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INTRODUCTORY WORD

Ladies and Gentleman,

| am sincerely honoured to welcome you on the Isaference 2014 on behalf of the
Research Institute for Fodder Crops, Ltd. Troubghereinafter refferd as “RIFC”), that
participates on the conference organisation astdrganisation.

Scientific committee gave a special attention tcelnteresting topics for oral and poster
lectures and | believe they will attract your atien. | consider discussions about new
perspectives in soil management and its role itegwable agriculture very vital. Agricultural
sector is facing a new seven years period of Elgnarame. Soil management is challenging
for new practice application as soil is one of thain nature resource. Protection of soil
guality and organic soil life is very important rantly for current agricultural production but
mainly for future utilization of soil as basic paftlandscape. The discussion how to balanced
food production, non — food production and alsamdgel policy must begin sooner than later
not only on the national levels, but primarily dmetEuropean level. Farmers will be
receiving support to increase effectiveness of tgticulture production that will also
guarantee protection of culture and nature heritage

| believe that our conference will help to imprabe agriculture production as the presented
papers will provide information about new agricudtutechnologies and innovation, the
conference itself is a great opportunity for distoss between leading experts of agriculture
research, public bodies and agriculture producers.

Conference also creates an opportunity to presenhost institution. Therefore | would like
to introduce you the Research Institute for Foddesps, Ltd. Troubsko and its daughter
company Agriculture Research, Ltd. Both companies established as private research
institutions specialized particularly in appliedsearch in agriculture and food processing
industry and in environmental area. The range wdistl species includes aside from fodder
crops another plant species interesting for fldnical and manufacturing practice. The
experimental activity is aimed for the researchbaiic genetic and breeding parameters, seed
production, harmful factors protection, basic agjtiral engineering and environmental
research including the landscape revitalization.

RIFC has experience in commercialization of redeaesults. It is the holder of rights to
several varieties, which are marketed through eithieect selling of seeds or through
assigning of licenses to the growers. It holds s#vgility models such as liquid fertilizer on
bread with added non-traditional legume mixturesplaint species for pollinators or for
efficient production of fodder. These legally paits results tries to apply on market through
its partners. Another form of transfer of resultsl #heir commercialization is issuing certified
methodologies that are used in counselling aatiwitf the applicant or directly distributed to
the users - breeders, farmers, government. This tfpresults is provided to the users on
equal terms. Agriculture Research, Ltd. was founde2D03 and immediately embarked upon
the research project "Genetic breeding and teclgimabaspects of sustainable fodder crops
production”. It is currently carrying out a numimémpublicly co-financed research projects.

RIFC is holder of ISO certificates of management qualitd environmental management, it
is the coordinator and leading partner of manyomati and international R&D projects and
we are open to new partnership and cooperatiorewm R&D projects. We can offer rich
experience in the implementation of long-term regeg@rojects, commercialization of R&D
results, and established network of partners sucipudblic and private R&D institutions,
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public organisations and non governmental bodiemfboth Czech republic and abroad.

More information can be find on our web pages wwaptwcz.

| hope that the Istro confereng@l14will be inspirative for you all and that you wilhpy the
stay in the Czech republic. | wish you pleasant staBrno and | am looking forward to meet

you during the conference.

Contact address:

RNDr. Jan Nednik, Ph.D.

Director

Research Institute for Fodder Crops, Ltd. Troubsko
Zahradni 1

66441 Troubsko, Czech Republic

e-mail: nedelnik@vupt.cz
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CHANGES IN SOIL STRUCTURE AND WATER RESISTANCE
OF SOIL AGGREGATES AFTER THE APPLICATION
OF WINE MARC COMPOST

B. Badalikov4, J. Bartlova, T. Vymyslicky

Research Institute for Fodder Crops, Ltd., Troubskaech Republic

Abstract

The effect of incorporated grape marc compost erddéwvelopment of soil structure and water
resistance of soil aggregates is monitored in twoeamental sites, namely on arable land
and in a small plot trial since 2012. Climatic asdil conditions of both localities are
different. The obtained results indicated that aipplication of higher doses of grape marc
compost into the soil showed a positive effect boththe soil structure and the water
resistance of soil aggregates.

Key words: compost; soil structure; wine marc; soil aggregates

Introduction

The use of organic materials enhancing propertieoibis a traditional method that enables
to improve its physicochemical properties, struetuemperature and humidity on the one
side and to increase the content of nutrientsatenhecessary for the growth and development
of plants on the other. The application of organgterials into the soil may cause changes in
soil microflora and soil microfauna that involvdsaa very extensive and very diverse group
of nematodes (Renco, 2013).

It was found out that composts made of separatediraaor wine marc inhibit the occurrence
of galls (cecidia) on tomato roots that are causggathogenic nematodes of the species
Meloidogyne javanicaResults published by Oaka & Yermiyahu (2002) ¢atied that a high
concentration of oxygen in soil and a high elealriconductivity of soil aggregates
contributed to the capacity of these compostshiihand/or kill nematodes.

Brown & Cotton (2011) quantified positive effecté @ampost application into cultivated
soils. They found out that — as compared with @adrtrthe application of compost resulted in
a threefold increase in the content of soil organiiogen and in a twofold increase in the soil
microbial activity. The process of composting i@ventional method how to liquidate
organic wastes. If we want to reach a balance apegties of the final product of composting
(e.g. its good physicochemical properties, capaoityhibit and/or suppress phytopathogens,
good degree of humification etc.), it is necesdaryse for making such composts different
source materials (Moral et al., 2009). It was dimond out that on non-permeable clayey
subsoil a greater depth of the compost applicainda the soil improved the runoff and
reduced the degree of waterlogging while on morenpable clayey subsoils this method of
compost application extended the period of draugjtye all in deeper soil layers (Whelan et
al., 2013).

Material and methods

Since 2012, changes in soil properties after th@icgiion of compost made of grape marc
and some additive components were monitored ieraéselected localities. Compost was
made in a closed composting plant EWA in the towdstd Albrechtice. Samples used for the
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evaluation of soil properties were collected at lieginning and to the end of the growing
season.

Estimations of soil structure and water stabilifysoil aggregates were performed in the
pedological laboratory of the Research InstituteFodder Crops in Troubsko. Soil structure
was assessed by sieving dry soil through sievds tive mesh size of 0.25; 0.5; 2. 5; 10 and
20 mm. Soil samples were taken always in threkcegpns from two different depths, viz.
0-0.15 and 0.15 — 0.30 m. Each structural foactvas separately weighed and converted to
percentages. The evaluation itself was performedhenbase of calculated coefficients of
structurality that expressed the relationship betwstructural elements of agronomic value
(0.25-10 mm) and those of a lower value (>10 an@®%0nm)._The water stability of soil
aggregates was assessed using the method of weltgs{&andeler 1996). In individual soil
samples, percentages of stable soil aggregatesghose that were not destroyed by water)
were calculated using a special formula. Soil weam@ed in two replications again in two
different depths, viz. 0 — 0.15 and 0.15 — 0.30The _content of water in soil (expressed as
its percentage by weigth - wt%) was estimated iiaehreplications by means of gravimetry in
depths of 0 — 0.10; 0.10 — 0.20 and 0.20 — 0.30 m.

Experiments were established in two different ligs, i.e. in Troubsko (a small-plot
experiment) and in Rakvice (a field experiment).

Soil and climatic conditions

A) The small-plot experiment in Troubsko (distf&rino-County): This locality is situated in a
sugar-beet-growing region and is classified as IgniWdarm and mildly dry. Its altitude is
about 333 m above sea level. The soil is classded chernozem developed on the loessial
subsoil with the loamy to clayey-loamy texture. Theg-term annual sum of precipitations is
547 mm (of this, 344 mm occur within the growingsen). The long-term average annual
temperature is 8.4C (within the growing season, the average tempezati14.8°C). The
plot is situated on flatland.

B) The field experiment in Rakvice (districtdlav): This locality is situated in a maize-
growing region and is classified as very warm and ts altitude is about 164 m above sea
level. The soil is classified as pellic chernozeveriisol) that developed on very heavy
substrates (clays, marls, Carpathian flysch arithtgrsediments). These soils are classified
as heavy to very heavy with a lighter ploughingitam; here and there they contain
admixtures of 10 % gravel and are prone to a sernfeaterlogging. The plot is akso situated
on flatland.

Variants of wine marc application:

Troubsko

Variant 1 — Control, without compost
Variant 2 - 50t/ ha

Rakvice

Variant 1 — Control, without compost
Variant 2 - 50t/ ha

Variant 3—100t/ ha

10
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Results and Discussion

Structural data assessed within the framework ef dtmall-plot experiment established in
Troubsko in Variant 1 and in Variant 2 by meanstled coefficient of structurality are
presented in Fig. 1. The obtained results indictttad in the second year of this experiment,
the soil structure improved in both soil layers andboth variants. In Variant 2, the
improvement of soil structure was the most markethe surface soil layer, i.e. in the depth
of 0 — 0.15 m.

Structural data about soils in Rakvice are presenmteFig. 2. As far as values of the
coeffiucient of structurality are concerned, instlocality the soil texture is not so good as in
Troubsko. It was found out that in all variants\witedues in the upper soil layer were higher
than 1; in the bottom soil layer they were higheart 3 only in Variant 3 (i.e. with the
maximum dose of grape marc compost).. In averdmgehighest values of the coefficient of
structuraliy were recorded in variants with thehagt dose of compost in both years. In 2013,
there was a decrease in structural values (proldildyto a dry summer season; in this year
there were no rainfalls for 2.5 months so thatdeeomposition of applied compost was not
possible and did not take place). Because of tmepectness of soil, the applied compost
caused a transient deterioration of soil structimespite of this, however, a better soil
structure was observed in the deeper soil layer.

3,00
250
2,00 4
150
1,00 - B 2012

0,50 -}~ H 2013

0,00

0.0-0.15 ‘ 0.15-0.30 ‘ 0.0-0.15 ‘ 0.15-0.30 ‘

Variants

Fig.1: Soil structure in different variants with applied grape marc compost
(Troubsko, 2012-2013)

11
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Fig.2: Soil structure in different variants with applied grape marc compost
(Rakvice, 2012-2013)

As far as the stability of soil structure withinetlsoil profile was concerned, there were
differences caused by changing contents of orgamitter and by presence of different forms
of calcium carbonate, iron oxides, clay partides pHc (KodeSova et al., 2009; Annabi et
al., 2007).

The water resistance of soil aggregates was estthwtly once in the course of the growing
season, viz. to the end of August. This was suffitto evaluate this soil property.

In Troubsko, the measured values of water stabiliégge at a medium level in both years
(Tab. 1). In Variant 2, the recorded values weighdlly higher. Also in this locality a
decrease in the water resistance of soil aggregate=eper sampling layers was obvious.
Results obtained in the field experiment are preegskm Tab. 2. As one can see, higher values
were recorded in Variant 3. Values of water resistawere better than those recorded in
Troubsko. In 2012, differences between individugdegimental variants were great while no
significant differences were found out in 2013. Attbr stability of soil aggregates was
observed in the deeper soil layer; this finding wasrelated with values of soil structure.
Zhang et al. (2014) observed that the applicatioarganic material (e.g. straw) increased
the stability of soil aggregates and, thus, alsorowed the soil structure.

Table 1: Water stability of soil aggregates in diférent variants with applied grape marc
compost — Troubsko, 2012-2013

Variants | Soil depth Years
(m) 2012 2013
0.0-0.15 22.32 28.74
1 0.15-0.30 15.81 29.54
mean 19.07 29.14
0.0-0.15 24.29 39.06
2 0.15-0.30 21.44 27.82
mean 22.87 33.44

12
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Table 2: Water stability of soil aggregates in diférent variants with grape marc compost
— Rakvice, 2012-2013

Variants | Soil depth Years
(m) 2012 2013
0.0-0.15 30.93 40.73
1 0.15-0.30 31.38 47.66
mean 31.16 44.20
0.0-0.15 46.89 36.29
2 0.15-0.30 38.33 48.22
mean 42.61 42.25
0.0-0.15 52.45 39.56
3 0.15-0.30 53.14 48.92
mean 52.79 44.24

In the small-plot experiment in Troubsko (Tab. &ntents of soil moisture were similar in
both variants in 2012 while in 2013 higher leveksr@recorded in Variant 2. Higher levels of
soil moisture were recorded in the upper soil lageboth variants and in both experimental
years.

Table 3: Soil moisture in different variants with gape marc compost
— Troubsko, 2012-2013

. Soil depth Years

Variants 2012 [ 2013
(m)

% wit.
0.0-0.10 22.55 19.23
1 0.10-0.20 12.72 18.72
0.20-0.30 11.71 18.45
mean 15.66 18.80
0.0-0.10 22.14 21.96
5 0.10-0.20 13.03 19.97
0.20-0.30 12.37 18.61
mean 15.85 20.18

In Rakvice, the content of water in soil was detesd by means of gravimetry performed
immediately after the sampling (Tab. 4). As one sa@, a higher soil humidity was recorded
in variants with applied grape marc compost in b®therimental years. In all variants under
study, a higher content of soil moisture was reedrdlways in the upper soil layer. Raviv et
al. (2004) found out that compost application ithe@ soil increased generally its water
retention capacity. In sandy-loamy soils, the hyticaconductivity of soil showed a tendency
to decrease while in clay and clay-loamy soils #pplication of compost induced an
enlargement of soil pores and, thus, increased liydraulic conductivity.

13
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Table 4: Soil moisture in different variants with gape marc compost
— Rakvice, 2012-2013

. Years
variants | SO (gf;pth 2012 | 2013
% wit.
0.0-0.10 21.70 19.82
0.10-0.20 18.11 1958
1 0.20-0.30 16.97 18.02
mean 18.93 19.14
0.0-0.10 21.34 21.03
0.10-0.20 21.16 20.19
2 0.20-0.30 21.42 19.04
mean 21.31 20.08
0.0-0.10 21.10 20.90
0.10-0.20 21.32 20.04
3 0.20-0.30 22.42 19.27
mean 21.62 20.07
Conclusions

Basing on obtained results it is possible to caelthat the effect of applied grape marc
compost was more and more obvious, above all ifoitadity Troubsko. The applied compost
improved soil properties, i.e. its structure, watesistance and content of soil moisture. In
the locality Rakvice, a better soil structure wasorded only in the upper soil layer and in the
second experimental year. The water stability df aggregates was positively influenced by
ccmpost application. In variants with applied costpohe content of soil moisture was also
higher. These results were influenced not only byeat variability of climatic conditions that
existed in 2013 but also by a too shallow applaabf grape marc compost.
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WATER STABILITY OF SOIL AGGREGATES UNDER DIFFERENT
COMPOST DOSES

J. Bartlovd, B. Badalikova

Agricultural Research Ltd., Troubsko, Czech Republi

Abstract

Effects of application of different compost dos@snoacro structural changes taking place in
the ploughing layer were monitored in years 2018 @013. The macro structure was
evaluated on the base of the water stability of aggregates. The pilot experiment was
established in VeleSovice, Czech Republic in thgude of 228 m above sea level. The
village of VeleSovice is situated in the sugar-bgetwing region and the long-term average
precipitations and temperatures are 490 mm and 8, espectively. Experimental variants
were as follows: Var. 1 — control (without compoatpar.2 — compost dose of 20 thand
Var. 3 — compost dose of 40 theDbtained results indicate that the applicatioarhpost
influenced positively the development of soil sture and the water resistance of soil
aggregates.

Keywords: water stability; soil aggregates; structural cagdint; chernozem

Introduction

Soil particles form smaller or greater clustergechkoil aggregates. The term “soil structure”
characterises the spatial arrangement of theseaggitegates (Kutilek, 1978). The term
“aggregate stability” refers to the resilience ofl structure exposed to external mechanical
forces. Many authors consider the soil aggregatiobe a parameter that reflects soil health
because it is dependent on chemical, physical,bawidgical factors (Mataix-Solera, 2011).
The stability of soil aggregates is a product ofetiactions between soil environment,
management practices, and land use patterns (Ztaalg 2008). The aggregate stability is
dependent on soil type and texture class, contieatganic matter (Jawek & Vach, 2009),
biological activity of soil (Oades, 2005), fertdizapplication (Anabet al, 2007), soil tillage
practices, and also on the vegetative cover.

The use of soil improving organic materials repnésean old practice of conventional
agriculture that enables to improve physical andnalal properties of soils, soil structure,
Soil temperature, soil humidity and also conteritsutrients required for the growth of plants
(Renco, 2013).

Brown and Cotton (2011) quantified advantages tiegufrom the application of compost in
agricultural soils. They found out that, as comgdawath control, this resulted in a triple
increase in the content of organic carbon in ddike soil microbial activity increased twice.
The application of compost also increased sigmfigathe content of water in soil and
reduced its bulk density and shortened the timerwial of water infiltration into the soil. The
availability of nutrients was comparable with cahtin the variant with the highest dose of
compost, the effect of its application into thel seas more positive than in the variant with
its lower dose or in the variant with a conventimystem of farming. The efficiency of lower
compost doses was comparable with that of control.

Annabiet al. (2011) compared the efficiency of a repeated appbn of municipal compost
and manure on dusty topsoils with a low stabilitysoil aggregates and found out that in the
majority of cases the application of municipal casipshowed a positive effect on the
stability of soil aggregates than the applicatidnn@anure. These authors concluded that
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compost could be used when trying to increase e¢kestance of soil against water erosion.
Arthur et al. (2010) studied effects of applied gast on the stability of soil aggregates and
the resistance of light soils to effects of wateyseon. These authors found out that after the
application of compost made of garden greeneryavasignificant increase in the stability of
soil aggregates took place; when applying compwstde either of fruit and vegetable waste
or waste generated at mushroom producing facilifiies differences were statistically not
significant. As mentioned by Duonegt al (2012), effects of compost application were
different and depended on the type of applied ca@hfiee. on the original waste and on the
compost maturity).

