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The purpose of this research has been to determine the influence of soil fertilizations systems 

(fertilization with: nitrogen, phosphorous, nitrogen and phosphorous, farmyard manure) on the 

chemical properties (magnesium, aluminium, potassium, calcium, iron and chlorine) of the soil. 

The experiments have been carried out in the experimental field of National Agricultural Research 

and Development Institute – Fundulea, Romania, for a wheat monoculture. The lowest values of 

the metal content in soil (aluminium) have been recorded for wheat experimental variant – 

fertilized with azote and phosphorous N90P75 (154.8 mg/kg d.m.).Chlorine have the highest 

content in soil (31.02 mg/100 g soil, 15-30 cm working depth, parcel fertilized with azote 90 kg 

N/ha) in comparation with the other chemical properties of the soil (content of magnesium, 

aluminium, potassium, calcium and iron). 
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A fertilizer can be a natural or synthetic product, of a mineral and/or organic nature, simple or complex, which is 

applied in liquid, semi-fluid or solid form to the soil, to the surface, or foliar for the purpose of increasing soil fertility 

and ensuring development and normal plant growth [1-11]. 

Mineral fertilizers with nitrogen have a high solubility and have the quality of being able to provide almost all the 

necessary nutrients to the plants in a form that allows their direct and easy absorption. Another important advantage of 

mineral chemical fertilizers is that they allow their association and application with organic or green fertilizers [12-

22]. 

Mineral fertilizers with phosphorus have much lower solubility (10-20% in the first year of application in the case 

of phosphorus and 30-40% for potassium), accumulating in the colloidal mineral formations of the soil, then being 

blocked in the form of heavy phosphates soluble in calcium, magnesium, iron and aluminium [12, 16, 19, 21, 23-29 ]. 

Animal production is developed in individual farms and in large livestock farms. An important consequence is the 

accumulation in large quantities of the residual organic materials of solid, liquid and semi-liquid consistency. 

Normally these residues, with the value of organic fertilizers, are used to fertilize agricultural land [12, 16, 28-38]. 

The purpose of this research has been to determine the in2fluence of soil fertilizations systems on the chemical 

properties (magnesium, aluminium, potassium, calcium, iron and chlorine). 

 

Experimental part 

When choosing the sampling point in order to determine the heavy metal content and physical properties of the 

soil, the research team took into account the topo-pedological base of the agrochemical cropping plots, updated with 

all necessary elements to identify and locate the plots [12, 28, 29]. 
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The study has been carried out in the experimental field of National Agricultural Research and Development 

Institute – Fundulea, Romania, for a wheat monoculture. The researches at INCDA have been carried out following a 

two-factor experience, stationary and multiannual, mounted in 1968 and up to date, with reference to emphasizing the 

differentiation of soil’s properties as an effect of fertilization sequence, i.e. [12, 28, 29]:   

- azote (90 kg·N/ha active matter – active matter); 

- phosphorous (75 kg·P/ha active matter);  

- azote and phosphorous (N90P75 kg/ha active matter); 

- farmyard manure. 

The experimental variants carried out at INCDA have been of the following type (Table 1) [28]: 

- wheat monoculture (Factor a): a1. 

 
Table 1 

SOIL CROP-ROTATION FOR THE PERIOD 2006-2016,  

I.E. FOR WHEAT CULTURE. 
YEAR FACTOR 

a1 

2006÷2017 wheat 

 

- fertilization with (Factor b): 

   -unfertilized: b1 (N0P0 kg/ha active matter); 

   -azote -90kg N/ha active matter: b2; 

   -phosphorous -75 kg·P/ha active matter: b3; 

   -azote and phosphorous - N90P75 kg/ha active matter: b4; 

   -farmyard manure: b5. 

The soil samples have been taken on two depths [12, 28, 29]:   

- 0 - 15 cm;  

- 15 - 30 cm. 

The soil samples have been taken in 2016 and 2017. All soil samples have been collected as a composite form each 

parcel after wheat harvesting.  

Experiments have been carried out for the content of magnesium, aluminium, potassium, calcium, iron and 

chlorine in the soil.  

Figure 1 shows soil sampling method used to determine the soil magnesium, aluminium potassium, calcium and 

iron content [39]. 

 

                         
Fig. 1. Soil samples preparation methods to determine magnesium, aluminium potassium,  

calcium and iron content through atomic absorption spectrometry [39] 

 

The metal content in the soil samples has been determined by using atomic absorption spectrometer (AAS), 

ZEENIT AAS version [39]. 

