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CHANGES IN SELECTED CHEMICAL PROPERTIES OF SOIL UND ER MAIZE GROWN
IN MONOCULTURE FOR SILAGE AS A RESULT OF APPLICATIO N OF AFTERCROP,
STRAW OR NATURAL FERTILIZERS

Summary

Between 2005 and 2008 in Swadzim, on the fieltsedExperimental and Didactic Station Gofzg department of Pozna
University of Life Sciences, the two one factal$rhave been carried out on two soil complexes:aryd good wheat ones.
The purpose of the study was to determine chanfgeslected chemical properties of soils under tifiénce of the use of
natural fertilizers, straw or winter aftercrop undmaize grown for silage in monoculture. It hasisdown that the use of
natural fertilizers, straw and intercrops of ryetlwiwinter vetch did not cause the changes in ngrgghosphorus, potas-
sium and magnesium levels measured in spring atghauin both soil classes. The significant effdctedilization was

obtained only in the carbon content of soil clagb.
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ZMIANY WYBRANYCH WtA SCIWO SCI CHEMICZNYCH GLEBY POD KUKURYDZ A
UPRAWIAN A W MONOKULTURZE NA KISZONK E JAKO SKUTEK WPROWADZENIA
POPLONU, SLtOMY LUB NAWOZOW NATURALNYCH

Streszczenie

W latach 2005-2008 w Swadzimiu, na polach Zaktadéwiadczalno-Dydaktycznego Goizynalegcego do Uniwersytetu
Przyrodniczego w Poznaniu, przeprowadzono dwa jedmmikowe dfwiadczenia na dwdch kompleksach glebowygt:
nim i pszennym dobrym. Celem badwto okr&lenie zmian wybranych wdeiwasci chemicznych gleb pod wplywem sto-
sowania hawozéw naturalnych, stomydb poplonu ozimego pod kukurydaprawian; na kiszonk w monokulturze. Wyka-
zano,ze stosowanie nawozow naturalnych, stomy orazimplonuzyta z wylg oziny nie przyczynito sido zmian zawar-
tosci azotu, fosforu, potasu i magnezu oznaczanychkrwinbjesieniy na obu klasach gleby. Istotny wplyw naemia uzy-

skano jedynie w zawaroi wegla w glebie klasy 1Vb.

Stowa kluczowekukurydza na kiszogkmonokultura, nawgenie naturalne, stomaytnia, medzyplon ozimy, wkiwasci

chemiczne gleb

1. Introduction

In recent years the monoculture system of cultivat
has been very popular in Poland, especially in endiztro-
duction of the obligation to provide integrated texion
system in the cultivation of agricultural plants (Poland
since 01.01.2014) has limited such use of land. él@w
the Common Agricultural Policy of the EU in 2014220
includes maize into feed crops, whose cultivatioesdinot
require mandatory crop rotation. Maize, to a lessdent
than other species, is affected by decrease in gigds
grown in monoculture, but with the use of such stey,
crop yields can be reduced to as much as 30% ceahpar
that obtained in normal crop rotation.

As a factor reducing the risk of crop yield deelin mono-
cultures, it is reported increased fertilizationlildling natural
and organic forms [30]. The vyielding effect of ang#natural
fertilizers is slower than mineral fertilizers. Tihaction result-
ing from the cumulative increase and stabilizatibsoil fertil-
ity usually appears in later years. Organic andrabfertilizers
are an important source of humus in the soil, reyalmost
an exclusive factor in improving other soil prostsuch as:
structure, water capacity, density, etc. Also teya source of
nutrients and energy for soil microbes and impreveger re-
tention in soil.
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The content of organic matter mainly determines th
productivity of the soil. On light soils, the preases of or-
ganic matter mineralization occur at a much fastér than
on heavy soils. Studies on the processes thatatygtie
carbon cycle in nature is extremely important fgrieul-
tural producers, but it also has an economic dimensn
recent times, issues related to greenhouse gasienssn-
cluding carbon dioxide have increased to a veri téyel
of importance [8].

The aim of the study was to identify the most Ifiersd
fertilization methods that would limit the degraglimpact
of silage maize cultivation in monoculture and ioy# soil
chemical properties.

In the research hypothesis, it is assumed tharalsfer-
tilization, or introduction of winter aftercrop atraw will
contribute to beneficial changes in the soil's cisahprop-
erties and that the changes will depend on thectask and
the type of organic matter applied.

