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The type of fertilization in plant cultivation 
affects enzymatic activity and thus the potential 
viability of plants to grow (Tabatabai 1994). The 
species and long-term fertilization can result in 
microbial community shifts in soils (Chu et al. 
2007). Enzymes present in soil are similar to en-
zymes in other systems (Singh and Kumar 2008). 
Soil enzymes play a critical role in catalyzing re-
actions leading to organic matter decomposition 
and serve as bioindicators of biochemical and 
microbial soil activity (Koper et al. 2008). Salinity 
is the important environmental stress factor that 
affects the plant growth and nutrition of plant 
(Wang et al. 2012). In recent years, there has been 
a growing interest in new species of cultivated 
plants. They predominantly originate from other 
climatic zones and are termed ‘alternative plants’. 
Multi-directional studies carried out in the Central-
Eastern Poland (Symanowicz et al. 2013) on the 
adaptation of eastern galega (Galega orientalis 
Lam.) indicated the potential of its cultivation. 
Complete fertilization of eastern galega is poorly 
investigated and no studies on the impact of min-

eral fertilization on the enzymatic activity have 
been conducted, yet.

The objective of the studies was to determine the 
impact of varied mineral fertilization of eastern 
galega with NPKCa on the changes in the activity 
of selected soil enzymes and the level of biochemi-
cal soil fertility index.

MATERIAL AND METHODS

The soil samples for laboratory analyses were 
collected in 2010 from the humus horizon (Ap-
loamy sand) of a field experiment carried out in 
2005–2010 on research fields owned by the Siedlce 
University of Natural Sciences and Humanities, 
Poland (52°17'N, 22°28'E). The experiment was 
performed in a completely randomized method 
with three replications included one factor – thir-
teen mineral fertilization levels: 1. control (with 
no mineral fertilization); 2. N; 3. P; 4. K; 5. NPK; 6. 
NP; 7. NK; 8. PK; 9. NPKCa; 10. PKCa; 11. Ca; 12. 
NKCa; 13. NPCa. Mineral fertilization was applied 
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in kg/ha: (N-20, P-50, K-160, Ca-150). Nitrogen 
was applied in the early spring as ammonium 
nitrate, phosphorus – as triple superphosphate 
in autumn, potassium – as 60% potassium salt in 
two doses (I – in early spring; II – after the first 
swathing), and calcium – as carbonate calcium in 
the autumn. Experimental plot area was 3 m2. The 
activity of soil enzymes was determined four times 
(in spring, after the 1st, 2nd, and 3rd swathing of 
eastern galega which was harvested at budding) in 
soil samples from each mineral fertilization levels 
in three successive replications.

The phosphatases activity determination method 
consisted of incubation of reactive mixture contain-
ing soil and a substrate. The method of Tabatabai 
and Bremner (1969) used disodium 4-nitrophenyl 
phosphate hexahydrate in modified universal buffer 
(MUB) at pH 6.5 for acid phosphatase (AcP) and at pH 
11 for alkalic phosphatase (AlP), as a substrate. The 
color intensity (yellow) due to released ρ-nitrophenol 
was then measured spectrophotometrically.

Urease activity was determined colorimetrically 
following incubation of soil with urea (aqueous 
solution) and citrate buffer according to modified 
method of Hoffmann and Teicher (1961). 

Soil dehydrogenases activity in soil was deter-
mined colorimetrically method (Casida et al. 1964) 
using TTC (2,3,5-triphenyl tetrazolium chloride) 
as a substrate which was reduced to TPF (triphenyl 
formazan) during incubation. All colorimetric data 
was determined with a spectrophotometr UV-VIS 
Lambda 25 (Perkin Elmer, Whaltham, USA).

Organic carbon was recorded applying oxidation-
titrimetric method by Kalembasa (1991). In this 
method soil and potassium dichromate and acid 
mixture (sulphuric acid and phosphoric acid – 5:1) 
was added. Assuming the green colour was cor-
rected, indicator (N-phenyl antranilic acid) was 
added and the suspension in the flask was titrated 
with Mohr’s salt.

