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Abstract

In a two-year field experiment (2008-09), the effect of increasing doses of compost produced from munic-
ipal sewage sludge with or without the addition of active substance PRP*SOL (PRP Technologies, France) on
urease and dehydrogenase activities during cultivation of winter wheat and spring rapeseed was studied. The
experimental design included a control treatment with standard mineral fertilization and three levels of organ-
ic fertilization. The used compost doses were equivalent to 100, 200, and 300 kg N-ha'. Organic fertilization
was carried out on 28 September 2007. In 2008 and 2009 the whole experimental area was fertilized with active
substance PRP SOL at a 150 kg-ha' dose and multicomponent fertilize Polifoska 6 at a 200 kg-ha' dose.
Due to the low nitrogen content in Polifoska 6 (6% N), urea top-dressing for winter wheat and spring rape-
seed was applied at a dose of 100 kg N-ha' in two times periods. Soil samples for chemical analyses were col-
lected from the arable layer (0-25 cm) under winter wheat four times: April, May, and July (soil sampling times
I to I1I), and after its harvest at the end of August 2008 (sampling time IV). In spring 2009, spring rapeseed
was sown in the same field, and soil samples for analyses were collected in the same times I to III (April, May,
and July), while soil sampling time IV following the rapeseed harvest fell at the beginning of August 2009. It
was found that fertilization with a triple dose of compost with a PRP SOL addition increased the soil pHg
value as compared to control soils. Higher organic carbon (OC), nitrogen (N), and phosphorus (P) contents were
found in the soils collected from experimental plots being fertilized with a double and a triple dose of munici-
pal sewage sludge compost with a PRP SOL addition. Significant increase in urease activity was found between
soil sampling times [ and IV (specify the treatment here). The applied fertilization with single and a triple doses
on compost with or without PRP SOL increased the urease activity on average by 30.4 between soil sampling
times I and IV. The largest increase in dehydrogenase activity was observed between soil sampling times I and
III and in control objects. The applied fertilization with a triple dose of compost with or without PRP SOL
increased the dehydrogenase activity on average by 18.65% between soil sampling times I and III.

The applied organic fertilization together with active substance PRP SOL stimulated the enzymatic
activity of urease and dehydrogenase in all cases.
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Table 1. Some indicators of soil fertility in the Ap (0-25 cm) top layer before establishment of the experiment.

Total content macroelements in g-kg' DM soil Content of available forms in mg-kg"' DM soil
pHKCl Corg. C:N
N P K Ca Mg S P K Mg S-S0,
6.65 7.55 0.64 1.10 2.41 2.18 0.60 0.12 11.8 78.2 1132 38.6 9.26
Table 2. The physical and chemical characteristics of compost used in the field experiment.
- Total content in g'kg' DM Total content in mg-kg' DM
PHpy0
| dm N C P K Ca Mg S cd Cu Ni Pb Zn

7.15 290 28.6 246 12.0 6.70 4.80

222 3.60 2.50 74.3 3.55 453 263

d.m — dry mass

Introduction

Rise in prices of mineral fertilizers and reduced produc-
tion of natural fertilizers due to decreased livestock produc-
tion require cheaper and environmentally safe sources of
nutrients for crop production. Several studies [1-3] indicate
that municipal sewage sludge contains nutrients for plants
and organic matter, and attention also has been paid to the
possibility of using municipal sewage sludge for production
of organic fertilizers.

It has been reported [17-19] that organic and natural fer-
tilization plays an important role because it determines soil
carbon content and is generally positively correlated with
the activity of enzymes [20].

Previous studies showed that active substance PRP SOL
improved the soil’s physical properties, increased soil enzy-
matic activity, and induced the conversion of sparingly solu-
ble P, K, and Mg forms into more plant-available ones [21].

The enzymatic activity of soil can be used as a sensitive
indicator in the evaluation of soil fertility and yield poten-
tial. Soil enzymatic activity depends on optimal soil mois-
ture and aeration [4], organic carbon and nitrogen contents
[5], the presence of heavy metals [6], fertilization [7-9], and
to large extent on agrotechnical measures [10, 11]. Among
soil enzyme activities, urease, dehdrogenase, and phospha-
tise activities also depend on soil type [12], physicochemi-
cal properties [13], plant species being grown [14], and
their development stage [15]. Enzyme activity is particular-
ly high in the rhizosphere, where the release of root exu-
dates sustain a higher microbial biomass and activity than
in the bulk soil [16].

