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The effect of industrial wastes and municipal sewage sludge compost on
the quality of virginia fanpetals (SIDA HERMAPHRODITA RUSBY) biomass
Part 1. Macroelements content and their upatke dynamics
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A single-factor field experiment was carried out at the Cultivar Evaluation Station in Szczecin-Dabie
in 2008-2010. In the experiment, the compost produced with municipal sewage sludge by the GWDA
method was used and high-calcium brown coal ash at a dose corresponding. A test plant was Virginia
fanpetals (Sida hermaphodrita Rusby). The obtained results show that Virginia fanpetals biomass contained
on average the most nitrogen (3.72 g'kg” d.m.), calcium (6.03 g'kg” d.m.) and sulphur (1.24 gkg' d.m.)
in 2008, while the most potassium (4.39 g-kg”! d.m.) in 2010. Significantly more phosphorus, magnesium
and sulphur was contained by Virginia fanpetals biomass from the objects where municipal sewage sludge
compost had been applied without and with addition of high-calcium brown coal ash when compared to
calcium carbonate or high-calcium brown coal ash being introduced into soil at the beginning of study.
Differences in average nitrogen, potassium and calcium contents in the test plant biomass from particu-
lar fertilisation objects were not significant. The macroelements uptake by Virginia fanpetals biomass
depended on the yield size and the content of chemical elements under discussion in it.

Keywords: municipal sewage sludge,compost, calcium carbonate, high-calcium brown coal ash, Virginia
fanpetals, macroelements content in soil and plant.

INTRODUCTION

During the technological process of brown coal com-
bustion in heat generating plants and combined heat and
power plants, the waste in the form of high-calcium brown
coal ash is being obtained. Inappropriately controlled or
managed brown coal ash may be a source of air, water
and soil pollution. Substantial quantities of ash have been
and are still being stored in landfill sites which occupy
larger and larger areas and therefore should be excluded
from environmental use. High-calcium brown coal ash
are characterised by alkaline reaction (pH 9-12.5), which
is induced by high CaO and MgO contents. They are
non-structural, fine grain material with predominance
of the dust fraction (0.1-0.02 mm). Phosphorus and
potassium contents in high-calcium brown coal ash are
similar to their amounts being found in arable soils'=.

Over the last several years, many new municipal sewage
treatment plants have been modernised and constructed
in Poland. The produced reclaimed wastewater are being
drained to water streams or used or used in agriculture
for spray irrigation of fields. The by-products being
produced during sewage treatment, i.e. the wastes which
include sewage sludge, pose a problem.

The sewage sludge coming from municipal sewage
treatment plants are characterised by large manurial
and soil-forming values. It was found, based on many
chemical analyses, that composts being produced with
sewage sludge contained considerably larger quantities of
nutrients for plants, frequently exceeding their content
in manure*'°.

To obtain a large quantity of Virginia fanpetals biomass,
substantial quantities of nutrients are required which
can be supplied among others in the form of composts
produced with sewage sludge and other wastes, e.g.
high-calcium brown coal ash.

The carried out study aimed at determining the direct

effect and the after-effect of municipal sewage sludge
compost applied without and with addition of high-
calcium brown coal ash (waste) as a de-acidifying ferti-
liser on the content of nitrogen, potassium, phosphorus,
magnesium, calcium and sulphur and the dynamics of
their uptake by Virginia fanpetals (Sida hermaphodrita
Rusby) biomass during three-year cultivation.

*Part of this study was conducted within the frame-
work of a research and development project No. 0397/R/
P01/2008/04

MATERIAL AND METHODS

A single-factor field experiment was carried out at the
Cultivar Evaluation Station in Szczecin-Dabie in 2008-
2010 on 33 m? experimental plots. Each experimental
object was performed in four replications.