2. Materials and methods
The trials were carried out in the years 2005-280®e
Experimental and Didactic Department of Garzyin

Swadzim, belonging to the University of Life Sciencin
Pozna on the 1Vb soil, the good rye complex and in the
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years 2006-2008 on the class llla soil, the goodatisom-
plex on the field 1250m away from the station. Atle lo-
cation single factorial trials were carried outramdomized
block designs in four replications with silage neaizulti-
vated in monoculture. The experimental factor wees use
of organic matter and fertilization in the followgrcombi-
nations: a) control (130 kg N, 34.9 kg P, 116.Xkhga™, b)
manure (30 -ha') d) straw + Nmin (5 -ha' + 5 kg
Nmin-ha® straw), e) straw + slurry (5hia* + 40n7), f) win-
ter aftercrop rye with vetch (10-1%&%), g) slurry (40 ).
All objects were additionally fertilized with NPk thalance
the control object, taking into account the contagrthe nu-
trients and their availability in the first yeateaf ploughing.
In the spring, before sowing of mineral fertilizeaad in
autumn, after harvesting it was determine: carbomtent
of soil - humus by weight method, total nitrogen tie
Kjeldahl method, available phosphorus and potasdiym

to control by 11.9 mg-10dgoil in class Illa, and 1.39
mg-100¢'soil of class IVb. Such growth has also been re-
ported on class llla soil, after slurry with straamd in
lighter soil class Vb, after application of wintaftercrop.
The application of all tested fertilizers, aparfr half of
the manure dose, tended to increase of total mitragpn-
tent compared to control in spring on soil llla.eThighest
increase in N content compared to control was eleskeon
objects with winter aftercrop 102.8 mg-100spil (increase
by 7.9%) and after ploughing straw with mineral Nthw
102.5 mg-100¢g (by 6%). In the Vb soil yearly ploughing
of the tested organic and natural fertilizers, dgtthe three
years’ study period, the tendency to increase ggtnocon-
tent in the following crops was observed at thdofeing
objects: a full dose of manure after ploughingwstréith N
mineral and straw with slurry (Table 2).

Obijects located on better soil were almost twisdigh

the Egner-Richm method, available magnesium by tha phosphorus content as in soil of class IVb (€abland

Schachtschabel method.
3. Results

Annual analyzes of nitrogen content in soil catraut
in spring and autumn showed uneven influence ofiegp
fertilization on the content of this element in iwidual
years of experiment (Table 1 and 2). A slightlyHggtotal
nitrogen content was found in experimental comiiimest
conducted on class llla soil than on class IVb. Sidile syn-
thesis from years of spring and autumn studiesdtdshow
significant changes in the total nitrogen conteinsail be-
tween the objects.

Comparing the effect of fertilizers between spramy
autumn, it was found that in both experiments, gling
the half of the manure dose increased N contenpaosd

Table 4). Comparing the results of spring and aatum
analysis, the tendency for uneven soil responsardanic
fertilization was observed. On a better soil, oigdartili-
zation (except for the full dose of manure) ledato in-
crease in the content of phosphorus, and on thefoliass
IVb, similar result was observed after applicatioh 30
dtha® manure, winter aftercrop and slurry. These differ-
ences were not confirmed statistically. On the othend,
on the soil of class IVb, in the spring analysigre was a
tendency to decrease phosphorus content compatiedhei
control of after the majority of applied fertilizgrwhereas
the increase of its content was observed only dfsdfrthe
dose of manure and ploughing of straw with minertab-
gen. The analysis carried out in the autumn in ncases
(except for slurry with slurry and winter aftercjoghowed

a tendency to increase the phosphorus content.

Table 1. Dynamics of changes in nitrogen content g, 100 g'soil) in soil of class llla following applicatiorf tertilization
Tab. 1. Dynamika zmian zawaftd azotu (mg B}, - 100 g'gleby) w glebie klasy Illa w nagistwie stosowanego navemia

Years

Object 2006 2007 2008 Average

Spring Autumn Spring Autumn Spring Autumn Sprin témn
Control — NPK 95,1 92,4 105,2 89,6 85,6 92,9 95,8 ,691
Manure 30-ha’ 95,1 89,6 113,1 110,3 85,7 89,6 98,0 96,5
Manure 15-ha' 84,0 95,1 104,6 109,8 87,8 104,0 92,1 103,0
Straw + N min 106,4 92,2 113,7 103,5 87,4 95,2 502, 97,0
Straw + slurry 95,0 100,7 112,6 112,6 85,0 112,6 ,597 108,6
Winter aftercrop 100,7 109,1 119,9 108,0 87,8 86,2| 102,8 101,1
Slurry 100,7 95,1 108,1 107,9 86,8 83,3 98,1 95,4
LSD ;005 - n.s. n.s.

