 27,65 40,50 

D1_P 1,94 <0,1 0,63 21,41 23,51 16,34 0,14 <0,5 28,40 12,82 13865 1,04 18,45 1,06 380,1 0,57 0,13 15,77 15,05 0,08 <0,5 0,98 0,49 484,44 166,11 76,00 29,22 43,01 

D2 1,90 0,81 0,64 20,75 22,16 15,98 0,13 <0,5 27,56 14,54 13509 1,00 18,32 1,05 364,7 0,53 0,13 14,85 13,84 0,07 <0,5 1,10 0,48 471,61 156,12 72,72 28,67 56,39 

D2_P 1,87 0,42 0,65 21,05 21,44 17,12 0,13 <0,5 26,72 13,86 13078 0,87 18,36 1,02 353,1 0,52 0,12 14,75 14,08 0,07 <0,5 0,77 0,44 467,91 159,74 73,23 27,88 38,32 

CONTROL 1,66 0,55 0,67 17,95 23,70 15,01 0,13 <0,5 25,03 11,78 11551 0,82 16,72 1,49 319,1 0,58 0,10 12,77 15,04 0,08 <0,5 0,75 0,37 439,85 148,66 78,37 25,73 40,07 

 

Tab. 6a Macro and micronutrients determined in the soil during the experiment at T0-T15 days. 

T0 
Al 

(g/100) 
As 

(mg/Kg) 
Be 

(mg/Kg) 
Bi 

(mg/Kg) 
B 

(mg/Kg) 
Ca 

(g/100g) 
Cd 

(mg/Kg) 
Co 

(mg/Kg) 
Cr 

(mg/Kg) 
Cu 

(mg/Kg) 
Fe 

(mg/Kg) 
K 

(g/100g) 
Li 

(mg/Kg) 
Mg 

(g/100g) 
Mn 

(mg/Kg) 
Mo 

(mg/Kg) 
Na 

(g/100g) 
Ni 

(mg/Kg) 
Pb 
(mg/Kg) 

P 
(g/100g) 

Sb 
(mg/Kg) 

Se 
(mg/Kg) 

S 
(g/100g) 

Sr 
(mg/Kg) 

Ti 
(mg/Kg) 

Tl 
(mg/Kg) 

V 
(mg/Kg) 

Zn 
(mg/Kg) 

D1 2,55 0,56 0,88 17,86 23,21 17,77 0,27 <0,5 31,84 13,05 17973 0,93 21,66 1,30 395,6 0,84 0,13 17,19 14,74 0,08 <0,5 1,51 0,39 537,78 172,57 60,50 33,65 36,34 

D1_P 2,44 0,71 0,77 18,10 22,51 19,34 0,23 <0,5 30,58 14,56 17583 0,88 21,73 1,22 391,6 0,71 0,12 16,60 14,16 0,06 <0,5 1,21 0,39 665,89 167,70 60,52 32,87 35,11 

D2 2,53 0,36 0,77 17,91 23,97 17,58 0,23 <0,5 28,57 14,06 15646 0,85 20,60 1,14 384,6 0,70 0,12 16,33 13,94 0,05 <0,5 1,23 0,37 521,28 130,47 56,78 30,09 36,39 

D2_P 2,18 1,03 0,72 16,96 22,02 20,05 0,22 <0,5 28,57 14,56 15646 0,85 20,60 1,14 384,6 0,70 0,12 16,33 13,94 0,05 <0,5 1,23 0,37 521,28 130,47 56,78 30,09 36,39 

CONTROL 2,29 0,54 0,73 17,22 22,69 19,73 0,22 <0,5 30,11 11,69 15843 0,93 21,18 1,40 404,2 0,76 0,13 16,52 14,37 0,06 <0,5 1,26 0,42 538,62 170,74 63,65 32,16 37,81 
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T30 
 

Al 
(g/100

g) 

As 
(mg/K

g) 

Be 
(mg/Kg

) 

Bi 
(mg/Kg) 

B 
(mg/Kg) 

Ca 
(g/100g) 

Cd 
(mg/Kg) 

Co 
(mg/Kg) 

Cr 
(mg/Kg) 

Cu 
(mg/Kg) 

Fe 
(mg/Kg) 

K 
(g/100g) 

Li 
(mg/Kg) 

Mg 
(g/100g) 

Mn 
(mg/Kg) 

Mo 
(mg/Kg) 

Na 
(g/100g) 

Ni 
(mg/Kg) 

Pb 
(mg/Kg) 

P 
(g/100g) 

Sb 
(mg/Kg) 

Se 
(mg/Kg) 

S 
(g/100g) 

Sr 
(mg/Kg) 

Ti 
(mg/Kg) 

Tl 
(mg/Kg) 

V 
(mg/Kg) 

Zn 
(mg/Kg) 

D1 2,22 1,22 1,13 11,24 24,19 19,62 0,32 <0,5 29,24 21,00 16252 1,23 23,75 1,21 383,4 1,04 0,16 16,53 15,06 0,09 1,73 0,92 0,57 570,06 153,01 51,26 30,91 43,28 