In respect of granulometric composition, the soil on
which this experiment was set up is classified into the
category of light soils, of soil quality class IVb and good
rye complex. It had been formed from light loamy sand
(lIs). It was characterised by acidic reaction (pHgg, 5.30),
which was an indication to carry out liming. The total
content of macroelements for that type of soil was below
average. The content of available forms of phosphorus
was 24,8 mg'kg! d.m. and it included the category of
low abundance. Contrast, potassium and magnesium
(120.0 and 47.0 mgkg! d.m.) to the category of aver-
age wealth. The content of organic carbon in the soil
was low and amounted to 8.50 g-kg' d.m. The carbon-
to-nitrogen ratio (C:N) was 11.8:1 and was average for
that type of soils. The content of microelements in the
soil, including heavy metals, did not exceed the limits for
the light soils being reported'. In the light of legislation
in force, examinations with municipal sewage sludge
composts and high-calcium brown coal ash could be
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carried out on such a soil”®. In spring 2008, municipal
sewage sludge compost produced by the GWDA method
and calcium carbonate and high-calcium brown coal ash
were introduced into soil. Dose levels for these fertiliser
are given in Table 1. Thereafter, mineral fertilisation
was applied as follows: 42.5 kg N-ha! was introduced
into soil in the form of ammonium nitrate in the first
year of experiment (2008) in May prior to sowing test
plants, as well as 28 kg P-ha™ and 66.4 kg K-ha' in
the form of multi-component fertiliser Suprofoska 20
(400 kg fertiliser per ha). The seedlings obtained from
the rootstock division were planted on 15 May 2008;
altogether, 20,000 seedlings were planted per 1 ha.
Six weeks after planting Virginia fanpetals seedlings,
42.5 kg N-ha'! was introduced into soil in the form of
ammonium nitrate as the top dressing. In the second
year of experiment (2009), a complex fertiliser Polimag
S was introduced into soil in April at an 1000 kg-ha™
dose. This corresponded to 100 kg N-ha™, 35 kg P-ha’!,
125 kg K-ha!; 30 kg Mg-ha™ and 140 kg S-ha™. In the
third year of the experiment (2010), the same dose of
complex fertiliser Polimag S as in 2009 was introduced
into the soil in April. Eight weeks after the application
of the complex fertiliser Polimag S in 2009 and 2010,
34 kg N-ha! was introduced into the soil in the form
of ammonium nitrate. High-calcium brown coal ash
was introduced into the soil in the objects with annual
application in the beginning of April 2009 and 2010.

A test plant was Virginia fanpetals (Sida hermaphodrita
Rusby) which was harvested after 226 days of vegetation
in the first year of experiment, 188 days in the second
year of the experiment and 194 days in the third year
of the experiment.

The high-calcium brown coal ash used in this study
came from the Patnéw-Adaméw-Konin Power Plant
Complex. It contained more potassium (5.50 g'kg! d.m.)
than phosphorus (2.52 g-kg” d.m.). This ash partly sup-

plemented potassium deficiency in the compost. It was
characterised by high value of pHy, (11.0) and contained
986 g-kg™ dry matter as well as 145 g Cakg”! d.m. and
12.5g Mg-kg! d.m. No nitrogen or organic carbon was
found in the ash.

High calcium content in the ash used in this study (145
g Cakg'! d.m.) allowed it to be classified into the group
of high-calcium ashes. The total content of cadmium (2.77
mg-kg'), manganese (265 mgkg?), nickel (12.6 mg-kg™),
zinc (231.0 mg'kg™") and chromium (20.6 mg'kg™) in the
examined high-calcium brown coal ash used in experiment
was higher than in municipal sewage sludge compost. On
the other hand, copper and lead contents (respectively
27.6 and 16.2 in mg-kg™') were higher in the compost
when compared to high-calcium brown coal ash. Taking
into consideration the standards referring to the content
of heavy metals in fertilisers for soil de-acidification®,
high-calcium brown coal ash may by included among the
factors affecting soil de-acidification without negative
environmental impact.

The compost with municipal sewage sludge used in the
experiment, produced by the GWDA method at the Mu-
nicipal Sewage Treatment Plant in Stargard Szczecifiski,
corresponded, in respect to its chemical composition, to
the standards allowing it to be classified into the group
of organic fertilisers'!. This compost had a pHy, ¢, of 8.50
and therefore can be applied without fear on strongly
acid and acid soils which constitute more than 50% in
Poland®. The total content of nitrogen (18 g N-kg! d.m.)
and phosphorus (10.2 g P-kg" d.m.) in this compost was
clearly higher than that of potassium (3.58 g K-kg™! d.m.).
Therefore, deficiencies of this chemical element should
be supplemented in it with potassium mineral fertilisers.