Source: own studyZrédio: badania wtasne

Table 2. Dynamics of changes in nitrogen content Ki.- 100 g'soil) in soil of class IVb following application értilization
Tab. 2. Dynamika zmian zawaftd azotu (mg bj- 100 g gleby) w glebie klasy IVb w napstwie stosowanego navemia

Years
Object 2005 2006 2007 Average

Spring Autumn Spring Autumn Spring Autumn Spring témn
Control — NPK 95,1 92,3 78,3 84,0 87,9 86,8 87,1 787,
Manure 30-ha' 89,6 96,2 81,1 72,8 94,4 84,0 88,4 84,3
Manure 15-hat 89,5 92,2 78,3 78,4 89,1 90,1 85,6 86,9
Straw + N min 95,1 95,1 83,9 84,0 99,7 92,9 92,9 ,790
Straw + slurry 89,4 87,6 89,5 90,0 90,0 87,9 89,6 8,58
Winter aftercrop 92,3 89,5 78,4 78,4 88,8 95,8 86,5 87,9
Slurry 100,7 96,5 78,2 78,4 87,8 86,2 88,9 87,0
LSD ;005 - n.s. n.s.
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Source: own studyZrédio: badania wtasne
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Table 3. Dynamics of changes in phosphorus cofitenB0s: 100 ¢ soil) in soil of class llla following applicatiorf tertilization
Tab. 3. Dynamika zmian zawattdosforu (mg BOs-100 ¢ gleby) w glebie klasy Illa w nagistwie stosowanego nasenia

Years
Object 2006 2007 2008 Average

Spring Autumn Spring Autumn Spring Autum Spring témn
Control — NPK 12,8 13,3 15,1 14,4 10,9 16,6 12,9 814,
Manure 30-ha' 13,1 13,6 18,0 15,6 11,9 13,1 14,3 14,1
Manure 15-ha' 12,6 12,9 17,8 14,2 11,3 21,7 13,9 16,3
Straw + N min 13,1 13,3 17,2 14,7 11,1 18,0 13,8 315
Straw + slurry 15,3 14,6 17,8 13,9 10,6 23,1 14,6 7,21
Winter aftercrop 13,7 16,0 18,0 14,7 12,1 15,4 14,6 15,4
Slurry 11,8 12,7 17,2 14,1 11,9 14,7 13,6 13,8
LSD ;005 - n.s. n.s.

Source: own studyZrédio: badania wtasne

Table 4. Dynamics of changes in phosphorus cofiten&0s: 100 g soil) in soil of class IVb following application éértilization
Tab. 4. Dynamika zmian zawaitdosforu (mg BOs-100 ¢'gleby) w glebie klasy IVb w nagstwie stosowanego nasenia

Years
Object 2005 2006 2007 Average
Spring Autumn Spring Autumn Spring Autumi Spring témn

Control — NPK 6,7 7,2 7,4 6,7 10,9 9,4 8,3 7,8
Manure 30-ha’ 6,1 5,8 6,2 6,8 10,8 10,7 7,7 7,8
Manure 15 hat 7,2 7,5 7,4 6,6 13,8 12,4 9,5 8,8
Straw + N min 6,2 7,7 8,0 7,0 13,1 11,1 9,1 8,6
Straw + slurry 6,0 6,9 7,1 5,5 11,6 10,3 8,2 7,6
Winter aftercrop 5,5 55 5,2 6,0 49 10,1 5,2 7,2
Slurry 7,3 6,9 7,9 13,3 7,5 9,9 7,6 10,0
LSD ;005 - n.s. n.s.

Soil class llla, in each of the fertilization objs, was
characterized by higher potassium concentration thass

IVb (Table 5 and Table 6). Comparing the averagego

sium content between spring and autumn, on theckask
llla, there was a tendency to increase its amoftat aach
fertilization, but not when the full dose of manamed win-

Source: own studyZrédio: badania wtasne

increase in this content, the largest after ploouglaf win-
ter aftercrop by 8.6 mg40-100g" of soil.

