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ABSTRACT

The experiment consisted in testing four fertilizer granulates produced from waste in the vegetation experiment.
The waste used to produce granulates included: ash from lignite due to its deacidifying properties, industrial sew-
age sludge and sawdust due to considerable abundance of nutrients for plants. The recipe for the chemical com-
position of granulates was devised on the basis of chemical properties of the waste. The fertilizer granulates were
characterized by fairly high content of calcium and organic carbon, and less of sulfur, phosphorus, potassium and
magnesium. The contents of heavy metals did not exceed the permissible standards. The test plant was rapeseed of
Larissa cultivar. The content of macronutrients was determined in rape seeds. The following ionic relations K:Mg,
K:Ca, K:(Cat+Mg), Ca:Mg and weight proportions Ca:P and N:S, were calculated. The research indicated that the
applied single doses of fertilizer granulates A, B, C and D significantly expanded the Ca:Mg ion relations, but did
not affect the increase in K:Ca, K:(Ca+Mg), N:S and Ca:P in rape seeds compared to the control. Double doses of
granulates compared to the single ones resulted in a significant narrowing of the ionic ratio K:Ca and significant
extension of Ca:Mg and N:S in the seeds of the test plant. Triple doses of fertilizer granulates significantly reduced
the ionic relations K:Ca, K:(Ca+Mg) and N:S, but did not cause changes in the Ca:Mg and Ca:P ratio in rape seeds.
The aim of the study was to determine the impact of 4 granulates produced from waste on the formation of the most

important ionic ratios and weight proportion of elements in the yields of spring rape seeds.
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INTRODUCTION

It is estimated that Polish soils are character-
ized by an acidic or very acidic reaction in over
60% of agricultural land, Sktodowski and Bielska
[2009]. Acidic soils limit the transition of some
macronutrients from forms that are available to
plants to the unavailable ones (e.g. phosphorus),
the transfer of micronutrients from unavailable
into available forms to plants. There may also be
inhibition of the development of microorganisms
living in the soil involved in the decomposition of
organic matter and poor root development. Then
plants have less opportunity to take water and nu-
trients up from deeper soil layers.

Therefore, the research was conducted on the
possibility of reducing the degree of acidification
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of soils and increasing the organic matter and
nutrients for plants. For this purpose, the fertil-
izer granulates were prepared from waste, among
others, ash from lignite that can be used for de-
acidification of soils, sewage sludge and saw-
dust abundant in organic matter and nutrients for
plants [Antonkiewicz 2010, Antonkiewicz et al.
2018, Krzywy-Gawronska 2012, Hargreaves et
al. 2008, He et al. 2009].

Reliable factors confirming the qualitative
characteristics of harvested crops are the ionic
ratios between the selected elements: K:Mg,
K:(Ca+tMg), K:Ca, Ca:Mg, Ca:P oraz N:S Ma-
jcherczak et al. [2006]. According to Wyszkowski
[2001] as well as Wyszkowski and Cie¢ko [2002],
the ionic proportions K:(CatMg) and Ca:Mg
should be close to 1.62 and 3.0, respectively.
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Labuda et al. [1992] indicate that the optimal
ionic proportions K:Ca and K:Mg in cereal plants
should be at the level of 4. At the same time, it was
found that the ratio most often taken into account
in the case of sulfur deficiency in the plant is N:S
ionic ratio [Grzebisz and Przygocka-Cyna 2007].

MATERIAL AND METHODS

The two-factor experiment was carried out in
a randomized block design with a control object
in four replications. The factor I consisted of the
types of granulates, and factor II — three doses.
Four fertilizer granulates made from waste (ash
from lignite, sewage sludge, sawdust) were used
for the vegetation-pot experiment. On the basis of
the chemical properties of the waste, their mate-
rial compositions were developed (Tablel).

Soil with the granulometric composition of
strong loamy sand included in the good rye com-
plex and bonitation class IVb, used for investi-
gations originated from Lipnik. It was character-
ized by a slightly acid reaction, narrow C:N ratio
and low organic carbon content. The content of
available forms of phosphorus (60.9 mg-kg'd.m.)
potassium (121 mgkg'dm.) and magnesium
(42,5 mg-kg'd.m.) and for plants was medium
(Table 2). Due to the fact that the granulates
were produced with the use of ashes and sew-
age sludge, the total content of heavy metals was
also determined in the soil. Total content of Cd,
Cu, Cr, Ni, Pb and Zn was 0.22; 8.60; 8.80; 7.12;
12.8 and 35.7 mg-kg! d.m., respectively, and did
not exceed the permissible standards for crops
and land reclamation contained in the Minister
of the Natural Environment [Journal of Laws,
2016, item 1395]. The test plant was rapeseed of
Larissa cultivar.

