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Abstract
Salinity is the key global problem of the soil environment degradation. The paper demonstrates the results of research of the 
activity of selected soil enzymes (catalase, dehydrogenase, alkaline and acid phosphatase, rhodanase and arylsulphatase) 
as well as the content of macroelements (available phosphorus, potassium, magnesium and sulphates sulphur) in terms of 
the principal physicochemical properties. The soil was located in the vicinity of old sedimentation tanks within the impact 
of the plant of CIECH Soda Polska S.A (the soda plant) in Inowrocław (Central Poland). Pearson’s correlation coefficients 
were applied to assess the interactions between some physicochemical properties, some macroelements and soil enzyme 
activities. The results have shown that the soil ECe, P, K, Mg and S contents were changing depending on the soil sampling 
locations. The soil enzymes did not change significantly with an increase in ECe. The activity of rhodanase differed from 
the other soil enzymes analysed; that one can be used as an indicator of environmental pollutants produced during chemical 
industry processes. The result of this study found inconsistent salt-affected soil effects on soil enzyme activity. It remains 
a challenge to thoroughly delineate effects of salt-affected soil on soil process in general and on biochemical processes in 
particular, and as a result, the selection of the adequate method of revegetating such soil.
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Introduction

Out of many soil-degrading factors, it is saline which is 
considered to have most impact. Salt-affected soils are a 
result of an excessive concentration of easily-soluble soils 
containing cations  (Ca2+,  Mg2+,  Na+,  K+) and anions  (Cl−, 
 NO3

−,  SO4
2− and  CO3

3−) (Munns 2002; Rangasamy 2010). 
The reasons of soil saline can be broken down into natu-
ral (impact of salty waters in the coastal belt, migration of 
ions in the waters neighbouring with natural salt deposits) 
(Hulisz et al. 2016) and anthropogenic (mining industry, 
emissions of particulates containing sodium and potassium, 

applying artificial fertilizers, waste, sewage) (Hulisz and 
Piernik 2013). The area of the salinate and sodic soils covers 
932.2 Mha globally, in Europe about 30.7 Mha (Rangasamy 
2006; Daliakopoulos et al. 2015). An approximate salinate 
soils area in Poland is about 0.00542 Mha. It changes, how-
ever, due to the disappearance of sources, precipitation, land 
development, changes in use, industrial plants closures, etc. 
(Hulisz 2007). According to Rangasamy (2006), a high con-
centration of salt in soil can have a detrimental impact on its 
physical, chemical and biochemical properties. Due to soil 
structure destruction, salinated and sodic soils get water- 
and wind-eroded much more easily. Saline has a negative 
effect on the health status of plants, inhibits the growth 
processes, decreases the photosynthesis efficiency, leads to 
physiological drought. Saline and sodication are abiotic soil 
factors which pose a serious threat to soil fertility and thus 
affect soil production (Bhaduri et al. 2016). To understand 
the soil system ecology, one must know the activity of soil 
microorganisms and soil enzymes which show a fast reac-
tion to slight changes in soil environment. The parameters 
were considered to be the indicators potentially applicable 
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to evaluate the intensity of land degradation and the spatial 
development management effectiveness (Singh 2016). The 
factor increasing the soil saline is a change in soil reaction to 
more alkaline, which makes mineral nutrients transform into 
insoluble salts which cannot be uptaken by plants. Limiting 
or monitoring the salinated soils is crucial for preventing 
a further soil degradation (Jesus et al. 2015). Garcia and 
Hernandez (1996), Rietz and Haynes (2003), Yan and Mar-
schner (2012) report on an increase in soil saline having a 
significant effect on the enzymatic activity of soil and micro-
bial activity. High saline in soils might be one of the two 
main factors limiting enzyme activities. The soil enzyme 
activities play an important role in P, and S cycling and are 
closely related to the biological and chemical properties of 
soil (Haddad et al. 2015, 2017).