D1_P 2,24 0,45 1,01 11,38 24,58 18,79 0,24 <0,5 29,70 21,20 15793 1,06 23,86 1,20 391,4 0,77 0,14 16,85 15,33 0,09 0,72 0,81 0,51 561,93 166,21 50,77 32,34 44,48 

D2 2,32 0,98 1,02 11,91 24,10 19,04 0,24 <0,5 30,51 22,39 15725 1,18 24,36 1,21 389,8 0,84 0,15 16,66 15,65 0,08 0,86 1,07 0,52 564,32 174,85 52,36 33,18 41,95 

D2_P 2,13 0,25 0,92 11,60 22,63 19,04 0,23 <0,5 28,14 22,51 14804 1,15 22,83 1,27 392,0 0,75 0,15 15,41 14,67 0,08 0,98 1,10 0,54 561,82 165,56 52,06 30,69 39,90 

CONTROL 2,05 0,62 0,94 11,87 21,07 19,49 0,22 <0,5 26,88 17,65 14838 0,96 23,02 1,60 385,1 0,66 0,13 15,46 13,83 0,07 0,84 0,89 0,42 558,31 131,29 57,58 28,20 39,24 

 

 

 

 

T60 Al 
(g/1
00g) 

As 
(mg/K

g) 

Be 
(mg/K

g) 

Bi 
(mg/K

g) 

B 
(mg/K

g) 

Ca 
(g/100

g) 

Cd 
(mg/K

g) 

Co 
(mg/K

g) 

Cr 
(mg/K

g) 

Cu 
(mg/K

g) 

Fe 
(mg/K

g) 

K 
(g/100

g) 

Li 
(mg/K

g) 

Mg 
(g/100

g) 

Mn 
(mg/K

g) 

Mo 
(mg/K

g) 

Na 
(g/100

g) 

Ni 
(mg/K

g) 

Pb 
(mg/K
g) 

P 
(g/100
g) 

Sb 
(mg/K
g) 

Se 
(mg/K
g) 

S 
(g/100
g) 

Sr 
(mg/K
g) 

Ti 
(mg/K
g) 

Tl 
(mg/K
g) 

V 
(mg/K
g) 

Zn 
(mg/K
g) 

D1 2,09 0,47 1,08 8,52 20,45 15,05 0,27 
<0,5 

24,99 16,05 
13065,8

9 0,99 21,63 0,92 341,61 0,55 0,11 13,91 11,65 0,07 
<0,5 

0,71 0,43 
459,9

9 
106,7

8 40,64 24,70 33,67 

D1_P 
2,12 0,52 0,96 9,53 19,79 15,41 0,22 

<0,5 
24,98 16,21 

13263,3
1 0,99 21,67 0,97 345,41 0,44 0,12 13,79 11,71 0,07 

<0,5 
0,85 0,44 

466,1
7 

117,2
9 43,02 24,86 35,32 

D2 
2,02 0,51 0,88 8,05 18,05 14,00 0,19 

<0,5 
23,37 15,97 

12082,2
0 0,94 19,73 0,91 314,95 0,33 0,11 12,83 11,03 0,06 

<0,5 
0,57 0,45 

416,4
0 

118,0
6 39,72 23,68 31,05 

D2_P 
2,20 0,53 0,99 8,34 19,86 14,39 0,22 

<0,5 
26,35 17,44 

13208,5
4 0,96 22,08 1,00 349,31 0,39 0,11 14,05 11,99 0,07 

<0,5 
0,64 0,43 

459,2
7 

144,8
0 43,86 26,46 35,45 

CONTROL 
2,36 0,26 0,96 8,78 19,96 14,88 0,22 

<0,5 
24,68 15,32 13141 0,99 21,29 0,95 343,4 0,41 0,11 13,85 11,69 0,07 

<0,5 
0,94 0,44 

459,0
7 

115,7
0 41,67 24,72 34,40 

 

Tab. 6b Macro and micronutrients determined in the soil during the experiment at T30-T60 days. 



 
LIFE12 ENV/IT/336 AFTER CU Deliverable Action C1  

                                                                                               21 

2.2.1.5 Soil organic matter and organic carbon 

Soil organic matter (SOM) plays an important role in soil structure, and thus it is involved in many of 

the reactions that take place in sediments and natural water, such as erosion resistance, water 

penetration, root development, etc (IPCC 2001). Also, it is the storage sphere for the major nutrients, 

such as nitrogen, sulfur, and phosphorus, and micro-nutrients. From agronomic point of view, 

enhancing the SOC pool to the level of optimal range improves crop and pasture yields through several 

process (Lal 2010): i) increasing available water capacity, ii) improving plants’ nutrients supplies, iii) 

restoring the soil structure, iiii) minimizing risk of soil erosion.  

SOM constitutes the largest pool of organic carbon on the Earth’s surface with an estimated 2100 Pg 

(1 Petagram 1015 g ca), 3 times larger than the amount of stored in above-ground vegetation (Jimenez 

et al., 2011). The carbon of SOM is mainly composed of 10 to 20% carbohydrates, primarily of 

microbial origin; 20% nitrogen-containing constitutes, such as amino sugars; 10 to 20 % aliphatic fatty 

acids; with the rest of the carbon being aromatic. The framework of carbon levels is determined by the 

balance between organic matter inputs, primarily as plant residues, root, and root exudates, and organic 

matter losses due to decomposition, erosion, and leaching (Six et al., 2006). 