Materials and methods

In 2012 — 2013, a pilot experiment was establisitethe cadastre of VeleSovice village
(Czech Republic). This locality is situated in gwegar-beet-growing region at the altitude of
328 m. Local soils were characterised as clayegijoearbonate chernozem with an alkaline
soil reaction. Average annual sums of temperatack @ecipitations were 8.7 °C and 490
mm, respectively. In years 2012 and 2013, only m@ea mayswere grown in this locality.
There were three experimental variants with diffiedoses of compost applead in the autumn
of each year.

Experimental variants:

Variant 1: Control — without compost

Variant 2: Compost applied in the dose of 20t.ha
Variant 3: Compost applied in the dose of 40t.ha

Soil samples were collected every year in the gpaind in the autumn, i.e. at the beginning
and to the end of the growing season. Samplingpga®rmed in two different depths of the
ploughing layer (viz. 0-0.15 m and 0.15-0.30 m) anthree different sampling sites.

The soil structure was evaluated by screening pfsdil through sieves with different mesh
size (0.25; 0.5; 1; 5; 10 and 20 mm). The evaluaitigelf was based on calculated structural
coefficients (SC) which expressed the relationgdmsting between structural element of
agronomic value (i.e. 0.25-10 mm) and of a lowelagfonomic value (i.e. >10 and <0.25
mm).

Values of water stability of soil aggregates (WS¥ere estimated using the method of sieve
analysis (Kandeler, 1996). WSA was expressed apdheentage of water stable aggregates
in the total amount of aggregates after subtradhegoroportion of sand.

Experimental results were statistically processsdguthe multi-factorial analysis of variance
and the Tukey’s tests of simple contrasts. Thassitzdl analysis was performed using the
software package Statistica 7.

Results and discussion

WSA values estimated in individual experimentaliaats are presented in Fig. 1. As
compared with Variant 1 (i.e. without compost), W8&ues estimated in Variants 2 and 3
(i.e. with different compost doses) were highereTiest WSA values were recorded in
Variant 2. Similar results were published also bjuBzek (2010).
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Fig. 1. Average values of water stability of sgbeegates (%) in years 2012-2013

On fields, compost application resulted in an iaseein the content of organic matter in soil.
According to Krouliket al (2010), organic matter showed a positive effettsoil fertility,
increased the stability of soil aggregates and awga soil structure. As shown in Tabs 1 and
2, there was a statistically significant differenice WSA values recorded in Variant 1
(Control) and Variants 2 and 3 (i.e. with differelatses of applied compost).

Table 1. Analysis of variance of water stabilitysoil aggregates (%) in years 2012-2013
Effect d.f. Mean square
Variant 2 269.2 **
Error 33 35.6n.s.

** P = (,001; *P = 0,01; *P = 0,05; n.s. non-sifjnant

Table 2. Tukey HSD test - WSA

Variant Average
1 53.71°
3 61.05°
2 62.57°

Average values indicated by various letters aréssitzally different

In the experimental locality, the soil structure swaot good (Fig.2). Its structure was

impaired, especially in the lower soil layer (iia.the depth of 0.15-0.30 m). Calculated

values of the structural coefficient were lowerrtta A better soil structure was found out

only after the application of a higher compost d@se in Variant 3).

Well-matured compost supplies humus into the sudl this markedly accelerates the process
of recovery of its fertility. To assure a good lela and reserves of humus in sall, it is

necessary to supply approximately 1.5 t.loé net organic matter per year; this means that it
is necessary to apply approximately 9 thaf medium-quality manure (Badalikova and

Bartlova, 2011). Ortast al (2013) and Pardirgt al. (2008) also reported that application of

compost into the soil improved not only soil sturetbut also its fertility.

19



CONTENT

7th International Soil Conference ISTRO Czech Bhaaditiny 2014

1.20

1.004

0.80

SC

0.60

0.40 1

0.204

0.00

m O-O.lSr}n 0aL80 m

0-0.15m ‘ O.lS-O.SOVT 0-0.15 m‘ 0.15-0.30

variant 3

variant 1 variant 2

Fig. 2. Average values of structural coefficienyears 2012-2013

Conclusions

Results of a two-year study indicated a positiveeatf of compost application on water
stability of soil aggregates. After the applicatiohboth compost doses It was out that both
compost doses significantly improved values of WSAe application of a higher compost
dose showed a positive effect on soil structureyatall in its upper layer (topsoil). A lower
dose of compost did not influence the soil strustur

Acknowledgement

Presented results were supported from financiadluwf the project of the National Agency
of Agricultural Research (NAZV), ministry of Agritture of the Czech Republic n° QJ
1210263.

References

ANNABI, M., LE BISSONNAIS, Y., LE VILLIO-POITRENAUD M., HOUOT, S., 2011:
Improvement of soil aggregate stability by repeatpplications of organic amendments to
a cultivated silty loam soil, 144 (1): 382-389.

ANNABI M. - HOUOT S. - FRANCOU C. - POITRENAUD M. LE BISSONNAIS Y.,
2007: Soil aggregate stability improvement with ambcomposts of different maturities.
Soil Sci. Soc. Am. J., 71 (2): 413 — 423.

ARTHUR, E., CORNELIS, W. M., VERMANG, J., DE ROCKERE., 2010: Effect of
compost on erodibility of loamy sand under simuatainfall. Catena, 85: 67-72.

BADALIKOVA, B., BARTLOVA, J., 2011: Use of compostsnade of biologically
degradable materials when improving soil environindn proceedings of the 15th
Conference of Environment and Mineral Processirayt P, VSB Ostrava, s.143-147
BROWN, S., COTTON, M., 2011: Changes in soil projgsr and carbon content
following compost application: Results of on - fasampling. Compost Science and
Utilization, 19 (2): 87-96.

DUONG, T. T. T., PENFOLD, C., MARSCHNER, P., 20T3fferential effects of composts
on properties of soils with different textures. Bigy and Fertility of Soils, 48 (6): 699-
707.

RENCO, M., 2013: Organic amendments of soil asulgebls of plant parasitic nematodes
control. Helminthologia, 50 (1):3-14.

JAVUREK M., VACH M., 2009: Vliv dlouhodobého uplgivani gidoochranné technologie
na sekvestraci uhliku a dusiku a souvisejici charekiky ve stedre t¢zkée mde typu
luvisol (Effect of a long-term soil-protecting teutlogy on sequestration of carbon and

20



CONTENT

7th International Soil Conference ISTRO Czech Bhaaditiny 2014

nitrogen and on related characteristics in a medweawvy of the luvisol type, in Czech).
Uroda, A scientific attachment of the journal, 381 - 365.

KROULIK, M., BRANT, V., MASEK, J., KOVARICEK, P., 2010: Influence of soil tillage
treatment and compost application on soil properaed water infiltration. Trends in
agricultural engineering, p. 343-349.

KUTILEK M., 1978: Vodohospod#kéa pedologie. SNTL - ALFA, Praha, 295 s.

MATAIX-SOLERA, J., CERDA A., ARCENEGUI V., JORDAN A ZAVALA L. M., 2011:
Fire effects on soil aggregation: A review. Earttiece Reviews, 109: 44-60.

OADES, J. M., 2005: Soil organic matter and streatustability: mechanisms and
implications for management. Plant and Soil, 78)(1319 - 337.

ORTAS, |, AKPINAR, C., LAL, R., 2013: Long-term pacts of organic and inorganic
fertilizers on carbon sequestration in aggregafeanoentisol in Mediterranean Turkey.
Soil Science, 178 (1): 12-23.

PALUSTEK, J., 2010: The influence of urban greemst@aompost on the physical quality of
soil exposed to erosion. Archives of Environmemtadtection, 36 (3): 97-109.

PARDINI, G., GISPENT, M., JORDANA, R., VELAYOS, J2008: Experimental use of
composted grape seed and olive mill residues fogliamation of fertility and structural
stability of soils. Compost Science & Utilizatiatt (1): 61-68.

Contact address:

Dipl. Ing. Jaroslava Bartlova, Ph.D.
Agricultural research, Ltd.
Zahradni 1

664 41 Troubsko, Czech Republic
e-mail: bartlova@vupt.cz

Phone: +420 547 138 816

21



7th International Soil Conference ISTRO Czech Bhanditiny 2014

VeleSovice — soil sampling

22

CONTENT




CONTENT

7th International Soil Conference ISTRO Czech Bhaaditiny 2014

CURRENT TRENDS IN SOIL TILLAGE SYSTEMS
IN PANNONIAN REGION
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Abstract

In our region most classical authors held thatphmary aim of cultivating soil was to meet
crops requirements. In the late 19th century rendehe soil’s fertile layer suitable for crop
growing was considered to provide a good standilagepfor plants. The word suitable
usually applied to the soil physical state, itsolaably loose structure that was to be
developed to the required depth. However, it wasgrized by some authors back in the late
1800s already, that creating soil condition assutodze required by plants may even damage
the soil, what with the frequent traffic involvea the process. In other words, taking a crop
oriented approach will rather do damage than gdonda regime of tillage focusing on
conservation the need for protecting the soil issutordinated to crops demands. Primarily
importance is to create a soil condition requirgdctpps takes a lot less energy and causes
much less mechanical damage in a soil whose goodisite and condition has been carefully
preserved. In the second decade of the new millemtihe primary goal of tillage is to create
and maintain favourable interaction between sailseovation and cropping. The aim of soil
conservation and environmental protection shousdige depending on the effectiveness of
the EU and national soil conservation endeavours efforts and its duration should be
determined by the extent to which such practicesadopted across the farming community.

Keywords: adaptability, soil remedying, water conservatioanéhian region

Introduction

Classical authors emphasised the importance ofticge@a good site for plants, that of
improving the soil fertile layer to make it suitalfor cropping (Birkas et al., 1989). In the
physical approach tillage was regarded as playsmgnost important role in controlling soll
processes. Consequently the period of several westominated by this approach is referred
to as the era of crop oriented tillage (Cannel83)9 The over-estimation of the importance of
crop requirements resulted in damaging the soilschvinevitably led to the recognition, in
the mid-1960s, of the need for protecting soilsligpiaence that was the beginning of the era
of soil oriented tillage (Bartalos et al., 1995nyAcrop requirements can be met by a soil kept
in a good physical and biological condition by gméserving tillage, with the added benefits
of causing less damage and cutting costs. Sincérgteyears of the climate change, as the
new trends have raised concern, tillage must beetumto a climate focused effort with the
aim of reducing climate-induced losses through owprg soil quality (Birkas, 2011).

The various trends of tillage (minimum, reducedy] sonservation) and endeavours (e.g.
energy saving, sustaining) can be distinguishethénbasis of their aims (Hayes, 1982a,b;
Birkas et al, 1989; Edwards et al., 1990). Since finst energy crisis (mid-1970s), the
endeavours to reduce tillage have been motivated bgriety of factors. During the next
years reduced tillage under the pressure of ecanawomstraints was practised on several
hectares in the region promoting physical and lgicll degradation of the soils (ECAF,
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1999; Jug et al., 2010). It had to be made awaatithno possible to adopt techniques of
energy saving tillage without improving the conalitiof the soils. Further challenge was that
the methods developed far from this region adaptntpe local soil and farming conditions
(Birkas and Mesi, 2012; Jug et al., 2006).

The main problem of the ploughing systems is netdail inversion (however this action is
often deteriorates soil quality), but the realisatin the regional sites. Partly to mitigate
damage caused by the climate change the plougiolslply going to be used less frequently
in this region in the future (BaSet al., 2010; Birkas, 2012). From crops resporasesfrom
findings of soil state assessments and studiesst been concluded that tillage without
inverting is not disadvantageous to cropping andiqudarly to environmental protection
(Kisi¢ et al., 2010; Birkas et al., 2013). The ploughl®stems, on the one hand, are based on
soil loosening (by tine or by subsoiler) and onlisiaintervention (by disk or rotavator). On
the other hand, the variants which can realiseils sire adequately applied to the different
site conditions (Birkas, 2010). Namely, subsoiled éine can be used in the entire surface or
in strips, and tine tillage is also applied shallp{d0-15 cm) or deeply (30-35 cm) adopting
to the production goals. At the same time, furthbage and sowing technologies have
circumspectly been tested since the 1980s e.@ndl plant system for green manure plants,
strip-till and plant for wide row crops, ridge-tdind plant in sloped sites etc. (Jug and Birkas
et al.,, 2010). It is noteworthy that the first siaof direct drilling in this region were
conducted and investigated in the beginning ofl®@0s (Birkas et al., 2008). Nowadays this
system is often used as a studying variant in ¢éggonal soil tillage experiments. The most
important questions in adoption of any new tillage sowing systems are the adaptability to
the cropping requirements and site conditions, \iedd certainty, good trainability and
reasonable investment level (Spoljar et al.,, 20 )further important question is the
suitability of the new systems to the extreme ctemaonditions are increasingly afflicted soil
in the region (Gag-Capka, 2009; Jug et al., 2007; Pospisil et al., 2&mutny et al., 2013;
Szalai and Lakatos, 2013; Varallyay, 2011).

Material and methods

This paper is based on works reviewing the sulf{fattalos et al., 1995; Bd&Set al., 2010,
Birkas et al., 1989; Birkas and Kdsét al., 2013, Jolankai et al., 2013; Jug et &l092 2010,
Kisi¢ et al., 2010; Seremé3et al., 2011; Sabo et al., 2006, 2007) and omnstat long term
experiments underway in the countries as well asthenconclusions drawn from them
(Birkas, 2010, 2012; Jug and Sabo, 2010, Kalmat.g2013).

Results and discussions

Tillage results in changes in the soil state andsirenvironment (Jug and StipeSeet al.,
2006, 2007). Such changes can be identified anbimient as well as over a longer period of
time. It is a crucial question whether tillage @adrout ‘in the crops interest’ has effects
improving, maintaining or deteriorating the soigucture, bearing capacity and biological
activity (Birkas et al., 2008; Nikdliet al., 2002).

The development of tillage systems in our regiespect for tillage in general, its position in
the system of cropping, the efforts made at comsgrthe soil along with the acceptance of
new approaches, have always been substantiallgteffeoy traditions (Birkas et al., 2008).
They noted that the foreign trends — e.g. the AcagriCampbell’s dry farming boom between
1905 and 1912 or the German Bippart’s ‘anti-plougtévement in the 1920s — had little
impact on the common tillage practices in this eagiThe practice of ploughing to depths
exceeding 25 cm was increasingly widely adoptectgponse to the encouragement of sugar
beet production (from 1860 on). Economising undierforce of necessity has always been a
typical response to periods of economic difficitieut the over-tillage of soils cannot be
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linked directly to any particular time period (Bak et al., 1989; Jug et al., 2010; &sjial.,
2013). Farmers’ attitude with respect to rationagigtillage could, in retrospect, be explained
by shortage of capital. At the same time the foranegrsion to the new methods has also
lasted despite of the symptoms in soil deteriorativat are originated from the long-term
traditional tillage (Kovaevi¢ and Laz¢, 2012). Authors, cited above, have often outlitiext
adopting new techniques in this region cannot b®diiced without remedying the condition
of the soils.

Soil protection has been a key subject of resefarctiecades now, and the results achieved so
far are taken into account in the development gmpdiGation of cultivation practices (Jug and
Jug et al., 2007; Spoljar et al. 2011). Coverirngghil was found to be an effective approach
to control dust storms on the Great Plains in tB80% (Allen and Fenster, 1986). The
approach referred to as ‘minimum tillage’, whichswdeveloped in the 1960s, should be
regarded as something of a detour, as the objectigeil conservation ranked second to the
priorities of reducing tillage operations and co&shertz, 1988). The year of change was
1977, and the new concept is called ‘soil consemattilage, a method that retains
protective amounts of residues on the surface tivout the year. Schertz quotes the
definition adopted by the authorities in 1983, @mation is any tillage and planting system
in which at least 30 % of the soil surface is cedeby plant residue after planting to reduce
soil erosion by water. Different methods of thel pootection — are listed in Table 1 — have
been and are being conducted in areas exposedsmrerby water or wind, in parallel with
no-till experiments (Kisi et al., 2003; Soane et al., 2012). According tarfeoet al., no-till
systems are not applied in Europe as extensivetliggscould be. At the same time, there is
growing interest in other soil conservation teclueig| e.g. till-plant, mulch-till, and strip-till
(Jug et al., 2010), to some extent perhaps as seqaence of the increasingly climate threats.
Shifts in the timing and the gradual lengtheningefiods that are critical from the aspect of
soil conservation are also considered to have lmeersed by extreme weather patterns
(Jolankai et al., 2013; Vérallyay, 2013).