The delivered soil was sifted to eliminate larg-
er impurities and stones, and then in an amount of
9 kg placed into pots. The granulate doses were
calculated based on their nitrogen content. Dose
I, IT and III were: 0.24 g, 0.48 g and 0.72 g N-pot

which corresponds to 80, 160 and 240 kg N-ha
!, respectively.The fertilizer granulates were ap-
plied to the pots filled with the soil in accordance
with the experimental scheme. Then 20 rape
seeds were sown. The pots were placed under a
roof, eliminating the impact of atmospheric pre-
cipitation. After reaching the height of 10 cm by
rapeseed, selection was made, leaving 5 plants in
each pot. The experiment required the post-crop
foliar feeding with nitrogen in the form of urea 5
weeks after rapeseed plant emergence. The size
of nitrogen dose per pot was 0.276 g N.

The harvest of test plants was carried out at
the production maturity stage. The rapeseed was
collected on July 26. After the harvest of plants,
the size of the yield was determined and the
samples were taken for laboratory tests. The av-
eraged seed samples were subjected to chemical
analyses in duplicate. On the basis of the deter-
mined N, P, K, Ca, Mg and S contents in the seeds
of the test plant, ionic relations K:Mg, K:Ca,
K:(Mg+Ca), Ca:Mg and proportions of Ca:P and
N:S were calculated.

The material composition of granulates
and the content of some macronutrients in rape
seeds were published in the work of Krzywy
et al. [2013].

ANALYTICAL METHODS

In rape seeds, the nitrogen content was deter-
mined using the Kjeldahl method PN ISO 13878,
phosphorus by means of the Barton colorimetric
method on the Perkin Elmer Lambda EZ 150 de-
vice, potassium, calcium and magnesium by the
atomic absorption spectrometry (AAS) and sulfur
applying the nephelometric method. The stock
solution was obtained after wet digestion of plant
material in a mixture of perchloric(VII) acid and
nitric(V) acid at the ratio 3:1 according to PN-
ISO 11466 standard.

Ionic relations and weight proportions of
macronutrients in rape seeds were analyzed

Table 1. Material composition of fertilizer blends expressed in % d.m.

Type of mdustsrllj(lj;gwage brown coal ash sawdust ammonia phosphate | potassium salt
granulate w%
A 30 30 10 15 15
B 40 20 10 15 15
C 20 40 10 15 15
D 50 20 10 10 10
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Table 2. Some fertility indicators of the soil used for the vegetation-pot experiment

total content

content of assimilable forms

pPH. in g-kg'd.m C:N in mg-kg'd.m
org N P K Ca Mg S P K Mg
6.0 9.63 0.86 1.50 257 2.1 0.56 1.25 11.2 60.9 121 42.5

statistically on the basis of a two-factor analysis
of variance in a random block design (factor I —
type of granulate, factor Il — increasing doses). In
order to determine the significance of differences,
half-confidence intervals using the Tukey test
were used for the level of p = 0.05, with a help of
FR-ANALWAR software according to Rudnicki.

RESULTS AND DISCUSSION

Adjustment of ionic relations between K:Mg,
K:Ca, K:(CatMg), Ca:Mg, N:S, Ca:P-which are
involved in physiological and biochemical pro-
cesses in plants, towards optimal direction, en-
sures obtaining the high-quality yields. Table 3
summarizes the optimal ion ratios based on the
available literature. The fertilizer granulates ap-
plied to the soil can significantly influence the
formation of ionic relations in crop plants, espe-
cially those for animal feed.

The influence of fertilizer granulates A, B,
C and D on ionic and weight relations of mac-
ronutrients in spring rape seeds is presented in
Tables 4 and 5. The results of the study indicated
that under the influence of applied granulates,
ion relations K:Ca and K:(Ca+Mg) in rape seeds
were wider, while K:Mg, Ca:Mg, N:S and Ca:P
were narrower compared to the optimal values
(Tables 4 and 5).

On the control objects, it was found that the
ionic relations K:Mg (4.76), Ca:Mg (0.85), Ca:P
(0.40) and N:S (3.33), in rape seeds were nar-
rowed, and K:Ca (5.59) and K:(Ca+Mg) 2.57 ex-
tended in relation to the optimal values.