Generally, SOM is lost when soils are first placed under cultivation, and a renew equilibrium is 

reached that is characteristic of cultural practices and soil type. For most soils, organic matter can only 

be maintained at high levels by inclusion of a sod crop in the rotation, by no-tillage practices, or by 

frequent addition of large quantities of organic residues (e.g., animal manure). The quantity of SOM is 

mainly determined by the balance between primary productivity and decomposition rate. In general, 

the presence of clay and silt increases SOM content for a particular set of environmental interactions, 

and the presence of minerals such as those in certain volcanic soils also produces great retention of 

SOM.  

 

2.2.1.6 Total organic carbon 

Total organic carbon (TOC) is an important parameter to obtain the overall picture of soil microbial 

activity. However, we think that the biological and biochemical parameters (which also will be 

measured in this study) are more sensible, fast, and simple to “diagnose” the soil quality, so that it can 

be obtained more effective information than other traditional indicator such as TOC. Organic carbon is 

a measure of the organic matter present in soil. Organic matter results from partly decayed plant and 

animal residues in various degrees of decomposition. Soil organic matter assists in maintaining soil 

structure and the supply and retention of nutrients, air and water. If a soil is low in organic matter, the 

soil test will result in a low organic carbon level. Our results for total carbon and total organic carbon 

(Table 7 and 8) indicate that with the Cu concentration used in this experiment, no changes in these 
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parameters were observed. In our samples, total C (7-8 g/100g) is higher than total organic carbon 1-3 

g/kg); it is due to the mineral content (clay) in this soil (carbonates).  

 

C total (g/100g) T0 T15 T30 T60 

D1 7,87 9,61 8,78 9,76 

D1 P 7,49 9,08 8,41 8,03 

D2 8,37 7,85 8,10 7,89 

D2 P 7,81 8,30 8,36 8,22 

Control 7,59 8,92 8,05 7,57 

 

Tab. 7 Total carbon (g/100g) determined in the soil during experiment. 

 

 

 

 

 

 

Tab. 8 Total organic carbon (g/100g) determined in the soil during experiment. 

 

2.2.2 Soil enzymes activities vs soil pollution from copper 

2.2.2.1 Urease 

Urease catalyses the hydrolysis of urea or ureic-type substrate to give carbon dioxide and ammonia as 

reaction products. This term includes all those hydrolases capable of acting on the C-N (non-peptide) 

bonds of linear amides. They are extracellular enzymes. Ge and Zhang (2011) showed that urease 

activity was up for times higher in low Cu (150-300 mg CuT kg-1) areas when compared to high Cu 

(>700 mg CuTkg-1). In apple orchards soils with copper concentrations ranged from 12.5 to 141 mg 

Kg-1, urease activity in the soils varied from 120 to 160 µg NH4g
-1 soil d-1. In the soils samples 

corresponding to reference and 5 years old urease activity was similar Wang et al. (2009). In our study 

(Table 9 and Figure 6), urease activity was higher in control sample than samples treated with copper 

in T0-T15. Maybe Cu has a negative effect of the microbial population implied in the urease synthesis 

Corg  total (g/100g) T0 T15 T30 T60 

D1 1,28 2,58 2,29 2,49 

D1 P 1,12 1,90 2,12 2,07 

D2 1,37 1,81 1,93 2,41 

D2 P 1,43 1,92 2,74 2,05 

Control 1,31 2,10 1,93 1,25 
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at initial time. No negative effect was observed at time 30 and 60 days, and not differences were 

appreciated with different doses and with leaching treatment. 

 

 
T0 T15 T30 T60 

D1_1 0,157 0,430 0,335 0,444 

D1_2 0,164 0,437 0,389 0,478 

D1_3 0,161 0,383 0,362 0,461 

D1P_1 0,143 0,465 0,225 0,471 

D1P_2 0,157 0,424 0,314 0,444 

D1P_3 0,184 0,437 0,287 0,389 

D2_1 0,102 0,335 0,348 0,348 

D2_2 0,171 0,410 0,301 0,338 

D2_3 0,137 0,663 0,324 0,328 

D2P_1 0,150 0,369 0,369 0,314 

D2P_2 0,178 0,492 0,314 0,376 

D2P_3 0,178 0,335 0,342 0,345 

CONTROL_1 0,212 0,615 0,314 0,355 

CONTROL_2 0,212 0,587 0,342 0,314 

CONTROL_3 0,212 0,601 0,328 0,335 

 

Tab. 9 Urease activity determined during experiment. Three replicates for each sample were 

analyzed and submitted to one way Anova analysis. 
 

 

Fig. 6 Changes in Urease activity (µmoles N-NH4/ g dry soil h) in Control, D1, D1P, D2 and D2P 

treatments after 60 days of incubation in growth chamber. Same letter in each figure indicate no 

significantly differences between letters (Tuckey’s method). 