The technogenic soils degraded by soda industry differ 
in physicochemical properties from natural saline soils. A 
long-term effect of non-production waste contributes to the 
formation of very saline soils, rich in chlorides (e.g., NaCl, 
 CaCl2) (Piernik et al. 2015). With the salt-affected soil sam-
pled from different locations, in spring (May 2013), the pri-
mary objectives of the present study were to determine the 
level of catalase, dehydrogenases, rhodanase, alkaline and 
acid phosphatase, arylsulphatase activities and its vertical 
distribution in the impact zone of the Soda Plant and to com-
pare a relative importance of soil saline, as well as available 
nutrients contents (phosphorus, potassium, magnesium and 
sulphur) in predicting enzymes activities.

Materials and methods

Description of the study area

The research was conducted in the Notec River Valley, in the 
area adjacent to the CIECH Soda Polska S.A (soda plant) in 
Inowrocław. Inowrocław is a town on the Inowrocław Plain 
in the kujawsko-pomorskie province (52° 40′ N; 18° 16′ E) 
(Central Poland), with the culmination of Cechsztyn salt 
dome. CIECH Soda Polska S.A. produces, e.g., light and 
heavy soda ash, sodium bicarbonate, calcium chloride, as 
well as silica gels, and fertilizer chalk. The production pro-
cess for sodium carbonate uses the ammonia Solvay method, 
which is related to generating a high amount of waste dom-
inated by  CaCO3 (40%), Ca(OH)2,  CaCl2 and NaCl. The 
waste used to be stored in the so-called sedimentation tanks, 
without adequate safety measures, resulted in the penetration 
of salt to shallow-deposited ground waters and thus in the 
salinity of very fertile soils in the adjacent areas. The area 
shows lowland climate, with some marine climate features. 
The highest precipitation recorded during the year was noted 
in summer months, whereas the lowest in winter months, 
January through March. The area of the Inowrocław Plain 

is located in the rain shadow of postlacustrine high grounds 
in the north-west and records Poland’s lowest total annual 
precipitation, about 500 mm and less. The area is mostly 
covered with Phaeozems, mostly considered classes II and 
III of the soil valuation class and the second agricultural soil 
suitability complex: good wheat complex.

The soil was sampled in spring (May 2013) from four 
(I–IV) soil test pits in the vicinity of old sedimentation tanks 
(clarification units) within the plant impact zone (Fig. 1) and 
the control sample (Control). Soil was sampled from three 
mineral horizons: 0–20 cm, 20–40 cm and 40–60 cm in three 
independent replications.

Chemical analysis of soil samples

In the air-dried soil samples with a disturbed structure, 
sieved through ø 2 mm, some physicochemical properties 
were determined: total exchangeable bases (TEB) with the 
Kappen method (Soil Survey Investigation 1996), pH in 1 M 
KCl measured potentiometrically (ISO 10390), electrocon-
ductivity  (EC1:5) with the conductometric method in the 
water–soil suspension at 1:5 (soil-to-water ratio), the prop-
erty has been considered the measure of saline. The  EC1:5 
value (in water solution) has been converted into EC in soil 
paste (ECe) according to the formula by Rangasamy (2006): 
ECe = (14.0 − 0.13 ∗ clay%) ∗ EC1.5 . The granulometric 
composition was assayed with the laser diffraction method 
applying the Masterssizer MS 2000 analyser. The content 
of available phosphorus (P) was determined with the Egner-
Riehm method—DL (PN-R-04023 1996), potassium (K) 
with the Egner–Riehm method (DL) (PN-R-04022 1996), 
the content of magnesium available to plants (Mg) following 
the Schachtschabel method (PN-R-04020 1994) and sulphate 
sulphur according to the Bardsley–Lancaster method (Bard-
sley and Lancaster 1960) modified by COMN-IUNG.

