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CHANGES OF SELECTED PHYSICAL SOIL PROPERTIES UNDER MAIZE GROWN FOR
SILAGE IN MONOCULTURE AS A RESULT OF INTRODUCTION O F INTERCROP,
STRAW OR NATURAL FERTILIZERS

Summary

In the years 2005-2008, the trials were establishbedwo soils, rye and wheat complexes in Swadpirthe fields of the
Experimental and Didactic Station Gorzyof the Pozné University of Life Sciences. The purpose of thdystvas to de-
termine changes in selected physical propertiesod$ under the influence of natural fertilizerasv or winter intercrop
under maize grown for silage in monoculture. It leeen shown that the use of slurry on class llli&sms reduced soil
compactness in all studied layers. The plowing iatev intercrop on both soil classes led to theiyidg, especially on the
lighter soil. Systematic fertilization of straw twislurry of class llla soil, and on the IVb soiltvia full dose of manure,
slurry with straw and winter intercrop increasecktfield water content of the soil. Lower volumettensity was observed
on class llla soil after plowing the full dose oAmure, and on class 1Vb soil after the use of wiitgercrop.
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ZMIANY WYBRANYCH WtA SCIWO SCI FIZYCZNYCH GLEBY POD KUKURYDZ A
UPRAWIAN A W MONOKULTURZE NA KISZONK  E, JAKO SKUTEK WPROWADZENIA
MI EDZYPLONU, StOMY LUB NAWOZOW NATURALNYCH

Streszczenie

W latach 2005-2008 w Swadzimiu, na polach Zaktadéwiadczalno-Dydaktycznego Goiizynalegcego do Uniwersytetu
Przyrodniczego w Poznaniu, przeprowadzono badaaidwoch kompleksach glebowyéitnim i pszennym dobrym. Ce-
lem bada bylo okrglenie zmian wybranych wdeiwasci fizycznych gleb pod wplywem stosowania nawoziwranych,
stomy kxdZz miedzyplonu ozimego pod kukurydaprawian; na kiszonk w monokulturze. Wykazanig stosowanie gnojo-
wicy na glebie klasy llla zmniejszalo zwtosé gleby we wszystkich badanych warstwach. Przyorievaoplonu ozimego
na obu klasach gleby prowadzito do jej przesuszasiazegoélnie wykaego na glebiezejszej. Systematyczne naemie
stony z gnojowig gleby klasy llla, a na glebie klasy IVb peldawlg obornika, stom z gnojowig oraz poplonem ozimym
zwigkszato polow pojemndé wodry gleb. Gleba klasy llla po przyorywaniu peinej dawakornika natomiast gleba klasy
IVb po stosowaniu poplonu ozimego charakteryzowiatynniejsz gestasciqg objetosciowg.

Stowa kluczowekukurydza na kiszopkmonokultura, nawozy naturalne, stotgtnia, medzyplon ozimy, wigiwasci fizyczne gleb

1. Introduction structure) as they increase soil fertility and eelweed in-

festation, as well as the intensity of diseasespasts.

The key issues in modern agriculture have assuimed
reduction of production costs and the protectiosaf [9].
Man is putting a lot of pressure on the environmesing
simplified rotation and other technologies whiclpamsion
is increasingly aggressive [7]. Maize, due to theréasing
intensity of its growing and the lack of integrat@dp rota-
tion requirement, occupies a key place among plafiée
grown in monoculture. The decrease of microbialvigt
of the soil occurring in such fields as a resuldeferiora-
tion of the phytosanitary conditions of the soidaa sig-
nificant degradation of microbial life in it [1,8]1 nega-
tively affects the stability of soil aggregates,camsing
their physical and water properties [7]. In additiin Po-
land light and very light soils account for moranh60% of
mineral soils and contain less than 2% of humuthénar-
able layer, hence the introduction of plant restddoenatu-
ral fertilizers that are the main source of organitter [5]

The aim of the study was to determine changesin
lected physical properties of soils under the irfice of
natural fertilizers, straw or winter intercrop und®aize
cultivated in monoculture. These studies were edrout
on the soils of two quality classes llla and 1Vb.

