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ABSTRACT

A three-factorial, plant-growing, pot experiment was carried out in 2007-2008. Test plants were
seeded in soil representing heavy loamy sand, classified as very good rye complex, soil valuation
class IVa in the Polish soil taxonomy. The first factor consisted of series with and without
compost made from municipal sewage sludge, the second factor corresponded to types of multi-
-component mineral fertilisers, and the third factor was composed of doses of mineral fertilisers.
Perennial ryegrass (Lolium perenne) of the variety Stadion was the test plant. Multi-component
mineral fertilisers and urea applied with the use of compost increased the content of macronu-
trients in perennial ryegrass compared to the treatment from which organic fertiliser was
excluded. The increased content of macroelements in the test plant in the compost control treat-
ment did not exceed values that were achieved in the series of trials without compost.
The results present the amounts of nutrients introduced into the soil in the form of compost
made of sewage sludge and mineral fertilisers. The research indicated that mineral fertilisation
applied without and with the use of organic fertilisation contributed to obtaining the optimal
ionic ratio of K:(Ca+Mg) and expansion of the K:Ca ratio above the optimal value in perennial
ryegrass. Mineral fertilisers with the addition of urea and a dose of compost resulted in the
expansion of the K:Ca ionic ratio in the perennial ryegrass compared to the control by 20.4, 24.4
and 22.4%. The purpose of the experiment was to determine the effect of selected mineral
multi-component fertilisers (SF 20, SP 25, In 4 and urea) with combined organic (compost)
fertilisation on the content of macroelements and shaping the ionic proportions K:Mg, K:Ca,
K:(Ca+Mg), N:S in the biomass yield of perennial ryegrass.

Keywords: multi-component mineral fertilisers, sevage, sludge, compost, content of macro-
elements, ionic relations.

dr hab. inz. Ewa Mozdzer, Department of Soil Science, Grassland Mangement and Environ-
mental Chemistry, West Pomeranian University of Technology in Szczecin, Stowackiego 17,
Szczecin, Poland, phone: 0914496333, e-mail: ewa.mozdzer@zut.edu.pl

* Part of the research was carried out in the framework of project No N N305 359239.



866

INTRODUCTION

One of the methods of maintaining an appropriate level of fertility
of soils is through the application of municipal waste as fertiliser. Municipal
sewage sludge contains much organic matter, including nutrients for plants,
and can be used for fertilising purposes. The fertiliser value of municipal
sewage sludge has been positively evaluated in many scientific studies,
including Torr1 et al. (2009), Roca-Perez (2009), KovAcik et al. (2011).
The quality of harvested crops is assessed inter alia according to the optimal
content of individual elements. The yield-stimulating effect of raw and com-
posted municipal sewage sludge is comparable to that of manure or mineral
fertilisers (in long-term experiments) having equivalent NPK doses, owing to
the favourable residual effect of organic fertilisation, which has been shown
by KaLemBasa and Kuziemska (1999), Krzywy et al. (2002). Earlier studies
have demonstrated that application of supplementary mineral fertilisation
with nitrogen and potassium can increase grass yield to about 30% DoMaNSKI
(2004), L.aBrTowicz and STEPIEN (2010).

On the other hand, Harasimowicz et al. (2004) indicate that the effect
of municipal sewage sludge compost on plants and soil being evaluated
in the second year from the application was more favourable than that
of mineral fertilisers alone after an application of an equivalent content
of biogenic components. STANKOWSKI and Woroszyk (2008) found that the size
of an applied compost dose also affects the quality of crop yields.

Optimum ionic ratios between macronutrients such as K:Mg, K:Ca,
K:(Ca+Mg), N:S affect many physiological and biochemical processes within
plants. Reliable factors confirming the qualitative characteristics of the har-
vested biomass crops are the content of macronutrients and the ionic propor-
tions between selected elements, i.e. K:Mg, K:(Ca+Mg), Ca:P and N:S
(SzrunAR-KRrOK et al. 2009). Research by Krzywy et al. (2002) shows that the
ionic ratios K:(Ca+Mg) and Ca:Mg in the biomass of meadow plants should be
close to 1.62 and 3.0, respectively. L.aBUDA et al. (1992) state that the optimal
ionic K:Ca and K:Mg proportions in cereal plants should be at the level of 4.
Meanwhile, it was found that the N:S (15-16:1) ionic ratio is the one which
1s most often taken into account when sulfur deficiency occurs in plants
(GrzEeBIsz, Przycocka-CyNa 2007).