Table 1. Soil tillage trends, objectives and realaion in the Pannonian region

Trends, Time and place Aims of the system In the Pannonian region
systems of developing appearance realisation
Minimum 1950s (USA) cutting tillage depth, passes and mid-1970s reduced constraint
tillage costs e.g. disk tillage
Reduced 1960s (USA) cutting tillage passes and costs meEIv0s | tool/element
tillage combination
Conservation | 1960s (USA) effectual soil preserving Ipend-1980s, surface cover after
tillage surface cover X30 %) after| first years stubble tillage and
sowing of the 2000s after some types df
primary tillage
no-till 1950s (USA) soil and water preserving bfrom the 1960s| problems in the first
minimised soil disturbance years limited the
interests
mulch-till 1980s (USA) soil and water preserving bynid-1980s, good: by tine, by
whole surface disturbance andirst years loosening,
by fair surface cover of the 2000s risky: by disking
ridge-till 1980s (USA) soil and water preserving [i1990s in experiments onl
sloped fields
strip-till — 1°' | 1970s (USA) clean sowing strips, covergdl990s tepid interest
inter rows — reducing tillage
strip-till — 2" | 2000s (USA) intervention and costs; improved2010s field trials with
by satellte guidance and hope of the
automatic positioning extending
climate mid-1990s all systems are adaptable to sitérst years step by step
mitigating (Europe) and climate conditions of the 2000s however time
presses
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It may outline that the first step in the procesadaptation in conservation tillage involves
recognition of the risks — wrong practices/habiggor soil quality, extreme climate
phenomena etc. — and an urge for improvement, widesecond step involves improvement
or conservation of the quality of the soil, in hamg with ecological conditions,
mechanisation and the farming and management comslitTwelve factors are selected to
present the fundamental requirements of the coaserv soil tillage (Bas$i et al., 2010;
Birkas and Megi, 2012): (1) Avoiding the farming and tillage-indutsoil damages, that are
occurrence and extension of soil compaction, swiucture degradation, water and wind
erosion, high CO2 emission, and organic mater&s.1¢2) Maintaining soil moisture transport
by improving the water infiltration and storagewet periods and decreasing the moisture
loss in dry and average seasons. (3) Preservingnmrgnaterial of the soil to increase the
water-holding capacity, the structure stabilitye tbading capacity and the workability and to
decrease the soil compactibility and vulnerabilif) Managing stubble residues by
application of harvest and tillage techniques legumulch cover. Cover the surface after
harvest, as long as possible to remedy soil strecimd to preserve soil moisture and to
mitigate heat and rain stress outside the growaag@n. (5) Recycling stubble residues to the
soil with the passing of the critical period foethake of the soil organic matter improvement,
promoting the favourable biological activity in ksoithus improving the soil workability
trough the mellowing processes. (6) Utilizing thesgible machinery — tractor, mass of tool,
running gear, working speed, energetic relationwbkenh tractor and tool, state and
construction of tillage tool — and arable site dastto reduce the energy consumption thus to
decrease the environmental load. (7) Minimising fod loading stress from stubble to
sowing phase. (8) Applying optimal crop sequencesthuce fertilizer needs and to improve
soil biological activity through the crops effect soil condition. (9) Particular attention is to
be paid to maintaining the soil infiltration andrstge capacity and the soil aggregation on
irrigated soils. (10) Applying tools without pareation in any tillage procedures, particularly
in wet soils. (11) Assessing the possible riskstioasly prior to establishment of the new
tillage and sowing systems. Soil condition assessmal have greater importance before
tillage interventions, in the crop stands and as®wing. (12) Selecting the most adaptable
soil conservation methods are conformed to theasitecrop production requirements.

Crop residues — that can be seen in the foregomg €onsidered a possible material for soll
conservation. Stubble residues have come unddinteéght again, though unfortunately at a
time when they have come to be used as a sourcBiménergy’ (Lal, 2009). Surface
protection during the summer is indisputably impottin the Pannonian region (Kalmar et
al., 2013). The soil needs to be kept in place @ntthe same time efforts must be made to
alleviate heat and rain stress and to reduce #gedbwater (Birkéds, 2011; Turk and Mikgli
2013; Varallyay, 2013). Mulched green manure arehtbally treated weeds and volunteers
may also provide a protective cover besides crgmues on soils. Two of classic authors
(Manninger and Kemenesy) were encouraged firsth@n1930s) to use mulch covering the
soil (Birkas et al., 2008). The training of muldhagge was laid down 34 years ago by the
studying of the soil in fields after harvest (Kaimét al., 2013). Progress was clearly
facilitated by the introduction of flat plate disked mulch-cultivator tools (Radics and Jori,
2010). Where the crop residue is left on the soifage the level of protection is first affected
by the ratio of the cover, and later by the modé quality of stubble tillage. Kalmar et al.
(2013) cited Schertz (1988) that soil conservitigge is characterized by an at least 30 %
cover ratio after sowing, and they recommended ghdni — 45-55 % — ratio by evenly
chopped straw for surface cover after summer harves

The following is a review of possibilities of sortibage and sowing methods to be adaptable
to the site conditions. Experiences are sown inftide 2.
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Table 2. Experiences in soil conservation solutionia the Pannonian region

System/method Crops sown | Main advantages Main considerations First adoption
situation
Mulch-till by | Oilseed rape| Deep rooting, les$ Same diseases, - mid 1980s
subsoiling wide-row crops| climate dependence greater weed infestation- from the 2000s
in the first years

Mull-till by tine All crops Saoll structurg Same diseases, - mid 1980s
preserving and greater weed infestation- from the 2000s
improvement, less in the first years
dependence on saqil

water content

Much-till by disk

Mostly  winter

Saving time and energy

Shallow loosened la

yerfrom the 1980s

cereals higher climate
dependence

Till-plant Green manure Saving time and energy  State of the root zong m fitee 2010s

crops/ oilseed
rape

No-till Mostly w. | Saving time and energy  Continuous: long-tgrm1960s, 1990s

cereals, soil conversion; - 2010s
secondary occasional: soil watef
crops content
Strip-till Mostly  wide- | Loosened soil to the Uncrushed maize stalks- from the 2010s
row crops depth of 27 cm, saving (good habitat to E. corp
time and energy borer)

Composting tillage |  All crops Soll structureDepth of the loosened-from the 2010
preserving and layer (Slovenia)
improvement

Twin-row sowing Oilseed rape,Deep rooting (inj Misunderstanding the - Kolbai, 1956,

wide-row crops | subsoiled soil only) crop root developmentHungary

and placement

- 2010s (USA)

Seedbed All narrow-row | Water conservation for Over-wet soil condition| -mid 1990s
preparation and crops germination

plant

Surface cover of Stubble state Best water conservationRisks at  autumna| - 2010s
undisturbed soil (21 after cereals in dry season sowing

3 months)

Improved Spring  sown| Inverting and surfaceé Pan compaction - mid 1980s
ploughing crops levelling -1990s

The system based on the use of mulch-till by tiffers the benefit of sparing the soaill
structure before crops sown. In the year followsudpsoiling it may use for maintaining the
favourable soil conditions. This method is alsooremended for gently trans-mixing the

upper (0-30 cm) layer of soil after application 3#-year strip-till.

It causes little — and

easily remedied — damage in wet soils. The multlpyi tine may be a part of modern low
intensity and mid-tech land use mode on accouitsdavourable environmental impact. In a
dry year loss of moisture can be reduced by ledsdssturbance, gentle crumbling and
leaving adequate surface cover.
Disking should not be applied in successive yelng system should only be applied if the
soil deeper layers are in a good condition, andsibié should be dry or a little humid.

Composting tillage shows similar advantages ardris
Using a till-plant is one of the modes of low irgéy farming. A deeper soil disturbance may
be resorted to in a year following the sallow gka Strip-till is applied in the mid-tech

farming for maintaining good soil state as involfew tillage passes. By covering between
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rows with residues this technique meets the expentain weed free fields. Loosening
variant of strip-till may be applied if the aimtsimprove the soil condition.

No-till is a mode of the low-intensity farming amdfers benefits and entails risks. Being a
special cropping method entailing minimised sostdibance whose application requires
modern machinery, a frequently updated technolaapted to the site, the year and the crop
concerned and sound expertise. On soils of degrattedture the yields will decline in the
first years after adopting the no-till. The risks applying this particular system may be
reduced when the soil physical, biological and deahparameters have been harmonised.
Twin-row — 55+22 cm row spacing — sowing was depetbfor optimizing the use of light,
water, and nutrients by crops. Special twin-rowngda put the seeds in a precise alternating
diamond pattern, and distance between plants & @iimised (25.1-29.5 cm). A forced
machine selling and method’ adoption are reallyrsivadowed the original and possible
advantages.

Seedbed preparation and sowing in a single tillzags in a soil after primary tillage of the
depth and mode meeting the crop requirements aapted to the site conditions, involving
or without ploughing and then finishing the surfaxfethe soil with the aid of a combined
machine assembled for this purpose.

Conclusions

There have been considerable changes in tillaggipean the Pannonian region over the past
decades from over-disturbing tillage systems to atlaptable some conservative solutions.
The main tasks are to provide scientific proof lo¢ tenefits of soil conservation and to
stabilize crop yield level and to disseminate vasidillage techniques that are suitable for
achieving these aims, as widely as possible iridiming community.
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LONG-TERM EFFECT OF DIFFERENT SOIL TILLAGE SYSTEMS
ON GRAIN YIELDS OF SPRING BARLEY
GROWN IN MONOCULTURE

T. DrySlova, B. Prochazkova, J. Ken, V. Smutny

Mendel University in Brno, Faculty of Agronomy, Dif Agrosystems and Bioclimatology

Abstract

The aim of this study was to assess long-term effedifferent methods of soil tillage, straw
management and mineral fertilization on grain \8etdl spring barley grown in monoculture.
Long-term experiment is conducted in maize-growiagion on heavy gleic fluvisol from
1969. Experiment variants: three variants of strmanagement (straw harvested-removed,
incorporated into soil and burned); two variantsoil tillage (conventional plough tillage to
0.22 m and shallow tillage to 0.12-0.15m) and thraeants of mineral fertilization (30, 60
and 90 kg N.hd). Results of grain yield are presented from pefi®@5-2013 in this study.
Statistically significantly higher grain yield weereached with conventional plough tillage to
0.22 m, straw burned and with the highest nitrogese, compared with another level in
equivalent factor.

Keywords: spring barley monoculture; yield; soil tillage;astr management; N doses

Introduction

General changes in the Czech Republic in recensya@® also reflected in the change of
primary agricultural production. Structure of crofpsedominance growing of cereal crops)
have been changed and also livestock production thesugh major changes. Today, there is
a number of companies currently without animal pidbn at all, i.e. without the need for
straw. Arises the question how to use a straw, ciglhe form cereals. Also a general
reassessment and subsequent changes in the systeniktillage and cropping. In addition
to traditional (conventional) practice graduallypearded minimum technologies of soil
tillage. This paper offers a brief look at the graield results of spring barley grown in
monoculture in a long-term experiments where expenital factors were soil tillage and
straw management; the third factor is differentdatgrogen fertilization. Mentioned factors
and theirs interactions were studied in differagtoecological conditions of the Czech
Republic for many years and very important sourcenformation are long-term stationary
field experiments. The problem of growing cereaismonoculture, resp. barley, or with
combination of different straw management are itheth in publications of Kos (1977);
Vymétal (1982); Kopecky (1988); Hruby, Dowttand Prochazkova (1996); Prochazkova,
Mélek, Dovrtl, (2002); Hruby, et al. (2008, 2009). Effect offdient soil tillage technologies
on grain yields of cereals, but also other cropkefiver in combination with monoculture
growing or different straw management) is comprehaty described in publicationsil4,
Prochazkova, et al. (2002) andilel, Prochazkova, et al. (2008). In these publicatiare
frequent sources articles published in the jouBml & Tillage Research.
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Materials and methods

Long-term field experiment of spring barleyHdrdeum vulgarel.) monoculture was
established in 1969 in the maize-growing regiodatiice. Site characteristics: the altitude is
179 m above sea level, average annual temperatze°®, average annual sum of
precipitation 480 mm; heavy gleic fluvisol (FMG)gutral pH, humus content in topsoil 2.5%
and content of available phosphor and potassiund.géxperiment variants: three variants of
straw management (straw harvested-removed, incatgubinto soil and burned); two variants
of soil tillage (conventional plough tillage to @.2n and shallow tillage to 0.12-0.15m) and
three variants of mineral fertilization (30, 60 a&d kg N.ha-1). Obtained grain yield data
were statistically evaluated by a confidence |&f€5 %.

Results and discussion

Average grain yield over all experimental variamss 5.37 t.hd in evaluated period 1975-
2013. Effect of assessment years are presenteduneFl (with statistical assessment for P
95 %). Analysis of variance achieved significarieeff of all studied factors. The statistically
significant highest grain yields were achieved withnventional plough tillage to 0.22 m
(5.62 t.hd), straw burned (5.57 t.Hp and with the highest nitrogen doses (5.65%ha
compared with another level in equivalent factor.

Results of straw different management show that bist results were generally obtained in
the variant with straw burned; the second best tivasvariant with straw incorporated into
soil and the worst with conventional harvest amdvstremoved. Results of different N doses
show that the best results were generally obtaiméite variant with 90 kg N.Aa the second
best was the variant with 60 kg N-hand the worst with 30 kg N.Ha

Figure 1 Average grain yields of spring barley (t.a™) - Zab¢ice (1975-2013; B 95%)
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Conclusions

When we compare long-term effect of straw incorporainto soil and burning on grain
yields of spring barley with conventional harvest astraw removed it was found out that in
the variant with a shallow incorporating of strawerte was a trend toward yield depression
and that this adverse effect could be partly corsptaal by the application of nitrogen.
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INFLUENCE OF DIFFERENT TYPE OF FERTILIZATION AND
RAINFALL VARIATIONS ON SOIL HYDROPHOBICITY AND
LEACHING OF MINERAL NITROGEN

J. Elbl, A. Kintl, T. LoSak, L. PloSek, E. Pohankoa

Mendel University in Brno, Czech Republic

Abstract

This work deals with the influence of different gpf fertilization and rainfall variations on
soil hydrophobicity and on leaching of mineral agen (Nnin). This influence was tested by
the pot experimenDeschampsia caespitoseas used as a model plant. The leachinggf N
was measured by application of ion exchange disdssail hydrophobicity was determined
based on the values of saturated hydraulic condtyc{Ksa). Three groups of the treatments
with different regime of irrigation and fertilizath were prepared. The significant differences
in the detection of N, and values of K were found. All variants with addition of compost
(Cp) showed lower amount of W loss than variants without. The highest valueK gfwere
found in variants with addition of dn comparison with variants where,N was applied.
Low values of Ky in variants with N, addition indicate an increased level of
hydrophobicity.

Key words: soil hydrophobicity, mineral nitrogen, fertilizah, rainfall variations

Introduction

The issue of extreme fluctuations of soil moistuie, relation to the activity of soil
microorganisms and their influence on soil hydrdpbiby, was not adequately described in
conditions of middle Europe. Various scientific pep (Piccolo et al., 1999; Mataix-
Solera&Doerr, 2003; Cosentino et al., 2010) degcably specific or particular aspects. Soll
water-repellency or hydrophobicity was first chaesized in semi-arid and sub-tropical
climatic conditions (Buczko et al., 2005). It wdardied that soil hydrophobicity is caused by
organic compounds, which remain on the surface af garticles after the death of
microorganisms.

In general, soil water repellency (SWR) is mostiyiged by soil organic matter (SOM), e.g.
by coating of plant-derived waxes covering the paitticles, by fungal hyphae or by particles
in interstitial pore spaces (Buczko et al., 200®)VR is a widespread phenomenon, which
affects infiltration as well as soil water retemtiand plant growth. It can be responsible for
enhanced surface runoff, erosion and prefererital. fDue to this high relevance, a great
number of studies have been conducted on possblges of water repellency and point to a
variety of factors causing and influencing repatie(Schaumanné& al., 2007). Soils with high
content of hydrophobic compounds show an increaseurface water runoff and the
reduction of water available for plants arises hgMataix-Solera&Doerr, 2003).
Buzcko et al. (2005) states that soil water repeleis a function of many factors including
the soil water content, the previous wetting angindy of the soil, temperature, relative
ambient air humidity, and the amount and qualitthef SOM. Cosentino et al. (2010) point to
the fact that there is a direct linkage betweenam®unt of hydrophobic compounds and
stability of soil aggregates. Therefore, water efigiency by plants and resistance of soil to
erosion can be negatively affected by soil hydrdyptity (soil water repellency = SWR).

The objectives were to test (i) if soil hydrophatyiavill be increased under reduced amounts
of rainfall, leading to a reduced amount of inéition, and (ii) if adding anorganic carbon
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source will increase microbial activities and affe@lue of soil hydrophobicity while
decreasing leaching of mineral nitrogen whereasgdalvailable nitrogen will not.

Material and methods

Experimental design

Effect of organic carbon (f) addition and rainfall variations on soil hydropinmty and
leaching of mineral nitrogen ¢, from arable land were tested by a pot experim&hich
was carried out in a growth box (phytotron). Twesgven containers from PVC were used
for this experiment. All same size lysimeters wilted with 3 kg of topsoil and 7.5 kg of
subsoil. Soil used for the experiment was samplenh fthe area zova nad Svitavou. Soil
sampling was done on the"26f May 2013 in accordance withSN 1SO 10 381-6. Samples
of compost (G) were taken on the I'%f March 2013 in accordance witSN EN 46 5735.
Before using soil and compost, samples were sig¢hemigh a sieve (grid size of 2 mm).
Before application, the soil samples were preintedbat laboratory temperature for 30 days.
Deschampsia caespitosaas used as a model plant (1 plant per pot). Qutire whole
experiment, experimental containers with indicagtlant were kept in phytotron at 24°C day
temperature, 20°C night temperature, 65 % humiddy all 24h) with a day length of 12 h.
Light intensity was 38@molm™s™. To demonstrate effect of drought on soil hydrdgpbity
and leaching of mineral nitrogen from arable dbilee groups of experiment A, B and C with
different regime of irrigation (simulation of raalf variations) were prepared according
Elbl et al. (2014). The complete overview is shawthe Table 1.

Table 1: Overview of the laboratory experiment

Group Variants Characteristic
Al Control
A 70 % WHC A2 0.140 Mg N/ha
A3 50 Mg G/ha
Bl Control
B 40 % WHC B2 0.140 Mg N/ha
B3 50 Mg G/ha
Wilting C1 Control
C point C2 0.140 Mg N/ha
C3 50 Mg G/ha

Soil properties

The basic soil properties (available nutrients| smaction and salinity) were determined in
homogenized sample of topsoil (arable soil) andsillbwhich were sampled from the area of
our interest. Analysis of soil samples was perfatmecording to Mehlich Il1.

Determination of saturated hydraulic conductivity

Saturated Hydraulic Conductivity (i) was calculated based on the measured volume of
water that infiltrated into the soil. Cumulativefiittation was measured using a Mini Disk
Infiltrometer. The calculation was performed by &il# et al. (2008), Lichner et al. (2007a,
2007b). This method of determining the,Ks based on the recording of the infiltrated
volume of water over the time. High soil hydroptmty slows water infiltration, i.e.:
hydraulic conductivity is lower, and vice versa.eféfore, K, may indicate a degree of soil
hydrophobicity (Doerr et al., 2000; Buzcko et aD05 and Robichaud et al., 2008).
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Measurement of the leaching of mineral nitrogen

Measurement of the leaching of mineral nitrogen wadormed using ion exchange discs
according Elbl et al. (2013) and Novosadova&Zah@@il1). The results obtained from the
lon Exchange Discs were expressed in mg.qf Mer nf of soil.