 

2.2.2.2 Β-Glucosidase  

This is a hydrolase which is part of the C-cycle, acting especially in the hydrolysis of the β-glucoside 

bonds of long carbohydrate chains. The hydrolysis of these substrates plays an important role in the 
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attainment of energy from the soil by microorganisms (Eivazi and Zakaira, 1993). The results obtained 

are reported in Table 10 and Figure 7. It is possible to observe the same pattern regard to control 

sample than urease (Figure 6). 

  T0 T15 T30 T60 

D1_1 1,890 0,772 0,621 0,430 

D1_2 1,692 0,761 0,698 0,444 

D1_3 2,000 0,862 0,654 0,478 

D1P_1 1,456 0,788 0,547 0,471 

D1P_2 1,489 0,613 0,511 0,444 

D1P_3 1,621 0,700 0,530 0,389 

D2_1 1,588 0,643 0,440 0,348 

D2_2 1,357 0,692 0,407 0,328 

D2_3 1,577 0,695 0,426 0,338 

D2P_1 1,742 0,689 0,519 0,314 

D2P_2 1,785 0,486 0,538 0,376 

D2P_3 1,571 0,590 0,530 0,345 

CONTROL_1 2,192 0,827 0,571 0,355 

CONTROL_2 2,390 0,956 0,519 0,314 

CONTROL_3 2,225 0,850 0,550 0,335 
 

Tab. 10 B-glucosidase activity determined during experiment. Three replicates for each sample 

were analyzed and submitted to one way Anova analysis. 

 

 

Fig 7. Changes in β-glucosidase activity (µmol PNF/g dry soil h) in Control, D1, D1P, D2 and 

D2P treatments after 60 days of incubation in growth chamber. Same letter in each figure 

indicate no significantly differences between letters (Tuckey’s method). 

 

2.2.2.3 Phosphatase activity 

The agronomic and biotechnological importance of phosphatase is that it activates the transformation 

of organic P into inorganic P, thus making it available to plants. Phosphatases are inhibited by 

c

c

b
a

b

bc
c

a

a

abc
b b

a

ab

a a

ab

a b
a

0,00

0,50

1,00

1,50

2,00

2,50

T0 T15 T30 T60

µ
m

ol
 P

N
F

/ g
h

β_Glucosidase

Control D1 D1 P D2 D2 P



 
LIFE12 ENV/IT/336 AFTER CU Deliverable Action C1  

                                                                                               25 

inorganic P, the final product of their enzymatic reaction. This is due to a feed-back inhibition; so, 

phosphatases are synthesized only when available P is deficient (Nannipieri et al., 1979). Phosphatase 

activity was higher in control sample than the treated samples with copper in T0-T15, being drastically 

reduced at the end of the incubation period (T60) (Table 11, Figure 8). Wang et al. (2008) and 

Fernández-Calviño (2010), have identified phosphatase as having specific sensitivity to Cu (150-200 

mg Cut kg-1) and Mackie et al. (2013) at lower Cu threshold (43-142 mg Cut kg-1). We have identified 

difference in phosphatase activity even lower Cut concentrations, as in our assay (11-22 mg Cut kg-1). 

 

 
T0 T15 T30 T60 

D1_1 1,510 6,306 0,621 0,442 

D1_2 1,718 5,367 0,698 0,508 

D1_3 1,448 5,837 0,654 0,480 

D1P_1 2,315 6,888 0,547 0,429 

D1P_2 1,900 5,185 0,511 0,321 

D1P_3 2,107 5,009 0,530 0,370 

D2_1 1,869 5,403 0,440 0,481 

D2_2 1,941 4,869 0,407 0,467 

D2_3 1,905 5,136 0,426 0,357 

D2P_1 1,983 2,024 0,519 0,352 

D2P_2 1,645 3,690 0,538 0,402 

D2P_3 1,814 2,857 0,530 0,380 

CONTROL_1 2,559 8,055 0,472 0,261 

CONTROL_2 2,590 7,178 0,571 0,266 

CONTROL_3 2,829 7,817 0,519 0,283 
 

Tab. 11 Phosphatase activity determined during experiment. Three replicates for each sample were 

analyzed and submitted to one way Anova analysis. 

 

Fig 8. Changes in Phosphatase activity (µmol PNF/g dry soil h) in Control, D1, D1P, D2 and D2P 

treatments after 60 days of incubation in growth chamber. Same letter in each figure indicate no 

significantly differences between letters (Tuckey’s method). 
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2.2.2.4 Dehydrogenase activity 

The biological oxidation of organic compounds occurs by means of dehydrogenation processes, in 

which intracellular enzymes called dehydrogenases take part. The dehydrogenation activity in soils is 

determined by different dehydrogenase systems, which are characterized by their high substrate 

specificity. All these systems are an integral part of the microorganisms; indeed, dehydrogenase 

activity has been proposed as an indicator of soil microbiological activity and biomass (García et al., 

1997b). At the beginning of the experiment (T0), dehydrogenase activity was higher in control soil 

than treated soil samples which no showed significantly differences between them (Table 12 and 

Figure 9).  