Fertilizers A, B, C and D contributed to the ex-
pansion of K:Mg ionic relation in rapeseeds com-
pared to the control by 4.62%, 12.4%, 2.73% and
8.82%, respectively, (Tables 2 and 4). Increasing

doses of granulate B (40% sludge, 20% ash, 10%
sawdust, 15% ammonium phosphate, 15% KCI)
and D (50% sewage sludge, 20% ash, 10% saw-
dust, 10% ammonium phosphate, 10% KCI) con-
tributed to the expansion of the ionic ratio K:Mg
in seeds towards the optimal value. The applied
III dose of granulate B contributed to obtaining
the most optimal ionic ratio K:Mg in the test
plant, and granulate C — narrowing by 12.7% (Ta-
ble 4). The first dose of granulate C (20% sewage
sludge, 40% ash, 10% sawdust, 15% ammonium
phosphate, 10% KCI) applied resulted in the ex-
tension of the relation K:Mg in rape seeds to the
greatest extent (by 4.16%) in comparison to the
applied III dose. The introduction of a tripled
dose of granulate B resulted in the K:Mg ratio be-
ing extended towards the optimal value compared
to the single dose by 2.26%. While analyzing the
effect of applied fertilizer granulates A, C and B,
it was found that the administered dose II and III
caused a narrowing of the ionic relation K:Mg in
rape seeds compared to the first dose (Table 4).
Increasing doses of fertilizer granulates did not
have any significant impact on the formation of
the ionic relation K:Mg in the seeds of the test
plant.

The ionic relations K:Ca under the influence
of applied fertilizer granulates A, B, C and D were
wider than the optimal value. Similar results were
obtained by Krzywy et al. [2002]. These results
indicate that in order to obtain the optimal ionic
relations K:Ca, calcium should be introduced into
the soil. The introduction of fertilizers contain-
ing calcium would be expedient, because under
the influence of the urea used in the experiment,
the soil pH, ., decreased. The narrowest ionic re-
lation K:Ca in the test plant was obtained under
the influence of the applied III dose of granulate
A (4.29), while the widest — under the influence

Table 3. Optimal ion-related and weight relations of macronutrients in cul-

tivated plants according to Majcherczak et al. (2006)

K:Mg K:Ca K:(Ca+Mg)

Ca:Mg N:S CaP

6:1 2:1 1.6-2.2:1

3:1 15-16: 1 2:1
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Table 4. lonic relations K:Mg, K:Ca, K:(CatMg) and Ca:Mg in rape seeds expressed
in mmol per mass unit obtained under the influence of fertilizer granulates

K:Mg \ K:Ca
Fertilizer object dose granulates
| Il 1 Mean | 1l I} Mean
A 4,99 4.98 4.96 4.98 5.12 4.66 4.29 4.69
B 5,29 5.35 5.41 5.35 5.70 5.44 5.12 5.42
C 5,00 4.87 4.80 4.89 5.07 4.81 4.63 4.84
D 5.18 5.31 5.04 5.18 5.68 547 5.39 5.51
Mean 5.1 5.13 5.05 5.10 5.40 5.10 4.86 5.12
Control 4.76 5.59
LSD, . for: type of granulate — 0.121 0.274
dose — 0.094 0.213
interaction — n.s. n.s.
K:(Ca+Mg) Ca:Mg
A 2.52 240 2.30 241 0.97 1.06 1.15 1.06
B 2.74 2.70 2.63 2.69 0.92 0.99 1.06 0.99
C 2.51 2.42 2.33 242 0.98 1.01 1.04 1.01
D 2.71 2.69 2.60 2.67 0.91 0.97 0.94 0.94
Mean 2.62 2.55 247 2.55 0.95 1.01 1.05 1.00
Control 2.57 0.85
LSD, , for: type of granulate — 0.118 0.051
dose — 0.09 0.040
interaction —n.s. 0.088
Table 5. Weight proportions N:S and Ca:P in rape seeds expressed in mmol
per mass unit obtained under the influence of fertilizer granulates
N:S \ CaP
Fertilizer object dose granulates
| Il 1 Mean | 1l 1 Mean
A 3.40 3.50 3.48 3.46 0.43 0.46 0.50 0.46
B 3.54 3.80 3.70 3.68 0.41 0.42 0.42 0.42
C 3.30 3.35 3.34 3.33 0.43 0.45 0.48 0.45
D 3.34 3.39 3.53 3.42 0.41 0.42 0.42 0.42
Mean 3.40 3.51 3.51 3.47 0.42 0.44 0.46 0.44
Control 3.33 0.40
LSD, . for: type of granulate — 0.141 0.031
dose —0.109 0.024
interaction —n.s. n.s.