Statistical analysis

Potential differences in values ofs and leaching of N, were identified by one-way

analysis of variance in a combination with the Tyiketest. All analyses were performed
using StatisticalO software. The results were ms®@ graphically in the program MS Excel.

Results and discussion

The experiment was divided into three parts: @frJuly to August; (ii) from September to
October and (iii) from November to December 201&Wtudy presents the first results of a
long-term pot experiment from first period of exipsent.

Soil properties

The basic soil properties are summarized in Tabé@ 3. These data show differences in
content of plant available nutrients between tdp$agher content of K, Ca, Mg) and subsoil

(higher content of P). Conversely, differences oil s2action are minimal. Based on these
data, authors conclude that properties of topsulil ubsoil did not have directly affected the
main objectives of experiment.

Table 2: Agrochemical characteristics — plant-avadble nutrient content of soil samples
used for establishment of experiment (the luvisol odal; sandy loam soil)

: mg/kg _
Soil sample P K Ca Mg K:Mg
Topsoil 139,2 366,3 3683 189,6 1,9
high high high good suitable
Subsoill 232,3 65,1 2133 57,1 1,14
very high low good low good

Table 3: Agrochemical characteristic — soil reactio and salinity of soil samples used for
establishment of experiment (the luvisol modal; saty loam soil)

Soil sample pH (CacCly) pH (H,O) EC (mS/cm) TDS (mg/l)

Topsoil 5,49 6,4 2,63 1683
: weakly , .
acid o saline saline
acidic
Subsoil 6,05 6,6 0,00339 21,7
neutral —
weakly - -
- weakly non-salinity ~ non-salinity
acidic o
acidic

Leaching of mineral nitrogen

The loss of Nin from agricultural land represents a major problem agriculture in the
Czech Republic, because it is one of the main factesponsible for the decline in soil
fertility. The Figure 1 shows a significant diffeie (P<0.05) of leaching of ]\, between the
variants with addition of £and without G. The graph shows how values of leaching gpf,N
are increased in variant withoup @ddition (in individual groups “A, B and C”). Theghest
detection of M, was found in variant C1 (28.6 mgmConversely, the lowest detection of
Nmin Was measured in variant C3 (8.01 m9/nThe measured values indicate important
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influence of method of fertilization on loss andadability of Ny, in arable soil. Moreover
this data indicated that drought (rainfall variagd did not have directly affected the leaching
of Nmin. The effect of rainfall variations was secondé&ggause the primary influence was the
method of fertilization.
Consider Figure 1: the highest loss qfiNwas found either in variant with addition of,N
(A2; B2) or in variant (C1) without addition ofy This is an evidence of influence of
fertilization method on leaching of{\.
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Figure 1: Leaching of mineral nitrogen. Different snall letters indicate a significant
differences (P<0.05) between individual variants whin the same group and different
uppercase letters indicate a significant difference between all variants (regardless
groups).

Loss of Nnin Was significantly decreased by application gf 8l variants with addition of ¢
showed lower amount of nitrogen than variants withian individual groups; P<0.05). This
status confirms the positive impact of @ddition on leaching of W, Various scientific
studies (Decau et al., 2003 and Diaz&Bertoldi, 200@nfirm that addition of gy has a
positive impact on microbial activity in soil, berse Gy it is a source of energy for soil
microorganisms. Development of microorganism afgtiis an essential prerequisite for the
retention and use of excessive nitrogen in soiltt(@u 2011). The increase in microbial
activity has a direct impact on retention of;Nin soil because soil microorganisms may
enable the Ni, to be available for plants or they immobilizeHEil{l et al., 2013).

Soil water repellency

Soil hydrophobicity (or soil water repellency = SYMR caused by organic compounds, which
remain on the surface of soil particles after tkatd of microorganisms. Consider Table 4,
the highest values of & were found in variants with addition of& Conversely, the lowest
values of K4 were found in variants with addition of,N (A2 and B2). Low values of
indicate an increased level of hydrophobicity. hdata indicated that there is an association
between method of fertilization (caused by rainfadriations) and formation of SWR.
Moreover, based on these results we can concladefta application of Ccontributes to the
development of microbial activity and thus to thevelopment of soil organic - mineral
complex, which allows better uptake and utilizatadrsoil water. This theory was confirmed
by Doerr et al. (2000), Solera&Doerr (2004) and iRbaud et al. (2008).
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SWR reduces the affinity of soil for water (Sole@&err, 2004). The relationship between

hydraulic conductivity and soil hydrophobicity wasnfirmed by Bens et al. (2007) and

Wabhl et al. (2003), but accurate quantificatiorthe$ relationship has not been described yet.
Soils with high content of hydrophobic compoundevglan increase in surface water runoff
and the reduction of water available for plantsesihere (Mataix-Solera&Doerr, 2003).

Table 4: Impact of method of fertilization and rainfall variations on SWR. Different
small letters indicatea significant differences (P8.05) between individual variants
within the same group and different uppercase lettes indicate a significant differences
between all individual variants (regardless groups)

Differences Differences
Group Variants K sat (CM/S) +SD within same between all
group variants
Al 0.000395 0.00012 a A
A A2 0.000352 0.00017 a A
A3 0.000441 0.00031 a AC
B1 0.000147 0.00004 a B
B B2 0.000139 0.00006 a B
B3 0.000481 0.00024 b A
C1 0.000725 0.00026 a AC
C Cc2 0.000483 0.00023 a AC
C3 0.000918 0.00026 a

Moreover, Cosentino et al. (2010) point to the thett there is a direct linkage between the
amount of hydrophobic compounds and stability af aggregates. This indicates that the
optimal degree of SWR is desired to increase sdillity and resistance against soil erosion.
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COMPACTION PARAMETERS AND SOIL TILLAGE QUALITY
IN SYSTEM WITH PERMANENT TRAFFIC LANES

D. Gutu?, J. Halal, P. Kovaricek!, M. VIaskovat

'Research Institute of Agricultural Engineering,ip.€zech Republic
2ZAS Podchotuci, a.s.,ifhec, Czech Republic

Abstract

In the field experiment were all machines passagesentrated in permanent traffic lanes at the
module of machine working width 6 metres. The papentains results of measurement of soil
porosity in variants with traffic lanes and outsithe traffic lanes. The results confirm a benefit o
wheel traffic concentration to permanent traffinda aimed at protection of the most part of thie fie
from soil compaction. Another confirmed advantadeconcentration of passages into permanent
tracks is an increase of soll tillage quality i timost part of the field. After a medium deep gilan
November 2012 were clods hardness and shearingg#tref clods lowest outside the traffic lanes, in
traffic lanes of wheels of a tractor during sowingmbine harvester and soil tillage were acceptable

Keywords: traffic on fields; porosity of soil; clods hardness

Introduction

Contemporary technologies of field crop cultivatiare connected with wheel traffic on fields that
causes undesirable soil compaction. In past ye&gasive researches on problems of undesirable soil
compaction have been conducted (Hakansson, 1996erJri996). The wheel load may cause
different reactions in the soil profile, first o & relation with soil moisture and degree of geding
soil loosening or compaction. At present, there gueat efforts to decrease the wheel traffic of
machines in fields to permanent tracks in ordementain a major part of the area under crops
without negative influence of wheel traffic (Chamenal., 2003; Tullberg, 2007). The system of
controlled traffic farming (CTF) is now regarded pospective also because satellite navigation
systems are available that make it possible torerthie required accuracy of passes during all field
operations. In the farm, which has a high-perforoeaagricultural machinery was established field
experiment with CTF system. The influence of whieeffic restriction to permanent lanes on soil
properties and on soil tillage quality was tested.

Material and methods

A field trial on a land of 10 ha in size was eskti®d in the spring 2010. Soil conditions in treddi
loamy soil (content of particles smaller than On@r in the topsoil layer: 38.3% by weight). Content
of combustible carbon in topsoil: 3.8%.

In 2011 after forecrop harvest (winter wheat) tieédfwas worked by a sweep cultivator to a depth of
80 mm, in autumn the soil tillage by a combinedieator to a depth of 200 mm followed. 18.10.2011
were sown winter wheat. All wheel traffic was orgga within the CTF system using OutTrac
(Chamen, 2006) — Fig. 1. It is typical of this wheraffic system that the wheel tracks of a combine
harvester that has a wider wheel gauge than tsaateron the outer side of common permanent traffic
lanes.

Tab. 1 gives an overview of farm machines usedfifdd operations in the field in 2012. Those
machines were chosen whose working width corresgabrid the basic module of 6 m. The field
operations of soil tillage and sowing were perfainag¢ the working width of 6 m. The wheel rows
established during sowing were used for the apjdicaof chemicals for plant protection while the
working width of a sprinkler was 18 m. The same g&hews were also used for the application of
mineral fertilisers.

On this field the soil properties were evaluatetbir variants of wheel effect:

1 Traffic lanes of tractors during sowing, applicatiaf chemicals for plant protection, application

of mineral fertilisers, lanes of a combine harveated during soil tillage.
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2 Traffic lanes of wheels of a tractor during sowilames of a combine harvester and lanes of a
tractor during soil tillage (without lanes of tracd at chemicals for plant protection and mineral
fertilizers application).

3 Outside the traffic lanes.

4  Part of the field with uncontrolled wheel traffaréa of 3 ha) - Random.

In the variants of the field trial measurementsicoabysical properties of soil were evaluated ia th
spring season. After soil tillage in autumn, thdicators of soil tillage quality were assessed. To
measure the shearing strength of soil a CL-100 ymoke (Terratest) was used. Clods hardness was
measured by pocked penetrometer. By sieving oresibas been clods size detected after soil tillage

in autumn 2012.

For the navigation of machines during soil tillaggwing, application of chemicals for plant
protection, application of mineral fertilizers awmiiring harvest a GPS satellite system with the
correction signal of RTK VRS was used. For machistegring an assisted steering system AgGPS
EZ-STEER (Trimble) was used. The vehicles for tpansduring the operation of a combine harvester
did not pass across the field the grain tank afraline harvester was emptied to a tractor senietrai
on the edge of the field near the road.
This paper contains the results of evaluation oéellraffic impacts on the soil in a field trial 2012
(the third year of the consistent application afitcolled traffic farming in a field). In that yearnter
wheat was grown in the field concerned, after @iis/ast soil tillage for spring pea followed.

Tab. 1 Field operations in 2012 and machines

Working | Distance | Tyre
Field operation Time Machines width of tracks | width
[m] [mm] [mm]
Sowing of winter CASE 7140 +
wheat 18.10.2011 VADERSTAD Rapid 600P 6 2000 500x2
Mlneral fert|I|zers 18.3.2012 | By airplane - - -
application
Herbicide CASE JX 1100U + AGRIO
application 27.4.2012 NAPA 18 18 1800 320x2
- o CASE JX 1100U + AGRIO
Pesticide applicatiof 11.6.2012 NAPA 18 18 1800 320x2
Winter wheat 2.8.2012 | CLAAS Lexion 460 6 2750 | 650x2
harvest
Shallow loosening CASE 335 + FARMET
(depth 120 mm) 20.8.2012 Hurikan 600 6 2220 720x2
Mineral fertilizers ZETOR 10145 +
application 20.8.2012 AMAZONE 1000 18 1800 300x2
Repeaj[ed shallow 19.9.2012 CASE 335 + FARMET 6 2920 720x2
loosening Hurikan 600
Medium deep CASE 335 + Simba
loosening (200 mm) 15.11.2012 SLD 600 6 2220 720x2
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CASE JX 1100U

CASE IH 335 +
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CASE 7140 FARMET Hurikan 600 ZETOR 10145
* CASE IH 335 +
VADERSTAD Rapid 600P i3 CLAAS LEXION 460 AMAZONE 1000

Simba SLD 600
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Fig. 1Wheel ruts of tractors and combine harvesteon the field

Results and discussion

The Fig. 2 and 3 illustrates the average valuesoibftotal porosity on 26 April 2012. At a depth of
0.15-0.20 m the highest total porosity of soil wasvariant 3 (Fig. 2). Among other variants, the
differences of soil porosity were statistically igraficant. Statistically insignificant differencesere

in the depth of 0.25-0.30 m (Fig. 3). Because theettraffic in 2012 were after the collection ofls
samples, these results indicate a relatively balhnsoil porosity values. The increase of soil
compaction due the tractor passes at winter whaaing (18.10.2011) was observed only in the
surface layer of soil (Fig. 2).

In 2012 the field was run over a total of severespmas in previous years passes were concentrated i
permanent rolling tracks. After a medium deepdi#lan November 2012 were measured shear stress
in clods and hardness of clods on the soil surftamsurements with vane probe o' Movember
2012 showed increasing differences between variar(wheel rows) and 4 and the other variants
(Fig. 4). Values of the shearing strength of clodsariant 1 were more than six times higher than i
the variant 3 (outside wheel tracks), these diffees were statistically significant. Highest valoés
the shearing strength of clods were found on vadgRandom).

The Fig. 5 documents the values of penetratiorstasie of clods in the surface layer of soil in
November 2012 after autumn soil tillage. The higlpesetration resistance of clods was on variants 1
and 4 (2.9 times more than on variant 3).

Average soil moisture of clods was 17.2% of thegheiin variant 1 and 17.6% of the weight in
variants 2, 3 and 4.

Graph in Fig. 6 documents the size clods after oradieep loosening (200 mm) on November 2012.
The best size clods fractions were on variant 3.alDother variants were in the soil surface layer
clods too big (over 200 mm). Too big clods makédialift the seedbed preparation for winter crops.
The existing results of pilot field trial show ththe system CTF is useful in conditions of agriexat
enterprises with good technical equipment and gognize of work operations. The system of
controlled traffic farming with permanent separataf wheel tracks of machines from the production
area of the field without traffic is used in the ZRodchotuci, a.s. agricultural enterprise in Keifer

4 years on the land of 10 ha. Although the wheabgaof combine harvester is wider than the wheel
gauge of tractors, a relatively good situation wemched when the total area of wheel tracks in the
field (with the exception of headland) accounted3®% of the land area if the module of the 6-metre
working width of machines was used. But it is r&t#dito decrease the area of wheel tracks to 20-25%
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of the field area when the module of working widik wider (8 or 9 m). In conditions of the Czech

Republic the monitoring of wheel traffic in fieldhowed that the wheel tracks accounted for 86% of
the field area in the production system of wintdreat when conventional soil tillage was used

(Kroulik et al., 2011).
Other decrease of the proportion of wheel trackihénarea of fields could be reached by unification
of the wheel gauge of tractors and harvesting nmasht these adaptations of machines for the CTF
system are already implemented in some countrieb@rg, 2010).
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Conclusions

The research results of a pilot field trial obtaina 2012 show that the controlled traffic farming
system can be realized in agricultural enterpfi$ee requirement is the use of a precise navigation
satellite system with the correction signal witle tassisted or automated steering of tractors and
combine harvesters. The controlled traffic farmsygtem can be used in minimum tillage and soil
conservation technologies for the production opsrbarvested by combine harvesters.
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Controlled Traffic Farming from workshop in Freisin g

)
Strip Tillage 2 - into stubble mulch

o Winter rye harvest (11.08.2010)
« Stubble cultivation with compact disc harrow
“Lemken Rubin” 5 cm deep (12.08.2010)

o Strip Tillage with Yetter Maverick 18 cm deep
(13.10.2010)

o Single-seed drilling «Kverneland Monopill” (30.03.2011)
—» Germination (counted at 15.05.2011)
wheeled / in track 68 %
un-wheeled / beside track 59 %
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POSSIBILITY OF GROWTH REGULATOR APPLICATION
IN SPRING BARLEY

M. Houst’, I. Baranyiova, J. Kien

Mendel University in Brno, Czech Republic

Abstract

The field experiment testing various growth reguigitin spring barley was founded in 2012.
The growth regulators were applied such as Retaded R68 (chlormequat chloride 720 g/l),
Moddus (trinexapac-ethyl 250 g/l), Optimus (trinpae-ethyl 175 g/I), Medax Top
(prohexadione 42 g/l, mepiquat 228 g/l), Ceronégghon 480 g/l). They were applied in
different development phases, various doses pdatee@nd their combinations. The aim of
the experiment was to determine the impact of #sigides on the growth, development and
yield of spring barley. Specifically, the factoreating the lodging of plants - plant height,
straw strength (width and length) should be evaldiaThe field experiment should also be
focused on the possibility of negative effects odvgh regulators on yield (ear length, the
number of grains in the ear, thousand grain weight)

Keywords: barley, growth regulators, lodging

Introduction

Currently, spring barely belongs to the crops mtmg good economic result in suitable
growing conditions. The success of cultivation rfirsg barley is to make the highest possible
yield at an acceptable cost. In the most suitalbdevigng conditions, spring barley is able to
achieve the yield in the range of 8-9 tthahe yield requires sufficient number of produetiv
tillers per nf. High yields can be reached by vegetation havirgdensity of about 1.000
productive tillers per f In such vegetation, the competition among plantsffshoots about
space may occur, and therefore the strength aclniss of the stem are lower than in the
vegetation with lower density. This fact results Snsceptibility of denser vegetation to
lodging. One of the tools to prevent crop lodgisghe application of growth regulators.

The use of growth regulators in cereals may hareettifferent objectives. The regulators are
most often applied to reduce lodging. During thecpss, the effect of shortening and
strengthen stem is put. The applications are chrogt depending on the crop and used
product from the beginning of the stem elongatidh the time exactly before the
inflorescence emergence. Another possibility isuse for the support of tillering and
thickening stands. The application is taken thraughthe duration of tillering. The last
possibility of putting growth regulators is to iease the certainty of overwintering of
overgrowing winter cereals in the autumn. For agtical purposes, the growth regulators are
substances influencing physiological processeslantgmetabolism by the required way. It
also positively affects crop yields and the quatityproduction. This is mainly to increase the
resistance to winter, lodging limitation, straighiteg of offshoots, to reduce apical
dominance, higher fitting of generative organs, enefficient use of nutrients, decreasing
harvest losses, and facilitating the harvest (Va&akl., 1997). The application of growth
regulators is the important factor in the intermsifion of cereal cultivation, and currently it is
also a necessary measurement. Therefore, the pusepasf plant growth regulators forms the
integral part of the intensive cultivation techrpfaelating to modelling vegetation, harvest,
and then the economy of growing (Be#daiva, 2011). The primary objective is to use plant
growth regulators to prevent lodging of vegetatmausing in strong cases the damaging
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previous inputs such as decreasing harvest andjuigdity and increasing the costs for
harvesting. The application of growth regulators edfect the straightening of productive
tillers and prolongation of the activity of leafrface.