The content of macroelements in Virginia fanpetals
biomass in successive study years was determined in aver-
age samples from four replications of each fertilisation
object. The nitrogen content was determined by Kjeldahl

Table 1. The content of nitrogen, phosphorus and potassium in Virginia fanpetals biomass in g-kg™!

Chemical element
Fertilisation objects Study years nitrogen | phosphorus | potassium
in g'kg™ d.m.

2008 3.08 0.22 3.40
|. Carbonate lime (CaCOs) at a dose of 1.5 Mg CaOrha 2009 2.84 0.21 3.28

2010 2.45 0.24 4.05
Mean value 2.79 0.22 3.57

2008 3.16 0.18 3.20
I1. High-calcium brown coal ash at a dose of 1.5 Mg CaO-ha™ 2009 3.12 0.20 3.12

2010 2.30 0.27 4.21
Mean value 2.86 0.22 3.51

2008 4.22 040 4.05
IIl. Municipal sewage sludge compost at a dose of 250 kg N-ha™ 2009 3.56 0.35 3.72

2010 2.23 0,30 4.34
Mean value 3.34 0.30 4.04
IV. Municipal sewage sludge compost at a dose of 250 kg N-ha™ + 2008 4.34 0.39 4.10
high-calcium brown coal ash at a dose of 1.5 Mg CaO-ha™ (1st 2009 3.87 0.35 3.69
year of study) 2010 2.86 0.28 4.49
Mean value 3.69 0.34 4.09
V. High-calcium brown coal ash at a dose of 1.5 Mg CaO-ha™ (1st 2008 3.20 0.20 3.27
year of study), and 0.75 Mg CaO+ha™ in following study 2009 2.90 0.20 3.10
years each 2010 2.95 0.22 4.58
Mean value 3.02 0.21 3.65
VI. Municipal sewage sludge compost at a dose of 250 kg N-ha™' +
high—calcili)m brown goal 89h at 8 dose of 1.5 Mg Caorha (1st 2008 4.35 0.43 4.18
year of study), and 0.75 Mg CaO-ha™ in following study years 2009 3.97 0.38 4.06
each ’ 2010 2.75 0.29 4.69
Mean value 3.69 0.37 4.31
Mean value of all fertilisation objects 3.23 0.27 3.86
LSDO_05 n.s. 0.135 n.s.




method (PN ISO 13878), the phosphorus content by
the colorimetric method according to Barton and that
of sulphur by means of the nefelometric method on a
Perkin Elmer Lambda EZ 150 apparatus, while potas-
sium, magnesium and calcium contents by the method of
atomic absorption spectrometry on a Perkin Elmer AAS
300 spectrometer. The stock solution was obtained after
previous wet mineralisation of plant material according to
the Polish standards PN-ISO 11466 and PN-ISO 11047.

The content of macroelements was processed statisti-
cally by the analysis of variance method according to
Statistica 8.0 PL computer software package. In the case
of significant differences, the Tukey’s test was used at
significance level p=0.05.

RESULTS AND DISCUSSION

The excessive content or deficiency of macroelements
in plants may reduce their quality being considered
from the point of view of industrial processing. This
also points to the dynamics of nutrients passage from
soils to plants'®"". Virginia fanpetals biomass contained
on average the most nitrogen (3.72 g'kg”! d.m.), calcium
(6.03 g'kg! d.m.) and sulphur (1.24 g'’kg”' d.m.) in 2008,
while the most potassium (4.39 g'kg' d.m.) in 2010 (Tab.
1 and 2). Based on the data reported'®", it can be stated
that nitrogen, potassium and calcium contents in Virginia
fanpetals biomass being obtained in the present study
were average, whereas phosphorus and magnesium ones
were half as high.