MATERIAL AND METHODS

In order to achieve the research goal, a three-dimensional, plant grow-
ing, pot experiment was carried out in a greenhouse of the West Pomeranian
University of Technology. The first factor was a series with and without
compost made of municipal sewage sludge, the second factor consisted
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of types of multi-component mineral fertilisers, and the third factor com-
prised doses of mineral fertilisers. Perennial ryegrass (Lolium perenne)
of cv. Stadion was the test plant.

Soil with the grain-size composition of heavy loamy sand, classified as very
good rye complex, valuation class IVa in the Polish soil taxonomy system,
was used in the experiment. The soil’s reaction was neutral (pH,, 6.50).
The chemical analysis of the soil showed that it contained 12.2 g kg organic
carbon, N — 1.05, P — 1.53, K — 2.85, Ca — 4.51, Mg — 0.46 and S — 2.50 g kg™,
The content of bioavailable forms for plants (P — 64.5 mg kg!, K — 123.0 mg kg™!
and Mg — 48.4 mg kg!') was moderate. The total content of heavy metals was
also determined in the municipal sewage sludge composts to be applied.
None of the heavy metals determined exceeded the maximum threshold set
up in the Regulation of the Minister of Environment (2010) for municipal
sewage sludge. The size of a compost dose was set at 100 kg N ha!, which
corresponded to 16.92 Mg of fresh compost per 1 ha. The dose of compost per
pot was 50.8 g of fresh weight.

There was a higher N and P total content than total K in the compost
used in the trials (Table 1). The content of organic matter and macronutrients
was in the standards provided for an organic fertiliser given in the ministe-
rial regulations. The contents of N, P, K, Ca, Mg and S in the multi-compo-
nent mineral fertilisers used for testing, are summarized in Table 2.

The mineral fertiliser SF 20 did not contain nitrogen. The fertilisers
SP 25 and In 4 were characterised by a small amount of nitrogen that did
not cover the nutritional needs of the test plant. Therefore, in the experi-
ment, nitrogen was additionally applied in the form of urea. The content
of macroelements in the tested fertilisers was in accordance with the content
declared by the producer. The experiment was carried out in a randomized

Table 1
Chemical properties of compost
Core | N P K | Ca | Mg
pHH,O
(g kg''d.m.)
7.4 326.0 | 28.0 | 12.5 | 6.0 | 4.2 | 1.5
Table 2
Nitrogen, phosphorus, potassium, calcium, magnesium and sulpur content
in multi-component mineral fertilisers applied in the experiment
Total content (g kg''d.m.)
Type of fertiliser
N p K Ca Mg S
SF 20 - 44.5 168.5 37.2 21.1 56.0
SP 25 49.8 43.7 207.1 15.7 12.1 52,8
In4 39.8 52.2 165.8 14.9 12.7 62,0
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Table 3
Design of the experiment
Ferlzton e and 40| o compos | Wich manicivl sowase S ompoet
Control + +
SF 20 + urea — dose 1 + +
SF 20 + urea — dose II + +
SP 25 + urea — dose 1 + +
SP 25 + urea — dose II + +
In 4 + urea — dose I + +
In 4 + urea — dose I1 + +

complete block design, in four replications with a control group being sepa-
rated. The first factor was a series with and without sewage sludge compost,
the second factor consisted of types of multi-component mineral fertilisers,
while the third one comprised doses of mineral fertilisers. Table 3 shows
the scheme of the experiment.

Doses of mineral fertilisers (SF 20, SP 25, In 4) were set at 200 kg ha!
(single dose) and 400 kg ha' (double dose). When recalculated per pot,
fertilisers were applied in the following quantities: 0.6 g (dose I) and 1.2 g
(dose II). Due to the low content of nitrogen in the multi-component mineral
fertilisers, the shortage of this element was compenstated for by urea.
The amount of pure nitrogen applied in the form of urea depended on the
dose and type of the multi-component mineral fertilisers, and ranged from
40 to 100 kg N ha'’.