  T0 T15 T30 T60 

D1_1 0,889 2,752 2,752 2,357 

D1_2 0,782 3,063 3,063 2,333 

D1_3 0,806 2,907 2,907 2,345 

D1P_1 0,912 2,417 2,417 2,883 

D1P_2 0,943 2,764 2,764 2,835 

D1P_3 0,930 2,393 2,393 2,644 

D2_1 0,912 2,572 2,572 2,572 

D2_2 0,900 2,285 2,285 2,476 

D2_3 0,924 2,345 2,345 2,273 

D2P_1 0,865 1,388 1,388 2,249 

D2P_2 0,936 1,795 1,795 2,177 

D2P_3 0,900 1,591 1,591 2,213 

CONTROL_1 0,960 3,051 3,051 1,950 

CONTROL_2 1,114 2,608 2,608 1,974 

CONTROL_3 1,066 2,829 2,829 2,022 

Tab. 12 Dehydrogenase activity determined during experiment. Three replicates for each sample 

were analyzed and submitted to one way Anova analysis. 

 

Fig. 9 Changes in Dehydrogenase activity (µgr INTF/g dry soil h) in Control, D1, D1P, D2 and 

D2P treatments after 60 days of incubation in growth chamber. Same letter in each figure indicate 

no significantly differences between letters (Tuckey’s method). 
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Globally, the results here obtained are very important and indicate an adverse effects of Cu on 

Dehydrogenase, β-Glucosidase and phosphatase activities and inconsistent effect on urease activity. 

Threshold Cu concentrations at which changes in the enzyme activities became evident when 150-200 

mg total Cu kg-1 and 60-80 mg bioavailable Cu kg-1. These concentrations are higher than our doses, 

where soil was treated with 2-4 mg Cu/ kg. It is worth to notice from our data that soil enzyme 

activities are sensitive enough copper addition in soil, even with low concentrations as be 6-12 Kg 

Cu/tn/year, since occurs a decrease in soil microbial community during first fifteen days from de 

beginning of the experiment vs control sample.   

 

2.2.2.4 Carbon mineralization 

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

heterotrophic microorganism leads to the degradation of organic matter and such decomposition has 

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

has been used to measure the active fraction of the microbial biomass: it is useful for 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. Regarding specific respiration rate, that is, CO2 

quantity released by day is observed that soil C mineralization rate varied from 32 to 51 mg CO2-C kg-

1 d-1. It was higher in the control soil than treated soils at T0 and T15 times (Figure 10). But at the end 

of experiment (60 days), all treated samples showed higher specific soil respiration than control soil. 

 

 

Fig. 10 Specific respiration rate (mg CO2-C kg-1 d-1) of the treated samples at different days (0, 

15, 30 and 60) and control soil. Values are mean (n=3), and letters indicate the significant statistical 

at p<0.05 (Tuckey-b). 

The following Figure 11 present the typical accumulative respiration graphics both at the beginning 

(T0) and at the end of the experiment (T60). 
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Fig. 11  Accumulative curves of C-CO2 release in soil control and treated samples during incubation period (T0, T15, T30 and T60). 
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In accumulative respiration plots it is possible to observe that at the beginning of the experiment (T0) 

there was little differences between treated samples with Cu (D1 and D2) and control soil.  

Nevertheless, this difference increased at T15 when soil is treated with dose D2 Cu shown lower 

respiration (mg C-CO2/kg soil) than control soil, reaching same values again until the end of 

experiment (T60). 

The trend observed in microbial respiration is parallel to that obtained in the enzymatic activities. In 

general, we can indicate that when copper is added to soil (6-12 kg Cu/ha/year) has a negative impact 

to soil microbial community at initial time, but at these concentrations and in the time, soil 

microorganism was able to adapt and recover its metabolic activity. 

 

2.2.2.5 Water soluble carbon 

The labile C fraction of organic matter, such as water-soluble C or the so-called dissolved organic C, is 

considered the most degradable and is susceptible to mineralization (Cook and Allan, 1992). The total 

water-soluble C is used as an index of the mineralization of organic C and is composed mainly of 

labile and easily-degradable compounds (Garcia et al., 1994). Water soluble carbon is the more labile 

carbon fraction in soil therefore it is more easily used by soil microorganisms to obtain energy. This 

carbon fraction is very dynamic, being subject to continuous processes of synthesis and degradation 

(Table 13 and Figure 12). 

 

  T0 T15 T30 T60 

D1_1 99,800 99,800 574,700 61,700 

D1_2 100,100 100,100 553,500 63,600 

D1_3 89,000 89,000 478,800 65,500 

D1P_1 100,700 100,700 419,500 98,500 

D1P_2 96,000 96,000 287,700 113,500 

D1P_3 87,200 87,200 350,000 124,100 

D2_1 88,600 88,600 498,800 113,000 

D2_2 79,300 79,300 365,700 95,400 

D2_3 82,300 82,300 436,400 104,130 

D2P_1 45,400 45,400 542,400 133,700 

D2P_2 59,500 59,500 560,100 103,100 

D2P_3 52,500 52,500 490,100 102,300 

CONTROL_1 318,100 92,900 410,400 52,100 

CONTROL_2 305,700 88,500 402,000 51,100 

CONTROL_3 335,900 92,000 392,600 52,400 

 

Tab. 13 Water soluble carbon determined during the experiment (ppm C soluble). Three 

replicates for each sample were analyzed and submitted to one way Anova analysis. 
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Fig 12. Water soluble carbon of the soil spiked samples of different days (0, 15, 30 and 60) and 

control soil. Values are mean (n=3), and letters indicate the significant statistical at p<0.05 (Tuckey-

b). 

