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ABSTRACT

This study examined changes in soil enzymatic activity caused by constant nitrogen fertilisation
and varied potassium fertilisation in soil abundant with available phosphorus. Pea (Pisum sati-
vum L.) was used as the test plant. A field experiment was carried out in 2010-2012, in a field
located at a greenhouse facility owned by the University of Natural Sciences and Humanities in
Siedlce. The experiment was completely randomized and carried out in four replications with
the following mineral fertilisation: control object, N, NK,, NK,, NK,, NK, and NK,. Mineral
fertilisation was applied in kg ha™: N — 20, K, — 41.5, K, — 83, K, — 124, K, - 166, K, — 207.5.
Nitrogen was applied as ammonium nitrate in early spring, potassium — as 60% potassium salt
split into two doses: I (to 124 kg ha') — in early spring, II (above 124 kg ha') — after the first
date of soil sampling. The soil samples were collected from the Ap horizon (0-30 c¢m) of the
rhizosphere in four times. The activity of urease decreased significantly with the increasing
doses of potassium. The highest activity of dehydrogenases was found in soil fertilised with
nitrogen at 20 kg ha! and potassium at 166 kg ha'. Varied potassium fertilisation did not signi-
ficantly affect the level of acidic or alkaline phosphatase. The biochemical index of potential
soil fertility, as affected by nitrogen fertilisation, was the highest with nitrogen supplied at
20 kgha' and with potassium at 166 kgha'.
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INTRODUCTION

In recent years, there has been a growing interest in legumes of cultivat-
ed plants. The root rhizosphere of plants is characterised by an increased
microbial activity. Soil microorganisms are the source of many soil enzymes,
which catalyse the reactions occurring during the mineralisation of organic
matter (ZHAO et al. 2009). Soil enzymes play essential roles in soil processes
such as nutrient cycling and energy transformation by catalysing numerous
chemical, physical and biological reactions (LEMaNowICZ et al. 2009, BOROWSKA,
Koper 2011). According to CHENG, ZHIPING (2007) and SymaNowicz et al.
(2014), species of grown crops as well as long-term fertilisation can result in
microbial community shifts in soils. The type of fertilisation in plant cultiva-
tion affects enzymatic activity and consequently the potential viability
of plants to grow (KALEMBASA, SymMaNowicz 2012, ANDRZEJEWSKA et al. 2016).
According to Koper, LEManowicz (2008), the activity of urease, dehydrogenas-
es and phosphatases depends on organic and mineral fertilisation, soil pH,
the time of soil sampling, cultivated plant species, but also on the degree of
soil contamination with heavy metals (KucHarskr et al. 2009, WyszZKOWSKA et
al. 2013, KaczyXska et al. 2015).

Pea (Pisum sativum L.) is the main leguminous crop. Chemical and bio-
chemical conditions in the soil are the chief factors affecting the quality and
quantity of peas. Balanced mineral fertilisation should be correlated with the
optimum soil activity. Soil enzymes play a critical role in catalysing reactions
leading to organic matter decomposition, and serve as bioindicators of the
biochemical and microbial soil activity (Koper et al. 2008). According to XiE
et al. (2009), the activity of dehydrogenases is an indicator of soil quality and
microbial activity. Complete fertilisation of pea is a poorly investigated issue,
and no studies on the impact of mineral fertilisation on the enzymatic
activity have been conducted yet. There is a particular need for studies into
the effect of intensive potassium fertilisation on the level of enzyme activity
in growing leguminous plants.

The objective of the study was to determine the impact of constant nitro-
gen and potassium fertilisation applied to pea on changes in the activity of
selected soil enzymes and the level of biochemical soil fertility index.

MATERIAL AND METHODS

Soil characteristics

The soil samples for laboratory analyses were collected in 2012, from the
humus horizon (Ap-loamy sand). The soil in which pea was grown was for-
med from loamy sand and its pH was neutral. The abundance of available
phosphorus in soil, as determined with the Egner-Riehm's method (DL), was
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very high, in contrast to available potassium, also measured with the the
Egner-Riehm’s method, which was low.