The greenhouse research confirms that the growtbulaers can reduce the
evapotranspiration by up to 29 % (Green et al.,01.98ome studies confirm that growth
regulators may actually increase rooting (Coopealgt1987). The previous studies have
shown that the plants with slow growth can sunpvelonged drought than the fast growing
plants (Kondoh et al., 2006). The use of growthulaigrs is accompanied by many positive
effects especially in conditions of water deficithe application of growth regulator
Trinexapac — ethyl promotes the formation of thet gystem, to ensure the increasing of stem
stability, and to improve the transport of wated anutrients. The using of the CCC product
can be achieved better regulation of stomata, $titmg root growth and the increasing of
using of water efficiency. The application of fuaigies of strobilurin type is provided higher
photosynthetic rate and the reduction of stomatalgctivity. The Ethephon product and its
effect on the plant allows increasing of water pttd. The use of phytohormones or
synthetic regulators can be accomplished by th&apalimination of environmental stress,
respectively, to alleviate the effect of stresswofacilitate plant regeneration after the stress
action. It can be theoretically assumed that therotier itself causes the increase or decrease
crop. Despite of its effect which is correlatingtiwthe influence of all other environmental
parameters. It is not possible to stabilize theénogd conditions in which the regulator would
cause to the crop to reache a higher crop bechesteractive variable external conditions
influence the conditions of the crop developmenthatsame time. Drought belongs then to
the most important environmental factors adversdlgcting vegetation. The application of
growth regulators can be achieved the partial elton of the impacts of environmental
stress. Growth regulators can improve the efficyeoCwater use in the case of closing of
stomata. It also causes the increase in the ragioption. The above ground biomass may
affect the accumulation of antioxidants protectimg plants during stress conditions.

Material and methods

The experiment was carried out on the experimdigtal station in Zabice. Various options

of treatment by growth regulators in spring bangbre evaluated there. The experiment was
established in 2012, variety Bojos seeded Brv@irch in 2012. Seed quantity was 5 MGS.
The previous crop was winter wheat. N fertilizatising LAV fertilizer at the dose of 100 kg
N/ha was once performed before sowing spring barlde crop was treated using the
herbicide Sekator OD + Mero against dicotyledonemasds and Axial product againspera
spica venti Pest control againSQulemawas carried out using the Proteus product atttgges

of BBCH 33. The protection against fungal diseagas done using Archer turbo at the stage
of BBCH 33. The growth regulators were appliedhree periods: T1 - BBCH 28-30 , T2 -
BBCH 31-32, T3 - BBCH 37 — 39. In laboratory array, eight plants of each variant were
selected for the analysis. Each plant had at ast{productive tillers. It means that at least
16 productive tillers (stems) were analyzed. Dutimg analyzes, the subsequent parameters
were assessed, such as the length of ear, stehthtkie total plant height, the number of
grains per ear, the length of internodes, the mat#es thickness and the carrying capacity of
the internodes. The values were measured in thetfiree internodes. The carrying capacity
of internodes was tested by the method of loadngrnodes. In 2013, the experiment was
continued. Some new formulations and combinatioasevincluded into the variants.
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Results and discussions

Tab. 1 The variants of treatment of growth regulates in barley in 2012

CONTENT

Growth regulators 2012
BBCH BBCH 28 - 30 BBCH 31- 32 BBCH 37 - 39
variants I I I I I I I I I
1 Kontrola
2 Moddus 0,4 1/ha
3 Moddus ME 0.4 1/ha
4 Moddus 0,4 1/ha [ [ |
5 Moddus 0,31/ha+CCC0,5I/ha
6 CCC1l/ha Moddus 0,4 1/ha
7 Moddus 0,3 + Archer turbo 0,8 |/ha
8 Moddus ME 0.4 |/ha + Archer turbo 0.8 |/ha
9 Cerone 0,7 |/ha
10 Moddus ME 0.3 I/ha + CCC 0.5 I/ha [ [ |
11 Moddus ME 0.4 1/ha
12 Moddus 0.2 I/ha + Cerone 0.3 1/ha
13 Moddus 0,2 I/ha+CCC0,51/ha Cerone 0,51/ha
14 Moddus 0,31/ha+CCC0,5I/ha Moddus 0.2 I/ha + Cerone 0.3 1/ha
15 CCC1l/ha Moddus 0,4 1/ha Cerone 0,7 |/ha
Fig. 1 The yield
Yield (t/ha)
4.80
4.60
440 -
1.20 -
4.00
380 4
360 -
340 4
3.20
3.00 -

The best yields were achieved by the variants dl E, More products were applied in
various stages of development. Conversely, thedowield was reached in the variants 2 and
3 using products Moddus respectively Moddus MEhindevelopment stages of BBCH 31-32
at the dose of 0.4 |.Ha The decrease of yield was probably caused bystiygping of the
development of weaker and later period offshootspoing barley.

Fig. 2 The length of internodes

8.0 A
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The length of internodes (cm)
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From the graph, it can be seen that the lengtmtefnodes increasing by 1 after the third
internode. The differences between the versionsnaremal. The graph shows that the
control had the longest internode 1. Converseby stiortest first internode was the possibility
2 coming from Moddus at the rate of 0.4 I*him the growth of BBCH 31-32. The most
curtailed by the last internode was in later of tlevelopmental stage of BBCH 37-39 by
Cerone at the dose of 0.7 Iha

Fig. 3 The capacity of internodes

The capacity of internodes (g)

700

600 -

500 A
400 ~
300 ~
200 +
100 ~

The control particularly showed the lowest capaititthe first and second internodes in some
cases. The high capacity was showed by the vamabb4, 5, 11 and 12. The variants 4 and 5
are based on the application of the products ingttosvth of BBCH 31-32. The products
Moddus and the combination of Moddus and CCC weseduThe other way round, the
variants 11 and 12 were based on the applicatiogr@iith regulators in the last possible
stage of development of BBCH 37-39. In this cageptoduct Moddus or the combination of
Moddus and Cerone were used.

Conclusions

The use of growth regulators is highly dependenthenweather conditions. In 2012, there
was dry vegetation period at experimental locaflakiice corresponding to the experimental
results. The growth regulators will have to strévegtand shorten the stem, as prevention malt
barley lodging. In 2012, the average yield of th@eziment achieved 4 t.Hawhat is in
relation with drought during vegetation. In suclowth and its structure, the conditions for
lodging were not provided. It was showed in thedibons before harvest. The lodging of
vegetation was at the level of 0%. To offer thegiad potential of spring barley vegetation,
the crop yield level should be at least 6 t.ha

Despite of the results of the vegetation not offgrthe potential for lodging, it can be
observed that the growth regulators adjusting tlephology of the stem development. The
height, strength and the stem resistance to lodgamgbe regulated using them. It is always
important to consider the dose and the combinaifgoroducts with respect to the structural
condition of vegetation, soil moisture, varietydaime assumed course of weather after the
application. Spring barley has lower lodging resise according to previous suggestion. Two
applications are usually carried out during vegetatThe first application is in the stage of
BBCH 30-32. One of the suitable possibilities is #@pplication of Moddus product at the
dose of 0.1 to 0.3 I.Ha+ CCC from 0.3 to 0.8 depending on the applicatonditions. The
second phase is followed in the development of BEBZHLI3 (from the appearance of the last
leaf to the leaf sheath distention). It is mosenfuised in the Cerone products at the dose of
0.4-0.7 1.h&. The suitable combination is also based on 0at |®erone + 0.2 |.iAModdus.
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The current state of vegetation, variety, locatimeather are always necessary to take into
account for the dose establishment and the combmaft the products. Generally speaking,

the higher amount of precipitation of vegetatiae aore susceptible to lodging. They

tolerate higher doses of morforegulators betten tite growths less density of ear per unit
area.
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THE INFLUENCE OF TILLAGE TECHNOLOGY
ON WEEDS IN MAIZE

S. Chovancova, J. Winkler

Mendel University in Brno, Czech Republic

Abstract

Field trial was established in cadastre Braniso\i8euth Moravia, Czech Republic), in
autumn 2000. It was used five crops rotation systéda winter oilseed rape, winter wheat,
winter wheat, corn (for grain), spring barley. Tamifferent ways of tillage are utilized to
each crop, as CT (conventional tillage), MT (minmimuillage) and NT (no-tillage). The
species Convolvulus arvensiswere more frequently observed in no-tillage vdrian
Amaranthusspp occurred most often in option of minimum tillagéonventional tillage
system was frequently weeded by speddenopodium albumFallopia convolvulusand
Echinochloa crus-galli

Keywords: weeds, maize, soil tillage

Introduction

Cultivation of corn faces many problems, especially soils threatened by erosion.
Reductions of soil erosion is also dependent ohsswface layer structure, water infiltration
into the soil and water resistance of soil aggregjaivhich are generally better at reduced
tillage (Azzoz and Arshad, 1997; Tippl et al., 2P05

Corn is crop, in which is usually relatively smaleed spectrum (Jursik and Soukup, 2006).
Typical weeds are goosefoot, pigweed, bistortalmrdyardgrass. Foxtail may occur in some
locality (Setaria pumila, S. verticillata, S. viridisand other late spring weeds such as
mercuries annual and datura. In view of the faat thatura germinates at higher temperature,
it avoids mostly to herbicidal intervention andcipable to create considerable biomass in
very short time. Subsequently datura degradesesitagze thanks to its toxicity. Knotweed is
typical weed species occurring in maize, primainlyconsequence its high resistance against
wide number of soil and foliate herbicide. Perehsj@ecies such as couch grass, creeping
thistle, mugwort enforce relatively easy in maiZée aforementioned spectrum of weed is
characteristic for typical corn region of Czech Relr. Hanf (1982), Kohaut (2001) and
Dvorak, Smutny (2003) confirm in their publications thecurrence of these weed species in
maize. The cosmopolitan species are mainly fronugmf overwintering weeds (shepherd's-
purse, field penny-cress). Their occurrence iscaéfi by course of wheather in given year.
There is a range of authors, who have dealt wighrtensity of weed infestation in maize and
its subsequent impact on yield. (Cavero et al. 91®farrison et al., 2001; STRAHAN et al.,
2000; Yong et al., 1984). The results of these wathowed that it may lead to reduction of
yield by 12-37 % thanks to different weed infegtatintensity by various weed species. Soll
protective cultivation technology create new frarodwfor cultivation of maize as well as for
weeds (Prochazka et al., 2009).
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Material and methods

The experimental field is located on lands of Bsamice. Cadastre lies in the
geomorphological area Dyjsko-svratecky uval (Sddtravia, Czech Republic). The altitude
is in range 185 to 210 m a.s.l. The area of intdrebongs to the basin of Thaya river. The
land pertains to corn production area and to thg ket and dry climatic region. The ten-year
average annual rainfall is 456.6 mm, the long-tas@rage temperature is 9.8 °C. Chernozem
and clay-loam soil occur on the experimental land.

The field attempt was established by Monsaé® Ltd. company in autumn 2000. The
experiment was designed as a pilot plant, par@a & 50 m x 36 m. Five crops rotation
system is used, winter oilseed rape, winter wheatter wheat,maize (for grain), spring
barely respectively. Three different types of sildkge were utilized to each crop:

CT (conventional tillage): it means stubble breaking, plowing at 0.22 m aeddbed
preparation with loosening .

MT (minimum tillage): plowing was exchanged for dual stubble breakind alassic
seedbed preparation (solil is treated up to 5 crt)arsecond tillage variant.

NT (no-tillage): soil tillage is completely omitted in the third nant. There is used the
technology of direct seeding.

The evaluation of weed infestation was held in dh®aof maize (for grains) in 2001 and
2002 (in June). The individuals of particular wepe@cies were counted by numerical method.
The numbers of weed individuals were detected i@ of 1 rhin 25 repetitions after
herbicide applications. Roundup forte before andr@ian together with Atrazin, Grid and
Trend after sowing were applied for weed contrahiaize.

The computer program Canoco 4. 0. (Ter Braak, 1988) used for further data processing.
Collected data were evaluated by using multivarsatalysis of ecological data. Redundancy
analysis was used, which is based on a linear moekgbonse (linear response). 499
permutations was calculated in Monte-Carlo testab&re centered and standardized.

Results and discussions

In growth of maize were found 27 species. 6.96 po& were determined in no-tillage
option, 8.08 pcs 1fhwere set in variant of minimization tillage and@Z pcs 1rf were in
conventional tillage. The average numbers of waeekies individuals in particular tillage
options are shown in Table 1.

The results of evaluation were processed by recaydanalysis (RDA). On the basis of
frequency of occurrence and weed density in indi@idnonitoring, the spatial arrangement
of particular weed species and different tillagéias was created by RDA and graphically
displayed in the ordination diagram. Weed specdeseesented by vectors (arrows). Tillage
options are shown as points. In case the vectoelefant weed species tends to the concrete
point of tillage variant, its occurrence is moreubded to this type of tillage. Figure
1 represents results of redundancy analysis, wéiiehsignificant at the significant level=
0.002 for all canonical axes and explain 7.3 %heftotal variability in the data.

Conclusions

SpeciesConvolvulus arvensiwas more often observed on the variant withouag#él Plants

of Amaranthusspp.,Sambucus nigrand Conyza canadensi&pecies occurred mostly on the
variant with usage of minimum tillage. The variamith conventional tillage was more
frequently weedy by species @henopodium albuptallopia convolvulusand Echinochloa
crus-galli. As the results show, tillage technology signifitg affects more weed species
composition, than number of weed individuals. HEans, we must expect some changes in
the weed species compositions, in case of tillagkrtology change in cultivation of corn.
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Tab. 1: The intensity of weed infestation of partialar tillage variants

(average number pcs.n?)

CONTENT

Tillage technolog

Species
NT MT CT
Amaranthusspp. 2,12 3,52 2,52
Chenopodium album 0,28 1,44 2,4
Anagalis arvensi 0,76 0,68 0,64
Convolvulus arvensis 1,72 0,04
Chenopodium hybridum 0,48 0,64 0,16
Capsella bursa-pastoris 0,48 0,52 0,08
Echinochloa crus-galli 0,2 0,28 0,44
Fallopia convolvulus 0,04 0,12 0,48
Cirsium arvense 0,36 0,2
Sambucus nigra 0,24 0,08
Sonchus oleraceus 0,04 0,08 0,2
Anagalis arvensis f. azure 0,12 0,08 0,04
Euphorbia helioscopia 0,04 0,16
Persicaria maculosa 0,04 0,04 0,08
Kickxia spuria 0,16
Microrrhinum minus 0,08 0,04
Carduus acanthoides 0,08
Silene noctiflora 0,04 0,04
\Veronica polita 0,04 0,04
Conyza canadensis 0,08
Medicago sativa 0,08
Stachys palustris 0,04
Tripleurospermum inodorum 0,04
Urtica dioica 0,04
Sonchus arvensis 0,04
Thlaspi arvense 0,04
Fumaria officinalis 0,04
2 mTA
Sam nigr E = \;
Ama spp. S .f_ \; Cap burs
Lot ol
Che albu Son ofer il g e
Kic s Sil noct  con arve
Fal conv NT‘
A
CT
=
-1.0 1.0

Figure 1: Ordination diagram expressing the relatimm between tillage technology and

found weed species
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Explanatory notescCT — conventional tillage, MT — minimum tillage, NF no-tillage. Ama spp.—
Amaranthusspp.,Ana arve— Anagalis arvensis, Ana azureAnagalis arvensi$. azurea, Cap burs Capsella
bursa-pastoris, Car acan Carduus acanthoides, Cir arveCirsium arvense, Con arve Convolvulus arvensis,
Con cana- Conyza canadensis, Ech cra&chinochloa crus-galli, Eup hel Euphorbia helioscopia, Fal conv
— Fallopia convolvulus, Fum off Fumaria officinalis, Che albu- Chenopodium album, Che hybr
Chenopodium hybridum, Kic spur Kickxia spuria, Med sat+ Medicago sativa, Mic ming Microrrhinum
minus, Per macy Persicaria maculosa, Sam nigtSambucus nigra, Sil noetSilene noctiflora, Son arve
Sonchus arvensis, Son olefSonchus oleraceus, Sta paltachys palustris, Thl arve Thlaspi arvense, Tri
inod — Tripleurospermum inodorum, Urt dieiUrtica dioica,Ver poli- Veronica polita.
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EVALUATION OF SOIL SEED BANK IN THE VINEYARD
IN THE AREA OF ZAB CICE

L. Jakabova, J. Winkler

Mendel University in Brno, Czech Republic

Abstract

Evaluation of total number of seeds in the soilars essential part of herbology and
environmental studies of weeds. The potential wieéektation was evaluated in 2013 in a
selected area of the vineyard in Zale. Twenty four weed species were identified ia $oil
samples. Pigweed\(maranthussp.), PurslaneRortulaca oleracepand ChickweedStellaria
medig were the most frequent species. A statisticalbvpn difference was detected between
their positions.

Key words: vineyard, weeds, soil seed bank

Introduction

Growth of weed populations is the conditional emfgeeds into the soil. Seeds are received
into the soil via “seed rain” or the uncontrolleghly from transportation by wind or wild
animals. Weed species, which are capable of gadatia relatively short time, deserve our
attention. Weed seeds and weed fruits of compeljtiweaker species are likely to lead to a
reduction in the soil seed bank (@&, Smutny, 2011).

