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Abstract 
 
Nitrogen (N), potassium (K), and phosphorus (P) are macronutrients that are paramount for plant physiology. The aim 
of this research is to evaluate the content and distribution of total N, and mobile K and P in soils historically polluted in 
the Copșa Mică area. We also calculated an average content of mobile P and K, highlighting the variation of the C/N 
ratio in the shallow depth layers of the soils within the sample surfaces. The negative impact on the soils of the main 
polluter of the Copșa Mică area is corroborated with a low total N content, minimal K concentration at the first depth 
layer, following a trend characterised by extremely low concentrations at the depth of 10-15 cm to extremely low to very 
low concentrations at the depth of 30-35 cm. The same trend is also noticed in the content of mobile P, the lower 
concentration classes being favoured in terms of average P content. 
 
Key words: soil nutritional status, total N, mobile K and P, polluted area. 
 
INTRODUCTION 
 
Carbon (C), Nitrogen (N), Phosphorus (P), and 
Sulphur (S) are vital macronutrients required in 
vital doses for the life cycle of plants. The main 
source in soil nutrients generationis the 
decomposition of litter and humus 
followedbytheirfermentation, and fossil fuel 
extraction provides a 1000-fold surplus of C and 
N and 10-fold for P over the rate of natural rock 
degradation processes (Sposito, 2008). The 
biogeochemical cycles of these elements are 
impacted in areas facing high anthropogenic 
pressure or in the case of soil supplementation 
with exogenous fertilizers (Robertson and 
Vitousek, 2009). Pollutants, by means of 
interacting with soil components, but also 
microorganisms and plant root cells modulate 
the dynamics and bioavailability of nutrients 
(Saha et al., 2017; Aslam et al., 2014). Kozlov 
and Zvereva (2007a) and Zverev (2009), 
showed that the toxicity of polluting heavy 
metals is the main factor containing the natural 
regeneration of areas heavily destroyed by 
pollution, the research highlighting a significant 
decrease in the thickness of the organic soil layer 
by an average of 40% compared to control 
surfaces nearby non-ferrous smelters. In case of 

the reduction and total disappearance of the 
topsoil, Hein and van Ierland (2006) noticed a 
complete regression and a full cessation of forest 
regeneration. 
 
Carbon in soil 
Humus is the main source of C, N, S, and P for 
plants (Sposito, 2008; van de Wal and de Boer, 
2017). The term of humus underwent several 
approaches synonyms and interpretations in the 
dedicated literature (Tan, 2011; Yarow, 2015; 
Paul, 2016). Thus, several researchers consider 
humus associated with the extractable fraction 
of organic matter synonymous with humic 
substances or soil organic matter (Whitehead 
and Tinsley, 1963; Kumada, 1987; Haider, 
1994). The increase in organic matter is largely 
due to soil biodiversity, root exudates and 
microbiological nitrogen fixation (Safari and 
Rashidi, 2012; Thiele-Bruhn et al., 2012). Soil 
decomposition, washing, erosion, and runoff 
phenomena depletes the carbon from soil. 
Significant amounts of heavy metals i.e. Al, Fe, 
Cu, Zn, Mn, Hg, Cd from acidic soils are 
inactivated by chelation with humic acids, thus 
diminishing the solubility, bioavailability, and 
toxicity thereof (Zhang et al., 2009; Shan, 2016; 
Mikkelsen et al., 2020). 
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N dynamics in soil 
Nitrogen is the macronutrient of plant growth 
and reproduction (Osman, 2013). Processes that 
are part of the N cycle are dry or wet 
atmospheric deposition, biological fixation such 
as degradation/decomposition. 
In soil, N is represented by organic forms 
susceptible to slow mineralization into 
bioavailable forms (Stevenson, 1982b), and 
minerals (soluble NO2

-, NO3
-, 

exchangeable/non-exchangeable NH4
+). 

Mineral N is less than 5% of total N, being used 
by plants but potentially harmful to the 
environment. Târziu (2006), showed that in the 
case of forest soils more than 50% of the total N 
is found in the first 20 cm of the soil profile. N 
leaves the soil in gaseous form (N2, N2O5, and 
NH3) and through soil leaching due to high 
mobility (Qafoku et al., 2000; Sposito, 2008). 
Sedimentary rocks, the activity of 
microorganisms and symbiotic mycorrhizae 
along with anthropogenic addition can increase 
N content in soil (Vitousek and Howarth, 2007; 
Morford et al., 2011). 
The C/N ratio quantifies the relative content of 
N in organic matter, regulating the balance 
between N bioavailable to plants and N, which 
is leached or denitrified (Qafoku et al., 2000). 
Generally, C/N ratio in soil ranges from 10.5 to 
31.5, with values between 10-12 in uncultivated 
soils that decrease with depth. Forest soils have 
a higher C/N ratio i.e. from 20 to 30, much 
higher ratios (i.e. ≥150) being characteristic in 
case of forest soils with acidic litter. Wet acidic 
deposits with NOx or SOx content can be 
beneficial for the soil N budget, although they 
are quantitatively lower than the amount of 100-
300 kg N/ha/year required for agricultural crops, 
or even lower amounts needed for forest 
ecosystems. The harmful action of acid 
deposition manifests through foliar lesions, 
poorer resistance to pathogenic or 
entomological aggressions. 
 