Higher magnesium content was found in the Vb, soil

which was particularly evident during the autumnewtall
objects showed more than 10.9 Mg mg-1b6gsoil (Table
7 and 8). At the end of the vegetation periodphjects on

class Vb soil showed higher magnesium content than
spring.
The amount of carbon in the soil depended on thie s

ter aftercrop were applied, and on the IVb soil wtiell
dose of manure and straw with slurry were appliedm-
paring the potassium content at the beginning qfeex

ments, on soil Illa (spring 2006) and at the endtui@n
2008), the increase of this nutrient was obsenftt aach
application, except for the full dose of manure avidter
aftercrop. The highest increase in potassium comtthb.8

class, the time of the soil sampling for analysed the
method of fertilization (Table 9 and 10). Class I$oil, was
characterized by higher carbon content than chbssbil.
Evaluation of changes in the content of this eldman

mg-100g" was observed after the half of the manure waspring and autumn, on the soil of class llla showede-

ploughed. In the 1Vb soil, the comparison of poitasscon-

crease in the content of the control object, arsd after

tent between spring 2005 and autumn 2007 showeet a dapplication of half of manure and straw with slurijhe
crease in this nutrient after the full dose of menstraw highest increase in soil carbon content betweeimg@nd

with slurry and slurry respectively 4.3, 2.1 an@® ng

K,0-100¢'" of soil. Application of other fertilizers led togh the annual manure application.

autumn, on average 49.7 mg C-16Gwil, occurred after

Table 5. Dynamics of changes in phosphorus cofrenk,0-100 ¢ soil) in soil of class llla following applicatiorf €ertilization
Tab. 5. Dynamika zmian zawaitbpotasu (mg ¥O-100 ¢ gleby) w glebie klasy llla w nagistwie stosowanego nasenia

Years
Object 2006 2007 2008 Average

Spring Autumn Spring Autumn Spring Autumn Spring témn
Control — NPK 26,0 17,0 9,5 14,1 13,9 26,1 16,5 191
Manure 30-ha’ 24,1 16,0 16,6 15,8 10,5 17,3 17,1 16,4
Manure 15-ha’ 19,4 14,9 16,7 15,6 14,2 25,2 16,8 18,6
Straw + N min 23,8 16,9 16,2 18,3 17,0 24,5 19,0 ,919
Straw + slurry 26,3 21,6 18,8 17,2 13,7 28,6 19,6 2,42
Winter aftercrop 28,3 20,2 17,1 15,9 14,7 18,2 20,0 18,1
Slurry 17,0 15,2 14,8 10,3 10,8 19,2 14,2 14,9
LSD ;005 - n.s. n.s.

Hanna SULEWSKA, Karolina RATAJCZAK, Alicja NIEWIADOMSKA

151

Source: own studyZrodio: badania wiasne
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Table 6. Dynamics of changes in phosphorus cofitent<;0-100 ¢ soil) in soil of class IVb following application éértilization
Tab. 6. Dynamika zmian zawaitopotasu (mg ¥O-100 ¢ gleby) w glebie klasy IVb w nagstwie stosowanego nasenia

Years
Object 2005 2006 2007 Average

Spring Autumn Spring Autumn Spring Autumr Sprin témn
Control — NPK 9,6 13,7 19,1 18,5 13,2 17,1 14,0 16,4
Manure 30-ha' 13,1 16,7 13,7 10,0 13,5 8,8 13,4 11,8
Manure 15-ha' 14,0 18,3 16,1 13,1 12,3 14,2 14,1 15,2
Straw + N min 12,4 17,2 16,3 18,3 13,6 16,9 14,1 ,517
Straw + slurry 13,3 15,7 15,4 12,9 15,4 11,2 14,7 3,31
Winter aftercrop 9,0 12,4 10,8 17,9 7,5 17,6 9,1 ,016
Slurry 15,9 13,6 10,8 14,4 8,9 8,7 11,9 12,2
LSD ;005 - n.s. n.s.