Results from chemical determinations were sub-
jected to statistical analysis using the analysis of 
variance (Statistica 10 PL; Statsoft, Oklahoma, 
USA) and significant differences determined by 
the Tukey’s test. The criterion for significance was 
set at P < 0.05. In order to find the correlations 
between organic carbon, yield and activity of soil 
enzymes (AcP, AlP, dehydrogenase (Deh), urease 
(Ure)). Assessment of soil fertility growth potential 
based upon a single enzyme may be biased and 
thus several enzymes were examined in present 
study. Potential biochemical index of soil fertility 

(Mw) was calculated to include activities of AcP, 
AlP, Ure, Deh as well as organic carbon content 
(Kucharski et al. 2009):

Mw = (AcP + AlP + Deh + Ure × 10–1) × %C 

RESULTS AND DISCUSSION

The analysis of variance indicated a significant 
impact of the applied mineral fertilization on 
changes in the acid phosphatase activity (Table 1). 
Significant differences in the acid phosphatase 
activity were observed among the treatments fer-
tilized without P, Ca (NK), without N (PKCa) and 
without P (NKCa). The highest average activity of 
acid phosphatase (0.17 mmol pNP/kg dry matter 
(dm)/h) was determined in the soil fertilized with-
out nitrogen (PKCa) and without P (NKCa). The 
soil collected in spring after the application of full 
mineral fertilization (NPKCa) had the highest acid 
phosphatase activity (0.21 mmol pNP/kg dm/h).

The soil sampled after the 1st and 2nd swathing 
of eastern galega (Galega orientalis Lam.) had a 
lower acid phosphatase activity compared to the 
soil collected at other time points. In studies by 
Koper and Lemanowicz (2008b), Radulov et al. 
(2011), the highest amount of acid phosphatase 
(1.53 mmol pNP/kg/h) was determined in soil 
with pHKCl =5.3–5.5 fertilized with N-120 kg/
ha. The applied mineral fertilization caused a 
significant difference between treatments ferti-
lized without P, Ca (NK), with full mineral fer-
tilization (NPKCa) and without K (NPCa) in the 
average activity of alkaline phosphatase (Table 1). 
The level of alkaline phosphatase activity was higher 
by 60% than the activity of acid phosphatase and ap-
proximated a comparable level in the soil sampled in 
spring after the 1st and 2nd swathing (0.22–0.23 mmol 
pNP/kg dm/h). The highest activity of alkaline 
phosphatase (0.27 mmol pNP/kg dm/h) was meas-
ured in the soil sampled after the 3rd swathing of the 
test plant. In studies by Lemanowicz (2013) the high�-
est amount of alkaline phosphatase was determined 
in soil collected from the control treatment (with no 
nitrogen fertilization). The values of correlation coef-
ficients between the activity of acid phosphatase and 
alkaline phosphatase (r = 0.85) were significant in the 
soil collected from the rhizosphere zone of eastern 
galega. The analysed soil had a pHKCl in range from 
6.55 to 6.93. The soil pH in the conducted studies 
did not favour a high activity of phosphatases. Soil 
enzymes AcP and AlP are a sensitive indicator of 
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soil transformation (Koper and Lemanowicz 2008a). 
The enzymatic reaction speed is mainly determined 
by the enzyme concentration involved in reaction, 
substrate concentration, temperature, the presence of 
activators and inhibitors and pH (Koper et al. 2008). 

In the presented studies, the activity of urease 
in the soil significantly increased under the in-
fluence of varied mineral fertilization: (P; NPK; 
NP; NK; PK; NPKCa; PKCa; NPCa) (Table 2). 
According to Yang et al. (2008) and Zhao et al. 
(2009), urease activity predominantly depends 
on the type of mineral fertilization. The highest 
mean level of urease activity (35.21 mg N-NH4