Characteristics of P in soil 
After N, P is the second limiting element of 
terrestrial production (Kvakic et al., 2018). The 
total concentration of P in the soil varies 
between 50-3,000 mg/kg, the inorganic form 
reaching 50-70% while the share of available P 
is only 2.5-5%. Due to the current status  Cox 
(2001) and Prasad et al. (2016) suggest for 

quantitative studies to determine the P level 
available in soil. Guertal (1991) noticed a 
stratification of P concentration values in the 
case of unploughed soils, at the depth of 0-2 cm 
the level of extractable P being extremely high, 
which can predict the risk of losing significant 
amounts of P. The P load of the soil may 
increase through the mineralization of organic P 
from plant residues, the secretion of 
phosphatases by plants, the activity of soluble 
microorganisms (Zaidi et al., 2009; 
Bhattacharyya and Jha, 2012) or inorganic P 
immobilization in microbial biomass (van der 
Heijden et al., 2015). Losses of P through 
leaching, erosion or gaseous emissions are 
insignificant (Sposito, 2008). Soluble 
compounds with P manifest a high reactivity and 
low mobility triggering the retention of Cu, Zn 
in the soil (Ullah et al., 2017; Sohail, 2019). 
 
Presence of K in soil 
K is the macronutrient that plays an important 
role in various plant metabolic processes (Rehm 
and Schmitt, 2002). According to Sparks and 
Huang (1985), K in soil represents a dynamic 
equilibrium between the exchangeable form, in 
solution, as mineral (from where it can be 
mobilized by K-solubilizing bacteria), and non-
exchangeable form. Foth and Ellis (1997) 
showed that 98% of total soil K is unavailable to 
plants, and extractable-available K represents 
only 0.1-2%. The amount of K available to 
plants is in exchangeable form and K+ from the 
soil solution, and depends on K content, the 
rhizospheric microbiome, mycorrhizal 
associations and organic root exudates (Sheng et 
al., 2003; Yousefi et al., 2011; Gundala et al., 
2013), cation exchange capacity (CEC) or the 
level of other cations. K leaves the soil through 
leaching and erosion. The pH values in the range 
of 6.5-7.5 are optimal for the bioavailability of 
N, P, K. (Hochmuth et al., 2014). 
 
The impact of multi-decadal pollution on the 
edaphotopes in the Copșa Mică area 
The quality of the soils around the city of Copșa 
Mică in terms of historical pollution impact (i.e. 
over 70 years) was targeted by several scientific 
research works conducted especially by Răuță et 
al. (1987), Comănescu et al. (2010), Szanto et al. 
(2012). Barbu (2006) and Ianculescu et al. 
(2009), noted that forestry is most affected by 
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pollution. The area where the experimental site 
was placed largely coincides with the territory of 
maximum pollution of approx. 7,900 ha, a fact 
highlighted by Alexa et al. (2004), Szanto et al. 
(2012). In this context Alexa et al. (2004) 
noticed the reduction of the supply of nutrients 
and the damage to the soil humification as 
obvious markers of pollutants impact on local 
edaphotopes. Regarding the heavy metals with 
toxic potential (i.e. Pb, Cd and Zn), Nedelescu 
et al. (2017), Alexa et al. (2004), Muntean et al. 
(2010) found concentrations that far exceed the 
maximum limits allowed for the upper horizon 
of the soil around the town of CopșaMică, but 
also for the Micăsasa commune. 
The point sources of pollution within the area 
were the following: Carbosin S.A. 
companywhich  activity was the production of 
blackcarbon through the chemicalization of 
methane until 1993, which made its mark on an 
area of approx. 20 km long and 6 km wide 
(Iordache, 2020) with polluters traces  that are 
reminiscent even today and  Sometra S.A. 
company which suspended its major activity 
since 2009. Some species used in the ecological 
restoration of the area between 1988-2008 such 
as: black locust (Robiniapseudacacia L.), 
Russian olive (Eleagnus angustifolia L.), desert 
false indigo (Amorpha fruticosa L.) or the white 
sea buckthorn (Hippophaë rhamnoides L.) 
aimed at improving the quality of soils through 
their ability to fix atmospheric N2 (Alexa et al., 
2004). 
 