In the research hypothesis, it was assumed, lieaint
troduction of natural fertilizers, straw or intespr would
improve the selected physical properties of sa@ksduin the
multi-annual maize monoculture, thereby reducing th
negative effects of such cropping system.

2. Material and methods

The research was carried out in the years 2008-200
the soil of class IVb, good rye complex in GarZyxperi-
mental and Didactic Department, Swadzim Universify
Life Sciences in Poznan and in 2006-2008 on sa#<llla,

becomes very important. Besides the growth of dogan good wheat complex, of the field at a distance 260 m

matter and humus, they also strongly affect thesiiay
properties of the soil (loosening the soil, imprayithe
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from the farm. The content of available forms ofriamts
in the tested soils is presented in Table 1.
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Tab. 1. Content of available forms of nutrientshia tested soils (riggsoil)
Tab. 1. Zawartéci przyswajalnych form sktadnikéw w badanych glébangkg’gleby)

Soil class P K Mg pH
Vb 33.2-41.5 111.2-117 58.5-60.3 5.9-6.2
Ia 56.3-63.7 117.9-166 30.8-37.4 6.9-7.0

The study covered the soil where maize for silags
grown, using the following fertilizer combinatioranu-
ally: a) control (130 kg N, 34.9 kg P, 116.2 keh&", b)
manure (30-ha’, d) straw + Ny, (5 tha' + 5 kg Ny 1t
straw), ) straw + slurry-fta® + 40n3, f) intercrop of win-
ter rye with vetch (10-15ha?), g) slurry (40 ). All ob-
jects were additionally fertilized with NPK, whiatas bal-
anced with control object, taking into account tbatent of
the nutrients and their availability in the firsear after
plowing. Cultivation treatments were carried outaccor-
dance with the principles of good practice for gi#lacorn.
The following soil properties were analyzed: densitol-
ume humidity, field water content and soil compatti
Physical properties of the soil were determineflihvege-
tation stage of maize plants. The soil temperatwes
measured in all three replicates of each objedeaths of
10 cm and 20 cm using TESTO soil thermometers.

In spring, before the emergence of plants, saiidas
were taken from each plot to determine the volueresdy.
A special set was used to obtain unbroken soilsisting
of a hammer and a non-shaking sampler, and 1G0cgm
inders with two removable lids. The samples wereiexd
and dried at 105 °C and then weighed again. Thanvel
density calculation was done using the formula:

b-a
a=—(g/cn?
yol V. (g/cnr)

where:

Pvoi— Volume density

b — weigh of cylinder with soil and bottom lid

a — weigh of empty cylinder with bottom lid
— cylinder volume

The soil volumetric humidity was determined by meaha
dry-weight method, which determined the differermm
tween the weight of the wet soil sample and its ahigss
according to the following formula:

W, =3 xg0q)

W,o— SOil moisture in volumetrlc percentage
G, — weight of wet soil (g)

Gs — weight of dry soil (g)

V — soil volume (cr)

Source: own studyZrodio: badania wiasne

placed with the top lid. After 48 hours of soakiagd full
saturation of capillary spaces with water, therxjéirs were
weighed. Based on the obtained results, the maxican
illary water capacity was calculated according he for-
mula:

pPw= 9 "9 w100
9s
where:
PPW- capillary water capacity
Ow — Soil saturated with capillary water
gs — soil dried at 105°C

The compactness of the soil was assessed by kie¢ Ej
kamp hand penetrometer, at depths of 0-10 cm, 16R20
and 20-30 cm. The obtained results are presentetieas
compactness of soil - expressed in MPa resistance.

The results of all tests were statistically anatyzdy
ANOVA variance analysis for one-factorial experirteem
four field repetitions, assuming significant diéeces at
significance level of $0.05.

3. Results

Application of natural fertilizers, straw and inteops
significantly differentiated the compactness ofl sni all
layers (Table 2). The highest compactness waserdéep-
est analyzed layers, 20-30 cm, which compactness wa
more than double that of upper layers and aver&y8d
MPa on class llla soil and 3.7 MPa on lighter sGilass
llla soil, regardless of the depth of the analysias less
compact than that of class IVa soil.