+/kg 
dm/h) was determined in the soil fertilized with 
no Ca (NPK). The soil samples after the 1st, 2nd 
and 3rd swathing of eastern galega had the high-
est activity of urease (which was twice as high 
compared to the spring). The activity of urease 
in soil increased at subsequent sampling points, 
which was associated with actual soil temperature 
which has a substantial impact on the activity 
level of this enzyme. The activity of urease in the 
soil sampled after the 1st swathing was positively 

correlated with the content of carbon in organic 
compounds (r = 0.81). According to Shi et al. 
(2008) urease is sensitive to the changes of soil 
organic matter. In the present studies, the highest 
average level of dehydrogenases activity in rela-
tion to the control treatments was recorded with 
K, PKCa, NKCa and NPCa fertilization (Table 2). 
The soil sampled after the 1st and 2nd swathing of 
eastern galega had a lower dehydrogenases activ-
ity compared to the soil collected at other time 
points. The average activity of dehydrogenases 
was positively correlated with the biochemical soil 
fertility index (r = 0.82). The highest correlation 
coefficient was recorded between the activity of 
dehydrogenases in the soil sampled after the 2nd 
and 3rd swathing and the biochemical soil fertility 
index (r = 0.90, r = 0.70). In studies by Martyniuk 
et al. (2010) the highest activity of dehydrogenases 
was determined in soil collected under pasture 
mixtures with nitrogen fertilization. 

The average carbon content in organic com-
pounds in the analysed soil ranged from 2.39% to 
2.94% (Table 3). The statistical calculations dem-

Table 1. Activities of acid (AcP) and alkaline (AlP) phosphatases (mmol pNP/kg dry matter/h)

Mineral 
fertilization

Terms
Mean

spring after 1st cut after 2nd cut after 3rd cut

AcP AlP AcP AlP AcP AlP AcP AlP AcP AlP

Control 0.18 0.24 0.18 0.24 0.11 0.23 0.16 0.23 0.16 0.23

N 0.16b 0.23b 0.14ab 0.22b 0.10b 0.22 0.15b 0.25b 0.14 0.23

P 0.17b 0.20b 0.12ab 0.21b 0.12 0.20 0.16b 0.26b 0.14 0.22

K 0.19b 0.22b 0.16b 0.24b 0.12 0.20 0.17b 0.25b 0.16 0.23

NPK 0.20b 0.25b 0.14a 0.23b 0.12 0.20 0.16b 0.26b 0.15 0.23

NP 0.16b 0.24b 0.17b 0.26b 0.13 0.23 0.17b 0.25b 0.16 0.24

NK 0.10ab 0.15ab 0.14ab 0.25b 0.13 0.22 0.17b 0.29ab 0.13b 0.20b

PK 0.15b 0.21b 0.15ab 0.22b 0.10b 0.19b 0.16b 0.27ab 0.14 0.22

NPKCa 0.21b 0.23b 0.16b 0.26b 0.13 0.22 0.15b 0.28ab 0.16 0.25b

PKCa 0.18b 0.22b 0.16b 0.22b 0.14 0.24 0.21ab 0.30ab 0.17b 0.24

Ca 0.16b 0.22b 0.16b 0.22b 0.12 0.21 0.18b 0.28ab 0.15 0.23

NKCa 0.18b 0.26b 0.15ab 0.19ab 0.15b 0.26b 0.20ab 0.30ab 0.17b 0.25b

NPCa 0.17b 0.26b 0.16b 0.22b 0.13 0.24 0.20ab 0.28ab 0.16 0.25b

Mean 0.17 0.23 0.15 0.23 0.12 0.22 0.17 0.27 0.15 0.24

LSD0.05 0.06 0.05 0.03 0.04 0.05 0.06 0.03 0.04 0.04 0.05

Explanations are in Material and Methods. The data in the table are means (n = 3). aletters indicate significant 
differences only with respect to control; bletters indicate significant differences among mineral fertilization levels
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onstrated significant differences in the content of 
carbon in organic compounds in the soil sampled 
from treatments fertilized with phosphorus at 50 kg 
P/ha (2.89%) and carbonate calcium at 150 kg 
Ca/ha (2.39%). The applied calcium fertilizer 
increased the rate of mineralization of organic 
carbon compounds.