MATERIALS AND METHODS 
 
In a holistic assessment of soil health, certain 
standard nutrient tests were put forward by 
various authors (Ashrad and Martin, 2002; 
Bajracharya et al., 2007; Fine et al., 2017; Frost 
et al., 2019) which subsequently have been 
widely tested in the US and India. These tests 
include, among others the determination of 
organic matter, P and extractable (bioavailable) 
K of soils. Determination of extractable nutrient 
values provides clear indications of soil capacity 
to support plants and one can find first those 
threshold or critical values and secondarily the 
environmental impact of some soil compounds 
(Dalal and Moloney, 2000). 
The soil sampling took place between 
November 15 and December 4, 2009, in 

compliance with the rules for collecting soil 
samples issued by the National Research-
Development Institute for Pedology, 
Agrochemistry and Environmental Protection - 
ICPA Bucharest (xxx, 1981). The experimental  
site includes 13 sample plots(SPs) as follows: 
SP1 (Management unit - U.P.1 Veseuș/ Forestry 
District O.S.Aiud); SP 2 (Management unit U.P. 
II Micăsasa/Forest districtO.S. Mediaș), SP 6, 
7East, 7West, 8 9, (Management unit U.P.III 
Târnava/ Forestry district O.S. Mediaș); SP 10 
(Management unit U.P.VII Moșna/Forestry 
district O.S. Mediaș); SP 12, 13, 14, 15, and 16 
(Management unit U.P.I Șeica Mică/Forest 
district O.S. Mediaș). For the comparison of the 
analytical values, a control surface SP1 
protected from intense pollution was also 
required, and the site  is located west to the city 
of Blaj, at 26.36 km away from the source of 
pollution. Sampling was carried out outside cold 
season and minimal plant physiological activity 
(Pennock et al., 2006), with maximum accuracy 
to prevent mixing soil layers from different 
depths. 
Elemental samples were taken from the sample 
surfaces from four (4) different sampling points 
and mixed to obtain an average sample. Through 
the point-centered quarter (PCQ) method, this 
average sample was halved until obtaining the 
laboratory samples subject to analytical 
determinations (Dean, 2022). Sampling depths 
were between 0-5 cm; 10-15 cm; 30-35 cm, with 
a total of 45 average samples being taken, 
belonging to the following soil types: typical 
preluviosol (SP 1- Management unit UP 1 
Veseuș, Forest district - O.S. Aiud); typical 
luvisol (SP 2 - Management unit - UP II 
Micăsasa; SP 7 West, SP 8, Management unit - 
UP III Târnava); typical brown luvisol (SP 10 - 
Management unit UP VII Moșna); 
calcaricregosol (SP 6 - Management unit UP III 
Târnava, SP 15, 16 Management unit UP I Șeica 
Mică); stagnant luvisol (SP 7 East- Management 
unit - UP III Târnava); marnic-phaeozem (SP 9 
- Management unit UP III Târnava; SP 12, 13, 
14 - Management unit UP I Șeica Mică, Forest 
district O.S. Mediaș) (Florea and Munteanu, 
2003; xxx, 2008; xxx, 2018; xxx, 2020). 
The rules for soil samples processing issued by 
ICPA Bucharest (xxx, 1981) were observed, with 
compulsory preparatory stages for the selection 
and removal of non-decomposed plant remains, 
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gravel and foreign materials; indoor drying with 
drying racks and ventilation system was used; 
grinding the samples was made via a laboratory 
mill, and sieving on a 2 mm mesh sieve; samples 
was stored in an hermetically sealed and labelled 
plastic boxes (by mentioning SP number, and 
sampling date). 
To assess the trophicity of the soil and the 
bioavailability of some macronutrients for 
plants in the context of the historical pollution of 
the Copșa Mică area, the analytical 
determinations aimed at assessing the content of 
humus, total N, P, and mobile (extractable) K. 
 
Determination of organic C level and the 
estimation of humus content was carried out 
by the Schollenberger-Jackson method (Târziu 
and Spârchez, 1987) which is a hot wet 
oxidative method and consists in the digestion 
of soil samples with an oxidizing mixture 
K2Cr2O7 - H2SO4 (Târziu and Spârchez, 1987) 
the cooled digestate is titrated with a 0.2N 
Mohr's acid solution in the presence of the 
phenyl anthranilic acid as indicator. The source 
of interference for this method consists of the 
presence of chlorides or oxidizing or reducing 
agents in the surveyed sample. The results are 
expressed in percentage in total humus = % 
organic C x 1.724 (van Bemmelen factor). 
 