Material and methods

Soil samples were taken in autumn 2013, from tmeyard in Zabice. Pinot Blanc grape
variety is grown here. The vineyard is locatedha geological formations, which represent
four furlongs of partially alluvial gravels andtsil The soil pH is neutral to slightly acidic
with a lack of humus. The altitude of Zate is 185 meters above sea level. The average
annual temperature was 9.2 °C; average annuahtbwdis 480 mm. This area is situated in a
rain shadow. Rainfalls are distributed unevenlyirdythe growing season.

The soil seed bank was evaluated using a modifiethedology from Smutny & ken
(2002). The vineyard was divided into 3 sectionmasged space between rows, part close to
the base of the vine trunk and the cultivated spdlce between the rows. Five mixed samples
were taken from each part. Each sample was cods$tiiree partial taking of soil via spade.
The soil samples were collected 0-30 cm from thdasa. Samples were collected in
identified plastic bags, where the soil was homageghand then dried at room temperature.
When the soil was completely dry, 100 g was takemfeach sample for further processing.
The next step was to process the samples usingrataiy Sieve Shaker ANALYSETTE 3,
which consists of a set of sieves. Weed seeds pieked using tweezers from the residual
sample under a binocular magnifier. The weed seeds identified and counted.

The obtained soil seed bank data were process&tlultivariate Analysis of Ecological Data.
The optimal analysis was guided by Lengths of thead@nt, which was obtained by
Detrended Correspondence Analysis (DCA). Redundakaalysis (RDA) was used for
further processing. This analysis was based onnaadti Response model. The data were
processed by a computer program CANOCO 4.0. (TaalBr1998). A significant difference
was retrieved by the Monte-Carlo test. It was coteckinto 499 permutations.
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Results and discussions
Twenty four weed species were identified in thd seed bank from the selected area of the
vineyard. A general overview of seeds is showmab. 1.

Tab. 1 The total number of weed seeds in the indidual parts of vineyard

Cultivated Part closeto Grassed

Species space the trunk space SUM
Amarenthussp 2 83z 5241 2 977 11
Portulaca oleracea 2 988 1071 1486 5545
Stellaria media 283 408 183 874
Tripleurospermum inodorum 23 85 30 138
Digitaria sanguinalis 20 76 41 137
Lamium purpureum 48 38 9 95
Lamium amplexicaule 44 14 14 72
Poa annua 1 2 52 55
Galium spurium 8 30 11 49
Polygonum aviculare 7 15 7 29
Plantagosp. 1 25 3 29
Echinochloa crus-galli 4 4 9 17
Thlaspi arvense 1 3 8 12
Holosteum umbellatum 2 8 0 10
Taraxacum officinale 3 2 0 5
Malva neglecta 4 0 0 4
Erodium cicutarium 1 0 2 3
Betula pendula 0 0 3 3
Senecio vulgaris 0 2 0 2
Ranunculus repens 1 1 0 2
Cirsium arvense 2 0 0 2
Cardaria draba 2 0 0 2
Arctiumsp. 1 0 1 2
Veronica polita 0 0 1 1
SUM 6 27¢ 7 02f 4 83 18

The resultant weed seeds the from different padsewprocessed using DCA analysis. The
Length of the Gradient was 1.418. RDA was seletmedurther statistical processing. RDA
has created the layout based on the frequencyibfaind weed seeds (Fig. 1). Weed species
are shown as vectors, the points display the d@iffeparts of vineyard. If the vector of the
species is heading to the point, this species oedunore frequently in this part. Results of
RDA analysis are significant with a significancedea = 0.002 for all canonical axes.

Seeds of species, which occurred most frequentbamples from the grassed space between
rows, are marked in green colour. These kindsAacum sp.,Betulapendula Echinochloa
crus-galli, Erodium cicutariumPoa annuaThlaspi arvensandVeronica polita.

Seeds of species, which occurred most frequentsamples from part close to the base of
vine trunk, are marked in violet colour. These kindre Amaranthussp., Digitaria
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sanguinalis Galium spurium Holosteum umbellatunPlantago sp., Polygonum aviculare
Senecio vulgarisStellaria mediaandTripleurospermum inodorum

Seeds of species, which occurred most frequentlsamples from the cultivated soil space
between rows, are marked in red colour. These kamd€ardaria drabg Cirsium arvensge
Lamium amplexicauléValva neglecta Portulaca oleracea

Species whose occurrence is affected by other raa@ce marked in black. This group
includes specielsamium purpureugRanunculus reperendTaraxacum officinale

Q A
— GS
Poa anuja
Bet e%zd

Ver pol\Ihl arve
Ech crus |

MUty i Aoy P e

Por oler

Ccs

Q
o

1.0 | | | 1.0

Glossary'Amasp. @maranthussp.),Arc sp. @rctiumsp.),Cir arve (Cirsium arvense)Dig sang (Digitaria sanguinalis)

Ech crus(Echinochloa crus-galli)Ero cicu (Erodium cicutarium)Hol umbe(Holosteum umbellatum).am ampl(Lamium
amplexicaule) Lam purp(Lamium purpureum)Mal negl (Malva neglecta)Pla sp. Plantagosp.), Poa anua(Poa anua)

Pol avic (Polygonum aviculare)Por oler (Portulaca oleraceg)Ran repg(Ranunculus repensyen vulg(Senecio vulgaris)
Ste medi(Stellaria media) Tar offi (Taraxacum officinale) Thl arve (Thlaspi arvense)Tri inod (Tripleurospermum
inodorum)andVer poli (Veronica politg.

Fig. 1 Ordination diagram relates the occurrence ofweed seeds and fruits and the
sample areas parts in the vineyard

The highest number of weed seeds and fruits wesanmples from the part close to the base
of vine trunk. Most often, there occurred seedshef genusAmaranthussp. It grows up in
late spring and it’s resistant to herbicides. Cleaintontrol may not have an impact on this
species. The publications from D& & Smutny (2011) said that the number of seeds in
areas where herbicides are applied is increasegpuse the competitiveness of other species
is a secondary reduction in these ardasaranthugproduces many seeds, so that the quantity
in the soil can dynamically increase, as confirmygdMikulka (1999). Seeds dPortulaca
oleraceawere often occurred in the soil samples from past, but compared to the other
parts was number of seeds the lowest. The reaspmnoizably its sensitivity to chemical
control (Mikulka, 1999) and the competition of atla@nual species.

A slightly smaller number of weed seeds occurredamples from cultivated space between
rows. Portulaca oleraceavas the most common species, which is probabbtedlto its
biological requirement. This kind hates overgrowrface and cultivated space has enough sp
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Twenty-four kinds of weed seeds were identifiedail samples from the vineyard. Seeds of
the genusAmaranthuswere the most common in the soil samples fromviheyard. The
content of weed seeds in the soil is a reflectibaur success in the regulation of weeds. We
must pay enough attention to the regulation of iggeihat produce large quantities of seeds,
or are tolerant or resistant to chemical contrehe®wise, the number of seeds in the soil seed
bank will rise and weed infestation will increasdhe vineyard.

Acknowledgements

ace for growth and development. The genuAmfaranthussp. was often in the soil samples
from the cultivated soil space between the row® qirantity was lower than in the area close
to the base of the vine trunk, probaBlijnaranthusidoes not like repeated tillage.

The lowest number of seeds in the samples was thhengrassed space between rows. A high
proportion of seeds oAmaranthussp. were in this spac&maranthusgerminate from the
surface of the soil and grows well in dry areaskiilia, 1999). Dvéak & Smutny (2011) add
that the plants have a high competitive abilitycédaese its high stature overshadows the
surrounding lower species. However, it may alsameld soil seed bank. Seedsairtulaca
oleraceaoften occurred, but the content of the seeds wasgr here than in samples from
cultivated space between rows. This fact is propeddated to the low competitiveness in the
involved space, as wrote Mikulka (1999).

Conclusions
The results in this paper are the output from mtopdAZV QI111A184 ,Optimization of
weed control in the precision farming system®.
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SOIL TILLAGE MANAGEMENT IN MITIGATION
OF CLIMATE CHANGE

D. Jud, I. Jug', M. Birkas?, V. Vukadinovié', B. Purdevié', B. StipeSew®, B. Brozovié*

YFaculty of Agriculture in Osijek, Croatia
2Szent Istvan University, Hungary

Abstract

Climatic factors (especially temperature and prigatjon) in any significant extent, directly
or indirectly, affect crop production. Soil wateefitit or over-saturation (water-logging)
directly affects on the amount of grain yields, @b many other elements. Adapted tillage
systems are among the one of the most importants waymitigate adverse climatic
implications. The paper evaluates different tillagstems in climatically very different years,
in the period from 1999-2009 year, and evaluatamesbased on the amount of average grain
yields of maize, winter wheat and soybean. The logian is that besides the total annual
rainfall, more important is a proper distributiof @recipitation (especially in vegetation
season). The proper and adapted application ofceelor conservation soil tillage systems
can significantly mitigate the negative impact derse weather conditions.

Keywords: climate changes, extreme weather conditions, iadjé¢, crop production

Introduction

According IPCC (2014) climate models projected Hart warming all over Europe, with
strongest warming in South, South-East and Easbeurin summer. Projections of
precipitation vary regionally and seasonally witcgease amount in same region of Europe
(Kjellstrom et al.,, 2011). As a respond to climatieanges, depends on world region,
investigation of reduced or conservation soil g#aare more intensified in the last few
decades (Jug et al., 2010). Finding a satisfaagricultural measures, primarily soil tillage,
which can mitigate climate aberrations (precipttatand temperature) between years, but also
within the same production year, is increasinglgdmeing an imperative of modern crop
production. Reduced/conservation tillage system#) warious measures and procedures,
provide a significantly better ability to alleviatee soil deterioration affected by climate
impact (Birkas et al., 2013) and possibility ofteetwater distribution, especially in drought
conditions (Vukadinow et al., 2013). Above average air temperature, itletipe soil water
saturation, can significantly affect the plantspmsse to the heat stress (Jug et al., 2013), soil
fertility, nutrient supply and water regime (Vayay, 2013) and finally causing the vyield
decreaseHurdevi¢ et al., 2013)

Material and methods

Influence of different soil tillage systems in rgdtion of climate changes was studied on
stationary experimental sites in long-term perid€99-2009) in eastern part of Croatia. The
experiment was set-up for w. wheat, maize and soyl§depend on experimental year) with
four soil tillage systems: CT-Conventional tillageth ploughing up to 25-35 cm depth,
followed by diskharrowing up to 10-15 cm and sowprgparation; CH-Chiselling on up to
25-35 cm depth, diskharrowing and sowing prepamaéis for CT; DH-Diskharrowing and
sowing preparation as for CT; NNo-Tillage sowing without any tillage operation. {ilb
planter was used for all tillage systems. The efzsasic experimental plot was 906G set-up

as complete randomised block design in four rapast The fertilization and plant protection
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was uniform across treatments for each crop. Obiens were in aspects of some soil states
and occurrences (e.g. surface coverage, penetrometistance, tillage pan, earthworm
population etc.), plant reactions (morphological ghysiological) and yields.

Results and discussions

The total average rainfall for the period from 198%)9 year is 647 mm, with a range from
359 to 954 mm, from which it is clearly observedgéa variations in annual precipitation
regime. From aspects of crop production, averageipitation variations on a monthly basis
during the same year, are more important. Averagea air temperature for the period from
1965-2009 year was 11.0°C, with significant yeasdyiations for more than 2°C, and with
the temperature aberrations within the same crap, yd with a large number of extremely
hot or cold days. Based on the amount and distabudf precipitation and air temperatures,
during the research period (a period of elevensjeamly three years can be classified as
average, and six years as an extreme (dry or humid)

Table 1. Influence of soil tillage system on graityields (t ha') and seasons weather
marks for 1999-2009 period

Year Crop Yield (t ha) Average Weather
CT CH DH NT mark
1999 WW 5.95 5.85 6.11 4.87 5.70 A
______________ MZ 1053 1065 1044 955 1029
2000 ww 6.36 6.60 6.60 5.64 6.30
MZ 7.81 5.94 5.26 0.76 494 D(E)
______________ SB_..233 228 202 090 188
2001  ww 6.30 6.17 6.57 5.78 6.21
MZ 9.53 8.50 8.50 7.60 8.53 H(E)
______________ SB .28/ 277 29 274 28
2002 ww 6.68 6.96 6.71 7.01 6.84 A
______________ SB_ .. 346 347 343 307 336 .
2003 WW 2.73 2.77 2.64 2.20 2.59 D(E)
______________ SB .25 231 21> 132 208 77
2004 WW 6.81 7.05 6.80 6.49 6.79 H(E)
______________ sB 3813 301 3807 230 288 "7
2005 ww 6.24 6.25 6.21 5.90 6.15 H(E)
______________ SB 25 284 247 199 247 7
2006 wWw 7.08 6.47 6.52 6.17 6.56 A
______________ SB_..509 513 514 499 509
2007 wWw 6.75 6.78 6.70 4.73 6.24 D(E)
______________ SB 144 149 144 145 146 T
2008 ww 8.82 8.88 8.75 8.69 8.79 H
______________ SB_...380 360 360 339 360
2009 ww 7.65 7.69 7.45 7.35 7.54 D
SB 2.50 2.30 2.29 2.41 2.38

CT-Conventional tillage; CH-Chiselling; DH-Diskhawing; NT-No-tillage
WW-Winter Wheat; MZ-Maize; SB-Soybean
A-average; D-dry; H-humid; D(E)-extreme dry; H(E}teeme humid

The impact of weather conditions in the growingaaiseusually higher than other vegetation
and production factors (Murdock, 2000; Birkas angu®&za, 2004), and so it was in this
eleven years stud@n the yields the highest significance had weatbeditions, then tillage
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system. According to the average yield of inveséidacrops, regardless of tillage system, it
can be seen that the amount of crop yields is laigBuenced by regular annual distribution
of precipitation, and less with total annual raih{Birkas et al., 2013). High crop yields on
investigated soll tillage systems (Table 1) vartegbending on the amount of rainfall and
depending on the cultivation period (winter or sgrcrop), which points to the fact that the
distribution of precipitation during the year sifjcéintly impacts success of the production
(Komljenovi et al., 2013). In average years, even with drytha¥a all investigated tillage
systems were with similar average yields. Smalledéinces in the amount of yield between
tillage systems are observed in extremely humidsyeahile the differences much more
significant in the years that are characterizedeasemely dry (Birkas et al., 2013;
Komljenovi et al., 2013). The strongest reaction to the ex¢rdrought conditions, regarding
the tillage system, had the maize, soybean hada&eveeaction, while winter wheat had the
weakest respond to adverse climatic conditiongxitnemely dry conditions the most stabile
was CT tillage system and crop yields were decreasénverse proportion to the reduction
of the intensity of soil tillage (Jug et al., 2010)

Conclusions
In accordance with research (1999.-2009.) of imfageof different soil tillage systems in crop
production (winter wheat, maize and soybean) witlimiavourable weather conditions in
eastern Croatia, the following conclusions cantbted:
- the most significant influence at the yield of véintvheat, corn and soybeans
the most significant influence had the weather @, primarily rainfall and air
temperature, while the influence of soil tillagesna lesser importance,
- except total amount of rainfall and average airgerature, the more
importance has their regular annual distribution,
- stronger reaction to the unfavourable weather ¢mmdi expressed spring
crops.
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EVALUATION OF THE RELATIONSHIP BETWEEN THE CONTENT
OF CHLOROPHYLL IN LEAF AND SIZE OF ROOT SYSTEM
IN INTERCROPS AND SOLE CROPS

A. Kintl, J. Elbl, L. PloSek, J. Kovarnik, E. Pohankova

Mendel University in Brno, Czech Republic

Abstract

The aim of this study is to describe relationstepaAieen concentration of leaf chlorophyll and
active root zone of Winter WheatT+iticum aestivum(Sole crops - SC) and Winter Wheat
(Intercrops - IC) with Winter Pea Rissum sativum var. Speciosuiihe size of the root
system was evaluated during flowering using the HBCD LCR Meter. At the same time,
content of chlorophyll in leaves was measured usihtprophyll meter SPAD-502. The
significant differences in values of SPAD were detected between all variants, but the size
of root system was different in individual varianiie significant highest value was found in
variant with SC (6.1 nF). Conversely, the significlbowest values were found in variant with
IC (0.8 nF at Winter Wheat and 2.3 nF at Winter)Pbteasured values indicate a positive
effect of mixed culture on deposition of nitrogenplant biomass, notwithstanding plants in
mixed culture had a smaller size of root system flants in SC.

Key words: winter wheat, winter pea, mixed culture, root systSPAD

Introduction

Intercropping can be broadly defined as a systemrevtwo or more crop species are grown
in the same field and at the same time during avigigp season (Hauggaard-Nielsehal.,
2008 and Ofori & Stern, 1987). Mixing species ioaping systems may lead to a range of
benefits that are expressed on various space rmedsttales from a short-term increase in crop
yield and quality to longer-term agroecosystem anability (Malezieuxet al., 2009). For
farming systems to remain productive, it will becegsary to replenish the reserves of
nutrients which are removed or lost from the slilthe case of nitrogen (N), inputs into
agricultural systems may be derived from atmosphéd via biological N fixation
(Peoplest al., 1995). Biological nitrogen fixation is an importaaspect of sustainable and
environmentally friendly food production and loreg#h crop productivity (Kessel and
Hartley, 2000). Grain leguminous can cover theirogien demand from biological fixation of
atmospheric N (Hauggaard-Nielseat al.,2001; Trenbath, 197&nd therefore, they compete
less for soil Nmin in intercropping with cereaalkerisen, 1996). The success of intercrop
farming systems depends initially on effective agen fixation and more importantly, on
subsequent transfer of nitrogen to the non-legusteriy, 1993). The root system is necessary
for a plant's nutrients and water intake. Daltor998) demonstrated a good correlation
between plant root capacitance and root mass. ko can make up 70 — 80 % of the root
surface area and are thought to play an importatin nutrient uptake (Marschner 1995).
Crop vyield depends on extracting sufficient nuttsenand water from the soil
(Bengough, 2009).
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Material and Methods

Field Experiment

Area of our interest is the agricultural regiondted 8 km north from the city Prégiv.
Experimental site is situated in the protectioneaf underground drinking water source
“Kvartér feky Moravy”. This site is located, according Qit®75), in the climatic region T2,
where annual climatic averages are 350-400 mmagfijpitation in growing season, 200-300
mm of precipitation in winter and 8-9 °C of anna&l temperature mean. The experiment
was based on the black earth, moderate, loesswitkeleton (BPEJ 30100).