The objective of this study was to determine the effect of
organic fertilization with compost produced from sewage
sludge with or without the addition of active substance PRP
SOL on the soil urease, phosphataise, and dehydrogenase
activities at different times of soil sampling during the culti-
vation of winter wheat (2008) and spring rapeseed (2009).

Material and Research Methods

The study was conducted in 2008 and 2009, at the
Agricultural Experimental Station in Lipnik near Stargard

Szczecinski, belonging to the Western Pomeranian
University of Technology in Szczecin. The analyzed soil
had a silty loam texture (12% clay), and included in the soil
quality class IVa and good rye complex (5). Soil samples
for analysis were collected from the arable layer (0-25 cm).
Main soil properties are reported in Table 1. Municipal
sewage sludge compost used in this study was produced by
the GWDA method (GWDA Water Supply and Wastewater
Disposal Services Co. Ltd, Pita, Poland) by the Municipal
Sewage Treatment Plant in Stargard Szczecinski. It had a
neutral pH value and its main chemical properties and
heavy metal concentrations are reported in Table 2.
Contents of the measured heavy metals did not exceed the
Polish threshold values for its use in agriculture [22].

The experimental design included a control, with stan-
dard mineral fertilization, and three levels of organic fertil-
ization equivalent to 100, 200, and 300 kg N-ha'. The
experiment was conducted in two series with or without the
addition of active substance PRP SOL (PRP Technologies,
France). The increasing doses of compost for respective
fertilization soils were introduced into soil in autumn 2007.
Test crops were winter wheat in 2008 and spring rapeseed
in 2009.

In 2008 and 2009 the experimental area was fertilized
with PRP SOL at a 150 kg-ha' dose and multicomponent
fertilizer Polifoska 6 at a 200 kg-ha' dose. Due to a low
content of N in Polifoska 6 (6% N), nitrogen top-dressing
for winter wheat and spring rapeseed was applied in the
form of urea (46% N) at a dose of 100 kg N-ha'. The total
dose of N for winter wheat (2008) and spring rapeseed
(2009) was divided into two equal parts, applying them in
two time periods (spring): winter wheat — 50% in the begin-
ning of vegetation period and 50% at shooting stage, spring
rapeseed — 50% before sowing and 50% before inter-row
closing.

Soil samples for chemical analyses were collected
from the arable layer (0-25 cm) under winter wheat four
times: April, May, and July (soil sampling times I to III),
and after its harvest at the end of August 2008 (soil sam-
pling time IV). In spring 2009, spring rapeseed was sown
in the same field. Soil samples for analysis were collected
in the same soil sampling times I to III (i.e. April, May, and
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Table 3. Effect of organic fertilization with and without the addition of active substance PRP SOL on organic carbon, total nitrogen,
and phosphorus contents in soil samples collected in 2008 and 2009 following the harvest of test plants.

Corg N P
Fertilization soils Study years PHkar
content in g'kg' d.m.

2008 6.10 7.17 0.65 118
Control

2009 6.25 725 0.66 115
Control with 2008 6.24 732 0.67 121
PRP SOL 2009 636 7.40 0.68 1.20
1* dose of compost 2008 6.67 8.72 0.75 125
without PRP SOL 2009 6.70 8.80 0.83 1.34
1* dose of compost 2008 6.74 8.82 0.79 131
with PRP SOL 2009 6.86 8.90 0.85 1.38
2 dose of compost 2008 6.95 8.78 0.81 132
without PRP SOL 2009 7.10 8.86 0.84 1.34
2% dose of compost 2008 7.03 9.15 0.83 136
with PRP SOL 2009 7.15 9.30 0.88 1.41
39 dose of compost 2008 7.08 9.04 0.85 137
without PRP SOL 2009 7.20 9.10 0.87 139
39 dose of compost 2008 7.12 9.24 0.81 139
with PRP SOL 2009 7.29 9.35 0.89 1.44
LSDy s:
A — compost doses 0.21 0.15 0.08 0.09
B — PRP SOL fertilization n.s. 0.08 n.s. n.s.
AxB n.s. 0.21 n.s. n.s.