The multi-component mineral fertilisers and 1/3 of the urea dose in the
form of water solution were applied to the soil in spring 2007, before sowing
the plants. The remaining 2/3 of the nitrogen dose in the form of urea was
halved and applied as water solution after the first and second harvest
of grass. In order to maintain the soil moisture at 60% of the full water
capacity, the soil and plants in pots were sprayed with redistilled water.

In 2008, the amount of mineral fertiliser doses and plant care treat-
ments were the same as in 2007. In each research year, three cuts of the test
plant were harvested. During the experiments in 2007 and 2008, the value
of dry matter yields of perennial ryegrass from each replicate for each fer-
tiliser was determined. The plants collected from four replicates of a given
fertiliser object were mixed and ground. In this way, an average sample
of the test plant was obtained for each fertiliser object. The nitrogen and
sulfur content in an averaged sample was determined on a CNS elemental
analyzer (Coestech), while potassium, magnesium and calcium were assayed
by means of atomic absorption spectrometry on a Perkin Elmer AAS 300
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spectrometer. The stock solution was obtained after wet digestion of the
plant material in perchloric(VII) and nitric(V) acids mixture, in a ratio of 3:1,
according to the Polish standard PN-91 R04014.

Based on the determined content of N, K, Ca, Mg and S in the biomass
of perennial ryegrass, the ionic proportions (mmol of load per mass unit)
of K:Mg, K:Ca, K:(Mg+Ca) and N:S were calculated.

The experiment was carried out in a completely randomised system
with four replications, and with the separation of controls. Statistical calcu-
lations of the significance of differences in the macroelement concentrations
were made using a three-factorial variance analysis supported by the
FR-ANALWAR software developed by Prof. F. Rudnicki. Confidence sub-
-intervals were calculated at the significance level of p = 0.05 using the
Tukey test.

RESULTS AND DISCUSSION

Most nitrogen was contained in perennial ryegrass from the object in the
series without compost but with SP 25, where its content was higher by
8.99% and 6.18% than in plants from the object with applied SF20 and In 4,
respectively (Table 4). In the series of trials with compost, most nitrogen was
in the test plant from the object with SP 25. The nitrogen content in the
examined grass increased between the object with SP 25 and In 4 and
the one with SF 20, by 4.85% and 3.84%, respectively (Table 4). The highest
average nitrogen content in perennial ryegrass (21.1 g N kg'!d.m.) was
obtained from the object with SP 25, where it was higher by 7.10% and
4.97%than in the grass from the object with SF 20 and In 4, respectively
(Table 4). The highest average increase in the nitrogen content in the test
plant’s biomass was found between the objects with mineral fertilisers
applied without and with the use of compost versus the control object, and
the difference was 24.8% and 33.7%, respectively. Same as in a study by
Tyrczura and Mozpzer (2013), no significant effect was found of the types
and doses of multicomponent fertilisers and their interaction on the content
of nitrogen in ryegrass biomass.

The applied In 4 contributed to the highest potassium content in the
biomass of the test plant, reaching 20.4 g K kg!d.m. (Table 4). The content
of potassium in perennial ryegrass was higher by 4.61% compared to the
object supplied SF 20. As for the objects without compost, most potassium on
average was contained in the biomass of perennial grass supplied In 4,
where it was higher by 5.24% and 3.61%, respectively, than in plants receiv-
ing SF 20 and SP 25. Taking into account the interaction between types of
mineral fertilisers with the addition of urea and their doses, a significant
effect of these experimental factors on the potassium content in the perennial
grass biomass was found. The highest content of this element in perennial
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Table 4

Effect of multi-component mineral fertilisers and urea used with and without compost
on the average content of nitrogen, potassium and calcium in perennial ryegrass (g kg™ d.m.)