 

2.2.3 Soil community structure vs soil pollution from copper 

2.2.3.1 Phospholipid Fatty Acids (PLFAs) 

PLFAs are only found in intact cells, and taxonomic groups of microorganisms have different fatty 

acids signatures; therefore, changes in the PLFAs pattern represent changes occurring in the soil 

microbial community structure. The PLFA profile can give an overall picture of the community 

structure, and it has been used to evaluate soil environmental quality (Frostergard et al., 1993). 

Numerous studies have demonstrated that excessive heavy metals concentration in the soil can cause a 

significant decrease in microbial community size (Chander and Brookes 1991; Baath et al., 1998; Yao 

et al., 2003). Cu contamination was found to decrease levels of these fatty acids (Pennanen et al., 

1996; Chao-Rong and Qi-Chun, 2011). The same results was found in a study done in paddy soils 

contaminated with Cu in China, where was found a negative correlation between Cu and PLFA 

bacteria (Ge and Zhang, 2011). On the other hand, Brand et al. (2010) found that neither community 

changed in structure, size or function after five years of Cu soil contamination. 

We have studied the PLFAs profile at the beginning (T0) and end (T60) of microcosm assay to 

determine the Cu effect above the microbial community. Our results show that at T0 there was not a 

significant decrease in the total amount of fatty acids (Total PLFAs)  in soil samples added with 

different cooper doses, neither with the leaching, in comparison with control samples (Figure 13).  
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Fig. 13 The total PLFA and bacteria/fungi, Gram+/Gram- and monounsatured/satured ratios in 

the soils at the beginning of the experiment (T0). 

Gram+ bacteria (G+) content was significantly higher in the control soil than in soils treated with 

copper sulphate. Conversely, no significant differences were found in Gram – bacteria (G-) (Figure 13). 

Most importantly it was strongly decreasing the ratio between bacteria and fungi, in comparison with 

control, although no effects were observed related to copper concentration and leaching. 

PLFA (nmol g-1)   control T0 D1T0 D1P T0 D2 T0 D2P T0 

PLFA totales   15,39a 15,90a 13,40a 12,90a 17,38ª 

Bacteria/Hongo 
 

42,87b 18,13a 17,54a 22,62a 18,28ª 

Gram-/Gram+ 
 

2,05a 2,50a 2,23ª 2,48a 1,68ª 

Sat PLFa/Mono PLFA   5,93a 7,89a 5,66ª 9,26a 6,89ª 

 

Tab. 14 The total PLFA and bacteria/fungi, Gram+/Gram- and monounsatured/satured ratios in 

the  soils at the beginning of the experiment (T0). 
 

PLFA (nmol g-1) Control D1T0 D1P T0 D2 T0 D2P T0 

Bacterial PLFA 12,20a 9,73a 9,08ª 8,44a 10,27ª 

Bacteria Gram+ 8,19a 6,84ab 6,15ab 5,87ab 6,44ab 

Bacteria Gram- 4,00a 2,88a 2,93ª 2,57a 3,83ª 

Fungal 0,29a 0,54b 0,52b 0,38ab 0,57b 

Total satured PLFA 12,90a 13,54a 10,89a 11,08a 14,63ª 

Total monounsatured 

PLFAl 
2,18a 1,80a 1,96ª 1,41a 2,15ª 

Actinobacteria 0,34a 0,20a 0,29ª 0,16a 0,19ª 

 
For each parameter, values followed of the same letter are not significantly different according to the Tuckey HSD test (p≤0.05). 

 

Tab. 15 Bacterial, fungal, Gram+, Gram-, satured and monosatured PLFAs concentration in the 

treated (D1T0, D1PT0, D2, D2PT0) and not treated (SC) soils. 
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These significant differences were also evident from data reported in Table 14 and Table 15, maybe 

because fungal community is usually more abundant into soil than that of bacteria. Factor analysis was 

also performed, and it provided two factors:  Factor 1, explaining almost 40 % of the variance, and 

Factor 2, explaining 20% of the variance (Figure 14). The weight of each fatty acid in each factor is 

shown in Table 14. For Factor 2 the ANOVA established significant differences (p≤0.05) between the 

control and samples contaminated with copper, due to differences in the microbial community, but 

there are not significant differences between treated samples (D1, D1P, D2, D2P) (Table 16 and Figure 

14). 

 

       

 
For each factor, sample followed by the same letter 
are not significantly different according to the Tuckey HSD test (p≤0.05). 

 

Tab. 16 Factor loading matrix of the each PLFAs after varimax rotation and ANOVA analysis of 

Factors 1 and 2 coordinate from PLFAs factor analysis. 
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When samples were examined at T60 time, that is after 60 days from copper treatment, the data 

obtained showed a change in the PLFAs, Bac/fungi, G+/G, Mono PLFA/Sat PLFA ratios respect to T0 

samples (Tables 17 and 18, and Figure 15). 