n.s. — non significant

July), while soil sampling time IV following the rapeseed
harvest fell at the beginning of August 2009. Soil total
organic C and total N contents were measured by
sulphochromic oxidation (ISO 14235) and dry combustion
(ISO 13878), soil pH was determined by potentiometry in
IM KCI (PN-ISO 10390), and total P content by the col-
orimetric method after previous wet mineralization of soil
in a mixture of perchloric and nitric acids (1:1).
Dehydrogenase activity was determined by the colorimet-
ric method on a Lambda 150 spectrophotometer (Perkin
Elmer, USA) at 485 mm wavelength after 24-hour incuba-
tion at 30°C with TTC solution according to the method of
Thalman [23]. Urease activity was determined according
to the method of Zantua and Bremner [10], based on the
spectrophotometric measurement of released ammonia
after a 2-hour incubation of soil samples with urea 2.5%
substrate at 37°C. The phosphatase activity was deter-
mined according to Tabatabai [24].

Statistical analysis of results was performed using
Statistica 8.0 computer software, while differences between
means were evaluated by Tukey’s at the significance level
p=0.05.

Results and Discussion

Soil pHg, value, organic carbon, nitrogen, and phos-
phorus contents are compared in Table 3. The soil samples
collected in 2008 were characterized by sub-acidic to neu-
tral pHg, values (6.10-7.12), while those collected in 2009
by sub-acidic to sub-alkaline pH values (6.25-7.29) in the
treatment with a triple dose of compost and a PRP SOL
addition. Fertilization with a triple dose of compost with a
PRP SOL increased the pHg, value in soil in 2008 by 1.02
units, while in 2009 by 1.04 units when compared to con-
trol soil (Table 3).

The organic carbon OC content was within the range of
7.17 to 9.35 g'kg', while that of N 0.65 to 0.89 g'kg" and P
1.15 to 1.44 g'kg' d.m. Higher organic carbon, nitrogen,
and phosphorus contents were found in the soils fertilized
with double and triple doses of municipal sewage sludge
compost with a PRP SOL addition.

Both in 2008 and 2009, the lowest content of three
examined macroelements was determined only in the soil
samples collected from control plots with or without a PRP
SOL addition.
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Table 4. Urease activity according to organic fertilization with and without the addition of active substance PRP SOL and soil sam-

pling times; data are given in mg N-NH,-kg'-h"'

without with M without with M
Fertilization Sampling PRP SOL PRP SOL can PRP SOL PRP SOL can
variants times
2008 — winter wheat 2009 — spring rapeseed
1 14.7 15.0 14.8 17.3 17.7 17.5
11 14.5 152 14.8 174 17.8 17.6
Control 1 14.8 15.1 14.9 17.4 17.6 17.6
v 149 153 15.1 17.5 17.9 17.7
Mean 14.7 15.1 149 17.4 17.7 17.6
1 15.0 15.2 15.1 18.9 19.0 19.0
11 154 154 154 19.2 194 19.3
I* dose il 15.1 153 152 19.1 19.2 19.1
of compost
v 15.2 15.6 153 19.6 19.8 19.7
Mean 15.2 154 15.3 19.2 19.3 19.2
1 152 15.5 154 19.1 19.2 19.1
11 15.6 15.8 15.7 19.5 19.6 19.5
nd
2" dose il 154 15.6 155 193 193 193
of compost
v 159 16.2 16.1 19.7 19.9 19.8
Mean 15.5 15.8 15.6 194 19.5 194
1 15.7 15.9 15.8 19.3 19.6 19.4
1I 15.9 16.1 16.0 19.7 19.9 19.8
rd
3" dose I 15.7 16.3 16.0 19.5 202 19.8
of compost
v 16.1 16.4 16.2 20.1 21.1 20.6
Mean 15.8 16.2 16.0 19.6 20.2 19.9
1 14.7 15.0 14.8 17.3 17.7 17.5
1I 14.5 15.2 14.8 174 17.8 17.6
Control 111 14.8 15.1 149 17.4 17.6 17.6
v 14.9 153 15.1 17.5 17.9 17.7
Mean 14.7 15.1 14.9 174 17.7 17.6
LSDOAOS
A — compost doses 0.166 0.267
B —PRP SOL fertilization 0.088 0.141
AxB n.s. n.s

n.s. — non significant

The applied organic fertilization with compost with or
without the addition of PRP SOL significantly increased the
OC content in all fertilization soils. Nitrogen and phospho-
rus contents in soil after plant harvest increased significant-
ly in the soils being fertilized with increasing compost
doses when compared to control soils. The introduction of
active substance PRP SOL into soil did not contribute to a
significant increase in the content of both chemical ele-
ments in the soil under analysis (Table 3).