Fertilisation objects

N K Ca
fertilisers types (T)
Specification - o o
g N ~ o g N ~ o 8 N ~
< A 5 @ < ¥ S < P o RS
) %) :d: %) 7] g %) %) mean
+ urea + urea + urea
Without 18.9(20.6 | 19.4 | 19.6 | 19.1 | 19.4 | 20.1 | 19.5 | 3.33 | 3.36 | 3.36 | 3.35
compost
C
With compost 20.6 | 21.6 | 20.8 | 21.0 | 19.9 | 20.8 | 20.7 | 20.5 | 3.44 | 3.46 | 3.50 | 3.47
Dose I b 19.3 | 21.3 | 19.5|20.0 | 19.1 | 19.6 | 19.7 | 19.5 | 3.37 | 3.38 | 3.37 | 3.37
Dose I1 20.2 | 20.9 | 20.7 | 20.6 | 19.9 | 20.6 | 21.0 | 20.5 | 3.41 | 3.44 | 3.48 | 3.44
Mean 19.7] 21.1 | 20.1 | 19.5 | 20.1 | 20.4 | 3.39 | 3.413.43 |
Control without 15.7 15.0 3.14
compost
Control with 18.8 17.8 3.38
compost
LSD 0.05:
g‘l%rtilisers types s s ns
g;’;“hsers dose ns 0.205 0.029
Without and
with addition 0.937 0.205 0.029
of compost (C)
Interaction
(M x (C) 0.356
n.s n.s
interaction
(T) x (D) e

ryegrass was found in the treatment with the double dose of SP 25, while the
lowest potassium level was in the biomass of plants given a single dose of SF 20.

The average calcium content in the biomass of perennial ryegrass ranged
between the tested fertiliser objects from 3.39 to 3.43 g Ca kg d.m. (Table 4).
The types of mineral fertilisers with the addition of urea did not differentiate
significantly the calcium content in the test plant. Doubling a dose of mineral
fertilisers significantly increased the calcium content in the biomass of rye-
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grass as compared to single doses. In the series of experiments without com-
post, the same calcium content in perennial ryegrass was obtained under
the influence of SP 25 and In 4 with urea. The average calcium content
in the series with compost was 3.47 g Ca kg?! d.m., being 3.58% higher
than in the series in without organic fertiliser. The differences were significant.

The average magnesium content in all fertiliser objects was approxi-
mately the same (Table 5). The application of compost did not have any signi-

Table 5

Effect of multi-component mineral fertilisers and urea used with and without compost
on the average content of magnessium and sulfur in perennial ryegrass (in g kg d.m.)

Fertilisation variants
Mg | S
Specification Fertilisers types (T)
SF20 | SP25 | In4 | SF20 | sP25 | In4 .
+ urea + urea
Without compost 1.08 1.09 1.09 1.09 2.07 2.22 2.06 2.11
With compost ¢ 1.12 1.12 1.11 1.12 2.17 2.18 2.20 2.18
Dose I 1.09 1.10 1.09 1.09 2.09 2.15 2.08 2.10
Dose 11 b 1.11 1.11 1.11 1.11 2.15 2.25 2.18 2.19
Mean 110 | 110 | 110 | 212 | 220 | 213 |
Control without compost 1.06 1.64
Control with compost 1.08 1.67
LSD
Fertilisers types (T) n.s. n.s.
Fertilisers dose (D) n.s. 0.079
Without and with addition
of compost (C) .S n.s
Interaction (T) x (C)
n.s. n.s

Interaction (T) x (D)

ficant impact on differences in the magnesium content in the perennial rye-
grass biomass compared to the series of experiments without compost. Dou-
bling the doses of mineral fertilisers and urea did not significantly affect the
magnesium content in perennial ryegrass compared to single doses.