Fig. 1  Location of the study area
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Biochemical analysis

Field-moist samples were sieved (2 mm mesh) and stored in 
a plastic box at 4 °C for not less than 2 days to stabilize the 
microbial activity and analysed for dehydrogenases, cata-
lase, phosphomonoesterases, rhodanase and arylsulphatase 
activity within 1 week. The activity of selected redox and 
hydrolytic enzymes: the activity of dehydrogenases (DEH) 
[E.C. 1.1.1] in soil was assayed with the Thalmann method 
(1968), the activity of catalase (CAT) [E.C. 1.11.1.6] in soil 
with the Johnson and Temple method (1964), the activity of 
alkaline (AlP) [E.C. 3.1.3.1] and acid (AcP) [E.C. 3.1.3.2] 
phosphatase with the Tabatabai and Bremner method (1969), 
arylsulphatase (ARS) [EC 3.1.6.1] (Tabatabai and Bremner 
1970) and the activity of alkaline (AcP) [E.C. 3.1.3.1] and 
acid phosphatases (AcP) [E.C. 3.1.3.2] in soil with the 
Tabatabai and Bremner method (1969), which facilitated 
the calculation of the (AlP/AcP) ratio defining the right soil 
reaction (Dick et al. 2000), based on the enzymatic activities 
of the samples.

Statistical analysis

The results were exposed to the analysis of variance, and 
the significance of differences between means was verified 
with the Tukey test at the significance level of < 0.05. The 
calculations involved the use of one-way ANOVA based on 
Microsoft Excel. The descriptive statistical analysis, includ-
ing Pearson’s correlation coefficients, involved the use of 
STATISTICA 7.0 (StatSoft Inc, Tulsa, USA).

Results and discussion

The basic physicochemical properties of soil are given in 
Table 1, showing the soils alkaline reaction; the values 
expressed in pH KCl ranged from 7.59 to 8.47 (sampling 
location within the emitter impact zone), while in controls 
from 7.78 to 7.90. The study of the samples demonstrated 
the grain size composition of sand, and the content of clay 
fraction ranged from 0 to 8%, silt from 1 to 30%, and sand 
from 67 to 99% (Table 1). According to Corwin and Lesch 
(2005), the measurement of electrolytic conductivity  (EC1:5) 
is the reflection of physical and chemical processes which 
occur in soil, mostly the changes in the concentration of 
salts soluble in water. In the soil sampled from the 0–20-
cm layer the highest ECe value was recorded in location 
I (22.89 dS m−1). In the topsoil, there were identified no 
significant differences between soil saline from location II 
and the control (Table 2). The highest saline was found in 
the soil sampled from the 40–60 cm layer. Under moderate 
climate, where precipitation exceeds evaporation, the top-
soil layers get naturally desalinated as a result of rainwater 
soaking-in with solved salts. The spatial distribution of soil 
saline resulted from comprehensive anthropogenic effects 
and some natural factors. The ECe value showed an increase 
in that parameter with depth in objects I, III and III. Saline 
in soils varies with depth and changes throughout the sea-
son in response to rainfall, surface evaporation, water use 
by vegetation and the leaching fraction (hydraulic conduc-
tivity) of the clay layer (Rangasamy 2010). However, the 
results reported by Yu et al. (2014) revealed that the saline 
in topsoil was higher, indicating that salt in subsoil moved 

Table 1  Selected 
physicochemical properties

a S sand, SL sandy loam (USDA 2006)