Source: own studyZrédio: badania wtasne

Table 7. Dynamics of changes in magnesium conagt(gO- 1009 soil) in soil of class Illa following applicatiasf fertilization
Tab. 7. Dynamika zmian zawaitbmagnezu (mg MgO-10bgleby) w glebie klasy llla w nagistwie stosowanego nasenia

Years
Object 2006 2007 2008 Average

Spring Autumn Spring Autumn Spring Autumn Spring témn
Control — NPK 6,8 7,6 55 4,9 3,3 3,2 52 5,2
Manure 30-ha’ 7,2 7,9 54 6,5 51 5,3 5,9 6,6
Manure 15 hat 6,6 7,8 6,2 4,6 5,8 3,4 6,2 5,3
Straw + N min 6,0 6,9 57 54 3,6 3,1 51 51
Straw + slurry 6,7 8,1 5,7 4,1 4,5 3,8 5,6 5,3
Winter aftercrop 6,6 7.5 6,3 5,4 4,0 4.4 5,6 5,8
Slurry 7,2 7,7 5,6 4,5 3,6 4,5 55 5,6
LSD ;005 - n.s. n.s.

Source: own studyZrédio: badania wtasne

Table 8. Dynamics of changes in magnesium cornagtgO- 1007 soil) in soil of class IVb following applicatiorf tertilization
Tab. 8. Dynamika zmian zawaitbmagnezu (mg MgO-10bgleby) w glebie klasy IVb w nagstwie stosowanego nasenia

Years
Object 2005 2006 2007 Average
Spring Autumn Spring Autumn Spring Autumn Spring témn

Control — NPK 8,5 7,9 115 12,3 9,1 14,2 9,7 11.%
Manure 30-hat 9,1 8,0 11,0 12,8 9,3 14,8 9,8 11,9
Manure 15-ha’ 8,4 8,3 11,0 12,7 10,2 18,8 9,9 13,3
Straw + N min 8,3 8,4 12,2 12,0 9,6 15,2 10,0 11,9
Straw + slurry 8,8 8,3 11,0 12,0 9,5 14,8 9,8 11,7
Winter aftercrop 8,4 8,1 11,0 10,2 10,0 14,5 9,8 ,910
Slurry 7,7 8,1 10,4 13,6 10,1 14,6 9,4 12,1
LSD ;005 - n.s. n.s.

Source: own studyZrédio: badania wtasne

Table 9. Dynamics of changes in carbon content@uig0g-1 soil) in soil of class llla following ajidtion of fertilization
Tab. 9. Dynamika zmian zawaftb wegla (mg C-100 ggleby) w glebie klasy Illa w nagistwie stosowanego navemia

Years
Object 2006 2007 2008 Average

Spring Autumn Spring Autumn Spring Autumn] Spring témn
Control — NPK 1005,3 1015,5 990,0 976,0 910,7 9281 973,22 968,7
Manure 30-ha’ 1009,7 924,8 1025,0 1008,0 980,3 1020,8 984,6 ,0005
Manure 15-ha’ 910,0 988,3 1006,0 1000,0 968,7 1102,1 1030j1 6961,
Straw + N min 1105,0 1015,5 987,0 990,0 962,9 92811 9779 1018,3
Straw + slurry 1105,0 1051,7 1070,0 1070,0 10267 1601 1093,9 1067,2
Winter aftercrop 1148,0 1078,9 1047,0 1030, 991,9 1015,1 1041,3 1062,3
Slurry 1157,2 979,2 1022,0 987,0 968,7 1032,5 999,6 1049,3
LSD ;005 - n.s. n.s.

Comparing the content of carbon in the soil ofs€ldla at
the beginning of the experiments (spring 2006) atet their
completion (autumn 2008), the increase in this exanbc-
curred after the ploughing of half and full doserathure and
straw with slurry. On the other hand, the decréagsbe con-
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Source: own studyZrodio: badania wiasne

tent of this component occurred on the control abgter the
ploughing of straw with mineral N, winter aftercrapd slurry.
On class Vb soil, the carbon content of all olgextcept for
the %2 dose of manure increased between spring 2@D%u-
tumn 2007 when the study was completed.
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Table 10. Dynamics of changes in carbon content@ra@0g" soil) in soil of class IVb following applicatiorf €ertilization
Tab. 10. Dynamika zmian zawaftanvegla (mg C-100 ggleby) w glebie klasy IVb w napstwie stosowanego navemia