Average phosphorus and magnesium contents in
the biomass of test plant in the particular study years
slightly differed and amounted, respectively, to 0.27 to
0.30g P-kg! d.m. and 0.69 to 0.78 g Mg-kg! d.m. Higher
macroelements content was found in the biomass of
test plant from the objects where municipal sewage
sludge had been applied without and with addition of
high-calcium brown coal ash (fertilisation objects III,
IV and VI) when compared to those where organic
fertilisation had not been used (fertilisation objects I,
II and V). However, differences in the average content
of nitrogen, potassium and calcium in Virginia fanpetals
biomass between respective experimental objects were
not significant (Tab. 1 and 2).

On average, more nitrogen was contained by Virginia
fanpetals biomass from the objects where municipal sew-
age sludge compost had been applied without and with
addition of high-calcium brown coal ash (respectively 3.34
and 3.69 N g-kg') when compared to calcium carbonate
(2.79g Nkg') or high-calcium brown coal ash (2.86g
N-kg!) (fertilisation objects I and II). Differences in
the average content of nitrogen in test plants from the
objects with municipal sewage sludge compost without
and with addition of high-calcium brown coal ash were
not significant. No significant differences were observed
either in average nitrogen content in test plant biomass
between the objects where only calcium carbonate or
high-calcium brown coal ash had been introduced into
soil at a dose of 1.5 Mg CaO-ha! (Tab. 1). Average in-
crease in the nitrogen content in the test plant biomass
was found, respectively by 25.8% and 22.7%, between
the objects where organic fertilisation had been applied
without and with addition of high-calcium brown coal
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ash when compared to those with high-calcium brown
coal ash or calcium carbonate.

Significantly more phosphorus (0.37g P-kg"' d.m.) was
contained by Virginia fanpetals biomass from the object
with municipal sewage sludge compost and high-calcium
brown coal ash being introduced into soil at a dose of
1.5 Mg CaO-ha! in the first year of study and 0.75 Mg
CaO-ha! in following study years when compared to
those with calcium carbonate and high-calcium brown
coal ash being applied at the beginning of experiment
and annually (fertilisation objects I, II and V).

Increase in the phosphorus content between these
objects amounted respectively to 68.2% and 76.2%.
Differences in average phosphorus content Virginia
fanpetals biomass between the objects with municipal
sewage sludge compost without and with addition of
high-calcium brown coal ash were not significant (Tab. 1).

The most potassium was contained by the biomass of
test plant from object VI, i.e. 4.31g K'kg' d.m., when
compared to other fertilisation objects (Tab. 1). Differ-
ences in average potassium content in the biomass of
test plant harvested from respective fertilisation objects
were not significant (Tab. 1). However, despite the lack
of significant differences in the potassium content in
test plant biomass, an increase was found between this
object (fertilisation object VI) and other ones (fertilisa-
tion objects L, II, III, IV and V), respectively by 20.7%,
22.8%, 6.68%, 5.37% and 18.1%.

On average, significantly more magnesium was con-
tained by test plant biomass from the object where
municipal sewage sludge compost had been applied
with annual introduction of high-calcium brown coal ash
into soil (0.86g Mg-kg" d.m.) when compared to that
where only calcium carbonate had been applied (0.60g
Mg-kg' d.m.). Average increase of its content in Virginia
fanpetals biomass between these objects amounted to
43.3% (Tab. 2).

On average, the least calcium was contained by test
plant biomass from the object with calcium carbonate
being introduced into soil at a dose of 1.5 Mg CaO-ha™
(5.14 Ca g'’kg™ d.m.) when compared to other fertilisation
objects (Tab. 2). Differences in average calcium content
in the biomass of test plant harvested from particular
fertilisation objects were not significant (Tab. 2). De-
spite the lack of significant differences in the calcium
content in test plant biomass, an increase was found in
its content between fertilisation object I and other ones
(fertilisation objects II, III, IV, V and VI), respectively
by 7.78%, 10.9%, 25.1%, 13.03% and 20.6%.