Most sulfur was found in the perennial ryegrass biomass from the pots
with SP 25 with the addition of urea, less — in plants treated with SF 20 and
In 4 (Table 5). The types of mineral fertilisers with the addition of urea did
not significantly differentiate the sulfur content in the examined grass. Dou-
bling the doses of multi-component mineral fertilisers including urea signifi-
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cantly increased the sulfur content in the biomass of perennial ryegrass
compared to single doses. Under the influence of a single dose of mineral
fertilisers with the addition of urea, the highest sulfur content was obtained
from the object with SP 25 (2.15 g S kg d.m.), and the lowest one was found
in plants under the influence of In 4 (2.08 g S kg! d.m). The highest sulfur
content in perennial ryegrass biomass was obtained under the influence of
single and double doses of mineral fertilisers with the addition of urea in the
variant with SP 25, and the lowest — under a single dose of In 4. The applied
compost did not have any significant impact on the average sulfur content in
perennial ryegrass biomass as compared to the experimental objects in which
this organic fertiliser was not used. A higher content of macronutrients
in the biomass of perennial ryegrass from the control object with compost did
not exceed the values that were achieved in the series of experiments
with mineral fertilisers without compost. Many authors (Czyzyk et al. 2002,
Woroszyk et al. 2006, OLEszczUK 2007) have indicated that this was associat-
ed with the amounts of nutrients introduced into the soil in the form of com-
post and mineral fertilisers.

The optimal ionic ratios between macroelements such as K:Mg, K:Ca,
K:(Ca+Mg), N:S have a decisive influence on many physiological and bio-
chemical processes taking place within plants which can ensure high quality
crops. Fertilisers introduced into soil can significantly affect the formation
of ionic proportions in plants (Krzywy et al. 2002).

Taking into account the average data from 2007-2008, it can be conclud-
ed that the K:Mg ionic proportions in perennial ryegrass of the control (4.56)
were narrowed in relation to the optimal value. Mineral fertilisers with
the addition of urea and application of compost resulted in the expansion
of the K:Ca ionic ratio in perennial ryegrass compared to the control,
by 20.4, 24.4 and 22.4% respectively (Table 6).

Table 6

K:Mg, K:Ca, K:(Ca+Mg) and N:S ionic ratios in dry matter of perennial ryegrass expressed
in mmol per mass unit obtained under the influence of urea with compost.
Data from two years of research.

Fertilisation objects

with compost

Ionic ratios | Compost SF 20 SP 25 In4

+ urea

dose I |dose II| mean | dose I [dose II| mean | dose I |dose II| mean

K:Mg (6:1)* 5.33 564 | 5.76 | 5.70 | 5.74 | 6.11 | 5.92 | 599 | 6.05 | 6.02
K:Ca (2:1)* 2.73 297 | 3.06 | 3.01 | 3.02 | 3.20 | 3.11 | 3.05 | 3.08 | 3.06
K: (Ca+Mg)*

1,6-2.2:1 1.80 1.94 | 1.97 | 1.95 | 1.83 | 2.09 | 1.96 | 2.01 | 2.03 | 2.02

N:S* (15-16:1) 18.9 164 | 16.3 | 16.3 | 16.8 | 17.2 | 17.0 | 16.6 | 16.5 | 16.6

* optimum values according to MAJCHERCZAK et al. (2006)
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Compost introduced into the soil caused the K:Mg ratio to expand in the
test plant towards the optimal value. The applied single and double dose
of mineral fertilisers and urea resulted in the expansion of the K:Mg ionic
ratio in the tested plant towards the optimal value (Table 7). Introduction

Table 7

K:Mg, K:Ca, K:(Ca+Mg) and N:S ionic ratios in dry matter of perennial ryegrass expressed
in mmol per mass unit obtained under the influence of multi-component mineral fertilisers
and urea used without compost. Data from two years of research

Fertilisation objects

without compost

Tonic ratios Control SF 20 SP 25 In4

+ urea

dose I |dose IT| mean | dose I |dose II| mean | dose I |dose II| mean

K:Mg (6:1) 456 | 5.53 | 5.69 | 5.61 | 5.63 | 5.74 | 5.68 | 5.61 | 6.03 | 5.82

K:Ca (2:1)* 2.50 | 2.85 | 2.98 | 2.91 | 2.98 | 3.03 | 3.00 | 3.02 | 3.17 | 3.09
. *

i{éfga;fag) 162 | 191 | 1.96 | 1.93 | 1.95 | 1.98 | 1.96 | 1.96 | 2.07 | 2.01

N:S* (15-16:1) 16.4 157 | 165 | 15.6 | 17.0 | 152 | 16.1 | 16.2 | 16.5 | 16.3

* optimum values according to MAJCHERCZAK et al. (2006)