It was found significant influence of the testedtifiza-
tion combinations on the compactness of soil cldasin
the studied layers. In the 0-10 cm layer, the leasistance
was found into the soil after application of sluly0 MPa)
and winter intercrop of rye with vetch (1.1 MPa)high
was also positively influencing lighter soil (0.9Pd). A
different reaction was observed on the soil of <I8gb,
where the annual application of 43" of slurry led to a
statistically significant increase in its compassecom-
pared to the control amounting 0.5 MPa. On clakss dbil
significant growth was observed for layer 10-20 after
plowing down winter intercrop and 30 tons manur& an
straw with slurry compared to control compactn€¥s.the
other hand, the introduction of slurry significanteduced

The study was based on the assumption that agpillasoil resistance in this layer. On the soil of clads only the

water, regardless of gravity, moves in all diregticaand is
the main source of water for plants. Field watepacity
was determined by the method of water ascensionth@n
Petri dishes there were placed cylinders with daid in
105°C, of unbroken structure, wrapped with stripésis-
sue paper of width and length to allow them to wiGpb-
sequently, the dishes were placed in cuvettes walker
filled to a level that prevented it from pouringdrthe in-
side of the dishes, and at the same time allowedvttier to
be absorbed through the submerged ends of the e
parts inside the Petri dish where the soil cylisderre
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plowing of straw with the addition of mineral N tied to
decrease the compactness compared to control. @ther
tilization variants contributed to a statisticakygnificant
increase in soil compactness, the strongest wherysias
applied.

Evaluation of soil compactness in the 20-30 cretay
showed higher values for lighter soil, class IVim tBe soil
of class llla there was a decrease in compactmdissving
the introduction of straw with slurry and slurrgetf. In
turn, in experiments on the soil of class Vb, suche-
sponse was obtained after ploughing down the maimure
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both doses and slurry with straw. Significant g in
soil compactness compared to control was observédth
locations after ploughing down the aftrecrop of t@mrye
with vetch.

The moisture content of the soil, just prior te ttmer-
gence of plants, illustrates the effect of testatilizer combi-
nations on water retention and the potential amotintater
available in the soil for the plants. There werfedtnces in
soil moisture content depending on the soil claskalower
value was recorded on the soil of class IVb. Th#iegtion on
the Illa class soil of both manure doses and stvdlvthe ad-
dition of mineral N, significantly increased its istore con-
tent. On the other hand, the application of strath wlurry,
winter intercrop and slurry, significantly reductids value.
On soil IVb, a positive effect was observed ongbit satura-
tion with water when fertilized with a full dose afanure,
slurry with straw and slurry, and all these valuese signifi-
cantly higher than control.

Research has shown the significant effect of ahtamd
organic fertilization on the field water capacity tested

soils (Table 3). On the soil of class llla, the &ficial effect
of straw with added slurry was noted, and in thb Boil a
full dose of manure, winter intercrop and strawhwvgturry.

On soil of class llla, the introduction of each tbe
tested fertilizers caused a decrease of the saihwe den-
sity (Table 3), but the decrease in value compaoethe
control was only proved for both manure doses. l@nlvb
soil, the use of winter intercrop reduced the vautensity
compared to the control.

The soil temperature over the whole corn growieg-s
son depended on the phase in which the measuremergs
made, the type of fertilizer and the soil classhi€a 4, 5).
Before sowing maize seeds on class llla soil, tbeghing
of each of tested fertilizers led to increase iit 'anpera-
ture at 10 cm depth compared to control, while foa Vb
soil, on the contrary, led to a significant decee@s soil
temperature, except for the objects on which stveith
mineral nitrogen were plowed, and the temperatue d

crease compared to control was not significant and

amounted to 0.2°C and 0.1°C, respectively.

Table 2. Soil compactness (MPa) in tested layepgiiding on applied fertilization and soil class
Tab. 2. Zwgztasé gleby (MPa) w badanych warstwach w Zal@ci od stosowanego navenia i klasy gleby

Object Soil class llla Soil class IVb
0-10 cm 10-20 cm 20-30 cm 0-10 cm 10-20 cm 20-30 cm

