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A b s t r a c t. The objective of this study was to determine 
the effect of cobalt on the content of total organic carbon, total 
nitrogen, the available forms of phosphorus, potassium and mag-
nesium and the C:N ratio in soil, following the application of 
neutralising substances. The effect of cobalt in soil was tested on 
oats (Avena sativa L.). In order to limit the effect of cobalt, the soil 
was enriched with neutralising substances, i.e. manure, clay, char-
coal, zeolite and calcium oxide. In the series with no neutralising 
substance, the increasing doses of cobalt only caused an increase 
in the amount of the available potassium, and the highest Co dose 
favoured an increase in the organic carbon content and a wider 
C:N ratio in soil. All the substances affected the content of the 
available potassium in soil, with charcoal, and especially manure, 
contributing to its elevated accumulation. Besides, manure fos-
tered a growth in the soil content of the available phosphorus, 
charcoal - the content of organic carbon and the available potas-
sium, and zeolite - the total nitrogen content, while calcium oxide 
promoted a higher content of total nitrogen and the available 
phosphorus. Clay and charcoal (unlike zeolite) caused the widen-
ing of the C:N ratio in soil.  

K e y w o r d s: cobalt contamination, sorbents, soil, elements, 
C:N ratio

INTRODUCTION

Soil environment is one of the ecosystems which are 
essential to living organisms (Kabir et al., 2014). Although 
the soil condition is affected by natural factors, certain 
anthropogenic factors have also come to play an increas-
ing role (Brio et al., 2013; Liu et al., 2014). The major 
anthropogenic soil contaminants include trace elements 
(Adamczyk-Szabela et al., 2017; Garba et al., 2012). The 
presence of trace elements is largely affected by their min-

ing, the combustion of different fuels, and industrial and 
agricultural activities (Adamczyk-Szabela et al., 2017; 
Brodowska et al., 2016; Zupančič and Skobe, 2014). 

Cobalt is one of the many trace metals present in soil. 
The natural concentration of cobalt does not usually exceed 
12 mg kg-1 (Sheppard et al., 2007) but it depends, to the 
greatest extent, on the bedrock in a specific type of soil 
(Cappuyns and Mallaerts, 2014). The greatest accumulators 
of cobalt include igneous rocks, which can accumulate up to 
200 mg kg-1 of cobalt. Cobalt also occurs in minerals, such 
as cobaltite, spherocobaltite and linneite (Luo et al., 2010), 
which are found in soil. Cobalt is released to the soil solu-
tion in erosion processes, during which it is fixed into the 
mineral and mineral-organic complex. Cobalt occurs in soil 
as Co2+, Co3+, CoOH+ and Co(OH)-

3 (Tappero et al., 2007). 
The natural concentration of cobalt in soil is exceeded 
mainly because of human activities and, more specifical-
ly, as a result of the combustion of hard coal, automotive 
fuels and the process of mining cobalt ore for industrial 
purposes (Mahapatra et al., 2013). Both excessively high 
and low concentrations of cobalt in soil can seriously dis-
rupt the growth processes in plants, animals and humans 
(Ballestrazzi et al., 2009). The occurrence of cobalt in such 
concentrations that are in excess of the acceptable levels 
also contributes to changing soil properties (Kosiorek and 
Wyszkowski, 2016a; 2016b; Zaborowska et al., 2016), 
and proves to have a considerable effect on the concentra-
tion of organic carbon and macronutrients (Cappuyns and 
Mallaerts, 2014; Gad, 2012). Therefore, effective meth-
ods of limiting its effect on both soil properties and plants 
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should be sought. Phytoremediation can be considered 
a method of eliminating cobalt from soils (Adamczyk-
Szabela et al., 2017; Alkorta et al., 2004).

Considering all this, a study was conducted to deter-
mine the effect of cobalt on the content of organic carbon, 
total nitrogen and the available forms of phosphorus, potas-
sium and magnesium in soil, as well as the C:N ratio in soil, 
following the application of neutralising substances.