of double doses of mineral fertilisers resulted in the expansion of the K:Mg
ratio towards the optimal value in comparison with single doses, by 2.89%,
1.95% and 7.48%, respectively. The optimal ionic ratio K:Mg (6.03) was
obtained in perennial ryegrass under the influence of a double dose of In 4
with urea. A slightly narrower K:Mg ratio was obtained by doubling the doses
of SP 25 and SF 20 with the addition of urea (5.74 and 5.69, respectively).
Both single and double doses of mineral fertilisers and urea applied with the
use of compost have expanded the K:Mg ionic proportions in the perennial
ryegrass compared to the series in which it was not used. It was found that
the applied double doses of mineral fertilisers and urea with the participa-
tion of compost resulted in broadening the K:Mg ionic ratio in the test plant
in comparison with single doses, by 2.13%, 6.45% and 1.00%, respectively.
Under the influence of double doses of mineral fertilisers and urea applied
with the use of compost, close to the optimal K:Mg ionic ratio in perennial
ryegrass was obtained under the influence of SP 25 and In 4 6.11 and 6.05,
respectively, as well as 5.99 in response to a single dose In 4 (Table 6).
The results concerning ionic proportions in plants indicate that the mineral
fertilisers used in the experiment with and without the use of compost
as well as exclusive organic fertilisation resulted in the K:Mg ratio being
expanded towards the optimal value.

The K:Ca ionic ratio in perennial ryegrass in all objects of the experi-
ment was wider than the optimal value. The narrowest K:Ca ratio in the test
plant was obtained from the control variant (2.50). Multi-component mineral
fertilisers with the addition of urea and compost resulted in the expansion of



874

the K:Ca ionic ratio in perennial ryegrass compared to the control by 16.4%,
20.0%, and 23.6% (Table 7), 20.4%, 24.4% and 22.4% (Table 6), respectively.
Mineral fertilisers (SF 20 and SP 25) used with compost resulted in a slight
expansion of the K:Ca ratio in perennial ryegrass compared to the object
in which only organic fertiliser was applied, by 10.2% and 13.9 and 12.1%,
respectively (Table 6). Introducing the first and second dose of mineral fer-
tilisers including urea, with and without the participation of compost, had
little effect on the differentiation of the K:Ca ionic ratio. The narrowest K:Ca
ratio in the test plant in series without organic fertilisation was obtained
under the single dose of SF 20 with the addition of urea. In the objects with
compost, the narrowest K:Ca ionic ratio in perennial ryegrass was obtained
due to the single dose of SF 20, SP 25 and In 4 with the addition of urea.

In both years of the research (2007 and 2008), the optimal K:(Ca+Mg)
lonic ratio in perennial ryegrass was obtained in all fertiliser objects.
On average, during the two years of the experiment, the K:(Ca+Mg) ratio
in the test plant in the object fertilised only with compost was 1.80, and
when using multi-component mineral fertilisers and urea, irrespective of the
size of doses and their application with or without compost, it ranged from
1.91 (Table 7) to 2.09 (Table 6).

Single doses of mineral fertilisers and urea increased the K:(Ca+tMg)
lonic ratio in perennial ryegrass compared to the control by 17.9%, 20.4%
and 21.0%, respectively. The use of double doses of mineral fertilisers and
urea had no significant effect on the extension of K:(Ca+Mg) ratio in the test
plant as compared to single doses. Single and double doses of mineral fer-
tilisers applied with compost contributed to the increase in the K:(Ca+Mg)
proportion by 8.33%, 8.90% and 12.2%, respectively, in comparison to the
object fertilised exclusively with compost. On the other hand, they did not
affect variation of the average ratio in the examined grass in comparison to
the series in which organic fertiliser was not used. The K:(Ca+Mg)ratio was
within the range of optimal values. These data indicate that it is possible
to increase the dose of compost and mineral fertilisers in appropriate propor-
tions without negatively affecting the optimal values of the K:Mg and
K:(Ca+Mg) ratios. The K:Ca ionic proportions under the influence of mineral
fertilisers used with and without the participation of compost were wider
than the optimal value. Similar results were obtained by Krzywy-GAWRONSKA
(2006). These data indicate that calcium should be introduced into the soil in
order to obtain the optimal K:Ca ratio. The introduction of calcium fertilisers
would be expedient because the pH, , of the soil decreased under the influence
of multi-component mineral fertilisers and urea used in the experiment
(Krzywy, Krzywy 2001, Krzywy et al. 2002).