of single dose of granulate B applied. The tested
fertilizer granulates A, B, C and D resulted in the
expansion of K:Ca ionic relation in rape seeds
compared to the control by 19.8%, 3.13%, 15.5%
and 1.45%, respectively (Table 3). Introduction of
the second and third dose of granulates A, B, C
and D contributed to the successive narrowing of
the ionic ratio K:Ca compared to the single dose
used. A single dose of fertilizer granulates A, B,
C and D resulted in the extension of K:Ca ratio in
rape seeds by 19.3%, 11.3%, 9.50% and 5.38%,
respectively, compared to the III dose applied.

A slightly optimized ionic relation
K:(Cat+Mg) was obtained in the rape seeds in all

fertilizer objects. The ionic relation K:(Ca+Mg)
in the control of the test plant was 2.57, and for
the objects with applied granulates A, B, C and D,
irrespective of the dose size, it ranged from 2.41
to 2.69 (Table 4). The applied fertilizer granulates
A and C in the second and third dose resulted in
the narrowing of the ionic relation K:(Ca+Mg) in
the rape seeds towards the optimal value. Single
doses of granulates B and D extended the ionic
ratio K:(Ca+Mg) in rape seeds compared to the
control by 6.61 and 5.44%, respectively. Intro-
duction of the second and third dose of granulates
A, B, C and D contributed to narrowing the ionic
ratio K:(Ca+Mg) towards the optimal value in
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comparison to the single dose used. A single dose
of fertilizer granulates A, B, C and D resulted in
an increase in the proportion of K:(Ca+Mg) by
9.56%, 4.18%, 7.72% and 4.23%, respectively, as
compared to the third dose used. The results of
the research show that it is possible to reduce the
doses of granulates A, B, C and D in appropriate
proportions without worrying about the value of
optimal proportion K:(Ca+Mg).

Fertilizers A, B, C and D caused the Ca:Mg
ionic relations to expand in rape seeds com-
pared to the control by 24.7%, 16.5%, 18.8% and
10.6%, respectively. The applied third dose of
granulate A contributed to obtaining the most fa-
vorable ionic ratio of Ca:Mg in the test plant, and
granulate D used in a single dose for narrowing,
in comparison to other fertilizer objects (Table 4).
Introduction of a tripled dose of granulates A and
B resulted in the Ca:Mg ratio being extended to-
wards the optimal value compared to the single
dose by 18.5% and 15.2%, respectively. While
analyzing the effect of applied fertilizer granu-
lates A, B and C, it was found that the applied I1I
dose contributed significantly to the extension of
Ca:Mg ionic relations in rape seeds compared to
the first dose and the control object. The differ-
ences in the effect exerted by the fertilizer granu-
lates B and D on the values of ionic relations and
the weight proportion of ingredients in rape seeds
were negligible. Similarly, the fertilizer granu-
lates A and C did not significantly differentiate
the K:Mg, K:Ca, K:(CatMg), Ca:Mg and Ca:P
ratios in the seeds of the test plant.

The N:S weight proportions ranged from
3.30 to 3.80 under the influence of the applied fer-
tilizer granulates (Table 5). Doubling and tripling
the dose of granulates A, B and D increased the
weight proportion of N:S relative to the single dose
and control. The weight proportion N:S under the
influence of single dose of fertilizer granulates
ranged from 3.30 to 3.54. Doubling the doses of
fertilizer granulates A, B, C and D used extended
the ionic relation N:S by 5.1%, 14.1%, 0.60% and
1.80%, respectively compared to the control. The
applied fertilizer granulates A, B, C and D at the
applied doses significantly narrowed the weight
proportion N:S in relation to the optimal value.
The rape seeds from objects, in which fertilizer
granulate B was used were characterized by sig-
nificantly broader N:S ratio compared to other
fertilizer objects. The differences in the effect of
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granulates A, D and C on the weight proportion of
N:S in the test plant seeds were negligible.