Experimental design

A field experiment was carried out in 2010-2012, in a field located at a
greenhouse facility owned by the University of Natural Sciences and Huma-
nities in Siedlce (52°17'N, 22°28'E). The experiment was performed in
a completely randomised method with four replications, and included one
factor - seven mineral fertilisation levels: control object (with no mineral fer-
tilisation); N; NK; NK; NK; NK,; NK.. Mineral fertilisation was applied in
kg ha': N — 20, K, —41.5, K, — 83; K, — 124; K, — 166, K, — 207.5. Nitrogen
was applied as ammonium nitrate in early spring, potassium — as 60% potas-
sium salt split into two doses: I (to 124 kg ha!) — in early spring, II (above
124 kg ha') — after the first date of soil sampling. The experimental plots
measured 3 m? each.

Determination of the activity of enzymes

The activity of soil enzymes was determined four times: June, July,
August, September (in the first ten days of each month). Urease activity was
determined colorimetrically following the incubation of soil with urea (aque-
ous solution) and addition of citrate buffer, according to a modified method of
ALEF, NANNIPIERI (1998). The activity of soil dehydrogenases in soil was deter-
mined colorimetrically with the method by Casipa et al. (1964) and WOLINSKA
et al. (2016), using TTC (2,3,5-triphenyl tetrazolium chloride) as a substrate
reduced to TPF (triphenyl formazan) during incubation. All colorimetric com-
pounds were determined with a spectrofotometr UV-VIS Lambda 25 (Perkin
Elmer, Whaltham, USA). The activity of acid phosphatase and alkaline phos-
phatase was determined with a method consisting of the incubation of a re-
active mixture containing soil and a substrate. The Pacr’s method (1982),
with disodium 4-nitrophenyl phosphate hexahydrate in modified universal
buffer (MUB) as a substrate, was used for determination of acid phosphatase
(AcP) activity (at pH 6.5) and for alkalic phosphatase (AIP) activity (at pH 11).
The colour intensity (yellow) due to released p-nitrophenol was then mea-
sured spectrophotometrically. Organic carbon was determined with the
oxidation-titrimetric method by KaLeEmBasa (1991). In this method, soil and
potassium dichromate and an acid mixture (sulphuric acid and phosphoric
acid - 5:1) were added. Assuming the green colour was corrected, an indica-
tor (N-phenyl antranilic acid) was added and the suspension in the flask was
titrated with Mohr’s salt.

Statistical analysis

Results from chemical determinations were subjected to statistical anal-
ysis using analysis of variance Statistica 12 PL (Statsoft, Inc. 2016) and
significant differences determined by Tukey’s test. The criterion for signifi-
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cance was set at p < 0.05. In order to find the correlations between of organic
carbon, yield and activity of soil enzymes (Ure, Deh, AcP, AIP). Assessment
of soil fertility growth potential based upon a single enzyme may be biased
and thus several enzymes were examined in present study. Potential bio-
chemical index of soil fertility (Mw) was calculated to include activites
of Ure, Deh, AcP, AIP and organic carbon content KucHARSKI et al. (2009):
Mw = (AcP + AIP + Deh + Ure - 10) - %C.

RESULTS AND DISCUSSION

The enzymatic reaction speed is mainly determined by the enzyme con-
centration involved in a reaction, substrate concentration, temperature,
the presence of activators and inhibitors and pH (Koprgr, LEMaNowicz 2008).
The soil in which pea was grown was characterised by the optimum chemical
composition (ANDRZEJEWSKA et al. 2016) for growth and development of the
plant (Table 1).