MATERIALS AND METHODS

An experiment was conducted in the plant growing room 
of the University of Warmia and Mazury in Olsztyn (north-
east of Poland) on acidic soil with the following properties: 
pH in 1 M KCl - 5.05; hydrolytic acidity (HAC) - 28.40 
mmol(+) kg-1; total exchangeable cations (TEB) - 46.50 
mmol(+) kg-1; cation exchange capacity (CEC) - 74.90 
mmol(+) kg-1; base saturation (BS) - 68.08%, the content 
of organic carbon - 12.15 g kg-1, total nitrogen - 0.73 g kg-1, 
the C:N ratio - 16.64, and the content of the available 
forms of: phosphorus, potassium and magnesium: 40.99, 
46.29, and 116.21 mg kg-1 of soil, respectively. The soil 
had a textural composition typical of loamy sand (sand 
> 0.05 mm – 73.9%, silt 0.002-0.05 mm - 24.1% and 
clay <0.002 mm - 2.0%). The effect of cobalt at 0, 20, 
40, 80, 160 and 320 mg Co kg-1 of soil was tested on oats 
(Avena sativa L.), Zuch cultivar (15 plants per pot). Cobalt 
was applied as cobalt chloride. The cobalt doses in the 
experiment were chosen in accordance with the Regulation 
of the Minister of the Environment of 9 September 2002 on 
soil quality standards and earth quality standards. In order 
to reduce the effect of cobalt, neutralising substances were 
applied to soil, i.e. manure (granulated bovine manure), 
clay, charcoal and zeolite at 2% of the soil weight, and 
calcium oxide at a dose corresponding to 1 unit of hydro-
lytic acidity (HAC). The kinds and doses of sorbents were 
determined  on the basis of their influence on soil physico-
chemical properties, and especially the reactive and sorption 
properties of soil. The chemical composition of these addi-
tives was as follows: manure: Corg - 149.0 g kg-1, total 
nitrogen - 20.0 g kg-1, the C:N ratio - 7.45, P - 21.80 g kg-1, 
K - 16.30 g kg-1, and Mg - 6.020 g kg-1;  clay: P - 1.088 g 
kg-1, K - 1.290 g kg-1, and Mg - 0.525 g kg-1; charcoal: 
P - 0.260 g kg-1, K - 0.766 g kg-1, and Mg - 0.477 g kg-1; 
zeolite: P - 1.836 g kg-1, K - 5.435 g kg-1, and Mg - 0.553 g 
kg-1; as well ascalcium oxide: P - 0.088 g kg-1, K - 0.436 g 
kg-1, and Mg - 0.901 g kg-1. The effect of cobalt and these 
sorbents on both pH and sorption properties of soil was 
published in this paper (Kosiorek and Wyszkowski, 2016a). 
Moreover, the soil was mixed with equal amounts of 
minerals, corresponding to nutritional demands of plants 
(100 mg N - NH4NO3; 35 mg P - KH2PO4; 100 mg K - 
KCl; 50 mg Mg - MgSO4 7H2O; 0.33 mg B - H3BO3; 5 mg 
Mn - MnCl2  4H2O and 5 mg Mo kg-1 of soil – (NH4)6Mo7O24  
4H2O. The soil (9 kg) was then transferred to polyethylene 

pots and oats was sown. The moisture content at 60% of 
the capillary water capacity was maintained during plant 
growth. After 78 days from the experiment commencement 
soil samples for laboratory tests were collected in the peri-
od of full oats maturity. 

Before the laboratory analyses, the soil was dried and 
sieved through a 1 mm mesh sieve. The following param-
eters were determined in the samples: organic carbon - by 
the Tiurin method and total nitrogen - by the Kjeldahl 
method. The concentration of the available forms of phos-
phorus and potassium was determined by the Egner-Riehm 
method, and that of the available magnesium (Mg) - by 
the Schachtschabel method. The results at the end of the 
experiment were worked out statistically with a two-way 
analysis of variance ANOVA, the principal component 
analysis (PCA) and the coefficients of Pearson’s linear cor-
relation using the Statistica software package  (StatSoft 
Inc., 2014). 