The same tendency of changes in the content of 
carbon in organic complexes was recorded at the 
spring sampling time point and after the 1st swath-
ing of the test plant. The analysis of soil samples 
after the 2nd swathing, indicated the significant 
impact of NPKCa fertilization on the reduction of 
organic carbon for treatments which had a single 
mineral fertilizers applied. The final effect of the 
presented studies was the calculated biochemical 
soil fertility index (Table 3) which was at a high 
level (ranging on average from 26.47 to 41.90). 
The results are significantly higher than those re-
ported by Kalembasa and Symanowicz (2012) and 
Kucharski et al. (2009) who carried out the studies 
under laboratory conditions. A lack of possibility 
for comparing the results from field studies and 

laboratory experiments was also indicated by other 
authors (Hu and Cao 2007, Iovieno et al. 2009). 
The applied mineral fertilization without nitrogen 
(PKCa) exerted the highest impact on the increase 
in the biochemical soil fertility index. The same 
tendency in the changes of biochemical soil fertil-
ity index was found at spring sampling and after 
the 2nd and 3rd swathing. The time point of soil 
sampling (soil temperature) had a decisive impact 
on the value of biochemical soil fertility index. 
Moreover, a significant correlation was observed 
between the soil biochemical fertility index sam-
pled after the 3rd swathing of the test plant and 
the content of organic carbon in the soil (r = 0.84). 
A significant correlation between the enzyme 
activity and organic matter was also reported by 
Krzyżaniak and Lemanowicz (2013).

However, data on eastern galega yields were not 
the subject of the article, for full knowledge some 
information is attached. The cumulative yield of 
fresh mass from three swathings of eastern galega 
(Galega orientalis Lam.) was 57.1 t/ha. The high-
est yield of green mass was generated where no 

Table 2. Activities of urease (Ure) (mg N-NH4
+/kg dry matter/h) and dehydrogenases (Deh) (cm3 H2/kg dm/h)

Mineral 
fertilization

Terms
Mean

spring after 1st cut after 2nd cut after 3rd cut

Ure Deh Ure Deh Ure Deh Ure Deh Ure Deh

Control 14.50 5.99 42.33 6.57 31.84 5.49 31.33 9.32 30.00 6.84

N 17.75ab 8.23 44.66ab 7.99 39.66ab 9.65ab 40.16a 10.90 33.35 9.19

P 17.66ab 7.24 44.00 9.32ab 38.66ab 8.07b 36.33b 11.65b 35.12a 9.07

K 17.67ab 8.82 42.99b 9.49ab 37.66ab 10.99a 39.33a 10.15 33.66 9.86a

NPK 18.91ab 10.57ab 42.99b 8.49 39.63ab 11.35ab 41.33a 8.40b 35.21a 9.70

NP 16.67b 7.49 45.67ab 9.16a 36.66ab 10.49a 37.33a 10.48 34.08a 9.40

NK 14.50b 7.41 46.17ab 7.16 37.33ab 13.32ab 41.33a 9.66b 34.83a 9.39

PK 15.16b 6.49b 45.17ab 5.99b 36.00 8.24b 40.83a 10.16 34.29a 7.72

NPKCa 14.50b 8.49 45.67ab 7.49 35.33 13.73ab 41.83ab 8.49b 34.33a 9.55

PKCa 16.16b 10.81ab 44.66ab 9.07b 35.67 13.82ab 39.31a 12.65ab 33.95a 10.55a

Ca 16.16b 9.41a 42.33b 8.18 35.66 8.49b 37.33a 8.99b 32.87 9.68

NKCa 15.67b 9.49a 44.66ab 9.57ab 31.66b 12.23ab 37.00a 8.49b 32.25 9.94a

NPCa 19.83ab 6.66b 44.33b 8.49 31.50b 13.65ab 41.16a 10.66 34.20a 9.86a

Mean 16.55 8.24 44.28 8.23 35.94 10.73 38.82 10.00 33.90 9.30

LSD0.05 3.09 3.10 2.31 2.54 4.60 3.17 5.17 2.77 3.79 2.89

Explanations are in Material and Methods. The data in the table are means (n = 3). aletters indicate significant 
differences only with respect to control; bletters indicate significant differences among mineral fertilization levels
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phosphorus fertilization was applied (N-KCa). The 
significant correlation between the biochemical 
fertility index of tested soil and total yield of east-
ern galega indicates a close correlation between 
the enzymatic soil activity and the yield volume. 