Statistical calculations revealed a significant effect of potassium fertilis-
ation on the activity of urease in soil samples taken on four dates (Table 2).
According to Yanc et al. (2008) and ZHao et al. (2009), urease activity pre-
dominantly depends on the type of mineral and organic fertilization. Also,

Table 1
Chemical characteristics of experimental soil
N, | c. | ~Nm [ NNo [ opr | oke [ Mg
pHKC] pHCaCI
’ gkg' mg kg
6.9 6.6 21 | 208 40 | 300 | 240 | 87 | 9
* available forms
Table 2
Activity of urease (Ure) in mg N-NH," kg™ d.m. of soilh'
Mineral Date of sampling
e Mean
fertilisation June July August September

Control 520.8 563.5 622.7 357.7 516.2
N 516.7° 602.7 438.7% 582.0 535.0
NK, 511.7° 533.3¢ 456.0% 513.6 503.6°
NK, 537.5° 395.0 538.7¢ 603.1 518.6
NK, 362.5% 416.7% 482 .44 663.6% 481.34
NK, 356.7 320.87 481.9¢ 668.4 456.9e
NK, 437.5% 500.0 3727 450.24 440.1¢

Mean 463.3 476.0 484.7 548.4 493.1

LSD,,, 33.1 16.4 12.7 12.7 18.7

Explanations are in Material and Methods. The data in table are means (n = 3), ¢ letters indicate significant
differences only with respect to control, * letters indicate significant differences among mineral fertilisation
levels.
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previous studies of KALEMBASA, SymaNowicz (2012) showed an increase in the
urease activity under the influence of fertilization with NPKMg.

The highest mean activity of urease was determined in soil fertilised
with nitrogen at 20 kg-ha'. The increased doses of potassium (124, 166 and
207.5 kgha') significantly decreased the activity of urease (by 17.2% on
average). Also the study by Yanc et al. (2008) indicated a reduced urease
activity under the influence of mineral fertilisation. Potassium applied at a
dose of 160 kg ha! in the cultivation of many years eastern galega influenced
the increase of urease activity (Symanowicz et al. (2014).

The activity of the urease under study in the soil samples taken on con-
secutive dates increased steadily. The analyses showed that the potassium
fertilisation reduced the activity of urease in soil in June, July and August.
The activity of the enzyme under study in soil samples taken in September,
after the test plant had been harvested, was significantly increased by
nitrogen and potassium fertilisation compared to the soil collected from
the control site. Significantly (1.86 times) higher activity compared to the
control site was found in soil fertilised with nitrogen at 20 kg ha' and
nitrogen and potassium at 20 kg ha’. The mean urease activity in the soil
sampled was positively correlated with acid phosphatase (AcP) activity
(AcP = 0.19 + 0.003Ure; r = 0.78). The study saw an increase in of urease
activity in the soil at successive sampling dates with increasing organic car-
bon. Urease is sensitive to the changes of soil organic matter. The findings of
this study were confirmed in the studies carried out by SorEK-PoDWIKA,
CiarkowskA (2008). The high urease activity in soil observed in this study
indicates intensive mineralisation of nitrogen compounds and it is related to
a high content of Cmrg and N_.

The activity of dehydrogenases is an intermediate indicator of the bio-
mass of soil microorganisms and the level of dehydrogenase activity increases
together with microbial counts and the rate of their metabolism. The signifi-
cantly highest mean activity of dehydrogenases was determined in soil ferti-
lised with nitrogen at 20 kg ha! and potassium at 166 kg ha! (Table 3).

Table 3
Activity of dehydrogenases (Deh) in cm® H, kg d.m. of soil h"!
Mineral Date of sampling M
e ean
fertilisation June July August September
Control 55.96 35.38 49.87 73.43 53.66
N 68.23 77.57% 68.45 73.86 72.037
NK, 54.77° 44.46 50.77° 55.44° 51.36°
NK, 54.92° 35.05° 46.45" 62.36" 49.69°
NK, 40.73 33.91° 66.50 71.66" 53.20°
NK, 79.66% 71.09% 78.127 90.90° 79.94
NK; 66.20 62.52 66.86" 68.81° 66.10
Mean 60.07 51.43 61.01 70.93 60.86
LSD, . 238 6.05 5.09 19.56 8.27