RESULTS AND DISCUSSION

The laboratory analyses showed that the soil proper-
ties under examination depended on its contamination with 
cobalt and the application of neutralising substances. The 
contamination of soil with 20, 40 and 80 mg Co kg-1 of soil, 
in a series with no neutralising substances, only slightly 
affected the content of organic carbon (Table 1). The great-
est increase in its concentration (by 26%) was observed in 
the soil contaminated with 320 mg of Co kg-1. The increas-
ing doses of cobalt did not significantly affect the content 
of total nitrogen in soil (Table 1). The C:N ratio in the soil 
contaminated with 320 mg of Co kg-1 was found to widen 
from 15.19 to 18.70. The contamination of soil with cobalt 
did not have any obvious effect on the concentration of the 
available phosphorus or magnesium in soil (Table 2). After 
cobalt was added to soil, the content of the available potas-
sium in soil with no additives increased significantly, as 
compared to the control (by 71%), when the largest dose of 
cobalt was added. 

Studies by Cappuyns and Mallaerts (2014) also revealed 
significant correlations between the content of cobalt and 
the content of organic carbon in soil. The ploughing layer 
of soil, which contains large amounts of organic carbon, 
was also found to exhibit high concentrations of cobalt. 
According to Gad (2012), the appropriate fertilisation of 
soil with cobalt could increase the content of nitrogen, 
phosphorus and potassium in soil. Significant relationships 
between the amounts of N2 reduced by Rhizobium gale-
gae, and the amount of cobalt accumulated both in soil and 
plants, were demonstrated by Symanowicz and Kalembasa 
(2012). The appropriate fertilisation with cobalt was prov-
en to have a significantly positive effect on the formation 
of leghemoglobin, which not only plays a major role in fix-
ing nitrogen, but also significantly improves the activity 
of root nodules in Fabaceae plants (Awomi et al., 2012). 
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A positive effect of cobalt on the nitrogen content in soil 
was also found by Boom (2002). These findings partly 
confirm the experiments mentioned above, because the 
increasing doses of cobalt in soil only brought about an 
increase in the content of nitrogen and available potassium. 

Among the neutralising substances used in the experi-
ment, charcoal (followed by clay) increased the organic 
content in soil to the greatest extent (by 16 and 7%, on ave- 
rage), as compared to the soil with no additives (Table 1). 
The soil with calcium oxide and zeolite was found to con-

tain significantly more nitrogen (139 and 35%). The greatest 
widening of the C:N ratio in soil was observed in the soil 
with an addition of clay (from 15.81 to 18.56) and charcoal 
(from 15.81 to 17.93) (Table 1). Introducing zeolite to soil 
lowered the C:N ratio to the greatest extent (from 15.81 to 
11.62). Except for clay and charcoal, all of the neutralising 
substances increased the content of the available phospho-
rus in soil (Table 2). As regards the other substances, their 
amounts in soil were increased to the greatest extent by 
manure (+45%) and calcium oxide (+21%). Manure and 

Table 1.  Effect of cobalt contamination and neutralising substances on content of organic carbon, total nitrogen, and C:N ratio in soil

Cobalt dose 
(mg kg-1 of soil)

Kind of substance neutralising effect of cobalt

Without 
additions Manure Clay Charcoal Zeolite Calcium 

oxide
Average 

from all series

Corg. (g kg-1)