Urease and dehydrogenase activities at different sam-
pling times are reported in Tables 4 and 5. The increasing
doses of compost with or without PRP SOL and soil sam-
pling times in the two study years significantly affected ure-
ase and dehydrogenase activities. The variability of enzy-
matic activities in soil during the crop vegetation period,
mainly due to changing temperature and precipitation, has
been previously reported [25], and agrees with previous
published data that soil enzymes are more active at the end
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Table 5. Dehydrogenase activity according to organic fertilization with and without active substance PRP SOL and soil sampling times;

data are given in cm-H,kg'-d"'.

without with M without with M
Fertilization Sampling PRP SOL PRP SOL can PRP SOL PRP SOL can
variants times
2008 — winter wheat 2009 — spring rapeseed
I 114 11.7 11.5 12.2 13.8 13.0
I 11.5 11.8 11.6 123 13.9 13.1
Control III 11.6 11.9 11.7 124 13.9 13.1
v 11.7 12.0 11.8 12.5 14.0 13.2
Mean 11.6 11.8 11.7 12.4 13.9 13.1
1 12.2 12.9 12.5 13.2 14.1 13.6
11 12.7 13.2 129 13.5 14.6 14.0
I* dose m 132 13.7 13.4 13.9 149 14.4
of compost
v 12.9 13.5 13.2 13.7 14.9 14.3
Mean 12.7 13.3 13.0 13.6 14.6 14.1
I 12.8 13.0 12.9 13.8 14.2 14.0
11 13.1 13.5 13.3 14.1 14.6 14.3
nd
2" dose il 13.7 14.1 139 145 15.0 14.7
of compost
v 13.4 13.8 13.6 14.1 149 14.5
Mean 13.2 13.6 134 14.1 14.7 14.4
I 13.2 13.7 13.4 143 15.9 15.1
I 13.6 13.9 13.7 14.7 163 155
rd
3" dose I 14.1 143 142 15.1 16.7 15.9
of compost
v 13.8 14.1 13.9 14.9 16.6 15.7
Mean 13.7 14.0 13.8 14.7 16.4 14.0
LSDy s
A — compost doses 0.203 0.185
B —PRP SOL fertilization 0.107 0.097
AxB n.s. 0.261

n.s. — non significant

of spring and the beginning of summer and autumn [26].
In both study years, the highest activity of urease was found
in the soil samples collected in July.

The obtained study results are likely related to site tem-
perature, which was almost the same in July in 2008 and
2009 and amounted to 19.4 and 19.1°C, whereas total pre-
cipitation in mm was slightly higher in 2009 (53.7 mm)
when compared to 2008 (35.2 mm).

The application of increasing doses of municipal
sewage sludge compost with the addition of PRP SOL and
the soil sampling times were both the parameters signifi-
cantly influencing the soil urease and dehydrogenase activ-
ities (Tables 4 and 5).

The urease activity ranged from 14.5 to 21.1 mg N-
NH,kg"h'. The soil samples collected in 2009 under

spring rapeseed showed higher urease activity when com-
pared to that determined in the samples under winter wheat.
Urease and dehydrogenase activities in the soil samples
collected under spring rapeseed and winter wheat in 2009
were higher than those in 2008 (Tables 4 and 5). This phe-
nomenon could be induced by different nutrient uptake
(particularly N) by the plant roots as well as by different
times of the urea top-dressing application. This hypothesis
agrees with previous studies by Yang et al. [27], who state
that urease activity may be inhibited by the application of
fertilizers containing ammonium N.

Urease activity in the soil under winter wheat increased
respectively by 4.51% and 4.60% between soil sampling
times [ and IV (April-August) in the soils receiving a dou-
ble dose of compost, independently of PRP SOL addition.
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Organic fertilization with compost significantly increased
the OC, total N, and P contents in all soils, regardless of the
addition of PRP SOL.