The present study demonstrated a significant 
influence of increased soil enzyme activity and 
carbon in organic compounds on the biochemical 
soil fertility index. A high biochemical soil fertility 
index value indicates the possibility of generat-
ing high perennial legume cultivation yields and 
maintaining good soil culture.

REFERENCES

Casida L.E. Jr., Klein D.A., Santoro T. (1964): Soil dehydrogenase 
activity. Soil Science, 98: 371–376.

Hu C., Cao Z. (2007): Size and activity of the soil microbial bio-
mass and soil enzyme activity in long-term field experiments. 
World Journal of Agricultural Sciences, 3: 63–70.

Chu H.Y., Lin X.G., Fujii T., Morimoto S., Yagi K., Hu J., Zhang J. 
(2007): Soil microbial biomass, dehydrogenase activity, bacte-

rial community structure in response to long-term fertilizer 
management. Soil Biology and Biochemistry, 39: 2971–2976.

Hoffmann G., Teicher K. (1961): Ein kolorimetrisches Verfahren 
zur Bestimmung der Ureaseaktivität in Böden. Zeitschrift für 
Pflanzenernaehrung und Bodenkunde, 95: 55–63.

Iovieno P., Morra L., Leone A., Pagano L., Alfani A. (2009): Ef-
fect of organic and mineral fertilizers on soil respiration and 
enzyme activities of two Mediterranean horticultural soils. 
Biology and Fertility of Soils, 45: 555–561.

Kalembasa S. (1991): Quick method of determination of organic 
carbon in soil. Polish Journal of Soil Science, 24: 17–22.

Kalembasa S., Symanowicz B. (2012): Enzymatic activity of soil 
after applying various waste organic materials, ash, and min-
eral fertilizers. Polish Journal of Environmental Studies, 21: 
1635–1641.

Koper J., Lemanowicz J. (2008a): Effect of varied mineral nitrogen 
fertilization on changes in the content of phosphorus in soil 
and in plant and the activity of soil phosphatases. Ecological 
Chemistry and Engineering, 15: 465–471.

Koper J., Lemanowicz J. (2008b): The impact of differentiated fer-
tilization with manure and mineral nitrogen on carbon, nitrogen 
and phosphorus content as well as acid phosphatase activity 
in A horizon of Luvisols. Soil Science Annual, 59: 112–117.

Table 3. Total organic carbon (TOC, %) and biochemical index of potential soil fertility (Mw)

Mineral 
fertilization

Terms
Mean

spring after 1st cut after 2nd cut after 3rd cut

TOC Mw TOC Mw TOC Mw TOC Mw TOC Mw

Control 2.84 22.32 2.57 28.84 2.44 21.99 2.55 32.75 2.60 26.47

N 2.83 29.42 3.05b 39.09 2.82b 39.30 2.49 38.14 2.80 36.49

P- 3.59ab 33.66 2.75 34.98 2.43b 29.78 2.79b 43.81 2.94b 35.56

K 2.35b 25.84 2.49b 35.33 2.90ab 43.72 2.55 36.98 2.57 35.47

NPK 2.63 33.95 2.37b 31.19 2.36b 36.89 2.53 32.77 2.47 33.70

NP 2.48 23.70 2.98b 42.19 2.98ab 43.26 2.41 35.26 2.71 36.10

NK 2.75 25.05 2.87 34.92 2.46b 42.81 2.67 38.05 2.69 35.21

PK 2.69 22.50 2.84 30.89 2.70 32.75 2.02b 29.64 2.56 28.94

NPKCa 2.39b 24.80 3.07ab 38.30 2.36b 41.57 3.02b 39.57 2.71 36.06

PKCa 2.65 33.99 2.65 36.88 2.54b 45.13 3.02b 51.61 2.71 41.90

Ca 2.34b 26.69 2.53b 32.37 2.62 32.45 2.06b 27.16 2.39b 29.67

NKCa 2.83 32.54 2.97b 42.70 2.75 43.47 2.80b 35.53 2.84 38.56

NPCa 2.64 23.95 2.89b 38.44 2.91ab 49.96 2.92b 44.55 2.84 39.22

Mean 2.62 27.75 2.77 35.85 2.64  38.69 2.63 37.37 2.66 34.87

LSD0.05 0.58 – 0.50 – 0.43 – 0.71 – 0.55 –

Explanations are in Material and Methods. The data in the table are means (n = 3). aletters indicate significant 
differences only with respect to control; bletters indicate significant differences among mineral fertilization levels