0 12.00 12.30 13.95 15.90 11.55 12.15 12.98

20 12.90 11.70 14.85 15.00 12.90 11.25 13.10

40 11.70 13.20 11.10 14.70 12.00 11.10 12.30

80 12.30 14.40 15.00 15.30 12.45 10.80 13.38

160 11.10 12.60 12.90 13.35 11.10 10.95 12.00

320 15.15 13.35 12.90 13.05 10.80 12.60 12.98

Average 12.53 12.93 13.45 14.55 11.80 11.48 12. 79

r 0.666** 0.333 -0.234 -0.884** -0.725** 0.463 -0.102

LSD a – 1.24**, b – 1.24**, a b – 3.03**

Total-N (g kg-1)
0 0.79 0.83 0.74 0.69 0.94 0.78 0.80

20 0.80 0.82 0.75 0.74 0.93 0.77 0.80

40 0.75 0.78 0.68 0.87 0.88 0.39 0.73

80 0.80 0.77 0.73 0.90 1.30 0.36 0.81

160 0.80 0.77 0.71 0.89 0.84 3.21 1.20

320 0.81 0.69 0.73 0.85 1.52 5.81 1.74

Average 0.79 0.78 0.72 0.82 1.07 1.89 1.01

r 0.495* -0.949** -0.044 0.487* 0.700** 0.955** 0.974**

LSD a – 0.03**, b – 0.03**, a b – 0.07**

C : N ratio

0 15.19 14.82 18.85 23.04 12.29 15.58 16.63

20 16.13 14.27 19.80 20.27 13.87 14.61 16.49

40 15.60 16.92 16.32 16.90 13.64 28.46 17.97

80 15.38 18.70 20.55 17.00 9.58 30.00 18.53

160 13.88 16.36 18.17 15.00 13.21 3.41 13.34

320 18.70 19.35 17.67 15.35 7.11 2.17 13.39

Average 15.81 16.74 18.56 17.93 11.62 15.70 16.06

r 0.601* 0.729** -0.277 -0.724** -0.752** -0.655** -0.751**

LSD a – 1.79**, b – 1.79**, a b – 4.39**

LSD for: a – cobalt dose, b – kind of neutralising substance, a, b – interaction. Significant at *p ≤ 0.05, **p ≤ 0.01, r – correlation 
coefficient.
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charcoal significantly increased the content of the available 
potassium in soil (by 200 and 23%, on average), whereas 
the application of zeolite, calcium oxide and clay resulted 
in its decrease (by 44, 25 and 9%). All of the neutralising 
substances had a slightly positive effect on the concentra-
tion of the available magnesium in soil (Table 2). 

The correlation coefficients calculated for this study 
have shown that the most significant (p ≤ 0.01) negative 
correlations exist between the content of organic carbon and 
both pH and total nitrogen, as well as between total nitro-

gen and both hydrolytic acidity and the C:N ratio. Positive 
correlations were found to exist between the content of the 
available phosphorus and pH, the available potassium and 
magnesium, as well as between the available potassium and 
magnesium, and between the content of organic carbon and 
the C:N ratio in soil (Table 3). 

The significance of the correlations for p ≤ 0.05 has 
been demonstrated in several other cases. Figure 1 shows 
the content of organic carbon, total nitrogen, phosphorus, 
potassium and magnesium, and the C:N ratio in soil as 

Table 2.  Effect of cobalt contamination and neutralising substances on content of available phosphorus,  potassium and magnesium 
in soil

Cobalt dose 
(mg kg-1 of soil)