Sampling Horizon (cm) pH KCl Fractions (%) Symbola

Sand Silt Clay

I 0–20 7.59 88 11 1 S
20–40 8.47 99 1 0 S
40–60 8.13 88 11 1 S

II 0–20 7.72 89 4 7 S
20–40 7.82 94 4 2 S
40–60 7.80 94 5 1 S

III 0–20 7.84 82 15 3 S
20–40 7.86 81 16 3 S
40–60 7.70 95 4 1 S

IV 0–20 7.75 68 29 3 SL
20–40 8.05 67 30 3 SL
40–60 8.34 88 8 4 S

Control 0–20 7.86 84 11 5 S
20–40 7.90 78 12 8 S
40–60 7.78 86 6 8 S
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up and accumulated in topsoil as a function of evapora-
tion. The highest TEB (the total exchangeable bases) value 
was noted in objects III and IV. The lowest TEB values 
(28.75–31.91 mmol(+)  kg−1) were reported in the control 
profile (Table 2). It was the location with the lowest saline. 
A positive significant coefficient of correlation between TEB 
and ECe (r = 0.561, P = 0.0297) suggests that the numbers 
of exchangeable cations in sorption complex depends on 
soil saline, which is due to an increase in the total sorption 
capacity of soils rich in easily-soluble salts (Ochman and 
Jezierski 2011).

With the ANOVA analysis, there was found a signifi-
cant effect of the soil sampling location on the content of 
available phosphorus in soil. The significantly highest P 
content in the 0–20 layer was found in the control sample 
(79.48 mg kg−1), whereas between locations III and IV no 
significant difference was found. According to PN-R-04023 
(1996), the soil from location I (the 0–20 cm layer) can be 
classified as class IV with a low phosphorus content assayed 
with the Egner–Riehm method. The soil from the other loca-
tions (II–IV and Control), on the other hand, was classified 
as III with an average P content. According to Pan et al. 
(2013), most salined soils are adequately supplied with phos-
phorus as the concentration of  Na+ ions may result in more 

soluble  Na3PO4 formed. There was found no dependence 
between pH, saline, and the content of available phosphorus 
in soil. However, one can find little evidence in the applica-
ble literature (Lakhdar et al. 2009; Krzyżaniak and Lemano-
wicz 2013) that saline, sodicity and pH can affect forms and 
dynamics of this nutrient in soil, whereas Jaggi et al. (2005) 
and Hussain and Thomas (2010), on the other hand, found a 
tendency of a growing phosphorus availability in soil when 
accompanied by an increased sulphur content, which is due 
to a change in soil pH, competition between sulphate ions, 
the products of mineralization of organic forms of phospho-
rus and a release of aluminium and iron ions which react 
more with sulphates than with phosphate ions. There were 
identified significant differences in the content of available 
potassium and magnesium depending on the soil sampling 
location. The highest K content in all the horizons was noted 
in the soil sampled from location IV (an average increase by 
207% as compared with the control), while Mg in the soil 
from location III (a 16-fold content increase, as compared 
with the control). Both the content of K and Mg were highest 
in the 0–20 cm horizon.

The content of sulphates in the soils varied a lot. The 
lowest content of  SO4

2− was identified in the soil sam-
pled from the control (Table 3). The content of available 

Table 2  Electrical conductivity (ECe) and total exchangeable bases (TEB)

Values followed by the same letter are not significantly different at P < 0.05

Sampling ECe (dS  m−1) TEB mmol(+)  kg−1

0–20 cm 20–40 cm 40–60 cm 0–20 cm 20–40 cm 40–60 cm

I 22.89a ± 0.053 7.42d ± 0.078 66.30c ± 0.218 53.47a ± 0.028 51.24c ± 0.057 59.47b ± 0.565
II 9.42d ± 0.223 8.11d ± 0.257 8.88d ± 0.613 43.58b ± 1.413 41.44d ± 0.566 42.69c ± 2.835
III 21.78c ± 0.851 58.25a ± 0.595 122.2b ± 1.235 53.39a ± 2.546 58.47b ± 1.411 64.18a ± 1.407
IV 20.14b ± 0.592 54.03b ± 0.581 470.1a ± 1.027 53.18a ± 1.400 61.40a ± 1.640 66.93a ± 1.351
Control 8.94d ± 0.046 18.66c ± 0.281 3.63e ± 0.234 31.91c ± 1.322 30.61e ± 1.365 28.75d ± 2.793