Years
Object 2005 2006 2007 Average

Spring Autumn Spring Autumn Spring Autumn Spring témn
Control — NPK 874,0 923,0 884,4 864,5 895,0 930,0 4,88 905,8
Manure 30-ha' 904,0 943,0 979,7 861,3 990,0 960,0 957,9 9214
Manure 15-ha' 964,0 964,0 935,3 811,5 940,0 945,0 946,4 906,8
Straw + N min 895,0 908,0 895,4 852,3 903,( 9360 97,8 898,8
Straw + slurry 931,0 958,0 988,6 947,5 1000,p 967,0 9732 957,5
Winter aftercrop 968,0 986,0 990,8 897,6) 1010,0 ,®90 989,6 957,9
Slurry 894,0 976,0 894,6 870,4 880,0 950,0 889, 2,03
LSD ;005 40,39 43,3

4. Discussion

Maize, due to high yields of dry matter, has ahhilg-
mand for nutrient content in the soil. Their availdy also
affects the feed and consumption value of the Isede
crop [23]. Sorting macronutrients according to thepor-
tance and amount of untaken by the plant, numberisn
potassium, then nitrogen, and the least phosphtirissex-
tremely important that the listed nutrients areilgaand
quickly available, as under Liebieg's law, the ketaf nu-
trients is limited by the one which is in the leastount in
the soil. The dynamics of individual nutrient upaky
maize depends on the development phase of the ahaht
there are critical periods for each nutrient. Diefi€ miner-
als in a particular development phase always l¢adse-
versible yield reductions. Even after a shortaga pérticu-
lar nutrient, it becomes available to the plard édter stage
of development, but the reduction effect can nagénbe
reversed [7]. The fertility of the soils in nitragelepends
on the biological activity of the soil, temperatuneimidity,
as well as the system of cultivation and fertiliaat The
organic substance, on the one hand, is the maircesamf
nitrogen in the soil, and on the other hand it @cts against
the loss of this nutrient and activates it onlyaagesult of
microbial transformations. Nitrogen in the soil oce
mainly in the form of organic compounds with difat
susceptibility to mineralization and only afterstprocess
becomes available to plants after passing to ttadladble

Source: own studyZrédio: badania wtasne

plants, however, the losses estimated from théilegof the
nutrients are higher for manure than for slurryréeet al.
[19] as the main reason of nitrogen losses fromumaimdi-
cated the leaching into deep soil profile espgclNOs. Lip-

ski [12] indicated that the slow initial growth ofaize up to
the 8-leaf phase and the autumn-winter period dftdrarvest
may cause an intensive mineralization, denitrificatand
leaching processes that lead to significant nitidgeses from
the soil, modifying the fertility of the soils.

All of the applied fertilizer types, apart fronethpplication
of half manure, on soil llla in 2006 and 2007 aharg with
straw in 2006 and 2008 increased the availabifitihis plant
nutrient. The strongest increase compared to thieotof 7.8%
occurred in the case of ploughing of winter aftgpcand straw
with mineral nitrogen. After application of orgamm@tter in the
tested fertilization combinations on soil 1Vb, theailability of
N in the spring was often lower than in the cordid none of
the fertilizers tested differed in this regard.nBiewicz et al.
[24] showed an enriching effect of manure fertil@a on nitro-
gen availability. Ploughing of winter aftercrop ggas in own
study conducted on class IVb soil, as well asdfaifie manure
dose, led to decrease in sail fertility comparecbiatrols.

Koper et al. [5] reported about different concatitms
of phosphorus in the soil depending on the typsitef and
fertilization. They have shown that better soiciwracter-
ized by higher phosphorus content, which is cordunby
the results of own research. The amount of phoshior
the soil of class llla, determined during the testseeded

forms of N-NH, and N-NQ. The highest demand of maize twice the value of the lighter soil of class IVbabhul [13]