The chlorides content in the soil samples has been determined through titrimetric methods [40]: 

- for the chlorides content we use an aqueous extract, treated according to figure 2. 

 
Fig. 2. Soil samples preparation methods to determine chlorides content [40]. 

 

 

1. Drying at room temperature. 

2. Screening the samples to obtain particles. The soil is screened to a 

fraction smaller than 2 mm. 

3. Mineralization of soil samples in aqua regia. 
Soil samples 
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Fig. 3. Magnesium content in soil parcels 

fertilized with azote, phosphorous, azote  and 

phosphorous, farmyard manure, for the 

 0-15 cm and 15-30 cm depths (years 

2016 and 2017 

Results and discussions 

Table 2 show the experimentally determined values for the soil samples taken on the unfertilized wheat parcel 

(control sample), for magnesium, aluminium, potassium, calcium, iron and chlorine.  

 
Table 2 

EXPERIMENTALLY DETERMINED VALUES FOR THE EIGHT METALS IN THE  

UNFERTILIZED SOIL PARCEL (CONTROL SAMPLE) 

Depth 

  [cm] 

Mg Al K Ca Fe Cl 

                              [mg/kg d.m.] [mg/100 g soil] 

0-15 587 1264 533.5 3752 300.1 13.29 

15-

30 

626

.5 
2406 686.8 8530 243.6 1.6 

 

The magnesium content (sample from year 2016) value (Fig. 3) registered in the azote fertilized parcel (90 

kg·N/ha) was 102.38% higher than the value registered in the unfertilized soil parcel for the 0-15 cm depth, 

respectively by 107.34% higher than the control sample for the 15-30 cm depth. 

For the sample from year 2017, the magnesium content registered in the azote fertilized parcel (90 kg·N/ha) was 

8.58% lower than the value registered in the unfertilized soil parcel for the 0-15 cm depth, respectively by 30.19% 

lower than the control sample for the 15-30 cm depth. 

 
In the case of the phosphorous fertilized parcel (75 kg·P/ha) the soil magnesium content was: 

-year 2016: 117.46 % higher than the value registered on the unfertilized soil parcel for the 0-15 cm depth, 

respectively 35.4 % lower for the 15-30 cm depth than the control sample; 

- year 2017: 122.99 % higher than the value registered on the unfertilized soil parcel for the 0-15 cm depth, 

respectively 16.2 % lower for the 15-30 cm depth than the control sample. 

The magnesium content for the experimental wheat variants – fertilized with azote and phosphorous N90P75 kg/ha 

(a1b4) and wheat – fertilized with farmyard manure (a1b5) was: 

- wheat – fertilization with azote and phosphorous N90P75 kg/ha (a1b4) - year 2016: 

● 0-15 cm: 44% of the soil control sample value; 

● 15-30 cm: 101.19% higher the valued registered in the soil control sample value; 

- wheat – fertilization with farmyard manure (a1b5) - year 2016: 

● 0-15 cm: 117.2% higher than the valued registered in the soil sample with no fertilization sequence; 

● 15-30 cm: 111.58% higher than the valued registered in the soil sample with no fertilization sequence. 

- wheat – fertilization with azote and phosphorous N90P75 kg/ha (a1b4) - year 2017: 

● 0-15 cm: 100.68% higher than the valued registered in the soil control sample value; 

● 15-30 cm: 100.85% higher than the valued registered in the soil control sample value; 

- wheat – fertilization with farmyard manure (a1b5) - year 2017: 

● 0-15 cm: 108.85% higher than the valued registered in the soil sample with no fertilization sequence; 

● 15-30 cm: 94.49% of the soil control sample value. 

The aluminium content (sample from year 2016) value (Fig. 4) on the azote fertilized parcel was 75.8% lower than 

the control sample value for the 0-15 cm depth. For the 15-30 cm depth the aluminium content was 14.95% of the 

control sample value. 
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Fig. 4. Aluminium content on soil 

parcels fertilized with azote, 

phosphorous, azote and 

phosphorous, farmyard manure for 

the 0-15 cm and  15-30 cm depths 

(years 2016 and 2017) 

For the sample from year 2017, the aluminium content registered in the azote fertilized parcel (90 kg N/ha) was 

83.75% lower than the value registered in the unfertilized soil parcel for the 0-15 cm depth, respectively by 89.38% 

lower than the control sample for the 15-30 cm depth. 

For the soil parcel fertilized with 75 kg·P/ha (b3) factor, the aluminium content (sample from 2016) was 78.86% 

lower than the control sample value, for the 0-15 cm depth, respectively 86.38% lower than the control sample value 

for the 15-30 cm depth. 