Control - NPK 1.4a 1.7b 2.7c 1.6b 2.0c 3.8b
Manure 30 ha’ 1.3a 1.9a 2.9b 1.3c 2.3b 3.5¢c
Manure 15 ha? 1.3a 1.7b 2.9b 1.4c 2.3b 3.4cd
Staw +N min 1.3a 1.6b 2.8bc 1.6b 1.9c 4.0a
Straw + slurry 1.3a 1.8a 2.4d 1.1d 2.2bc 3.3d
Winter intercrop 1.1b 1.9a 3.2a 0.9e 2.4ab 4.0a
Slurry 1.0b 1l.4c 2.4d 2.1a 2.5a 3.8b
Average 1.2 1.7 2.8 1.4 2.2 3.7

Source: own studyZrédio: badania wtasne

Table 3. Soil moisture (%) during plants’ emergeriizdd water capacity (PPW) and volumetric dengifycm®) depending

on applied fertilization and soil class

Tab. 3. Wilgotn&’ gleby w okresie wschoddwshm kukurydzy (% obj.), polowa pojemidgovodna (PPW) orazeggtasé¢ ob-
jetosciowa (g-crif) w zaleénasci od stosowanego navenia i klasy gleby

Soil class llla Soil class IVb

Object Moisture % PPW Volumetric_sdensity Moisture % PPW Volumeetrig density
(g-cnt) (g-cnt)

Control - NPK 20.8b 26.0b 1.72a 17.8b 25.94 1.63a
Manure 30-hat 21.0a 26.6b 1.61b 19.3a 27.8a 1.63a
Manure 15 ha" 21.6a 25.3b 1.67b 17.8b 25.7b 1.60a
Staw +N min 21.4a 24.8¢ 1.68a 17.8b 25.74 1.67a
Straw + slurry 20.1b 27.2a 1.71a 18.9a 27.2a 1.61a
Winter intercrop 20.1c 24.9¢ 1.69a 15.3c 27.1a .56
Slurry 20.1b 25.8b 1.71a 18.8a 25.3b 1.66a
Average 20.7 25.8 1.68 18.0 26.4 1.62

Source: own studyZrédio: badania wtasne

Table 4. Soil temperature (°C) at 10 cm depth ddipgron maize development phase and fertilizataplied on soil class Illa
Tab. 4. Temperatura gleby (°C) nalgbkaici 10 cm w zatnasci od fazy rozwojowej kukurydzy i stosowanego rania

na glebie klasy llla

Object Before sowing| Emergence 3-4leaves 6-7 leavedTillering | Wax maturity | Average
Control - NPK 16.8b 23.6b 27.4bc 27.4a 18.3a 16.6a| 1.68ab
Manure 30-ha* 17.3ab 23.7ab 27.1c 27.2a 18.3p 16.4ab 21.67ab
Manure 15-ha’ 17.1b 23.5b 26.7d 27.6a 18.2a 16.1b 21.5B8b
Staw +N min 17.8a 23.9a 28.1a 27.5a 18.3a 16.3b 98al.
Straw + slurry 17.5a 23.9a 27.7ab 27.6a 18.2a bh6.4a| 21.88ab
Winter intercrop 17.2b 23.5b 27.6b 27.1a 18.0b 6.3 | 21.62ab
Slurry 17.3ab 23.9a 26.9¢ 27.1a 18.0b 16.5a 21.6Rab
Average 17.3 23.7 27.4 27.4 18.2 16.5 21.7%
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Source: own studyZrédio: badania wtasne
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Table 5. Soil temperature (°C) at 10 cm depth d#ipgron maize development phase and fertilizatgplied on soil class Vb
Tab. 5. Temperatura gleby (°C) nalgbkaici 10 cm w zatnasci od fazy rozwojowej kukurydzy i stosowanego rania

na glebie klasy Vb

Object Before sowingl Emergencé  3-4 leaJes  6-7 ledvE@asseling | Wax maturity]  Average
Control - NPK 15.4a 19.3b 26.7a 23.1a 19.0H 16.6bd 0.0Z
Manure30 ha® 15.1b 19.5b 26.7a 23.4a 19.1b 16.7bc 20.08c
Manure15 ha’ 14.9c 19.5b 26.3a 23.0a 18.9b 16.8b 20.78b
Staw +N min 15.2ab 19.5b 26.5a 23.44 19.0b 16.5c .0220
Straw + slurry 15.1b 19.6ab 27.0a 23.13 19.4a 16.9b] 21.03ab
Winter intercrop 15.3a 19.6ab 27.0a 23.3a 18.9p THES. 20.94b
Slurry 15.1b 19.8a 26.7a 23.4a 19.6a 17.4a 21.21a
Average 15.2 19.5 26.7 23.2 19.1 16.8 20.08