Table 3  Content of selected macroelements

Sampling 0–20 cm 20–40 cm 40–60 cm 0–20 cm 20–40 cm 40–60 cm

Phosphorus (mg kg−1) Potassium (mg kg−1)
I 24.56d ± 1.413 1.340c ± 0.141 19.03c ± 1.421 184.0b ± 5.657 72.25d ± 2.828 92.53d ± 1.414
II 52.17c ± 1.421 61.71a ± 0.078 20.49c ± 1.400 69.45d ± 1.485 60.57e ± 1.450 53.55e ± 1.513
III 62.26b ± 1.344 64.06a ± 2.864 58.55b ± 2.220 132.0c ± 1.414 137.0c ± 2.828 140.5b ± 0.707
IV 60.90b ± 2.828 64.45a ± 1.485 63.50a ± 3.253 423.0a ± 4.243 368.0a ± 4.247 176.0a ± 4.241
Control 79.48a ± 1.082 32.15b ± 1.909 8.600d ± 0.424 185.4b ± 1.343 166.8b ± 1.348 114.7c ± 1.342

Magnesium (mg kg−1) Sulphates (VI) (mg kg−1)
I 13.18c ± 1.415 8.59c ± 0.707 8.23c ± 0.283 65.25c ± 0.360 54.98b ± 0.053 64.45b ± 0.318
II 23.66b ± 1.442 13.55b ± 1.441 10.50b ± 0.672 10.25d ± 1.433 4.913d ± 0.573 5.973c ± 0.141
III 69.79a ± 2.143 62.48a ± 1.563 47.78a ± 1.131 184.4a ± 3.207 232.5a ± 3.150 170.0a ± 5.155
IV 4.83d ± 0.064 3.51d ± 0.566 5.50d ± 0.658 92.28b ± 0.315 12.06c ± 0.007 8.641c ± 0.141
Control 4.04d ± 0.049 4.54d ± 0.665 2.42e ± 0.587 10.93d ± 3.097 7.550 cd ± 0.141 6.141c ± 0.238
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sulphates (< 15 mg kg−1 for light soils with 0–20% of the 
fraction < 0.02 mm) classifies that soil as the soil with the 
natural sulphur content. The soil within the impact zone of 
the Soda Plant differed significantly in the content of sul-
phates. In soil test pit II, the content of sulphates was lowest 
of all the profiles under study (4.913–10.25 mg kg−1), while 
in profile III the highest (170.0 mg kg−1 to 232.5 mg kg−1) 
(Table 3). Such content (above 35 mg kg−1 for light soils 
with 0–20% of the fraction < 0.02 mm) classifies that soil 
as class 3, which points to a heavy pollution of the soil with 
sulphur as a result of anthropopressure (Motowicka-Terelak 
and Terelak 1998). In that soil profile, sulphates leached out 
from the surface layer (0–20 cm) and accumulated in the 
20–40 cm horizon. The soda plant production process uses 
the Solvay ammonia-soda method which resulted in generat-
ing a high amount of waste. The average chemical composi-
tion of such waste is dominated by  CaCO3 (40%), and most 
components include Ca(OH)2 (18%),  CaCl2 (13%) and NaCl 
(7%) (Koś and Miakota 1988). Cations  Ca2+,  Na+ react with 

 SO4
2− ions and form sulphates, and under dry conditions 

they can accumulate considerably, which coincides with the 
results of research demonstrating a significant positive cor-
relation between K content and the total exchangeable bases 
and the sulphate content (r = 0.757; P = 0.0011 as well as 
r = 0.757; P = 0.0011, respectively) (Table 5). With the value 
of the coefficient of determination (R2), it was found that as 
much as 57% of the variation in the content of potassium is 
due to a variation in sulphates (Table 5).