The aluminium content (sample from year 2017) value (Fig. 4) on phosphorous fertilized parcel was 74.21% lower 

than the control sample value for the 0-15 cm depth. For the 15-30 cm depth the aluminium content was 12.88% of the 

control sample value. 

The aluminium content for the experimental wheat variants – fertilized with azote and phosphorous N90P75 kg/ha 

(a1b4) and wheat – fertilized with farmyard manure (a1b5) was: 

- wheat – fertilization with azote and phosphorous N90P75 kg/ha (a1b4)-year 2016: 

● 0-15 cm: 10.07% of the soil control sample value; 

● 15-30 cm: 6.43% of the soil control sample value; 

- wheat – fertilization with farmyard manure (a1b5) - year 2016: 

● 0-15 cm: 73.84% lower than the valued registered in the soil sample with no fertilization sequence; 

● 15-30 cm: 94.91% lower than the valued registered in the soil sample with no fertilization sequence. 

- wheat – fertilization with azote and phosphorous N90P75 kg/ha (a1b4) - year 2017: 

● 0-15 cm: 70.17% lower than the valued registered in the soil control sample value; 

● 15-30 cm: 94.91% lower than the valued registered in the soil control sample value; 

- wheat – fertilization with farmyard manure (a1b5) - year 2017: 

● 0-15 cm: 74.21% lower than the valued registered in the soil sample with no fertilization sequence; 

● 15-30 cm: 88.17% lower than the valued registered in the soil sample with no fertilization sequence. 

 

 
 

The potassium content (sample from year 2016) value (Fig. 5) registered for the soil parcel fertilized with azote 

was 1.59% lower than the value registered for the unfertilized soil parcel for the 0-15cm depth, respectively 5.94% 

lower than the control sample, for the 15-30 cm depth. 

For the sample from year 2017, the potassium content registered in the azote fertilized parcel (90 kg N/ha) was 

113.3% higher than the value registered in the unfertilized soil parcel for the 0-15 cm depth, respectively by 13.96% 

lower than the control sample for the 15-30 cm depth. 

In the case of the phosphorous fertilized parcel (75 kg·P/ha) the soil potassium content was: 

- year 2016: 53.53% lower than the value registered on the unfertilized soil parcel for the 0-15 cm depth, 

respectively 79.64% lower for the 15-30 cm depth than the control sample; 

- year 2017: 237.11% higher than the value registered on the unfertilized soil parcel for the 0-15 cm depth, 

respectively 13.38% lower for the 15-30 cm depth than the control sample. 

The potassium content for the experimental wheat variant – fertilized with azote and phosphorous N90P75 kg/ha 

(a1b4) was: 

- wheat – fertilization with azote and phosphorous N90P75 kg/ha (a1b4) - year 2016: 

● 0-15 cm: 181.86% higher than the valued registered in the soil control sample value; 

● 15-30 cm: 89.95% of the soil control sample value; 
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Fig. 5. Potassium content on soil parcels 

fertilized with azote, phosphorous, 
azote and phosphorous, farmyard 

manure for the 0-15 cm and 15-30 cm 

depths (years 2016 and 2017) 

- wheat – fertilization with azote and phosphorous N90P75 kg/ha (a1b4) - year 2017: 

● 0-15 cm: 187.12% higher than the valued registered in the soil control sample value; 

● 15-30 cm: 12.74% lower than the valued registered in the soil control sample value; 

The potassium content (sample from year 2016) for the experimental wheat variants – fertilized with farmyard 

manure (b5) was: 

- 0-15 cm: 210.94% higher than the valued registered in the soil control sample value; 

- 15-30 cm: 134.4% higher than the valued registered in the soil control sample value. 

For the soil parcel fertilized with farmyard manure (b5) the potassium content (sample from year 2017) was 

234.46% higher than the control sample value, for the 0-15 cm depth, respectively 12.74 % lower than the control 

sample, for the 15-30 cm depth. 

 

 

 
 

Calcium content (Fig. 6) for the analysed experimental variants was: 

- wheat – fertilization with azote -90 kg·N/ha (a1b2) - year 2016: 

 ● 0-15 cm: 38.37% lower than the valued registered in the soil sample with no fertilization sequence; 

● 15-30 cm: 30.01% of the soil control sample value; 

- wheat – fertilization with azote – 90 kg·N/ha (a1b2) - year 2017: 

 ● 0-15 cm: 106.21% higher than the valued registered in the soil sample with no fertilization sequence; 

● 15-30 cm: 48.35% of the soil control sample value; 

- wheat – fertilization with phosphorous -75 kg·P/ha (a1b3) - year 2016: 

● 0-15 cm: cu 102.61% higher than the valued registered in the soil sample with no fertilization sequence;  

● 15-30 cm: cu 45.55% of the soil control sample value. 