Source: own studyZrodio: badania wiasne

Table 6. Soil temperature (°C) at 20 cm depth d#ipgron maize development phase and fertilizatgplied on soil class Illa
Tab. 6. Temperatura gleby (°C) nalgbkaci 20 cm w zaknasci od fazy rozwojowej kukurydzy i stosowanego zania

na glebie klasy llla

Object Before sowing Emergence 3-4leaes  6-7 ledv@asseling | Wax maturity]  Average
Control - NPK 13.9¢ 20.9a 25.2a 25.5ak 17.6ab 15.7a] 19.8a
Manure30 ha’ 14.3b 20.6ab 24.6b 25.3b 17.7a 15.5a 19.7Ta
Manurel5 ha’ 14.8a 20.4bc 24.4b 25.5ab 17.6ab 15.3a 19.7a
Staw +N min 14.4b 20.5bc 24.9ab 25.64 17.6ab 15.4a] 19.7a
Straw + slurry 14.2b 20.6ab 24.5b 25.2h 17.6ab d5.5 19.6a
Winter intercrop 14.2b 20.2¢c 24.7ab 25.4ab 17.4b .5d5 19.6a
Slurry 14.6ab 20.7a 24.1b 25.1b 17.5b 15.5a 19.6a
Average 14.3 20.6 24.6 254 17.6 15.5 19.Y

Source: own studyZrodio: badania wiasne

Table 7. Soil temperature (°C) at 20 cm depth d#ipgron maize development phase and fertilizatgplied on soil class Vb
Tab. 7. Temperatura gleby (°C) nalgbkaci 20 cm w zaknasci od fazy rozwojowej kukurydzy i stosowanego zania

na glebie klasy Vb

Object Before sowing Emergence 3-4leaes  6-7 ledv@asseling | Wax maturity]  Average
Control - NPK 12.6a 16.7bc 24.3a 22.9b 18.2¢ 15.5¢ 8.4Hc
Manure 30-ha" 12.5a 16.7bc 23.7b 23.4a 18.2c 15.5¢ 18.3c
Manure 15-ha’ 12.4a 16.7bc 23.6b 22.8b 18.1cd 15.4c 18.2¢c
Staw +N min 12.5a 16.8b 24.3a 23.4a 18.1cd 15.4c .4bt8
Straw + slurry 12.4a 16.8b 24 4a 23.0b 18.4b 15.8b| 18.5b
Winter intercrop 12.5a 16.6¢ 24.4a 23.2ab 18.0d 5d5. 18.4bc
Slurry 12.7a 17.2a 24.2a 23.5a 18.84 16.4a 18.8a
Average 12.5 16.8 24.1 23.2 18.3 15.6 18.4

Source: own studyZrodio: badania wiasne

It has been shown that the use of manure, stratv wiadditional spring soil tillage. These tillage treants re-

additional N mineral and slurry application on sléi$a soil

resulted in soil temperature increase before mameing

(Table 6). The applied fertilization variants orass Vb
soil did not cause significant changes in the saihpera-
ture measured before planting at a depth of 20@mall

objects, except for slurry, there was a tendenayetrease
this temperature (Table 7).

4. Discussion

The physical properties of the soils of the twoaliions
were modified in various ways by the fertilizativariants.
Regardless of the depth of measurement, it was rslioat
class llla soil was characterized by lower compassrthan
class IVb soil. Moreover, regardless of the typesaif, the
tendency to increase the compactness of the smilg avith
the increase in depth of measurement, has beemsHde
use of most fertilization variants led to a redoictin the
soil's compactness in its surface layer. The higlkem-
pactness was recorded in the layer of 20-30 crrherpb-
jects after plowing the winter intercrop. The irase in re-
sistance on the objects with intercrop was likedlated to
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quired additional drives with the tractor, whichusad the
soil to be compacted, especially in the depth belmtool
depth. Tendziagolska and Parylak [19] have shovat th
skimming and catch crops increase compactness ibf so
subsurface more than no tillage by up to 15.2%tuhm,
Pengthamkeerati et al. [15] showed a decreaseilicEsn-
pactness as a result of applied agrotechnologwnicdger-
tilization and crop cultivation.