Seeds were sown mixed in the rows in the same deptine 1& of October 2012 at both
variants. Three replicates of 2 x 10 m plots peatiment were arrayed in blocked design.
These variants were prepared: Winter Wheat (WS)0-Kg of N ha yr'; mixed culture of
Winter Wheat + Winter Peas (IC) without fertilizati

Determination of electrical capacitance of roottgys

The electrical capacitance of root system was mredsin situ” by Dalton (1995) with ELC-
131D LCR Meter at measuring frequency of 1 kHz mitsiof nF (nanoFarad). LCR meter
measures the amount of electric charge storedéyoiit system for a given electric potential,
which is dependent on the active root surface anebroot length (Dalton, 1995). Electrical
contact with the plant was established by conngdtie negative electrode to the plants stem
via a battery clamp at 6 cm above ground level.

Determination of chlorophyll content in leaves

The content of chlorophyll in leaves was determinesng “chlorophyll meter Minolta
SPAD 502" during the flowering time of winter p&ae electrical capacitance of root system
and content of chlorophyll in leaves were measorethe same day and with the same plants.
Minolta SPAD — 502 meter readings were taken oreugje of leaves of 10 plants per plot
and average values were recorded for each ploeretation of chlorophyll content was
performed according to Dragt al (2012) and Luka®t al (2012). Relative values, which
were measured with a Minolta SPAD 502, represetdrophyll content in SPAD values
(gkg™). This relationship was confirmed by Wood et 4B42). The SPAD-502 chlorophyll
meter (Konica-Minolta Sensing, Inc.: Osaka, Japaaasures the absorbance of two distinct
wavelength regions in a 2x3 mm area of the leafus®s$ these data to generate a (unit-less)
value representing the relative amount of chlordigingsent in the leaf (Dragt al.,2012).

Statistical Analysis

Potential differences in values of corn yield i tmixed culture were analyzed by the one-
way analysis of variance (ANOVA) in combination kvithe Tukey's test. All analyses were
performed using Statistica 10 software.

Results and Discussion

This work presents the first results from the laagn field experiment which is focused on
possibilities of IC cultivation. This experiment svastablished in 2012 and will continue for
the next three years. The study “Evaluation theti@hship between leaf chlorophyll
concentration and active root zone” presents resiflthlorophyll content in leaves and size
of root system measured during growing season 2013.

The content of chlorophyll and size of root systeere measured during flowering growth
stages of Winter Wheat (GS 61-69) and Winter P€agG- 69). The electrical capacitance of
root system is presented in the Figure 1. The Bogmt (ANOVA, P > 0.05) highest values
were found in variant of winter wheat SC (6,19 @R the significant lowest values were
found in variant of winter pea IC (0,85 nF). Thesdues show that the winter pea IC had the
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smallest root system in comparison with other vasaConsider the Figure 1 and 2, these
data indicate that winter pea and winter wheat withall root system in IC can absorb and
store the same amount of nitrogen as winter wh&awgh greater root system. Based on
these results, we can conclude that crops in IQiaoneed to invest nutrients (carbon) in
growing of excessive root system because they sartheir root system together in order to
obtain water and nutrient from soil. However, soteps have to invest their nutrients in

development of root system because they need guoedt system to obtain essential

compounds from soil. The relationship between aandé nutrients (nitrogen) in soil, plants

ability to uptake of nutrients and content of cblanyll in leaves were confirmed by Kuleg

al. (2010), Skarpa (2011) andr&daet al. (2012).
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Variants
Figure 1: Root system size. Small letters indicatggnificant differences at level P > 0.05,
data are presented as means + standard error (n =32
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Figure 2: Spad readings of individual variants. Smh letters indicate significant
differences at level P > 0.05, data are presented means * standard error (n = 23).
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Conclusions

This contribution presents the first results obad-term field experiment. Therefore, these
results must be interpreted with caution. The meswalues indicate the relationship
between leaf chlorophyll concentration and activet zoneWe assume that the crops in IC
have the advantage because they can cooperateagithother.
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EFFECT OF HIGH COMPOST RATES ON PHYSICAL
AND HYDRAULIC PROPERTIES OF SOIL

P. Kovariéek, J. Hila, M. VIaskova

Research Institute of Agricultural Engineering,ip.Prague, Czech Republic

Abstract

In small-scale field trial there was assessed fifecteof graded high compost rates on
physical and hydro-physical properties of soil ime tlong period. The compost was
incorporated into the soil in single operation #mel soil in experimental variants was held for
a period of four years without tillage and vegetatiStatistically significant decrease of soil
bulk density by the compost incorporation was pdowvethe course of two years only in case
of extremely high rates 165 and 330 thi the case of variants without vegetation thvess
proved an increase of soil moisture and increassodfretention capacity owing to high
compost rates incorporated into the soil. The cahpworporation into the soil influenced
favourably hydro-physical properties of soil albeith timing interval, however with long-
term effect. After a longer time from compost imparation there was found out a linear
dependence of increase of soil moisture on growdompost rate. The soil tillage had
a considerably greater effect on physical thanyalrdulic properties of soil.

Keywords: field trial, compost, reduced bulk density, raimslation, surface runoff

Introduction

The monitoring of compost influence on soil promstin view of soil water regime
stabilization is current issue. The use of compasagricultural land gains also importance in
relation to the necessity of effective handlinghwiiiologically degradable waste (Lalande et
al., 2000; Masciandaro et al., 2000; ida 2003). The necessity of preservation of soll
environmental functions is particularly importatiierefore it is necessary to deal with an
effect of organic substances application into thkea its properties (Bazzoffi et al., 1998).
The compost use leads thanks to an increase ohiorgaatter in soil and enhancement of
medium pores content to the improvement of soérebn ability (Mayer, 2004; Ahmad et
al., 2008, Gil et al., 2008). Effect of soil tillagvegetation and spontaneous or by man
supported variability of structure and compactiésal (in particular humus layer) is usually
more considerable, than effect of organic mattelitamh. For example Hangen et al. (2002)
mentioned that differences in infiltration are cadidy the various ways of soil tillage as a
possible cause of. In our contribution we are aealvith effect of single high rate of compost
incorporated into the topsoil on reduced bulk dignsioil moisture and surface water runoff
during the rain simulation.

Material and Methods

For the realization of field trial with small plotsere was selected an area in the premises of
VURYV, v.v.i. Praha — Ruzyn(Research Institute of Agricultural Engineering,ipPrague —
Ruzyrg). The climatic region of trial plot can be chamt@ed as mildly warm, dry, with mild
winter. The average annual temperature makes 8.2%€rage annual rainfalls makes
526 mm, the maximum of monthly rainfalls is recatde July; average number of days with
snow cover range from 35 up to 40; average layemofv is 50 mm and altitude above sea
level of trial plot is 330 m. The soil type is chezem and pedogenic substrate is loess on
chalk spongilite. The soil kind can be charactetibg transition between loam soil and clay-
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loam soil (standard’SN 46 5302) — average content of particles smé#flan 0.01 mm is
44.2 %.

The trial was designed as small plot field triathwrepetitions of variants (see scheme on
fig. 1). The particular plots had the dimensions3&B m, gaps between trial squares were
0.5 m. Each variant had six repetitions. On measypiets there were withdrawed before
incorporation of compost rates and during the erist of trial from autumn 2008 up to
spring 2012 so-called ,Kopecky’'s small rings* fréime depth of 50-100 mm. The withdrawal
was taken place always in spring at the beginningegetation period and in autumn. From
all soil parameters the reduced volume weight vedecsed for evaluation of physical changes
in soil caused by compost incorporation.

On the trial plot there was applied compost in aeieed rates in April 2008 (tab. 1). The
compost was incorporated into the soil during therall tillage of trial area by rotary tiller
equipped by horizontal knife rotor. The topsoil veadtivated during this work operation into
the depth of 150 mm.

A B C
D1 D2 D3
1
D2 D3 K
2
|
D3 K D1
3
K D1 D2
4
D1 K D3
5
D2 D1 K
6
1. D3 D2 D1
7
K D3 D2
8

Fig. 1 Scheme of arrangement of trial variants withcompost dosing, 6 repetitions
(square plots 3x3 m)

Table 1 Variants of compost dosing in Ruzy# trial

Compost rate in dry
Variant matter
(t.ha')
K (control) 0
D1 85
D2 165
D3 330

Since 2010 there was evaluated the surface wateffrioy means of rain simulator in
dependance on compost rate (Sindetaal., 2008). Before every measurement of nafiibn
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there was determined volume soil moisture in td@gE100 mm by means of the probe Theta
Probe ML2x, always 6 stabs around every measunieg. &uring the rain simulation there
was used the nozzle Lechler 466788 and sprayingspre 100 kPa. At the height of nozzle
1m over ground the intensity of simulated rainfalis constant during the whole time of
measurement 1.46 I:frmin. The rainfall intensity was kept in the courskall realized
measurements. The surface slope of measuring aeesaletween 2 and 3°.

Results

After compost incorporation into the soil, the mawcic operation of soil tillage decreases
significantly reduced bulk density. Changes causedompost rate were smaller. Differences
among values of reduced bulk density on controliavs without compost before
establishment of trial in spring 2008 and in autufrmonths after compost incorporation
(fig. 2), we can explain with mechanical tillagedaspontaneous subsiding of soil. The
differences in reduced bulk density among variahtsompost dosing in the following years
are caused by changes in soil structure, whichestaafter addition of organic matter. In
spring 2010 the reduced bulk density on controlavarwithout compost has returned to the
original level before soil tillage. Statisticallygaificant decrease of reduced bulk density by
influence of supplied compost was recorded onlygase of the dose 330 thaHowever,
compost dose was several higher than doses ugeddtice.

On the trial variants there was evaluated sincédda0Xegular spring and autumn deadlines
volume soil moisture in topsoil layer 0 up to 10hmin spring 2012 the soil moisture was
different owing to the weather conditions. In degemce on rate of incorporated compost the
soil moisture was rising linearly (fig. 3). Thisgendence was slight, gradient of line 1.5 % of
compost rate. In previous years the correlatiomween soil moisture and compost rate wasn’t
statistically significant.
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Fig. 2 Changes of reduced bulk density after incomration of high compost rates
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Fig. 3 Volume soil moisture on trial variants in sping months 2012

In 2010 we determined during the measurement ofaserwater runoff at simulated
sprinkling the significant correlation with composdites. The highest cumulated surface
runoff was recorded on control plot without compagplication (fig. 4). In variants with
incorporated compost there was clear inversely gotamal trend with compost rate, but
difference between variants was minimal. The resoft measurements realized by rain
simulator in the end of trial on March 21, 2012nfwoned the hypothesis of positive effect of
compost incorporation into the soil on water inéitton (fig. 5), dependence on compost rate
was already distinct.

25

20 -

12,98

15

Cumulated surface runoff (I/ﬁ)

Measuring time (min)
B0 t/ha B85 tha B 165 t/ha 330 tha

Fig. 4 Cumulated surface water runoff in 15 minuteslasting interval at simulated
sprinkling, Ruzyné 12.5.2010
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Fig. 5 Cumulated surface runoff in 15 minutes lastig interval at simulated sprinkling,
Ruzyné 21.3.2012

Conclusion

Due to mechanical tillage of topsoil by tiller egped by horizontal rotor in the depth of 150
mm there was recorded a decrease of reduced buditgéor 2 years. The change of reduced
bulk density owing to the incorporated compost tie rate of 85 t.Hawas seven times
smaller than owing to the mechanical soil tillagjaree years after the compost incorporation
there was a demonstrable change in reduced bulkitgdemmly in case of the variant with
highest compost rate of 330 tha

Incorporation of compost into the soil influencea’durably hydraulic soil properties, but
after longer time. In areas without vegetation raiiteorporation of high compost rates into
topsoil there was demonstrated an increased sagtane, it means also its increased water
holding capacity. Two years after compost incorporathe surface water runoff during the
simulated sprinkling decreased at all variants ofafje practically without depending on
compost rate. The progressive dependency on comptestwas proved in spring 2012, it
means 5 years after compost incorporation.
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SOIL PROTECTION AND SUSTAINABLE UTILISATION OF SOIL
THROUGH MODERN TECHNOLOGIES

M. Kroulik

Department of Agricultural Machines, Faculty of regring,
CULS Prague, Czech Republic

Abstract

GPS has become a synonym for precision farmingnaodern farming systems. Nowadays,
the agriculture technologies using guidance systdorgng field operations are more and

more common all around the world. GPS together wiphisticated machinery guidance
systems represents great benefits concerning prectgluction inputs, minimizing machine

errors in fields and therefore lower costs for agture.

There are introduced the possibilities how to Ume fosition of the machines to reduce the
risk factors with minimal additional cost of agritture machine equipment.

Keywords: GPS guidance, machinery passes, soil compactidrerssion, route planning

Introduction

The development of precision agriculture in theetigs of the last century opened up a whole
new ways in attitude to mechanization for plantdoition. A new range of terms in
agriculture were added, many of them werenot brewdand unfamiliar, but practically
meant a change in farming and in the view of thedlaGPS navigation has become a
synonym for precision farming and modern agricatuechnology. On the other hand, the
introduction of precision farming expected, to soméent, high degree of expertise and
technical skills of the users. However, most fagrsge this approach as too complicated. As
also shoved studies from USA, Great Britain, Derknvegard Germany it is one of the reasons
why precision farming is used less than was explg@eichardt et al., 2009).

With expansion of satellite navigation it is pos$silbto see renewed interest in precision
farming technology. Application of precision farmgitechnology is often based on difficult
and expensive monitoring of land. As shows someowf results and studies, the mere
knowledge of the position of the machines togethigh deployment of navigation devices
can help to minimize the negative impacts of intemsgricultural activities mainly on the
soil environment.

The GPS navigation can also be used to collecd#ia about the operation of machines.
These data can be used in soil conservation teohesl and measures. Very frequently
discussed topics relating to the soil protectiod &andscape is excessive soil compaction
which is related to other negative symptoms, whetbeonomics (increased energy
requirements for tillage, decreased crop yieldsgmrironmental (decreased soil infiltration
capacity and increased risk of erosion, greenhaee emissions). Soil compaction is
primarily most frequently been associated with fie&l operations of heavy machines. Soil
compaction caused by machinery traffic in agria@tis a well-recognised problem in many
parts of the world (Chan et al., 2006; Gysi, 2008ubsoil compaction has been
acknowledged by the European Union as a seriouw fof soil degradation, which is
estimated to be responsible for degradation ofraa af 33 million ha in Europe (Akker and
Canarache, 2001). The continuing trend of usingelaand more powerful machines for the
fieldwork further increases the risk of soil compaa.
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Results and discussions

Current issues of the intensive management and iiafluence on agricultural land and
remedial measures

In today’s agriculture the machinery passes areitaide. An example is the research
conducted in our department which quantifies thewmh of passes of agricultural machinery
on the field and the area which were influencedtyrgs of agricultural machinery. For
detection of areas where there are multiple pabgemachines sets was used the tractor
equipped by the GPS receiver. Each movement agaitultural machines that entered the
land during the season was tracked at regularvialter By this way the movement of
machinery was monitored on the ploughed fields, tbefield where the conservation
technology was applied and also grassland areasdad for silage. The following figures
show the situation of the current method of orgatiin of the machinery passes. These
monitoring measurements have broughtmanydisturbimigrmation.The sequence and
frequency of field operations corresponded withried farm conditions and dependent only
to decision of farmer and common practice. Thus ghsses organization has significant
reserves. Plough technology showed 86.1 % covenhdbe soil surface by tracks of the
whole plot. In the case of conservation technology over area was 63.8 % of the whole
plot.The same way were recorded passes at theamesdbf plots (Fig. 1).

m
o

25

- -~ W

° S AR A PN
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1m

Figure 1: The trajectories of machines sets on thieeadlands for plow technology (a) and
conservation technology (b)

12.5

The headlands of the field were evaluated concgrm@peated passes. Wheeled area on
headlands was always higher than 80 %.

The results showed that the less intensity of faerations leads todecreaseof soil loadsby
the machinery passes. Despite the fact that inte$imachinery passes is reducedwhen
using conservation tillage, the loading ofthe gwibfile caused by machine tyres was still
quite high.

A problem of intensive and random passes also taffether crops such as fodder grown on
the arable land or perennial crops. Figure 2a dmdsibws all machinery passes during
harvest of grass for silage. In case of self-pilepdiorage chopper was run over 63.8 % of 1
ha area. In case of round baler the run over ae®8a %. The double passes are the most
frequent repetitive.
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Figure 2: Graphical representation of machinery pases for chopping (a),graphical
representation of machinery passes for baling (b).

It is clear from the aerial photography howthe gyaif vegetation is reflected onthe state of
the soil. Especially on the headlands occursevearate of vegetation (Fig. 3).

N

[ soil surface
- plant cover

0 100 200
L E—

Figure 3: Image analysis of the area of interest wbh documents the damage of the crop

Proposals of remedial measures focused to reducetensity of passes and optimize the
work of machine sets

Purpose of the project is a proposal of usage GRfation for agricultural machinery sets,
which on one hand will optimize the economic aspe(onsumption of fuel, seeds,
herbicides, pesticides, water technology, time p&noperation, crop yields) and on the other
hand, significantly reduce the environmental impattfarming (soil compaction, soil
degradation, formation of surface runoff, soil éwos overlays or omissions in the application
of fertilizers or chemicals, sediment transportholigh the project is divided into several
separate points the problems are intertwined antpt@ment each other.