Determination of total N was carried out by the 
wet Kjeldahl digestion method. The three steps 
of the method comprise digestion to convert N 
to HNO3, distillation to retain the NH3 formed 
following digestion, and estimation of NH3 by 
volumetric analysis. The method related 
equipment used was the Kjeldahl digestion 
apparatus and the NH3 distillation apparatus. 
 
Determination of mobile (accessible) P from 
soil by the Egner-Riehm-Domingo method 
consists in the formation of coloured compounds 
in reaction with specific reactants whose 
intensity is proportional to the concentration of 
the determined element. The mobile (accessible) 
phosphates in the soil were extracted with an 
ammonium lactate (AL) solution (Mamo et al., 
1996) buffered with acetic acid at pH 3.75.  
 
Determination of mobile (accessible) K by the 
Egner - Riehm - Domingo method is based on 
the passage of excess H+ and NH4

+ from the 

extractant solution of ammonium acetate-lactate 
(AL), upon exchange, with K+ from the 
exchangeable form of the soil. The dosage of 
these ions is carried out using the acetylene 
flame atomic absorption spectrometry (FAAS) 
(Jeffery et al., 1989).  
 
RESULTS AND DISCUSSIONS 
 
Total humus (%) was determined at depths of 0-
5 cm and 10-15 cm. At the former sampling 
depth, the variation amplitude of the total humus 
content is between 0.12% (poorly humiferous) 
and 37 % (excessively humiferous), 31% of the 
samples having a moderate total humus content, 
and 23% being weakly humiferous. At a depth 
of 10-15 cm, the soil is weakly humic in 
proportion to 31%, (Figure 1 shows a downward 
trend as the depth increases). 
 

 
Figure 1. Variation of total humus (%) content between 

SPs in the experimental sites 
 
The exceptions occurred in SP 16 where a 
reversal of the downward trend is obvious. The 
excessively humic soils belong to SP 8 and SP 
14 (SP 8 is very polluted, affected by a forest fire 
produced in a year before the sampling, and SP 
14 is located to the SW of Copșa Mică, in the 
Visa valley, the soil sampling being carried out 
in area with rich acacia and hawthorn litter). The 
sample areas in the Târnăvioara Improvement 
Perimeter, show highly degraded and polluted 
soils are consequently very poor in humus. 
From the analysis of the correlation coefficients 
of the total humus content with the Cd 
concentrations established from the same 
samples, the mathematical connection between 
the humus content and the Cd content resulted 
only in the first depth step (Table 1), confirming 
the protective, sorbent and immobilizing role of 
humus against toxic substances entering the soil 
(Ge and Hendershot, 2005). 

0
5

10
15
20
25
30
35
40

SP
1

SP
2

SP
6

SP
7W

es
t

SP
7E

as
t

SP
8

S9 SP
10

SP
12

SP
13

SP
14

SP
15

SP
16

 Total
humus  %
0-5 cm

 Total
humus  %
10-15 cm



117

  

Table 1. Values of correlation coefficients between the 
total humus content and the concentrations  

of Cd and Pb in the sampled soils 
 

Main 
characteristic 

Sam-
pling 
depth 

Heavy 
metal 

determined 

Consis-
tency 

factors r 

T 
test 

Level of 
significance 

Total humus  
(%) 

0-5 cm  
Cd 

0.89 6.76 Significant 
10-15 cm -0.02 -0.08 ns 
30-35 cm -0.34 -1.24 ns 

 
Figure 2 shows the values of the total N content 
determined at the depths of 0-5 and 10-15 cm. 
The comparison with the content classes 
according to ICPA (1987) shows that in the 
heavily polluted areas (SP7East and SP7West) 
located on the territory of the Ecological 
Reconstruction Perimeter Târnăvioara, near the 
main polluter, the total N content of the soil is 
low (lower than the values presented by Alexa 
et al. (2004) which are between 0.13-0.27% at 
the depth of 0-25 cm), and the humus content is 
reduced due to surface erosion combined with 
frequent landslides, especially in SP 7West. 
 