The activity of the enzymes showed a varied reactivity 
depending on the soil sampling location (Table 4). Frank-
enberger and Bingham (1982), who investigated the activity 
of amidase, urease, acid phosphatase, alkaline phosphatase, 
phosphodiesteraze, inorganic phosphatase, arylsulphatase, 
rhodanase, α-glucosidase, α-glactosidase, dehydrogenase 
and catalase of salined soils, have found that the activity of 
soil enzymes decreased with increasing ECe. The inhibition 
varied across the enzymes assayed. Dehydrogenase activity 
was severely inhibited by saline, whereas hydrolases showed 

Table 4  Soil enzymes activities

Sampling 0–20 cm 20–40 cm 40–60 cm 0–20 cm 20–40 cm 40–60 cm

Catalase (mg  H2O2  kg−1  h−1) Dehydrogenases (mg TPF  g−1 24 h−1)
I 0.009c ± 0.001 0.009b ± 0.002 0.066a ± 0.006 0.030d ± 0.003 0.360a ± 0.014 0.228a ± 0.003
II 0.015c ± 0.003 0.038ab ± 0.003 0.036ab ± 0.004 3.282b ± 0.005 0.342a ± 0.001 0.018a ± 0.001
III 0.106b ± 0.001 0.034b ± 0.003 0.030b ± 0.003 0.501c ± 0.007 0.498a ± 0.011 0.102a ± 0.003
IV 0.077b ± 0.001 0.070a ± 0.003 0.023b ± 0.003 4.260a ± 0.085 0.618a ± 0.011 0.180a ± 0.014
Control 0.178a ± 0.074 0.013b ± 0.001 0.004b ± 0.001 0.858c ± 0.003 0.320a ± 0.014 0.150a ± 0.028

Alkaline phosphatase (mM pNP  kg−1  h−1) Acid phosphatase (mM pNP  kg−1  h−1)
I 0.184e ± 0.001 0.049e ± 0.003 0.106e ± 0.004 0.089e ± 0.001 0.051e ± 0.001 0.100e ± 0.007
II 0.853a ± 0.001 0.510c ± 0.007 0.237c ± 0.003 1.571b ± 0.004 0.823b ± 0.005 0.995a ± 0.006
III 0.784b ± 0.006 0.938a ± 0.004 0.288a ± 0.003 1.001d ± 0.001 0.730c ± 0.006 0.227c ± 0.003
IV 0.771c ± 0.001 0.823b ± 0.003 0.272b ± 0.004 2.769a ± 0.006 0.979a ± 0.010 0.213d ± 0.009
Control 0.657d ± 0.003 0.266d ± 0.003 0.116d ± 0.006 1.225c ± 0.006 0.222d ± 0.004 0.403b ± 0.003

Rhodanase (µM SCN  g−1  h−1) Arylsulphatase (mM pNP  kg−1  h−1)
I 0.294b ± 0.014 0.033b ± 0.001 0.028b ± 0.001 0.442c ± 0.054 0.466b ± 0.007 0.254a ± 0.007
II 0.033c ± 0.001 0.027b ± 0.001 0.026b ± 0.001 1.783b ± 0.006 0.989b ± 0.163 0.451a ± 0.141
III 0.025c ± 0.001 0.049a ± 0.001 0.083a ± 0.001 0.854bc ± 0.027 0.427b ± 0.061 0.322a ± 0.007
IV 0.099a ± 0.001 0.030b ± 0.001 0.021b ± 0.001 3.446a ± 0.108 0.403b ± 0.271 0.245a ± 0.278
Control 0.036c ± 0.001 0.035b ± 0.001 0.026b ± 0.001 1.027b ± 0.097 4.128a ± 0.071 0.331a ± 0.141

Table 5  Relationship between 
selected soil properties (n = 30)