Explanations as under Table 2.
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Moreover, dehydrogenases activity was the highest in soil collected from the
same site in June, August and September. Dehydrogenases are good indica-
tors of the effect of excessive fertilisation on soil biotic elements. In studies
by KaczyNska et al. (2015) in soil fertilised with compost dehydrogenases
activity was 16% higher, and in the case of urea — 72% lower than that of
the non- fertilised soil. Unlike the results of chemical analyses, biological
parameters reflect the effect of the environment on the food chain and the
course of enzymatic reactions in soil. RUSEK (2006) claims that the activity of
dehydrogenases is a source of information on the total microbiological acti-
vity of soil and its contamination. Dehydrogenases are often used as the
indicator of soil fertility and it also can denote the amount and activity of
soil microbes GIL-SOTRES et al. (2005). Hence higher Deh in OM (fertilization
with organic manure) soil indicated that long-term application of composted
straw was more beneficial to microbial biomass and activity than the appli-
cation of NPK and no fertilization Xit et al. (2009). The effect of spent engine
oil on the soil dehydrogenases activity was a progressive increase in the
values obtained as the concentrations of the spent engine oil increased
(AcnuBa, PERETIEMO-CLARKE 2008). Fertilization with manure resulted in an
increase of dehydrogenases and catalase activities in soil with increasing
doses of manure (LEmMaNowicz et al. 2009, Borowska, Koprer 2011).

The optimum pH of soil for the activity of acid phosphatase is 4.0-6.5,
and for alkaline phosphatase 9.0-11.0 (BieLiNska 2005, KoprEr, LEMANOWICZ
2008, KaLEmBASA, SymaNowicz 2012). The varied doses of potassium fertilisers
used in this study differentiated the activity of acidic phosphatase in soil
samples collected in June, July and September (Table 4). The highest activi-
ty of the enzyme was observed in soil samples collected at the control site in
autumn (September), after pea had been harvested. Nitrogen fertilisation at
20 kg ha! and potassium at 124 kg ha! significantly reduced the activity of
acidic phosphatase in soil compared to its activity in the control soil during

Table 4
Activity of acid (AcP) and alkaline (AIP) phosphatases in mmol PNPkg"' d.m. of soil h!
Mineral Date of sampling Mean
fertili- June July August September
sation AP | AP | AcP | AIP | AcP | AIP | AcP | AIP | AcP | AIP
Control 0.33 0.43 0.29 0.41 0.34 0.39 0.42 0.44 0.34 0.42
N 0.37 0.42 0,37 0.41 0.33 0.44¢ 0.40° 0.43 0.37¢ | 0.42
NK, 0.35° 0.44 0.38 0.45 0.33 0.41 0.35¢ | 0.43 0.35 0.43
NK, 0.34° 0.44 0.30° 0.40 0.38 0.45¢ | 0.35¢ | 045 0.34% 0.43
NK, 0.29¢ 0.43 0.32 0.41 0.34 0.43 0.40° 0.46 0.34% 0.43
NK, 0.35° 0.43 0.25% 0.42 0.32 0.44¢ 0.40° 0.45 0.33% 0.43
NK, 0.32¢ 0.42 0.32¢® 0.44 0.31 0,43 0.38% | 0.45 0.33% 0.43
Mean 0.34 0.43 0.37 0.42 0.34 0.43 0.39 0.44 0.36 0.43
LSD, 0.04 n.s. 0.03 n.s. n.s. 0.05 0.03 n.s. 0.03 n.s.