Kind of substance neutralising effect of cobalt

Without 
additions Manure Clay Charcoal Zeolite Calcium 

oxide
Average from all 

series

P (mg kg-1)
0 49.79 71.92 50.32 52.56 50.08 58.12 55.47

20 48.85 74.89 51.68 53.24 55.34 65.38 58.23

40 54.70 74.70 48.39 48.33 52.22 66.45 57.47

80 50.48 72.62 51.06 49.07 51.20 61.91 56.06

160 50.27 71.79 50.18 49.78 58.36 58.52 56.48

320 50.51 77.08 51.76 54.06 56.54 57.02 57.83

Average 50.77 73.83 50.57 51.17 53.96 61.23 56.92

r -0.054 0.535* 0.392 0.318 0.644** -0.598* 0.305

LSD a – 1.68**, b – 1.68**, a b – 4.12**

K (mg kg-1)
0 49.06 197.91 51.81 65.99 31.23 44.84 73.47

20 54.12 173.39 51.54 72.04 36.79 44.49 72.06

40 54.89 195.12 58.84 80.47 32.16 42.86 77.39

80 55.67 201.20 56.41 80.63 33.03 43.28 78.37

160 92.64 204.24 67.46 87.82 37.68 52.75 90.43

320 83.84 197.30 70.04 91.62 49.54 63.03 92.56

Average 65.04 194.86 59.35 79.76 36.74 48.54 80.71

r 0.822** 0.358 0.914** 0.875** 0.924** 0.955** 0.927**

LSD a – 3.85**, b – 3.85**, a b – 9.47**

Mg (mg kg-1)
0 159.78 166.20 163.49 163.14 163.97 162.85 163.24

20 159.67 165.85 164.31 164.74 165.37 165.28 164.20

40 160.03 167.49 164.89 163.60 165.04 163.04 164.02

80 159.92 167.49 166.73 164.16 166.27 163.13 164.62

160 162.54 168.75 165.22 162.85 163.93 162.72 164.34

320 159.17 168.48 164.11 165.18 167.45 164.31 164.78

Average 160.19 167.38 164.79 163.95 165.34 163.56 164.20
r 0.020 0.790** 0.000 0.436 0.627** 0.144 0.716**

LSD a – 1.08**, b – 1.08**, a b – 2.64**
LSD for: a – cobalt dose, b – kind of neutralising substance; a b – interaction, significant at *p ≤ 0.05, **p ≤ 0.01, r – correlation 
coefficient.
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vector variables affected by cobalt and neutralising sub-
stances (manure, clay, charcoal, zeolite and calcium oxide). 
The value of vectors denoting the available phosphorus, 
magnesium and potassium in soil was nearly 37% of the 
total correlation of the data set; furthermore, the value of 
total nitrogen, organic carbon and the C:N ratio in soil was 
nearly 42%. The vector which illustrates the content of 
magnesium and organic carbon was shorter than the other 
vectors, so it can be concluded that they contributed little to 
the variability studied. The PCA illustrates a highly signifi-
cant correlation between the vectors denoting the available 
phosphorus and magnesium, as well as organic carbon 
and the C:N ratio in soil (Fig. 1). A significant (but much 
weaker) correlation was observed between the available 
phosphorus and magnesium, and the available potassium. 
However, a negative correlation was observed between 
total nitrogen and organic carbon, and the C:N ratio. No 

significant correlations were observed between the other 
variables. The dispersion of the PCA results (Fig. 2) shows 
that an addition of manure, followed by calcium oxide, had 
the greatest effect on the soil properties under examination 
(especially on the content of phosphorus, potassium and 
magnesium). 

A beneficial effect of adding substances with a high 
content of organic matter on the amount of organic carbon 
in soil was observed in a study by Aoyama and Kumakura 
(2001). The application of elements with organic substances 
caused an increase in these elements in soil. The content of 
organic carbon may be positively correlated with hydrolytic 
acidity (Šimanský and Kováčik, 2015). Beak et al. (2011) 
reported that the cobalt ions present in the soil solution 
showed a high affinity to organic ligands. If their content 
was too low, cobalt was fixed on the mineral surface, 
mainly to iron and manganese oxides. It was found in an 
earlier study by Kosiorek and Wyszkowski (2016a) that the 

Ta b l e  3. Correlation coefficients (r) between content of elements and C:N ratio and some properties of soil

Variable Corg Total-N C:N ratio P K Mg
pH -0.383** 0.563** -0.553** 0.353** -0.213 0.054

HAC 0.216 -0.408** 0.352** -0.298* 0.245* 0.072
TEB -0.164 0.244* -0.184 0.266* -0.177 -0.133
CEC -0.135 0.176 -0.120 0.234* -0.142 -0.139
BS -0.168 0.176 -0.148 0.293* -0.150 -0.102
Corg -0.371* 0.765** -0.152 0.124 0.001

Total-N -0.853** 0.012 -0.277* 0.105
C:N ratio -0.060 0.232* -0.031

P 0.760** 0.554**
K 0.509**

pHKCl – pH in 1M KCl, HAC – hydrolytic acidity, TEB – total exchangeable bases, CEC – cation exchange capacity, BS – base satura-
tion. Significant at *p ≤0.05, **p ≤0.01, r – correlation coefficient.

Fig. 1. Content of organic carbon, total nitrogen, phosphorus,  
potassium and magnesium and C:N ratio in the soil illustrated 
with the PCA method. Key: vectors represent analyzed variable 
(content of Corg, total-N, available P, K, Mg and C:N ratio).