The addition of fresh organic matter decrease$
compactness, especially in its subsurface layerlf6pur
own experience it has been shown that the orgaaittem
added to the soil and the tillage in the surfagerdan the
object with winter intercrop have loosened the gaitti-
cles. On the better soil, manure in full dose amercrop
increased soil resistance while slurry reduceditferent
results are presented by Buagki et al. [2] who showed a
very positive effect of manure applied annually,ichh
loosened the soil much more intensively than aglionse
tive doses of lime. Both classes of soil in the320em
layer showed increased compactness after plowingirof
ter intercrop. Rasool et al. [17] observed that phositive
effect of natural fertilization on the compactnessl den-

Soi
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sity of soil is not limited only to the surface &g of the
soil. Manure, according to these authors, contedub a
decrease in soil density even to a depth of 65Tdra.com-
pactness of the soil can have a significant eftettroot
penetration in both plough and no tillage systeassit de-
pends on the presence of pores in the soil sufiigieoroad
to accommodate and sufficiently long to ensuredéeel-

opment of long root systems [9]. Many soil reseaschave
shown the increase in soil compactness in caseoaboul-

ture crops [4], traditional cultivation systems adilect

sowing [20], as well as the related mechanizat&soeiated
with it [2]. The compactness of the soil is largdpendent
on its moisture content, but is also modified bpvgng

crops and wheels of tilling machines [6].

The addition of organic matter can produce anease
in soil moisture. Own research has shown that dfleckss
has a significant influence on its moisture conteeisured
during plant growth. Class IVb soil was charactedidy
lower water content compared to class llla soile Tiega-
tive impact of large amounts of green manure araisis
known to cause the formation of an insulating latret
impedes soil permeability. On the better soil, &ase in
water content was achieved by plowing manure aralvst
with nitrogen, whereas on lighter soil the incre@&senu-
midity was observed following the application o tfull
dose of manure, slurry straw and slurry itself. drwcting to
Buczynski et al. [2] organic/natural fertilization, espaly
manure, limits or even completely reduces negativesi-
cal processes in soil by loosening the soil to enauhigher
humidity of the tillage layer. Spring ploughing wfinter
intercrop on both soil classes significantly reducsil
volumetric moisture. It can be assumed that spfilfege
treatments on these objects led to soil over-drging lim-
iting of natural capillary soaking, especially ihet early
intercrop post-ploughing period. It is known unfealole
effects of catch crop ploughing during spring, esqlty in
dry years, when large amounts of fresh matter entehe
soil disturb the water balance in the soil. Tengaiska and
Parylak [19] and Czy[3] reported that the simplification
and reduction of the number of tillage treatmentthe soil,
result in higher soil moisture. Buazski et al. [2], Marks et
al. [10] emphasized the effect of soil compactiowl ghe
disturbance of its structure caused by the wheetiotill-
age machinery, which results in a deterioratiorthef soil
moisture conditions.

Field water capacity is a size that informs akibetpo-
tential of the soil to meet water needs of plafitee higher
it reaches the value, the more the soil can accatauDn
the soil of the wheat complex, ploughing of strawhw
slurry contributed to the increase of field watapacity,
whereas plowing of winter intercrop and straw witmeral
N significantly reduced it. Piechota et al. [16pped the
beneficial effect of manure on increasing the dapjilwa-
ter capacity by over 8% and the general soil ptyosta-
sool et al. [17] have shown that both organic aridenal
fertilization cause an increase in the water capadfi the
soil and, in the case of organic fertilization, thesitive ef-
fect was significant and became more visible asdieth
of measurement increased. In turn Majchrzak ef1a]
have shown a decrease in capillary water capacitpln
jects with simplified tillage and direct sowing.