 

 

 

 

 

 

 

 

 

 

 

Fig. 15 The total PLFA and bacteria/fungi, Gram+/Gram- and monounsatured/satured ratios in 

the soils at the end of the experiment (T60). 

PLFA (nmol g-1)   control T60 D1T60 D1P T60 D2 T60 D2P T60 

PLFA totales   13,19a 17,49ab 21,26b 19,7ab 15,22ab 

Bacteria/Hongo 
 

48,49a 45,02ª 45,16a 24,22ª 39,49a 

Gram-/Gram+ 
 

2,01a 2,18ª 2,29a 2,09ª 1,85a 

Sat PLFa/Mono PLFA   6,91a 7,59ª 7,38a 29,40ª 21,78a 

 

Tab. 17 The total PLFA and bacteria/fungi, Gram+/Gram- and monounsatured/satured ratios in 

the soils at the end of the assay (T60). 

 

PLFA (nmol g-1) Control T60 D1T60 D1P T60 D2 T60 D2P T60 

Bacterias 10,16ab 12,15ab 15,50b 10,30ab 8,61a 

Bacterias Gram+ 6,79a 8,02ab 10,82b 6,90ª 5,52a 

Bacterias Gram- 3,37a 4,13ª 4,72a 3,40ª 3,08a 

Hongos 0,21a 0,31ª 0,37a 0,43ª 0,29a 

PLFA saturados total 11,31a 14,93ab 18,43b 18,62b 13,90ab 

PLFA monoins. total 1,64ab 2,24ab 2,52b 0,63ª 1,03ab 

Actinobacterias 0,26a 0,20a 0,36a 0,29ª 0,14a 

For each parameter, values followed of the same letter are not significantly different according to the Tuckey HSD test (p≤0.05). 

  

Tab. 18 Bacterial, fungal, Gram+, Gram-, satured and monosatured PLFAs concentration in the 

treated (D1T60, D1PT60, D2T60, D2PT60) and not treated (SC) soils. 
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At 60 days after copper treatment, Factor Analysis provided two factors: Factor 1, explaining almost 

30 % of the variance, and Factor 2 explaining 20% of the variance (Fig 9). The weight of each fatty 

acid in each factor at T60 is shown in Table 19. For Factor 1 the ANOVA established significant 

differences (p≤0.05) between the D2 treatment and the rest of the samples. After 60 days of incubation 

there are changes observed in the PLFA community structure, without corresponding changes in the 

biomass. Thus the differences between treatments are damped, and changes in the bacterial community 

are mainly due to fungi (Figure 16). 

 

 

 

 

 

 

  

 

Tab. 19 Factor loading matrix of the each PLFAs after varimax rotation and ANOVA analysis of 

Factors 1 and 2 coordinate from PLFAs factor analysis. 
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2.2.3.2 DGGE approach 

A PCR-DGGE approach was also adopted to characterize microbial communities of soil microcosms 

set up as described above. The microcosm trial was here designed as C0 (control soil); 1D (Cu added 

at 6 Kg/Ha/year level); 2D (Cu added at 12 Kg/Ha/year level). The soil samples added with Cu were 

incubated in two different condition: i) punch ii) no punch. A polymerase chain reaction denaturing 

gradient gel electrophoresis (PCR-DGGE) approach was used to characterize bacterial communities of 

soil microcosms. DNA was directly extracted from soil using the FastDNA® SPIN Kit for Soil (MP 

Biomedicals). For DGGE analysis of bacterial communities, the extracted DNA was amplified using 

bacterial 16S rDNA (GC986f – UNI1401r) universal primers.  

DGGE results showed a complex band pattern in all soil samples (Figure 17). MultiDimensional 

Scaling (MDS) analysis clearly separated samples collected at time 0 from those collected after 60 

days of incubation from microcosms set up (Figure 18) Two-way PERMANOVA analysis showed a 

significant effect of both sampling time and Cu treatments and their interaction, on final bacterial 

community composition (P<0.001 for factor sampling time and Cu treatment and P<0.01 for 

interaction). Within the group containing the soil samples collected at 0 days no significant separation 

among treatments were showed, whereas a significant separation in bacterial community structure was 

showed after 60 days of incubation according to the different Cu treatment (ANOSIM R=0.692, 

P<0.001)  

Richness, Shannon-Weiner index and Simpson index were determined for bacterial communities 

across different sampling times and treatments (Figure 19). Only weak differences were showed 

indicating that, although the highest treatment with copper had an impact on bacterial community, the 

bacterial diversity reduction was in some way buffered. 
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 T0  T60  

 control Cu 6 Kg/Ha/Year Cu 12 Kg/Ha/Year  controllo Cu 6 Kg/Ha/Year Cu 12 Kg/Ha/Year  

  no punch punch no punch punch   no punch punch no punch punch  

 1a 1b 1c 2 3 4 5 6 7 8 9 10 11 12 13  1a 1b 1c 2 3 4 5 6 7 8 9 10 11 12 13  

 

Fig. 17 PCR-DGGE profiles of total bacterial community in soil samples control and treated with Cu at 6 or 12 Kg/Ha/year level collected at 0, and 

60 days.  