for nitrogen appears in the period from a few dbgfore
flowering to the middle of the kernel filling phafg]. Over
the 3-year study period, natural and organic feelik ap-
plied in our own experiments led to insignificahfages in
the nitrogen content of the soils. This reactiopedeled on
the soil class, the type of fertilizer, and theedah which
the samplings were done. Comparison of the sprintpé
first and last year of the study carried out on sod of
class llla has led to a tendency to decrease ®itregntent
following the application of all fertilizers, excepalf of the
manure dose. A similar trend has also been obsénveail
class IVb after application of half of manure, afwginter
aftercrop, and especially slurry. The opposite ltesadi-
cating a significant increase in nitrogen contensoils in-
tensively fertilized with manure, are reported byaadr
[17], who points out high yields after applicatiohslurry,
which was characterized by a high availability ofrients.
This author has shown that manure, rather thamyslu
promotes adequate supply of plants to the necesadriy
ents under optimum conditions of their availability the
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has shown that brown soil is much less likely talengo
phosphorous changes than lighter soil, where,eattid of
a multiyear study period, the author noted a deeréathe
amount of this nutrient. Evaluation of the effetfertiliza-
tion on the dynamics of changes in the contenhisf ¢le-
ment between spring and autumn in own research edhow
that in soil Illa the application of organic matteith the
exception of manure at full dose tended to incrétsseon-
tent, whereas in the lighter soil class Vb sudnead was
noted only on objects fertilized with full manusturry and
winter aftercrop. The low impact of phosphorusifiegtion
on the soil at lighter soils is confirmed by praworeports
by Kalembasa et al. [4]. Szyrieka et al. [27] demonstrate
that the use of high doses of manure in the abseheen-
eral fertilization leads to an increase in theiligrtof soils

in available phosphorus.

Rabikowska and Piszcz [22] mentioned maize aswat pl
with very high nutritional and fertilizer requirems for
potassium. In addition, the authors have demomstrat
a high correlation between the level of nitrogenilfeation
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and the amount of potassium taken up by the platis. is
confirmed by Machul [13], who noted potassium deficy
as a consequence of maize cultivation in monoailtas-
pecially for silage.

Own studies have shown varying levels of potassium
the soil depending on the date of sampling, the typsoil
and the type of fertilization applied. The soil thie llla
wheat complex had higher content of this macroentri
than class IVb. Mé&owiak [15] indicated a limited increase
in potassium in the soil following slurry applicati, but
points out that doubling of its dose leads to aréase in
the amount of potassium in the soil. In turn, Kabasa et
al. indicated the positive effect on soil fertiliby applica-
tion of manure and slurry [4]. Grzebisz et al. §3plain the
high physiological efficiency of potassium and ogen
from slurry mainly by the dynamics of maize nutniital
needs and the release of nutrients from the slimryaoth
series of spring experiments, the strongest grderiden-
cies were recorded following the ploughing of straith
slurry, and this involved the cumulative effectath fertil-
izers. Cereal straw contains considerable amoumpiotds-
sium, which supplemented by slurry favors the aadam
tion of it in the soil. Regardless of the date afpling and
the year, one of the lowest potassium contentsre@sded
on all objects applied with slurry. Probably it watated to
the leaching of the component down in the soil ifrafur-
ing the autumn and winter. On the contrary, ¢kaviak

fertilization contributed to the increase of thismponent
by up to 100%. S#czynska [25] and Potarzycki [21] ob-
tained the opposite results for slurry.

Wiater and Kozer [30] show that fertilization bdsmly
on mineral fertilizers is insufficient to maintaihe soil in
adequate fertility. The decomposition of organictterain
the soil is the whole transformation associatedh Wi min-
eralization and humification. These processes aaélyn
caused by organisms that feed on the remains ofpénd
animals leading to their complete mineralization]. [8
Thomsen and Christensen [28] in the study of maiaeo-
culture, pointed out that the post-harvest residegsafter
maize for grain and silage are rich sources ofients and
humus in the soil. Kubiak [10], and Diatta et 4l feported
about the complexity of the processes of soil nwiaim
and the modifying factors, indicating type of origamatter
and type of soil, as the most important in thisarelg

After harvesting maize for silage, 27.3 dt‘fthy matter
of crop residues is applied in the form of plargidees and
roots, and 88.0 dt-Han case of harvest for grain [10]. The
dynamics of organic carbon metabolism in the soihot
determined only by the influence of individual plswor by
the introduction of organic matter, but largely degs on
the location and climate conditions responsibletfa ac-
tivity of microflora [11].

The soil of the rye complex had lower content oifus
compounds than that of class llla soil. RegardlEsshe

[14], Stmczynska [25] indicated an increase in soil potas-soil class, both in the spring and after the enthefmaize

sium content following the application of slurryndaStec-
zynska [25] did not notice the difference in the comtef
this element in the soil due to different doseslafry. The
author claimed that despite the application of g&itan to
the soil its amount stabilizes to a certain levdlis is due
to the increased potassium uptake by the plantajeisas
leaching it into the soil profile, which is alsordomed by

vegetation, each type of organic matter introduceatrib-
uted to the increase in carbon content compareal the
control. Gonet and Wagner [2] have shown that gngwi
crops in a monoculture leads to decrease of cacbotent.
Authors showed an increase in carbon and nitrogateat
as a result of manure fertilization, especially whiis ap-
plication was repeated annually, with the reactiarighter

Mazur and $dej [18], who estimated twice the increase insoils being stronger. Gonet and Wagner [2] havevshbat

potassium leaching on slurry-treated objects coetgarth
the control. Lepiarczyk and Szylak [11] have shawten-
dency to significant increase in potassium avadladbrms
in the soil as well as phosphorus, total nitroged arganic
carbon following manure fertilization, used togethvath
mineral fertilization.