Explanations as under Table 2.
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the growing season of the test plant (in June). The activity of AcP in soil
increased in July and August to the level of 0.38 mmol PNP kg! d.m. of
soil h' after fertilisation with NK (N — 20, K — 41.5 kg ha') and NK,
(N — 20, K — 83 kg ha'!). Varied potassium fertilisation did not signifi-
cantly affect the alkaline phosphatase activity. It was at a similar level
(0.42-0.43 mmol PNP kg' d.m. of soil h''). A significant increase in AIP
activity (by 11.28% compared to the control site) was observed in August,
in soil fertilised with N — 20 kg ha'; N — 20, K — 83 kg ha' and N — 20,
K — 166 kg ha’. The highest activity of AcP and AIP was observed in soil
samples collected one month after pea had been harvested (the first ten days
of September). An increase in phosphatase activity was related to a de-
creased soil temp. to 15°C. As well as pH 6.33-7.28 observed in the experi-
ment of MARACHOWSKA-JUTSz, NIESLER (2015) was higher, which could have
effected a decrease of acid phosphatase activity (0.678-0.402 mmol PNP kg!
d.m. of soil h'!), but in the studies by Kortr, LEMaNowicz (2008), RapuLov et
al. (2011), the highest amount of acid phosphatase (1.53 mmol PNP kg*! d.m.
of soil h') was determined in soil with pH., of 5.3-5.5 fertilised with
N — 120 kg ha''. According to BIELINsKA (2005), an optimum pH for alkaline
phosphatase is in the range of 8 - 10, and for the acid phosphatase 4 - 6.

The mean total organic carbon content in the soil was high: from 3.41 to
3.83% (Table 5). The results are significantly higher than those reported by
KuchHarskr et al. (2009). However, the highest content of organic carbon
(4.96%) was found in soil collected in September in the NK, site (N — 20,
K — 124 kgha'). This element originated from organic residues left after the
pea was harvested. Statistical calculations revealed significant differences in
the TOC content in soil samples collected in June between the NK, (N — 20,
K - 166 kgha') and NK, (N — 20, K — 207.5 kg ha™) fertilisation sites. Signi-
ficant differences in TOC in soil samples collected in July were also observed
between the N (N — 20 kgha) and NK, (N — 20, K — 124 kg ha™) sites and

Table 5
Total organic carbon (TOC %) and biochemical index of soil fertility (Mw)
Date of sampling M
Mineral can
fertilisation June July August September
TOC Mw TOC Mw TOC Mw TOC Mw TOC Mw
Control 339 | 368.8 | 3.25 3004 | 3.49 | 3939 | 4.62 | 508.5 3.69 | 3929
N 371 4477 | 3.88° | 537.8 | 3.18 | 359.6 | 3.93 5223 3.68 | 466.9
NK, 379 | 4045 | 3.73° | 367.8 | 3.68 | 357.4 | 4.13 | 4443 3.83 393.5
NK, 3.65 399.5 344 | 2589 | 3.89 | 3935 | 3.66 | 4519 | 3.66 | 375.9
NK, 320 | 248.6 | 2.74* | 209.1 350 | 4043 | 496 | 689.8 | 3.60 | 387.7
NK, 3.98° | 462.1 346 | 3593 | 3.51 446.0 | 3.99 | 6328 | 3.74 | 475.0
NK, 278 | 307.7 | 3.49 | 3953 | 3.01 3157 | 436 | 4999 | 341 379.7
Mean 3.50 | 377.0 | 3.43 3469 | 347 | 381.5 | 424 | 5355 3.66 | 4102
LSD, 0.95 - 0.82 - n.s. - n.s. - n.s.