A similar trend was observed in the soil fertilized with
a triple dose of compost with or without the PRP SOL addi-
tion. An increase of urease activity was 2.54% and 3.14%
in soils with double and triple compost doses, respectively,
compared to soils receiving a double dose of compost.

The highest urease activity in the soil samples collected
under spring rapeseed was characteristic of the object fer-
tilized with a tripled dose of compost with PRP SOL addi-
tion between soil sampling times I and IV (April-August).

In this fertilization object, the activity of urease
increased by 7.65%. A slightly smaller increase, by 4.14%,
was found in the object fertilized with a triple dose of com-
post only (Table 4).

The largest increase in the activity of that enzyme was
found between soil sampling times IV and 1. The highest
urease activity was observed in soils receiving a triple dose
of compost, independently on PRP SOL addition both for
winter wheat and spring rapeseed. A difference in soil ure-
ase activity between soils receiving fertilizers and those
receiving sludge-derived compost was significant for 2008.
Differences in soil enzymatic activity between fertilization
soils with single compost dose in 2009 were not significant.

When comparing the urease activity in soil samples, a
significantly larger effect of organic fertilization with or with-
out PRP SOL addition under spring rapeseed was found
when compared to the soil material collected under winter
wheat.

The dehydrogenase activity varied within the range of
11.4-16.7 ecm'H,'kg'-d' and the soils collected in 2009
under spring rapeseed showed higher dehydrogenase activ-
ity when compared to soils under winter wheat. Higher
dehydrogenase activity was found in soils under spring
rapeseed as compared to soils under winter wheat (Table 5).

Dehydrogenase activity in the soil samples collected
under winter wheat increased by 8.20%, 7.03%, and 6.82%
between soil sampling times I and IV in the soils treated with
single, double, and triple doses of compost, respectively. The
highest dehydrogenase activity in the soil samples collected
under spring rapeseed was characteristic of the soil fertilized
with single and double doses of compost with PRP SOL and
with a triple dose of the compost itself between soil sampling
times I and I1I (April-July). In these fertilized soils and sam-
pling times, dehydrogenase activity increased by 5.67%,
5.63%, and 5.59%, respectively (Table 5).

In the control soil, the largest increase in dehydrogenase
activity was found between soil sampling times III and I
(Table 5). On average, the application of a triple dose of
compost with or without a PRP SOL addition increased the
dehydrogenase activity by 18.65% between soil sampling
times III and I, whereas an average increase of dehydroge-
nase activity in the control soil with PRP SOL was 16.9%
between 2008 and 20009.

Urease and dehydrogenase activities in the soil samples
collected under both test plants were significantly higher in
the fertilization soils where compost and the addition of
active substance PRP SOL had been applied when com-

pared to the control object with or without a PRP SOL addi-
tion (Table 4 and 5).

Depending on the crop and the sampling time, urease and
dehydrogenase activities were higher by 2.04% to 21.3% and
5.17% to 34.7%, respectively, when compared to the control
object (Tables 4 and 5). With the presented experimental set-
up it was not possible to discriminate the effect of microor-
ganisms introduced into soil with the sludge-derived com-
post [28] on the whole soil enzyme activity.

Conclusions

1. Fertilization with a triple dose of compost with a PRP
SOL addition significantly increased the soil pH value
as compared to control soils.

2. Fertilization with increasing doses of compost with
PRP SOL under winter wheat and spring rapeseed
increased the urease activity between soil sampling
times I and IV, by 4.96% and 11.97%, respectively,
when compared to the control soil.

3. The largest increase in dehydrogenase activity in soil
material was observed between soil sampling times |
and III as affected by organic fertilization with a
PRP*SOL addition under winter wheat and spring rape-
seed, by 14.5% and 11.0%, respectively, when com-
pared to the control soil.

4. Depending on the applied fertilization, the crop, and
sampling time, urease and dehydrogenase activities
were higher by 2.04% to 21.3% and 5.17% to 34.7%,
respectively, when compared to the control soil.

5. The application of organic fertilization with active sub-
stance PRP SOL stimulated the enzymatic activity of
urease and dehydrogenase in all fertilization objects.
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