Average sulphur content in Virginia fanpetals biomass
amounted to 1.14 gkg! d.m. It was five times higher
when compared to that reported®*?' which amounted
respectively to 0.25 and 0.33 g S'kg”' d.m. When compar-
ing the obtained study results, it can be stated that the
content of nitrogen in Virginia fanpetals biomass was
similar, that of phosphorus and potassium was slightly
lower, that of calcium was half as low, while that of
magnesium was one time higher when compared to the
findings being reported?.

Average increase in the macroelements uptake by Vir-
ginia fanpetals biomass from the objects being fertilised
with municipal sewage sludge compost without and with
addition of high-calcium brown coal ash at the begin-
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Table 2. The content of calcium, magnesium and sulphur in Virginia fanpetals biomass in g'kg' d.m.

Fertilisation objects Study years Chemical element
calcium magnesium sulphur
in g+kg™ d.m.
I. Carbonate lime (CaCOs) at a dose of 1.5 Mg CaO+ha™ 2008 5.52 0.63 0.90
2009 5.30 0.58 0.90
2010 4.60 0.60 0.95
Mean value 5.14 0.60 0.92
I1. High-calcium brown coal ash at a dose of 1.5 Mg CaOha™ 2008 5.82 0.67 0.94
2009 5.50 0.62 0.82
2010 5.30 0.73 1.02
Mean value 5.54 0.67 0.93
I1Il. Municipal sewage sludge compost at a dose of 250 kg N+ha™ 2008 6.31 0.88 1.50
2009 6.08 0.84 1.45
2010 4.70 0.81 0.86
Mean value 5.70 0.84 1.27
IV. Municipal sewage sludge compost at a dose of 250 kg Neha™ + 2008 6.19 0.86 1.58
high-calcium brown coal ash at a dose of 1.5 Mg CaO¢ha™ (1st year 2009 6.29 0.72 1.48
of study) 2010 6.81 0.83 0.92
Mean value 6.43 0.80 1.33
V. High-calcium brown coal ash at a dose of 1.5 Mg CaO+ha™ (1st 2008 5.82 0.65 0.95
year of study), and 0.75 Mg CaOr+ha™ in following study 2009 5.30 0.54 0.86
years each 2010 6.32 0.86 1.01
Mean value 5.81 0.68 0.94
VI. Municipal sewage sludge compost at a dose of 250 kg Neha™ + 2008 6.52 0.88 1.60
high-calcium brown coal ash at a dose of 1.5 Mg CaO¢ha™ (1st 2009 6.20 0.84 1.64
year of study), and 0.75 Mg CaO+ha™ in following study years each 2010 5.87 0.85 1.07
Mean value 6.20 0.86 1.44
Mean value of all fertilisation objects 5.80 0.74 1.14
LSDo 05 n.s. 0.195 0.365

ning of study and annually (fertilisation objects III, IV
and VI) amounted to 41.1% for nitrogen, 31.2% for
potassium, 39.6% for calcium, 59.3% for magnesium
and 55.5% for sulphur when compared with that being
fertilised with calcium carbonate only (fertilisation object
I). The least phosphorus uptake by Virginia fanpetals
biomass was found in the object with high-calcium brown
coal ash being introduced into soil at a dose of 1.5 Mg
CaOr-ha! in the first year of study and 0.75 Mg CaO-ha
in following study years, i.e. 7.28 g'’kg”' d.m. (Tab. 3).

Decidedly more nitrogen, phosphorus, potassium, cal-
cium, magnesium and sulphur was contained by Virginia
fanpetals biomass from the objects where municipal
sewage sludge compost and high-calcium brown coal
ash had been applied when compared to those where
organic fertilisation had not been used. The obtained
study results show that macroelements contained in the
compost affected the increase of their content in test
plant biomass.

The studies carried out?*?’ confirm that sewage

sludge and composts produced with it affect plant yield
increase, their macroelements content and uptake as
well as improve soil water and air properties, stabilise
their reaction and increase their organic matter content.