 
Figure 2. Total N content (%) of the surveyed soils  

at the first two sampling depths 
 
Average content of total N was determined in SP 
15 located at the edge of national road DN 14B, 
also affected by emissions from road traffic. SP 
2, 9, 13, shows a lower concentration of total N. 
High values were quantified at the 0-5 cm depth 
of sample plots no. 8, 10, and 14. The soil supply 
of total N from the control sample plot is high in 
the case of the two sampling depths (Figure 2). 
The values of the weighted C/N ratio of the 
surveyed soil samples do not exceed the value of 
17 (Figure 3), which shows a good supply of N. 
According to Xu et al. (2013), values of C/N 
ratio <20 indicate a positive mineralization of N. 
A low C/N ratio indicates the release of 
significant amounts of soluble N that can be lost 
from the soil through various ways (Qafoku et 
al., 2000) which are reflected in the low total N 
content of SP 7 East and SP 7 West, SP 9, SP 12, 

SP 14, and SP 15 with C/N ratio <10. In SP 7 
East and SP 7 West of the Târnăvioara 
Improvement Perimeter, mineralized N is lost 
due to soil erosion and surface soil washing. 
 

 
Figure 3. Weighted average values of the C/N ratio 
 at the sampling depth of 0-15 cm in relation to the 

sample plots 
 

 
Figure 4. The mobile K content (mg/kg) of the soils 

surveyed at sampling depths. 
 
Figure  4 highlights maximum values of mobile 
K at the first depth level, which follows an 
obvious decreasing trend in terms of depth so 
that based on the limits of interpretation of the 
state of supply of soils with mobile K (ICPA, 
1981) at the depth of 10-15 cm, the determined 
values fall into the class of extremely low and 
low content, and for the depth of 30-35 cm 
between extremely low and very low content. 
By comparing the weighted average values at 0-
35 cm between the SP, SP 7 East and SP 7 West 
from the Târnăvioara Improvement Perimeter 
strongly affected by pollution and erosion with 
the poorest supply of mobile K stand out clearly, 
90% of the SP being marked by an extremely 
low K content (<40 mg K/kg, ICPA, 1981). 
In the soil sampled from the first sampling stage 
in SP 8 and SP 13, the concentration of mobile 
P is very high (Figure 5), the remaining values 
ranging between extremely low and medium 
content classes (ICPA, 1981). Control SP 1 
shows an extremely low concentration of mobile 
P. 
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Figure 5. The degree of mobile P supply of the surveyed 

soils according to SP and sampling depth 
 
The very high concentration established in SP8 
may be caused by the input of P originating from 
the mineralization of the plant material 
following a forest fire started one year before the 
collection of the soil samples. For the second 
and third sampling depths, a general trend of 
decreasing values is observed in relation to the 
first depth (except for SP 14 and SP16 and 
SP7East from the Târnăvioara Improvement 
Perimeter strongly affected by erosion and 
horizon inversions (a phenomenon also noted by 
Smejkal (1982) and Alexa et al.(2004) with very 
low content specific value)). In the sample plots 
within the experimental site, soils with 
extremely low and very low content of average 
mobile P are dominant (i.e. 66.66%). 
 
CONCLUSIONS 
 
Although the literature on the soils of the Copșa 
Mică area is substantial, we consider it 
inappropriate, even inadequate, to compare and 
report the data of this study with existing values 
and results due to the inconsistency of the 
sampling depths. At an overview, there are 
highlighted both the SP7East and SP7West from 
the territory of the Târnăvioara Improvement 
Perimeter located in the vicinity of the main 
source of pollution within the area with very 
weak humic soils and a content of very low total 
N, low mobile P and mobile, bioavailable K, 
which is very small at all sampling depths, these 
outcomes being to some extent consistent with 
the results of the research conducted by Alexa et 
al. (2003) which characterizes the area as 
excessively or strongly eroded with sloughs in 
some places, bare or grassy terrain, and with de-
structured and slippery soil. 
The aforementioned elements, as a result of the 
aggressiveness of pollutants on the frequent 

edaphotopes, especially in SP 7 East and SP 7 
West, depletes the superficial soil in humus that 
contains large amounts of assimilable N, 
decreasing its trophicity degree. Sample plot 1 
(SP 1) considered as a control plot located in an 
area protected against the influence of a major 
polluter presents a high total N content, an 
extremely low mobile K content, and a very low 
mobile P. Field data and observations show that 
the presence of rich litter or forest fires can 
increase the content of N, P or humus in the soil 
(see cases of SP 8 and SP 14). The content of 
mobile K is extremely low at a depth of 0-         5 
cm and extremely low to very low at a depth of 
30-35 cm, the downward trend in terms of 
analytical values while going in depth being 
obvious. The same downward trend also is 
present in the case of total N (except in SP 16), 
mobile P except SP 7 East and SP 14 and total 
humus, less in SP 7 East; SP 7 West and SP 16. 
Excessively humic soils are found in sample 
plots with rich litter or with exogenous C supply 
following a forest fire. 
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