Explanations as under Table 2.
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between NK, (N — 20, K — 41.5 kgha') and NK, (N — 20, K — 124 kg ha™).
The content of carbon was positively correlated with the activity of urease.
The final study result is the biochemical index (M) of the soil (Table 5).
The time point of soil sampling (soil temperature) had a decisive impact on
the value of the biochemical soil fertility index. Moreover, a significant corre-
lation was observed between the soil biochemical fertility index and the con-
tent of organic carbon in the soil (r, = 0.84, r, = 0.84, r, = 0.55, r, = 0.55).
The index depended on the activity of the enzymes under study, the total
organic carbon content in the soil under analysis, and nitrogen and potas-
sium fertilisation. The high activity of urease and dehydrogenases and high
levels of TOC in the soil under analysis resulted in the maximum values of
the biochemical index. The mean biochemical index for the samples under
analysis was the highest (475.0 and 466.9) for the soil samples collected from
the NK, (N — 20, K — 166 kgha') and N (N — 20 kg ha™) sites. Calculations

Table 6
Simple correlation coefficients between enzyme activity and soil parameters (TOC, Mw)
Parameters | Ure | Deh | AcP | AlP | TOC
Date of sampling — June
Ure -
Deh n.s. -~
AcP 0.50" 0.66"™ _
AlP n.s. n.s. n.s. _

TOC n.s. n.s. 0.71" 0.47" B
Mw ns. 0.71" 0.95" n.s. 0.84"
Date of sampling — July

Ure -~

Deh n.s. _

AcP 0.71" ns. _

AlP n.s. n.s. n.s. _

TOC 0.43" 0.63" 0.44™ n.s. _
Mw 0.55™ 0.86* 0.45™ n.s. 0.84"
Date of sampling — August

Ure _

Deh -0.55™ B

AcP 0.60%** -0.67" _

AlP -0.45™ 0.41™ ns. _

TOC 0.60" -0.59™ 0.78" n.s. _
Mw 0.57" n.s. n.s. n.s. 0.55™
Date of sampling — September

Ure _

Deh n.s. _

AcP n.s. 0.72™ B

AlP n.s. n.s. n.s. B

TOC n.s. n.s. 0.55™ n.s. B
Mw 0.57" 0.68" 0.60" 0.62" 0.55™

"0<0.05,"a<0.01
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revealed a diverse effect of fertilisation on the biochemical index on consecu-
tive soil sampling dates. The highest biochemical index was calculated for
the samples of soil collected in September, which was fertilised with nitrogen
at 20 kg ha! and with potassium at 124 kg ha'. The results are significantly
higher than those reported by KaLEmBAsA, SymaNowicz (2012), KUCHARSKI et
al. (2009) and KucHARskI et al. (2011), who carried out the studies under
laboratory conditions. The impossibility of comparing the results from field
studies and laboratory experiments has been also indicated by other authors
(CHENG, ZHIPING 2007, IoviENo et al. 2009). Wyszkowska et al. (2013) recom-
mended this indicator as one of the best for an evaluation of biochemical soil
quality.

Values of correlation coefficients calculated during the statistical pro-
cessing in most cases revealed significant dependencies between the factors
studied in the experiment (Table 6). Following were high values of correla-
tion coefficients achieved in three terms of soil sampling (June, July and
August). High values of correlation coefficients were obtained between
AcP vs. Mw, TOC vs. Mw (in June and July), Deh vs. Mw as well as AcP and
TOC. The increasing activity of AcP in soil samples collected in June and
Deh in soil samples taken in July raised the index of biochemical soil fertility
Mw = -564.04 + 2803.07AcP; r = 0.95 and Mw = 93.35 + 4.93Deh; r = 0.86).
The increase in the carbon content of the analysed soil samples resulted
in an increase of the soil fertility biochemical index (Mw) in June
Mw = -169.24 + 156.07 TOC; r = 0.84 and July (Mw = 495.71 + 245.88 TOC).

CONCLUSIONS

1. The analysis of soil enzymatic activity indicated high urease and dehy-
drogenases activity and low phosphatase activity.

2. The diverse potassium fertilisation, high abundance of available phos-
phorus in the soil and neutral soil pH all facilitated accelerated mineralisa-
tion of organic matter in soil and a reduction of urease activity.

3. Fertilisation with nitrogen supplied at 20 kg ha! and potassium at
166 kg ha' resulted in the maximum activity of dehydrogenases and the
highest mean biochemical index of potential soil fertility.
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