Plant Soil Environ. Vol. 60, 2014, No. 3: 123–128



128 

Koper J., Piotrowska A., Siwik-Ziomek A. (2008): Activity of de-
hydrogenases, invertase and rhodanase in forest rusty soil in 
the vicinity of ‘Anwil’ nitrogen plant in Włocławek. Ecological 
Chemistry and Engineering A, 15: 237–243.

Krzyżaniak M., Lemanowicz J. (2013): Enzymatic activity of the 
Kuyavia Mollic Gleysols (Poland) against their chemical proper-
ties. Plant, Soil and Environment, 59: 359–365.

Kucharski J., Boros E., Wyszkowska J. (2009): Biochemical activity 
of nickel – contaminated soil. Polish Journal of Environmental 
Studies, 18: 1039–1044.

Lemanowicz J. (2013): Mineral fertilisation as a factor determin-
ing selected sorption properties of soil against the activity of 
phosphatases. Plant, Soil and Environment, 59: 439–445.

Martyniuk S., Oroń J., Harasim J. (2010): Microbial and enzymatic 
characteristics of soils under pasture mixtures. Polish Journal 
of Agronomy, 2: 41–43.

Radulov I., Berbecea A., Sala F., Crista F., Lato A. (2011): Mineral 
fertilization influence on soil pH, cationic exchange capacity 
and nutrient content. Research Journal of Agricultural Sci-
ence, 43: 160–165.

Shi Z.J., Lu Y., Xu Z.G., Fu S.L. (2008): Enzyme activities of urban 
soils under different land use in the Shenzhen city, China. Plant, 
Soil and Environment, 54: 341–346.

Singh D.K., Kumar S. (2008): Nitrate reductase, arginine deami-
nase, urease and dehydrogenase activities in natural soil (ridges 
with forest) and in cotton soil after acetamiprid treatments. 
Chemosphere, 71: 412–418.

Symanowicz B., Kalembasa S., Niedbała M. (2013): Effect of phospho-
rus and potassium fertilisation on the contents and chromium and 
nickel uptake by goat’s rue (Galega orientalis Lam.). Environmental 
Protection and Natural Resources, 24: 59–62.

Tabatabai M.A. (1994): Soil enzymes. American Society of Agro- 
nomy, 14: 77–83.

Tabatabai M.A., Bremner J.M. (1969): Use of ρ-nitrophenyl phos-
phate for assay of soil phosphatase activity. Soil Biology and 
Biochemistry, 1: 301–307.

Wang H., Wu Z., Zhou Y., Han J., Shi D. (2012): Effects of salt 
stress on ion balance and nitrogen metabolism in rice. Plant, 
Soil and Environment, 58: 62–67.

Yang L., Li T., Li F., Lemcoff J.H., Cohen S. (2008): Fertilization 
regulates soil enzymatic activity and fertility dynamics in a 
cucumber field. Scientia Horticulturae, 116: 21–26.

Zhao Y., Wang P., Li J., Chen Y., Ying X., Liu S. (2009): The effect 
of two organic manures on soil properties and crop yields on 
a temperate calcareous soil under a wheat-maize cropping 
system. European Journal of Agronomy, 31: 36–42.

Received on December 18, 2013
Accepted on March 3, 2014

Corresponding author: 

Assoc. Prof. Barbara Symanowicz, University of Natural Sciences and Humanities in Siedlce,  
Soil Science and Plant Nutrition Department, 14 Prusa Street, 08 110 Siedlce, Poland
e-mail: bsymanowicz@uph.edu.pl

Vol. 60, 2014, No. 3: 123–128 Plant Soil Environ.