 
 

 

Fig. 18 MDS representation of the structure of the total bacteria community (assessed by DGGE 

analysis of rRNA gene) on different sampling dates for the three conditions (control, treated with 

Cu at  6 or 12 Kg/Ha/year level). Sampling after 0 (t0) and 60 days (t60). 

 

Fig. 19 Richness, Shannon-Weiner and Simpson indices calculated according to DGGE profiles. 

Sampling after 0 (t0) and 60 days (t60). 
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The same results were obtained dexamining the bacterial communities and species able to grow in 

vitro. The colonies growing on LB medium were subjected to HRMA analysis and the results obtained 

are shown in Figure 20. The most striking results were referred to the appearance in the first 30 days 

after the lowest copper treatment and with leaching of at least seven different copper resistant bacterial 

types, according to HRMA. At the highest doses this phenomenon was not observed, maybe because 

different copper concentrations differently affect the proportion between cultivable and not cultivable 

bacteria. 

 
Fig. 20 HRMA analysis carried out on cultivable bacteria, from different sampling (0, 15, 30 and 

60 days) after treatment with copper sulphate (control, treated with Cu at 6 or 12 Kg/Ha/year 

level).  
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3. CONCLUSIONS 

 

Heavy metals are considered one of the major sources for soil pollution. The heavy metal pollution on 

soil is caused by various metals, especially Cu, Ni, Cd, Zn, Cr, and Pb. Copper can be present in both 

the solid and liquid phases of soils. The majority of Cu in soil solution phase is it forms complexes to 

dissolved organic carbon and a small fraction is found as free copper ions. In the solid phase of soil, 

copper can be associated with various soil components that differ in their ability to retain or release 

Cu: it forms complexes with organic matter, adsorbed onto the surfaces of clays, Fe and Mn oxides, 

present in the lattice of primary silicate minerals or secondary minerals like carbonates, phosphates, 

sulphides, or occluded in amorphous materials. 

In order to study the influence of Cu on soil biological properties, we have carried out an experiment at 

laboratory level along 60 days (doses of 6 and 12 kgCu/ha). Most studies investigating the effects of 

pesticides on soil microbial function have used “artificially” contaminated soils, by using treated soils 

in the laboratory. But the use of such artificially contaminated soils has a number of limitations. 

Firstly, the availability (and toxicity) of fungicides may be greater in these soils compared with field 

soils. Secondly, in this type of experiments, large doses of chemical tend to be added in single 

applications, which may have a drastic, one –off impact on the abundance and composition of soil 

microbes, which in turn may adversely impact on the ability for the soil microbial community to 

recover from the stress. Soils contaminated with Cu (until 12 kg/ha) have not incidence on physic-

chemical and chemical properties. Our showed that this heavy metal (Cu). pH, macronutrients as N, P 

and K; and other microelements showed not variation with the addition of Cu to the soil. Total organic 

carbon showed no changes in treated soils with CuSO4. Water soluble C is a C fraction which is 

influenced by microorganisms (this c fraction can be a substrate for microorganisms, and for this 

reason can be easily mineralized); at initial point, soils treated with CuSO4 showed lower values of 

water soluble carbon than soil control.  

On soil biological and biochemical properties, Cu addition to the soil showed a negative effect. Soil 

enzymes, particularly hydrolases implied in the N, C and P cycles (urease, b-glucosidase and 

phosphatase activities) showed a negative effect when Cu SO4 is added to the soil. This negative effect 

is observed only in the first days of experiment (15 days of application). It could be indicative that Cu 

can influence on microbial population which can synthesized the enzyme; but when Cu is long-term in 

the soil, this heavy metal could be complexed by organic or mineral colloid and it decreases your 

toxicity. For the dehydrogenase activity (endocellular enzyme), the negative effect on this enzyme by 



 
LIFE12 ENV/IT/336 AFTER CU Deliverable Action C1  

                                                                                               40 
 

Cu is more weekly that on hydrolases. At initial point of our experiment, can be observed a little 

negative effect of Cu on soil dehydrogenase activity. 

Concerning soil respiration, at T15 a negative effect of Cu on soil microorganisms is observed 

particularly at higher doses; however, at the end of the experiment (T60), all Cu doses showed an 

increase on soil microbial respiration. It can be due to the possible complex formed in the soil with Cu, 

and there is a decrease of toxicity. It was already observed with some soil enzymes. 

As far as copper influence on the structure of soil microbial communities, PFLAs analysis showed that 

at initial time (T0), the Bacteria/Fungi ratio decreased on control soil. This effect was not showed at 

the end of experiment (T60). It is indicative that the copper changes its toxicity with the time and that 

soil microflora can partly buffered this toxic effects, as also shown in DGGE and HRMA analysis.  

As main Conclusion of this Deliverable C1, we can say that the use of copper in the soil should be 

avoid. A negative effect of copper on soil microbial populations has been showed. In addition, copper 

is accumulative in the soil, and thus the quantity of copper can increase with the time. For this reason, 

new alternatives for not using CuSO4 as bactericide in plant protection have to be proposed, and 

AFTER-Cu Project is in this frame.  
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