The N:S weight ratios were the most nar-
rowed in the fertilizer objects with C granulate.
A significant weight proportion of N:S is most
likely due to the nitrogen content in the seeds,
which is a consequence of larger intake of this ele-
ment compared to the needs of oilseeds or cereals.
These data indicate that it is possible to increase
the dose of mineral fertilizers containing nitrogen
and sulfur in appropriate proportions. Jamal et al.
[2010] confirm the results obtained by other au-
thors, according to which the increase in sulfur
content in plants is related to the availability of
this element originating from the soil solution.

Many authors, based on their own research,
state that the interaction of sulfur and nitrogen as
essential fertilizers necessary for the synthesis of
amino acids included in proteins is very important
[Barczak etal. 2016, Barczak et al. 2017, Podle$na
and Kocon 2009, Schung and Haneklaus 2000].
The quantitative N:S ratio is a measure of the inter-
action of these components. The widest N:S ionic
ratio in rapeseeds was recorded in object with ap-
plied second dose of granulate B (3.80) and it was
over twice lower in relation to the proportion of
weight in rape seeds (9.3:1) recorded by Siaudnis
[2010] and Grygierzec et al. [2015] in the bio-
mass of grasslands (9.2—12.6:1). The weight pro-
portions of N:S were narrowed in comparison
to the optimal values on other fertilizer objects.

Ionic relations and weight proportions of mac-
ronutrients in plants are diverse due to the species
diversity. There were significant differences be-
tween the content of macronutrients, their propor-
tions and requirements for products intended for
fodder. Janowska-Miasik [2015] noted the aver-
age ratio of K:(Mg+Ca) at 1.51. The ionic ratios
obtained by Jarnuszewski and Meller-[2013] fluc-
tuated at the levels of: K:Mg —3.13; K:Ca — 5.65
and K:(Mg+Ca) — 1.15. On the other hand, the
ionic relations obtained in own studies are broad-
er for K:Mg and K:(Mg+Ca), and narrower for
K:Ca in comparison to those given by the above-
mentioned authors. The obtained proportions in
the test plant slightly differed from values that
are considered optimal in arable crops for fodder.

Fertilizers A, B, C and D caused a slight ex-
tension of Ca:P weight proportion in rapeseed
compared to the control by 5.0%, 10.0%, 15.0%
and 10.0%, respectively (Table 5). The applied
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third dose of granulate A contributed to obtain-
ing the widest proportion of Ca:P in the test plant,
and granulates B and D used in a single dose — to
narrowing in comparison to other fertilizer ob-
jects (Table 5). Introduction of a tripled dose of
granulates A and C resulted in the Ca:P propor-
tion being extended towards the optimal value
in comparison to the single dose by 16.2% and
17.0%, respectively. While analyzing the effect of
applied fertilizer granulates-A, B, C and D, it was
found that the first dose applied contributed sig-
nificantly to the increase in the weight proportion
of Ca:P in rape seeds compared to the control. On
the other hand, the second and third dose caused a
narrowing of this proportion.

In summary, single doses of fertilizer granu-
lates A, B, C and D significantly expanded the
Ca:Mg ion relations, but did not affect the increase
in K:Ca, K:(Cat+Mg), N:S and Ca:P in seeds rape
compared to control. Double doses of fertilizer
granulates resulted in a significant narrowing of
the ionic ratio K:Ca and significant extension of
Ca:Mg and N:S in the seeds of the test plant, com-
pared to single ones. The triple doses of fertilizer
granulates significantly reduced the ionic rela-
tions K:Ca, K:(Ca+Mg) and N:S, as compared
to double one, but did not cause changes in the
Ca:Mg and Ca:P ratio in rape seeds.

CONCLUSIONS

1. Chemical composition of fertilizer granulates
largely depended on the quantity and chemical
properties of the waste used to produce them.

2. Under the influence of granulates A, B, C and
D, the ionic relations of elements K:Mg, K:Ca
and K:(Ca+Mg) were significantly expanded
and Ca:Mg, Ca:P and N:S significantly de-
creased in rape seeds as compared to the con-
trol object.

3. Applied granulates B and D resulted in the
rape seeds extension of the ionic ratio K:Mg
towards the optimal value.

4. The research indicated that the applied granu-
lates A, B, C and D contributed to slightly ex-
tended ionic ratios K:Mg, K:(Ca+Mg) and nar-
rowing of Ca:Mg below the optimum value in
rape seeds.

5. The value of Ca:Mg ionic relation as well as
Ca:P and N:S weight proportions in rape seeds
under the influence of granulates A, B, C and D
significantly differed from the optimal values
for plants.
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