The increase in the macroelements content in Virginia
fanpetals biomass and at the same higher macroelements
uptake in it in the objects with municipal sewage sludge
and high-calcium brown coal as compared to that where
only municipal sewage sludge compost had been applied
may be substantiated by the effect of calcium and soil
pH (pHgc ) on the intensity of microbiological processes
taking place in soil. This is confirmed by the study results
being obtained®** which found that nutrients being so
far non-assimilable by plants turn into available forms
as a result of these processes, and thus a plant is able
to absorb them.

The total uptake of macroelements by Virginia fanpetals
biomass was by far the least in the objects with calcium
carbonate and high-calcium brown coal ash (fertilisation
objects I and II). However, these statistical differences
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Table 3. The total macroelements uptake by Virginia fanpetals biomass in 2008-2010. The data are given in kg'ha™ d.m.

13

Chemical element

Fertilisation objects N P K Mg Ca S
in kgeha™ d.m.
| 88.1 7.46 121.4 19.6 164.3 30.6
I 89.9 7.68 120.1 22.3 179.0 30.5
I} 110.3 12.2 150.4 30.8 201.9 43.4
v 130.1 12.2 156.9 29.9 249.5 46.3
v 102.1 7.28 133.1 24.4 202.4 32.6
VI 137.5 13.2 170.7 33.0 236.3 53.0
LSDg 05 16.7 n.s. 13.8 n.s. n.s. n.s.
* Description of fertilisation objects is given in Table 1.
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Figure 1. The dynamics of macroelements uptake by Virginia fanpetals biomass in successive years of cultivation in relative values
(total uptake=100%). Description of fertilisation objects (I to VI) is given in Table 1
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were proved only in case of nitrogen and potassium. The
highest uptake of macroelements during three study years
was found in fertilisation objects III, IV and VI (Tab. 3).

The applied calcium carbonate and high-calcium brown
coal ash being introduced into the soil at the beginning
of the study (fertilisation objects I and II) induced a sig-
nificant decrease in the total macroelements uptake when
compared to other fertilisation objects. When analysing
the dynamics of macroelements uptake, it was found to
be decidedly lower in the first year of study and ranged
from 4.94% to 10.3%. It increased in the next study years,
reaching the highest value of 58.5% in the last year of
study. The macroelements uptake by Virginia fanpetals
biomass depended on the yield size and the content of
the chemical elements under discussion (Fig.1.).

It results from the carried out examinations that there
is a correlation between the municipal sewage sludge
compost and high-calcium brown coal ash leading to an
increase in the macroelements content and their uptake
by Virginia fanpetals biomass.

CONCLUSIONS

1. Virginia fanpetals biomass contained on average
the most nitrogen (3.72 g'kg™ d.m.), calcium (6.03 g'kg™’
d.m.) and sulphur (1.24 g'kg! d.m.) in 2008, while the
most potassium (4.39 g'kg”' d.m.) in 2010.

2. Municipal sewage sludge compost with the addition
of high-calcium brown coal ash being applied in the first
year of study and annually contributed to the increase
of average content of nitrogen, phosphorus, magnesium
and sulphur in Virginia fanpetals biomass, respectively
by 32.2%, 68.2%, 43.3% and 56.5%, when compared to
the fertilisation object with calcium carbonate.

3. Significantly more phosphorus, magnesium and sul-
phur was contained by Virginia fanpetals biomass from
the objects where municipal sewage sludge compost had
been applied without and with addition of high-calcium
brown coal ash when compared to calcium carbonate or
high-calcium brown coal ash being introduced into soil
at a dose of 1.5 t CaO-ha™’.

4. Differences in average nitrogen, potassium and cal-
cium contents in the test plant biomass from particular
fertilisation objects were not significant.

5. The macroelements content in the biomass of Vir-
ginia fanpetals under cultivation (mean value of three
harvests during three years of its cultivation) can be
arranged in the following descending order: Ca > K >
N>S>Mg>P

6. Total macroelements uptake by Virginia fanpetals
was by far the least in the objects with calcium carbonate
and high-calcium brown coal ash. The highest uptake
of macroelements during three study years was found
in the objects with municipal sewage sludge compost
without and with addition of high-calcium brown coal
ash (fertilisation objects 111, IV and VI).
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