Fig. 2. Effect of neutralising substances on content of macroele-
ments and C:N ratio in the soils illustrated with the PCA method. 
Key: points show soil samples with elements and C:N ratio (WA - 
without additions, M – manure, L – clay, C – charcoal, Z – zeolite, 
CO – calcium oxide, 1 – 0 mg, 2 – 20 mg, 3 – 40 mg, 4 – 80 mg, 
5 – 160 mg, 6 – 320 mg Co kg-1 of soil).
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soil pH increased after calcium oxide, zeolite and manure 
were added to it. An increase in the soil pH promotes 
the immobilisation of cobalt in a soil solution, thereby 
reducing its toxicity to plants (Lago-Vila et al., 2015; Li et 
al., 2009; Wendling et al., 2009). A significant effect of pH 
and CaCO3 on the content of cobalt in soil was suggested 
by Kabir et al. (2014). 

According to Boom (2002), maintaining the soil pH 
between 6 and 6.5, along with the appropriate content of 
cobalt in soil (among other things), has a significant effect 
on the activity of soil organisms and, in consequence, on 
the fixation of nitrogen. Since it brings about a change in 
the soil pH (a decrease in its acidity), the application of cal-
cium oxide to soil can increase the content of the available 
potassium and magnesium (Wyszkowski and Sivitskaya, 
2012). These factors also have an effect on the C:N ratio 
in soil. A narrower C:N ratio is correlated with a more 
intensive mineralisation process which, in turn, favours the 
release of macronutrients essential for plant growth (Fanin 
et al., 2013; Heuck et al., 2015). A decrease in the C:N ratio 
has a positive effect on the nitrogen content in soil because 
the uptake of this and other elements by plants from the soil 
solution was smaller. These relations were observed in our 
study. According to a study conducted by Tsai et al. (2012), 
the application of a substance containing a large percent-
age of organic matter, such as manure, increases the content 
of macronutrients in soil. The application of manure to 
soil caused in an increase in the content of total nitrogen 
(Temmerman et al., 2003, Delgado and Follett, 2002) phos-
phorus and potassium in soil (Delgado and Follett, 2002). 
According to Wright et al. (2007), compost increased 
the contents of the available phosphorus, potassium and 
magnesium in soil. In a study conducted by Wyszkowski 
and Sivitskaya (2012), zeolite increased the content of 
the available magnesium in soil, whereas Wyszkowski and 
Modrzewska (2016) found the use of zeolite to have a posi-
tive effect on the content of organic carbon, the available 
phosphorus and the C:N ratio in soil. Zeolite increased the 
content of organic carbon and the available magnesium, 
in reverse to the phosphorus content in soil (Wyszkowski 
and Radziemska, 2012). Calcium oxide can also reduce the 
content of the available phosphorus and organic carbon in 
soil (Wyszkowski and Sivitskaya, 2012). 

CONCLUSIONS

1. The experiment showed that applying both the 
increasing doses of cobalt and some neutralising sub-
stances to the soil had a significant effect on the content of 
organic carbon, total nitrogen and the available phosphorus 
and potassium in the soil. 

2. In the soil with no addition of the neutralising sub-
stances, a significant increase in the content of organic 
carbon and a widening of the C:N ratio in soil were 
observed in the soil contaminated with the largest amounts 
of cobalt. Doses of 160 and 320 mg Co kg-1 increased the 

content of the available potassium in soil to the greatest 
extent. The increasing doses of cobalt did not significantly 
affect the content of total nitrogen, the available phospho-
rus or magnesium in soil.

3. Among the neutralising substances used in the exper-
iment, charcoal increased the organic content in soil to the 
greatest extent; a similar effect was observed for calcium 
oxide on total nitrogen and for clay - on widening the C:N 
ratio in soil. The largest increase in the content of the avail-
able phosphorus and potassium was observed in soil with 
manure. A significant decrease in the content of organic 
carbon and the available potassium in soil was observed in 
the soil with an addition of zeolite and calcium oxide. 
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