- wheat – fertilization with phosphorous -75 kg·P/ha (a1b3) -year 2017: 

● 0-15 cm: cu 6.21% lower than the valued registered in the soil sample with no fertilization sequence;  

● 15-30 cm: cu 66.03% lower than the valued registered in the soil sample with no fertilization sequence. 

- wheat – fertilization with azote and phosphorous - N90P75 kg/ha (a1b4) - year 2016: 

● 0-15 cm: 71.69% of the soil control sample value; 

●15-30 cm: 23.44% of the soil control sample value; 

- wheat – fertilization with azote and phosphorous - N90P75 kg/ha (a1b4) - year 2017: 

● 0-15 cm: 78.35% of the soil control sample value; 

●15-30 cm: 43.86% of the soil control sample value; 

- wheat – fertilization with farmyard manure (a1b5) - year 2016: 

● 0-15 cm: cu 10.92% lower than the valued registered in the soil sample with no fertilization sequence;  

● 15-30 cm: cu 66.52% lower than the valued registered in the soil sample with no fertilization sequence; 

- wheat – fertilization with farmyard manure (a1b5) - year 2017: 

● 0-15 cm: cu 1.19% lower than the valued registered in the soil sample with no fertilization sequence;  

● 15-30 cm: cu 57.30% lower than the valued registered in the soil sample with no fertilization sequence. 
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Fig. 6. Calcium content on soil parcels fertilized with azote, phosphorous, azote 

 and phosphorous, farmyard manure for the 0-15 cm and  

15-30 cm depths (years 2016 and 2017) 

 

Iron content value (Fig. 7) registered for the soil parcel fertilized with azote (sample from year 2016) was 112.12% 

higher than the control sample value for the 0-15 cm depth. For the 15-30 cm depth the iron content was 167.15% 

higher than the control sample value. 

For the sample from year 2017, the iron content registered in the azote fertilized parcel (90 kg·N/ha) was 116.49% 

higher than the value registered in the unfertilized soil parcel for the 0-15 cm depth, respectively by 162.47% higher 

than the control sample for the 15-30 cm depth. 

For the soil parcel fertilized with phosphorous (b3), the iron content (sample from year 2016) was 165.21% higher 

than the control sample value for the 0-15 cm depth, respectively 114.81% higher than the control sample, for the 15-

30 cm depth. 

The iron content (sample from year 2017) value (Fig. 7) on phosphorous fertilized parcel was 125.45% higher than 

the control sample value for the 0-15 cm depth. For the 15-30 cm depth the iron content was 93.14% of the control 

sample value. 

The iron content for the experimental variants wheat – fertilization with azote and phosphorous N90P75 kg/ha 

(a1b4) and wheat – fertilization with farmyard manure (a1b5) was: 

- wheat – fertilization with azote and phosphorous - N90P75 kg/ha (a1b4) - year 2016: 

● 0-15 cm: 64.64% of the soil control sample value; 

●15-30 cm: 167.81% higher than the valued registered in the soil sample with no fertilization sequence; 

- wheat – fertilization with azote and phosphorous - N90P75 kg/ha (a1b4) - year 2017: 

● 0-15 cm: 109.16% higher than the valued registered in the soil sample with no fertilization sequence; 

●15-30 cm: 133.16% higher than the valued registered in the soil sample with no fertilization sequence; 

- wheat – fertilization with farmyard manure (a1b5) - year 2016: 

● 0-15 cm: cu 169.34% higher than the valued registered in the soil sample with no fertilization sequence;  

● 15-30 cm: cu 189.77% lower than the valued registered in the soil sample with no fertilization sequence; 

- wheat – fertilization with farmyard manure (a1b5) - year 2017: 

● 0-15 cm: cu 118.46% higher than the valued registered in the soil sample with no fertilization sequence;  

● 15-30 cm: cu 133.16% higher than the valued registered in the soil sample with no fertilization sequence. 

The chlorine content (Fig. 8) registered for the soil parcel fertilized with azote (sample from year 2016) was (90 

kg·N/ha) was 166.66% higher than the value registered for the unfertilized soil parcel for the 0-15 cm depth, 

respectively 1938.75% higher than the control sample, for the 15-30 cm depth. 

For the sample from year 2017, the chlorine content registered in the azote fertilized parcel (90 kg·N/ha) was 

60.12% lower than the value registered in the unfertilized soil parcel for the 0-15 cm depth, respectively by 316.67% 

higher than the control sample for the 15-30 cm depth. 