According to Piechota [16], monoculture caused ithe
crease in soil volumetric density. In turn, Pary&kal. [14]
showed insignificant and non-directional changesolumet-
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ric soil density in monocultures. According to taesuthors,
the volumetric density variation is due to the dfesaion of
the soil solid phase and the change in soil polenwe. These
authors emphasize that the content of organic mattme of
the factors influencing the size of this parameterour own
trial carried out on class llla soil it has beerowh that
ploughing of manure, independently from the doserehsed
the soil density, while in a lighter soil a similadationship
was observed after the ploughing of winter intgucrid was
also found that the application of straw with mateéd straw
led to increase of soil volumetric density comparedontrol.
Similarly, Mosaddeghi et al. [13] showed a decreaseolu-
metric density after application of manure. Alsorbile et al.
[11] found a significant decrease in volumetricslgnin fields
where manure was applied regularly or where legwaags in
the rotation. Parylak et al. [14] on the contrasydnshown that
intercrops and straw can cause the decrease ofodaihetric
density. Czy [3] shown that direct sowing in a three-year corn
monoculture caused an increase in soil volumetitsitly in
the upper layer, mainly at a depth of 0-10 cm caorgpéo tra-
ditional soil tillage in both monoculture and ratat

The tillage system and the amount of plant residue
the soil surface modify the rate of its warming [@p 18].
As the vegetation progresses, the differencesnpégature
resulting from the growing system and the accurmabf
organic matter in the surface layers of the s@adpear. In
own trials, the spring temperature measurementy hg-
fore the sowing maize, on the lighter soil, showleat be-
sides the objects fertilized with straw and miné¥alsoil
temperature in the surface layer was significamdyer
than in the control. It was also found that the gemature
decreased after ploughing of winter intercrop othbsoil
classes. On the 1Vb soil the plowing of all fertdis caused
an increase in soil temperature measured at a agpt
cm. Czy [3] showed the relationship between soil tempera-
ture and yield level. An increase in soil tempemtafter
application of straw with mineral N, slurry strawdaslurry
was confirmed in both soil classes, also in thencamer-
gence phase. Numerous authors report limiting émibe of
low soil temperatures on the uptake of nutrientsybyng
maize plants, especially phosphorus [12]. In addjtat the
temperature of 10-15°C the initial development afza slows
down. On the other hand, the increase in temperagsults in
rapid plant regeneration, but for some time theynsh slower
rate of leaf growth and accumulation of dry matiaize, af-
ter disappearing of unfavorable conditions fodiéselopment
may catch up with faster development in subseqgentth
stages. In our own research in later phases ofentizelop-
ment, the effect of different fertilization on sedmperature
disappeared. It has been observed from the tagpsaiase that
some of the fertilizer objects showed lower temipees than
controls. Such a phenomenon was found after ploafngn-
ter intercrop and slurry on class llla soil, wherea soil class
IVb, the use of slurry and slurry with straw causeaming of
the soil.

5. Conclusions

1. The compactness of the soil in all studied soiletay
was higher on the IVb class than the llla classPi2y 0.5
and 0.9 MPa, respectively. The application of sluon
class llla soil reduced the compactness of soillinested
layers. On the other hand, on the soil of class hgHertil-
izer can be identified, which would have a simiddosing
effect in each of the analyzed layers.
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2. Soil moisture of class llla was 2.7% points higihem that
of class Vb soil. The ploughing of winter afercrap both soil
classes led to their drying, especially on thetdigkoil.

3. The field water capacity of class IVb soil was kigthan
class llla. Significant increase in field water aeipy com-

pared to control on class llla soil was obtaingdrafystematic
application of straw with slurry, and on the IVhldall dose

of manure, slurry with straw and winter intercrop.

4. Soil volumetric density of class llla was higheanhthat
of class IVb. Application of each of tested ferlis re-
duced the value of this feature on class Illa swit] on soil
IVb except for the application of straw with mineka The

most favorable changes on the llla soil in thisardgoc-

curred after ploughing of the full dose of manune an the
soil of class IVb after application of winter inteop.

5. The soil temperature at a depth of 10 cm, measheed

fore sowing and in the initial growth phases of fhents,
was higher on the soil of class llla than on IViheTappli-
cation of each of tested fertilizers tested on<ldka soil
led to an increase in the soil temperature detexchjorior
to maize sowing, the largest at the object withugling of
straw with mineral N. On the other hand, on thd ebi
class Vb, the effect of using organic matter wa$auor-
able in this regard.
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