ScHUNG, HANEKLAUS (2000), PopLESNA, KocoX (2009), Barczak et al. (2016,
2017), based on research, indicate significant interaction of sulfur and nitro-
gen as nutrients necessary for the synthesis of amino acids included in pro-
teins. The quantitative N:S ratio is a measure of the interaction of these
components. The widest N:S ionic ratio in perennial ryegrass was recorded
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in the plants fertilised without using compost (18.9), where it was higher
than the ionic ratio in spring oilseed rape seeds (9.3:1- Siaubpnis 2010)
or in the biomass of grasslands (9.2-12.6:1— GryciErzEc et. al 2015). The N:S
ratio ranged from 15.7 to 17.0 under the influence of single doses of mineral
fertilisers and urea without compost (Table 7). Doubling the doses of mineral
fertilisers and urea narrowed the N:S ionic ratio in the object with SF 20
fertilisers and SP 25, and the N:S ratio in the In 4 object expanded by 1.85%
compared to single doses. The N:S ionic ratio under the influence of single
doses of mineral fertilisers and urea applied with compost ranged from 16.4
to 16.8. Doubling the doses of fertilisers slightly narrowed the N:S ionic ratio
in the object with SF 20 and In 4, but the N:S ratio broadened by 2.38%
in reponse to SP 25 compared to single doses. In the series of experiments
without compost fertilisation, the optimal N:S ionic ratio was obtained
in the objects where a single and double dose of SF 20 with urea were
applied. In other fertiliser objects, the N:S ionic proportions were slightly
wider than optimal. The high value of the N:S ionic ratio is most likely due
to the high nitrogen content in ryegrass, which is a consequence of larger
uptake of this element compared to the needs of oil plants or cereals. These
data indicate that it is possible to increase the contribution of mineral fer-
tilisers containing nitrogen and sulfur in appropriate proportions, and it is
necessary to introduce proportional amounts of nitrogen and sulfur in the
form of mineral fertilisers to the composted object. The research results con-
firm the data obtained by other authors, according to which an increase
in the sulfur content in plants is related to the availability of this element
originating from the soil solution (JAMAL et al. 2010).

Proportions of nutrients in plants are varied due to their diversity.
There are significant differences between the content of macronutrients,
their proportions and requirements for products intended for fodder.
JARNUSZEWSKI, MELLER (2013) report that the ionic proportions they found
in the research oscillated at the level of 3.13 for K:Mg; 5.65 for K:Ca, and
1.15 for K:(Mg+Ca). The ionic ratios obtained in our research are wider
for K:Mg and K:(Mg+Ca) but narrower for K:Ca compared to those given
by the above authors. The ratios obtained in the test plant slightly differed
from values that are considered optimal in fodder crops.

CONCLUSIONS

1. Multi-component mineral fertilisers and urea used in single doses
caused an increase in the average content of nitrogen, potassium and sulfur
in perennial ryegrass compared to the control object. The average content
of calcium and magnesium under the influence of single doses of mineral
fertilisers did not diverge considerably from the content obtained in the con-
trol.
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2. Double doses of mineral fertilisers with the addition of urea increased

significantly the content of K, Ca and S in perennial ryegrass compared
to single doses.
3. Multi-component mineral fertilisers and urea applied with the use of

compost increased significantly the content of N, K, Ca and S in perennial
ryegrass compared to the object, in which organic fertiliser was excluded.

4. The applied mineral fertilisers used with and without compost have
resulted in an expansion of the K:Mg ionic ratio towards the optimal value
in perennial ryegrass.

5. The research indicated that the applied mineral fertilisation with and
without the use of organic fertilisation contributed to the optimal value
of K:(CatMg) and K:Ca ratios to be expanded above the optimal value in
perennial ryegrass.

6. The applied mineral fertilisation with and without compost modified
the N:S ratio in the perennial ryegrass within the limits of optimal values.
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