In the case of the phosphorous fertilized parcel (75 kg·P/ha) the soil chlorine content was: 

- year 2016: 123.77% higher than the value registered on the unfertilized soil parcel for the 0-15 cm depth, 

respectively 19.11% lower for the 15-30 cm depth than the control sample; 

- year 2017: 195.63% higher than the value registered on the unfertilized soil parcel for the 0-15 cm depth, 

respectively 650% higher for the 15-30 cm depth than the control sample. 
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Fig. 8. Chlorine content on soil parcels 

fertilized with azote, phosphorous, azote 

and phosphorous, farmyard manure for 

the 0-15 cm and 15-30 cm depths (years 

2016 and 2017) 

 
 

For the soil parcel fertilized with azote and phosphorous (b4), the chlorine content (sample from year 2016) was 

112.49% higher than the value registered on the unfertilized soil, for the 0-15 cm depth, respectively 948.75% higher 

than the value registered on the unfertilized soil, for the 15-30 cm depth. 

The chlorine content (sample from year 2017) value (Fig. 8) on phosphorous fertilized parcel was 64.29% lower 

than the control sample value for the 0-15 cm depth. For the 15-30 cm depth the chlorine content was 225% higher 

than the control sample value. 

The chlorine content for the experimental variant wheat – fertilization with farmyard manure (a1b5) was: 

- wheat – fertilization with farmyard manure (a1b5) - year 2016: 

● 0-15 cm: cu 18.73% lower than the valued registered in the soil sample with no fertilization sequence;  

● 15-30 cm: cu 870% higher than the valued registered in the soil sample with no fertilization sequence; 

- wheat – fertilization with farmyard manure (a1b5) - year 2017: 

● 0-15 cm: cu 203.16% higher than the valued registered in the soil sample with no fertilization sequence;  

● 15-30 cm: cu 239.75% higher than the valued registered in the soil sample with no fertilization sequence. 

 
 

Conclusions 

The research carried out in 2016 and 2017 with regard to the influence of fertilizations systems (fertilization with: 

nitrogen, phosphorous, nitrogen and phosphorous, farmyard manure) on the chemical properties (magnesium, 

aluminium, potassium, calcium, iron and chlorine) of the soil emphasized the following aspects: 

- the magnesium content for the experimental wheat variants – fertilized with azote and phosphorous N90P75 

kg/ha (a1b4) was the lower value registered for the level 0-15 cm -44% of the soil control sample value (sample from 

year 2016); 

- the magnesium content for the experimental wheat variants – fertilized with phosphorous (75 kg·P/ha) the soil 

magnesium content was the higher value registered for the level 0-15 cm:122.99% higher than the value registered on 

the unfertilized soil parcel (sample from year 2017); 

- in case of aluminium the value registered in the soil, was under soil sample value for the both years (the maximal 

value registered was for the level 0-15 cm, 26.16% of the soil control sample value - year 2016 and the minimal value 

registered was for the level 15-30 cm, 6.43% of the soil control sample value - year 2016), for the experimental wheat 

variants – fertilized with azote and phosphorous N90P75 kg/ha (a1b4); 

- in case of calcium the value registered in the soil for the level 15-30 cm, was under soil sample value, for all the 

fertilizations systems applied  

- the potassium content for the experimental wheat variants – fertilized with phosphorous (75 kg·P/ha) was the 

lower value registered for the level 15-30 cm, 139.9 mg/kg dry matter (sample from year 2016); 

- the magnesium content for the experimental wheat variants – fertilized with phosphorous (75 kg·P/ha) the soil 

magnesium content was the higher value registered for the level 0-15 cm: 1265 mg/kg dry matter (sample from year 

2017); 

- in case of iron the value registered in the soil for the both level analysed, was over soil sample value, for all the 

fertilizations systems applied making exception the next levels:  

● 0-15 cm: 64.64% of the soil control sample value (fertilization with azote and phosphorous N90P75 kg/ha, 

sample from year 2016); 

● 15-30 cm: 93.14% of the control sample value (fertilization with phosphorous 75 kg·P/ha, sample from year 

2017); 
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- in case of chlorine the value registered in the soil for the level 15-30 cm, was over soil sample value, for all the 

fertilizations systems applied.  

Soil’s metal contents variations are mainly due to the applied fertilizers sequence (azote, phosphorous, azote and 

phosphorous, farmyard manure), to wheat capacity to stabilize in soil, as well as to climatic conditions in 2016 and 

2017. 
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