Variables Equation r R2 P

Dependent Independent

ECe TEB y = 5.3581x − 204.54 0.561 0.314 0.0297
Sulphur TEB y = 3.647x − 118.6 0.592 0.351 0.0199
Phosphorus Alkaline phosphatase y = 60.550x + 17.209 0.780 0.608 0.0006
Sulphur Potassium y = 0.539x − 23.888 0.757 0.573 0.0011
Phosphorus Catalase y = 289x + 30.696 0.537 0.288 0.0390
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a much lower inhibition. Similarly Pan et al. (2013) reported 
on the activities of β-glucosidase, alkaline phosphatase and 
urease decreasing significantly with salinization. Accord-
ing to Ahmad and Khan (1988) and Telesiński (2012), a 
decrease in the activity of soil enzymes with an increase in 
saline can be due to changes in the osmotic potential in soil 
triggered by toxicity of specific ions and the process of salt-
ing-out of enzymatic proteins. The present study, however, 
showed no correlation between the activity of the enzymes 
and saline. Catalase can enable the toxic  H2O2 produced 
during metabolism to decompose, thus preventing its toxic 
effects on organisms. The activity of catalase significantly 
depended on the soil sampling location. In the topsoil, the 
highest activity was recorded in the control soil (0.178 mg 
 H2O2  kg−1  h−1). There was identified, however, no signifi-
cant difference between CAT in the soil from locations III 
and IV as well as I and II. In the 20–40-cm layer, the highest 
activity was recorded in the soil from location IV. Catalase 
activity was significantly positively correlated with avail-
able phosphorus (r = 0.537; P = 0.0390) (Table 5). Different 
results were reported by Guangminga et al. (2017), inves-
tigating the activity of enzymes (catalase, alkaline phos-
phatase and urease) in coastal natural saline soil in China.

The activity of dehydrogenases was changing depending 
on the depth and the soil sampling location, and it ranged 
from 0.030 to 4.260 mg TPF  g−1 24 h−1 (Table 4). In all the 
soil test pits, except for I, the highest activity of dehydroge-
nases was reported in the 0–20-cm soil layer. In the 0–30-cm 
soil surface layer, one can find the highest count of microor-
ganisms, fungi as well as soil fauna. The activity of dehydro-
genase considered an indicator of the total microbiological 
activity (Masciandaro et al. 2001) pointing to the highest 
biomass of soil microorganisms in that horizon. Only in the 
soil from location I in the 0–20-cm layer an even ten-fold 
lower activity of dehydrogenases than in the 20–40-cm layer 
was identified. A lowered activity of microorganisms in that 
soil horizon could have been due to a toxic effect of salt on 
microorganisms (Rietz and Haynes 2003). Saline can have 
a toxic effect on plants (Wong et al. 2010), which results in 
a decrease in the content of organic matter in soil, which, in 
turn, decreases the activity of microorganisms (Singh et al. 
2016).

The ANOVA analysis of variance showed a significant 
effect of the soil sampling location on the activity of phos-
phomonoesterases (Table 4). The activity of acid phos-
phatase was higher than the alkaline one. Our result agrees 
with earlier reports (Siddikee et  al. 2011; Lemanowicz 
and Bartkowiak 2016) showing that alkaline phosphatase 
activity was not predominant in neutral or alkaline soils. 
According to Zhang et al. (2014), if the soil pH varies from 
7.38 to 10.00, it activates the alkaline phosphatase decrease 
exponentially. A significant positive correlation was found 
between the activity of alkaline phosphatase and the content 

of available phosphorus (r = 0.780; P = 0.0006) in soil. The 
linear regression equation shows that with an increase in AlP 
activity by 1 mM pNP  kg−1 h−1, the content of P increased 
by 60.5 mg kg−1. With the value of the coefficient of deter-
mination (R2), it was found that as much as 61% of the vari-
ation in the content of phosphorus is due to the variation in 
alkaline phosphatase (Table 5). The results confirm that the 
enzyme can be used as a marker of susceptibility to changes 
in the content of phosphorus in soil, unlike acid phosphatase 
for which we have recorded no significant correlations 
with the content of P. According to Tripathi et al. (2007), 
phosphatase activity responded more to pH than to the dif-
ferences in soil saline. Under high pH, the alkaline form 
predominates. The (AlP/AcP) ratio of the soil falls within 
the range of 0.48–4.12 (Fig. 2). In most cases, the values 
exceed 0.50 (Fig. 2), which in the case of the soil analysed 
was confirmed with the potentiometer method of pH in KCl 
measurement, which is due to phosphomonoesterases being 
the enzymes which are one of the most sensitive indicators 
of changes of soil pH (Dick et al. 2000, Krzyżaniak and 
Lemanowicz 2013). A significant positive dependence was 
found between the value (AlP/AcP), and total exchangeable 
bases (r = 0.474; P = 0.0478) which demonstrates that the 
enzymatic pH indicator (AlP/AcP) of soil can be used as an 
indicator of the effect of anthropogenic and natural factors. 