Fertilization of corn with magnesium promotes giel
growth of up to 9-13%, as well as increases theeoimna-
tion of this component in fresh weight of plants aloro-
phyll while decreasing the content of calcium?Cadons
[31]. The amount of magnesium applied to the sathw
post-harvest residues after harvesting 1 ha of enmi5.7
kg MgO, which is close to that of the half manuese
[9, 10].

In our own experiments, the variable content ofjnea
sium was observed, depending on the type of sl tim-
ing of sampling and the type of fertilization us&tbre rich
in the this element turned out to be soil Vb cla&sthis
soil, there is a clear tendency for higher magmesaecu-
mulation in autumn compared to spring. A similaznul
was observed in soil llla after full application ofanure,
winter aftercrop and slurry. These increases, hewevere
incomparably lower than for the lighter soil. Kaleasa et
al. [4] have shown that manure is a good sourc@axne-
sium in the soil, and that it has been found todase its
activity especially on objects located on the weasail.

Mazur and gdej [18] observed only slightly more magne-

growing crops in a monoculture leads to decreasarlaon
content. Authors showed an increase in carbon @rmgyen
content as a result of manure fertilization, esgiciwhen
this application was repeated annually, with thectien on
lighter soils being stronger. Gonet and Wagner Haye
confirmed that organic fertilization contributes tiee in-
crease in humus compounds, but the permanent apiptic
of manure does not lead to a continuous increaseimmus
content, similarly as the lack of fertilization doeot lead to
total decrease in soil fertility. They claimed tlestch type
of soil has its own unique, minimal and maximumboer
content. The formation of soil humus under theuefice of
organic fertilizers and crop residues depends piiynan

the dose, frequency of application and the spexigdant
grown. Suwara et al. [26] in their work showed @sel rela-
tionship between the carbon content of the arabjerland
the sampling period. Their results show that in $heing
and summer there is a loss of this element, bet dfbr-
vesting the crop and during the degradation of cegdues
it is noted its increase. The weather conditiormyéver,
have the greatest effect on the carbon contenhefsoil.

The course of the weather mainly modifies the igitgnof
the processes occurring in the soil, directly ieflaing the

amount of this element. There was an increase iiboca
content in the spring in each soil as comparedotatrol.
On soil llla, the strongest stimulating trend wadsearved
on objects that were systematically fertilized withurry,

sium cations in soil fertilized with slurry, wheseananure while on soil IVb, all types of fertilizer combiriahs tested
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resulted in significant increase in carbon contethig
strongest after ploughing of winter aftercrop. ddawiak
[14] points to a very beneficial relation of feitdtion of
straw with slurry, which contributes to limit theaching of
nutrients from slurry. Mazur [16] calculated thenfifica-
tion coefficients of organic carbon, which is 36.286 ma-
nure, 29.3% for slurry, 20% for straw, and 65% doeen
manure respectively. Mercik et al. [20] achieved ian
crease in C content by 0.71% points on averagecations
fertilized with manure on which bean plants werevgr. In
turn, Wiater [29] showed an increase in humus aanite
the soil by 14.6% to 19.6% in cereal monocultuov-
ing the manure plough. Author noted a slightly éesffect
as a result of introducing into the soil a strawtaiing
nitrogen, which reached 8-13%.

5. Conclusion

The dynamics of nitrogen, phosphorus, potassiuth a

magnesium content changes analyzed in spring atognau
in both soil classes was not significantly diffefated by
the combinations of fertilization applied. Howevéngir
influence was only obtained in the content of carbothe
soil of class IVb. Application of all organic matteaused
an increase in the carbon content analyzed in ggiine
with the greatest increase after ploughing of wirgtier-
crop. In the autumn, similar high carbon increases also

determined after application of straw with slurry.
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