The activity of arylsulphatase fell within a wide range 
from 0.245 to 4.128 mM pNP  kg−1  h−1 (Table 4). The high-
est activity of the enzyme was found in the soil sampled 
from the control from the depth of 20–40 cm. In the soil 
sampled from location I from the same depth, the activity of 
arylsulphatase was 89% lower. Soil test pit IV recorded the 
highest activity of arylsulphatase (3.446 mM pNP kg−1 h−1) 
in the 0–20 cm layer, while in the 40–60-cm layer—the low-
est (0.245 mM pNP kg−1 h−1) of all the objects exposed 
to the effect of the soda plant. Such a low activity of the 
enzyme in the 40–60-cm horizon was due to “salting-out,” 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

I II III IV Control

0-20 cm 20-40 cm 40-60 cm

Fig. 2  Enzymatic pH indicator



3315International Journal of Environmental Science and Technology (2019) 16:3309–3316 

1 3

which is related to a decrease in solubility of the enzyme by 
dewatering, thus resulting in a change in the structure of the 
“catalytic place” of the enzyme. According to Garcia and 
Hernandez (1996), the phenomenon depends on the con-
centration, type of salt and the chemical composition of the 
enzyme itself. An excessive concentration of the soil solu-
tion resulting in a decrease in water and nutrients availability 
in that soil layer is confirmed by the highest ECe and TEB 
value (Table 2). A high activity of arylsulphatase in profile 
II and IV in the 0–20-cm horizon, on the other hand, can 
be due to a high microbiological activity since in those lay-
ers there was found the highest activity of dehydrogenases 
(Table 4).

The activity of rhodanase fell within the range from 0.025 
to 0.853 µM  SCNg−1  h−1 and differed from the other soil 
enzymes analysed. Its highest activity was identified in pro-
file I in which the other enzymes showed the lowest activity 
(Table 4). Rhodanese is a multifunctional, mitochondrial, 
sulphur transferase that catalyses the detoxification of cya-
nide by sulphuration in a double displacement mechanistic 
reaction. Cyanide is one of the major environmental pollut-
ants produced during certain processes of the chemical and 
metallurgical industries like steel, electroplating, mining and 
chemical synthesis (Bhat et al. 2015). Cyanide is a potent 
cytotoxic agent which kills the cell by inhibiting cytochrome 
oxidase of the mitochondrial electron transport chain (Saidu 
2004). The results suggest that the enzyme can be used as 
an indicator of environmental pollutants produced during 
chemical processes.

Conclusion

The present research has shown no one-way changes in the 
activity of catalase, dehydrogenases, alkaline and acid phos-
phatase, rhodanase and arylsulphatase and macroelements 
(P, K, Mg, S) in technogenic soil. The results suggest that 
the content of macroelements and the activity of the study 
enzymes differed from naturally saline soils.

The present research did not confirm the results reported 
by numerous authors (Rietz and Haynes 2003; Siddikee et al. 
2011; Telesiński 2012; Guangminga et al. 2017) demonstrat-
ing that a high saline decreased the enzymatic activity of 
the soils.

Further long-term soil research around the plant must 
be performed to select the adequate revegetation (e.g., phy-
toremediation) of those soils since changes in the activity 
of soil enzymes definitely depend on humidity, temperature 
which often overlap with the consequences of anthropogenic 
factors.
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