79



CONTENT

7th International Soil Conference ISTRO Czech Bhaaditiny 2014

Optimization of deep loosening

Record of passes shows how intensively the larfguidened by traversing mechanisms of
machines. Figure 4 interprets the statement: “Smhpaction phenomenon is connected with
number of machinery passes but also with time exgosf contact pressureto soil surface”.
Figure shows places with different traffic integsiind also with different time of machinery
load exposure to the soil. The map was created thensum of machinery position records in
time at a particular place — in selected squar€snéxthe field was divided by square grid
with the cells 6x6 m). It means, the more timesazinme entered each square the more
records for the square and also the more time aimaspent in the square the more records
there are as well (dependence on working spee@eemdmachine stops).

Number of records in the areaof 6 x6 m N
1-5
5-6
6-7
7-8

B 8-12

w12 -26

B 26 - 38

B 38 - 67

B 67 - 125

125 - 207

Figure 4: Map characterising intensity of traffic and time spent at a certain area

As a remedial measure against undesirable compaistioften applied deep loosening or sub
soiling. This is extremely energy demanding intaetien. Based on knowledge of the load
intensity is possible to optimize the depth of leriag pursuant maps of passes. From figure
most exposed areas by loads are headlands andndregesthe machines were weaned.

Restriction of passing frequency by combining of wking sets

A significant reduction of wheeled area allows adwpof fixed track system for machinery
traffic.

The results from the fixed track system for machinéraffic measurements on the
experimental plots (only conservation tillage) a® follows. Intensity of wheeled area
decreased when using a 4 m system up to 37 %rtotadver area. With the 4 m machinery
working width system, it was possible to concesetiat tyre passes into two permanent tracks
due to almost the same machine wheel spacing. @gnehe wheel spacing could be the
major obstacle for fixed track application becatisere are no standards for agriculture
machinery manufacturers. Therefore there are uysulitferent machines and implements
with different wheel spacing on farms. On the othand, it is possible to use fixed track
despite not having all machines with the same whpating. Then more than two (usually
three) tyre tracks are used when using signifigawitle or narrow wheel-spaced machines.
This exception is usually a combine harvester witlch wider wheel spacing than tractors
and other tools.

The experimental arrangement with 8 m machinernkimgrwidth was exactly this case. All
machine tracks were concentrated into two track®@xthe combine harvester. Therefore,
the combine harvester passes were organized inaize¢hat one wheel of the harvester ran on
the existing fixed track and the second wheel madedditional third track. Finally, three
track systems resulted from this case. Intensityloéeled area decreased when using the 8 m
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system with three tracks up to 31 % total run-csea (Fig. 5). This value is not too much
different from the value of total run-over area o m system (37.38 %) when taking into
account half the number of passes for the 8 m systdis was caused by the third track
made by the combine harvester with wide tyres. \Bitim machinery working width system
the wheeled area was 33 %.

On the other hand, it is obvious from the resuiat repeatedly run-over areas increases in
comparison with random traffic. A detailed desaaptfor 4 m and 8 m working widths is in
Table 1.

o E
o

I - sprayer

[ spreader

- stubble breaking
- shallow tillage

seeding

[ harvest

o

]

100
1m

Figure 5. Area which was run over by tyres during oganized passes of machinery
(working width 8 m)

Table 1: Frequency of machinery passes across alflavhere fixed tracks were used.

Conservation tillage Run-over area Conservation tillage Run-over area
4 m working width (%) 8 m working width (%)
Number of passes Number of passes
repetitions repetitions
1x 4.58 1x 10.38
2X 3.24 2x 0.00
3x 5.18 3x 8.46
4x 16.51 4x 7.65
5x 0.16 5x 1.36
6X 7.71 6x and more 3.03
Run-over area (total) (%) 37.38 Run-over area ljt¢ta) 30.88

Significant finding is that there is no necessargtlve wheelbase of tractors and harvesting
machinery for larger working widths. Technical s@o of the same wheelbase or tracks
could be a major obstacle. Without costly measurdbe form of expansion of wheelbases
and likewise can be achieved at the same intemdithhe work which was described by
conservation technology in Table 1 as a significadtiction in the frequency of passes.

Optimizing production areas of land
With regard to the shapeof the land is necessaryigblight another fact. With irregular
shapes of the fields or with curved sides; incredee number of passes, turns, overlaps or
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omissions. Even minimal curvature side of the figlthe source of repeated passes. How the
shape of the fieldis reflected in the work of thmayer is shown in the Figure 6. On figure
thefield of 22.2 ha areais illustrated. It showseord of work of the sprayer and places where
has been boom section turned on or off. The evialuaff the record was found that the spray
was applied on 23.6 ha.

|:| field, acreage 22.2 ha

treated surface

Figure 6: Record of sprayer work with manual contrd of sprayer arms

The driver has to make a greater effort to tregirocess these marginal areas and corners of
the field. Especially the headlands, as seen irptbBeious images, are exposed to increased
intensity of passes. Yet these are the areas dredth the same or higher intensity than in
other production areas. However, a sustained etibrtarmers often does not bring the
expected results. To obtain economic nature inftionabout the field or information about
the operation of machines is relative simple. Totley crop yield monitoring is one of the
most widespread applications of precision farmiNgpnitoring of process parameters of
working machines especially during tillage (fuehsamption, tensile strength or slippage) is
easy due to modern tractors and electronic equipnviadern tractors are equipped with the
sensors that provide useful information about tiperation of machines, with minimal
additional cost of additional equipment. The uséheke data is supported by the introduction
of telemetry. To identify areas that are, in terofiscrop yield,lossy or profit is thus quite
simple. From this perspective are preferably usebkphotographs which are nowadays
relatively easily accessible and valuable inforomatior a comprehensive assessment of the
land. The following figures confirm this claim. kig 7a shows the fuel consumption during
ploughing. Followed by Figure7b which divide refece field into the profitable area and
loss-making area. This division takes into accotim purchase price of inputs and
commodity prices. The question is, to what exterg appropriate intensively cultivate these
areas or deal with remedial measures?For exangikhlshment of grassland on these areas
would allow better pass ability during turns or fflacement of conveyance that enters to the
field minimally. It would also coped the curvatwtthe field and thereby minimize overlaps
or omissions during establishment or maintenanceegetation. Grassy vegetation would
also form a barrier against water runoff from thepmg fields. Suitable mixture of seeds
sown on the surface would also expand the foodlgdppwild species. Defined areas can be
prepared in the form of polygons with which the igations can operate and, for example,
control sowing sections. Today’s multi-chamber saofseeders are also able to combine the
seed, according to predetermined settings.
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Figure 7: Map of fuel consumption during ploughing (a),distribution of land to
profitable and unprofitable areas (b)

Route planning and optimization of machine sets foland

Merging of tracks is shown as a suitable way howettuce the burden of soil by traversing
mechanisms. In terms of immediate practical use exyjected benefits of guidance the
proposal of guidance lines trajectories is intradu@nd presented. At present, it is based
especially on the experience of drivers or usublthaf farmers. There are many factors that
affect the efficiency of machine sets. Shape ofidine, its size, slope, obstacles and working
widths of machines play a significant role in thése. In our conditions applies that the land
on which two opposite sides are not parallel candresidered as standard.

Figure 8 represents the real situation and thax@ttrajectory which respects the shape of
the field. A comparison of the lengths of drivingstdnces for different directions brings
Figures 9. The direction of lines graduated at&ird) the modelling.Real trajectory direction
during the work, according to the Figures 10a, agroximately 90°. It is evident from the
Figure 9 that transports distance significantly@ased in comparison with optimal trajectory.
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real spraying trajectories

in-field transport 1 0

in-field transport 2

in-field transport 3

in-field transport 4
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Figure 8: Spraying. Real example (a) and exampld optimal trajectory of guidance line
for field (b)
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Figure 9: Length of driving distance for the different directions of trajectories

As illustrated in Figure 9, even minimum deviatimom optimal route can lead to, in
proportion, a significant increase of non-workimgg and passes. Trajectory model can be,
quite easily, transferred into the navigation devi©On the other hand, the model does not
respect the slope of the land.The slope of the iarlkde essential prerequisite for the plan of
erosion measure. Here arises a significant scop&fther suggestions because question of
slope of the land is not sufficiently addressed tfaction performance and suggestions of
routes. Substantial weight transferred betweenedviteels, especially when operating on
steep slopes, can alter the traction and brakihg.éffect of slope could be explained mainly
through the poorer tractive performance as a resulincreased wheel slip. From this
perspective it is necessary to focus further warkdevelopment of working models of route
trajectories that would also take into accountghape of the land with emphasis on erosion
mitigation and with the possibilities of agriculirmachinery pass ability. The outcome of
the proposal will be the trajectories correspondmg particular land which is farmed. These
trajectories should be available from relevant wtebdor the navigation devices.

Delimitation of areas with increased risk of erosia

The purpose of the presented task is to try to Wiays of using the knowledge of erosion
models and transport processes on the land to eedsics through navigation devices. The
need to eliminate the above risks is legally emgdiin the documents of the European
Communities (Council Regulation (ES) No. 73/200Bhese societal requirements for the
performance of agriculture in the framework of tmenmon agricultural policy applied in the
individual EU state members are implemented inGA&C standards (Good Agricultural and
Environmental Conditions). The condition for thediidual farmer to be able to draw
financial subsidies, in the caseof erosion riskdlananagement; they have to meet the
requirements of GAEC standard. Improved navigaigsiem will help them to meet these
requirements.

Every farmer in the Czech Republic has an ovenaétheir lands on the web portal LPIS of
the Ministry of Agriculture. Figure 10 shows theswiport screen of current land state in LPIS
system.
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AR

Figure 10: Current information about the land in the LPIS system

An important step in analysing of slope and dictof surface runoff is to create a digital
terrain model (Fig.11a). The available data canifter alia, obtained from GPS receivers
during previous work on the land.

Along with other data, especially the use of thedlait is possible to model the process of
erosion processes and evaluate it by using matieahahodels. Model values and the
distribution of soil losses and deposition are shawrigure 11b.

[ field border
~—— 0.5 m contour lines
erosion

[kg/m2]

™ +1000

I 1000

Figure 11: The slope of the surface layer (a), bat@e of soil losses and deposition (b).

Essential of these models is the identificatiothef areas at erosion risk phenomena and thus
the identified areas describe by the file in thapghformat. The farmer will be able, through
aforementioned portal LPIS, to generate area ferinsthe navigation system for the land
without charge (Fig. 12).
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Figure 12: Stage of the land with the requirementdr anti-erosion measures

Based on the transmitted information the navigasgstem will be able to manage tasks for
the required anti-erosion and soil protection v¢etions.

Along with selecting the optimal route the navigatisystem could significantly promote
erosion control and soil retention capacity of thed and thus also ensure agricultural
activities with regards to the GAEC criteria comals. Implementation of the proposed
erosion control practices that lead to minimize theden of the land may be a certain
guarantee of compliance and meet the requiremetiteokerosion control measures for the
control authorities.

Logistic solution of transport trailer

A number of field operations are dependent on tingpsrt of conveyance and requires
cooperation when working with these machines. Thihe replenishment of seed, fertilizer,
spray liquid or, on the other hand, removal of grfaom the combine harvester, chaff from
forage harvesters or collection of bales. Recodlintade during the work of machines
showed, again, a number of reserves and deficiengi¢hese activities. Conveyance often
moves onto a plot randomly. They reside on the landeffectively manoeuvring. On the
other hand, was shown that the introduction ohglsirail tracks could increase non-working
passes on the land due to the permanent tracksgukef13a show that in the case of
harvesting by the forage harvester the empty canwvey follows the forage harvester
trailer,which cooperate with forage harvester.

On the one hand, the late furnished vehicle cadsesitime, however, increases the number
of repeated passes. Move of the sets onto non-gtioduareas would limit access to the land.
The guestion remains logistic of present trail@fse combine harvesters, where the yield is
monitored, is possible to timing the fulfilment ¢thhe container (based on the current
measurement) of harvester and send signal to thigaieon device of transport trailer. For
forage harvesters are known projects that deal fwithment of conveyance with regards to
minimizing losses during filling. The same infornaoat could be used for optimizing the
placement of vehicles. Better organization and ecajon of transport trailer with chopper
would certainly help to reduce the repeated crgssin

The situation is simpler for collection of balesex the location ofbales is known (Fig. 13b).
Figure 14 show the current practice. With knowledfj¢he position of bales is possible use
the method of linear programming to design hauteauith the requirement for the shortest
travelled distance.
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Figure 13: Record of conveyance during forage hanat by forage cutter (a), recording of
movement of round baler and position of the balegoj.

. — m

Figure 14: Tractor trajectories from record of a machine collecting bales from the field
surface.

Conclusion
Based on abovemeasurements is possible to sayhthamere tracking of machine sets and
using the DGPS receivers or navigation will revealumber of adverse effects of intensive
farming and also show the ways and possibilitiegnero look for reserves. Possibility of
data processing by external workplace and trartsféarmers through public portals in the
form of prepared data and applications;also repitessasier work with minimum requirement
to manage demanding tasks.

Finally are represented the main points of the psed measure:

» Accumulation of passes, especially during perioinoreased soil moisture is a major
source of unwanted soil compaction. Based on knibydeof passes can be organized and
specifically identified remedial measures as exalgrexpensive deep loosening.

* Reduction of redundant crossings by concentratiagks to the permanent lines. In
practice, we often encounter with the problem & same wheel spacing of agricultural
machinery. Nevertheless, the measure with the argaon of routes is an important
element for reducing the intensity of passes duramglom motion of machine sets.

» The shape of the land is very variable. Any cumkatation of land increases the number
of passes and turns. Intensely passes area betessgzoductive and the requirement for
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more intensiveandexpensive land treatment. By eiaiu of these areas from the
production area may represent a reduction in @ssteciated with management of land. To
offer better area for non-working passes and madajom by conveyance and
strengthening area at risk of erosion events.

» Selection of appropriate trajectories can signiftbareduce non-working turns and passes.
Combination of suitable trajectory and contour wibntribute to time saving and to
erosion measures in the form of contour farmingutB@urves will be possible transmitted
in a suitable format to save to the navigation ulgtopublicly accessible portals.

* Also the introduction of other erosion control m@&as is required to meet the
requirements for erosion protection by governmerd a prerequisite to obtain grants.
Areas with high erosion hazards are defined onréhevant web portals. If the area is
provided in a format that will support the navigati it is possible to use it with work
management tools and provide the required erosioitra@l measures. Materials can also
serve to control authorities during checks comiéawith the required procedures.

» Inadequate logistics solutions for transport ofduats are also represented by redundant
passes. There is a feature for cooperation witadly used systems in agriculture such as
yield monitor of the combine harvesters. With tlee wf so-called smart phones can be
solved the problem of data collection, data trassion, processing and subsequent use
during application. This applies for example toamge collection of the bales.
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SUSTAINABILITY ASSESSMENT OF DIFFERENT
CROPPING SYSTEMS

J. K¥en, S. Duskova

Department of Agrosystems and Bioclimatology, Facaf Agronomy,
Mendel University in Brno, Czech Republic

Abstract

The aim of the paper is to show main problems dfeint cropping systems from the

sustainability viewpoint. On the example of thraenis, using complex methodology based
on experience from Western Europe, it is shown lipiarts of the farming practice could be
potentially problematic. Especially for intensivast crops systems the importance of long
term care of the agrosystem and mainly soil féytdhould be emphasised. Performance of
the assessment is the first step to describe #ite sind identify issues to be improved.
Optimisation proposals should follow as the negpsincluding economic calculation and a
reasonable motivation for farmers to change thigjeciives and activities.

Keywords: cropping systems, sustainabiliggrosystem, indicators

Introduction

Farm agroecosystem is composed of many partsnéeidctions between them, from soil and
grown plants to the management approach of theeiaamd the applied cropping system. Saill
and its fertility should be one of the main conseohthe farmer as it is the basic internal part
of an agrosystem and resource for field product@n.the other hand, each farm interacts
also with the environment outside the farm. Thawfa comprehensive assessment of the
farm husbandry, covering internal as well as exdemffects, is needed for a complex
optimization. The basic agronomic indicators (rerits, organic matter, energy balance)
including ecological indicators (diversity, erosi@tc.) should be extended by economic
(gross margin, profit, profitability) and socialrpmeters (wages, holidays, education, safety
at work, role of employees in the firm developmestcial engagement). The above
mentioned three dimensions are interconnected ladatming systems existing currently in
the Czech Republic are the result of the conditgimen by legislation and economic factors.
In our earlier work, we analysed the state andntlaén problems of the Czech agriculture.
Because the Czech agriculture is very diverse gsrde the conditions, structure and
production focus of the farms, a more detailed vismecessary when we intend to work
systematically towards its sustainability. Thereave@ome common problems identified at the
country level (Hlavéek et al., 2012, Ken and Duskov4, 2013), but each type of farming has
different results regarding its sustainability aath has its typical strengths and weaknesses.
In this paper, we would like to present the typiéaim structures and results of their
sustainability assessment mainly from the agron@nd ecological perspective.

Material and methods

Three farms of different structure in different ddions were chosen as examples of the
different cropping systems (Tab. 1). The selectbthe agronomic indicators basically from
the methods used in the Western Europe and alsloeaDepartment of Agrosystems and
Bioclimatology FA MENDELU (Ken et al., 2011) was used to perform the assessyhémg
farms. Each indicator is translated to the scal@ekirable state) to 0 (alarming state) to
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enable a comprehensive overview of the resultsaagdick identification of the week points
in farm husbandry.

Tab. 1 Basic characteristics of the farms in the atly

F1 F2 F3

Production region sugar beet potatoes mountain
Altitude (m) 262-336 550-700 305-605
Average temperature (°C) 8,2 8,2 7,6
Precipitation (mm) 520 580 760
Soil type haplic luvisol cambisol cambisol
Acreage (ha) 492 2 200 1817

- arable land (ha) 492 600 432

- grassland (ha) - 1600 1385
Cereals (% AL) 51-86 20-29 43-54
Oil seeds (% AL) 0-18 0-23 0
Row crops (% AL) 14-27 0 0-0.6
Fodder crops (% AL) 0 49-62 23-27
Number of cattle:

- with milk production - 340 200

- without milk production - 130 235
LU/ha 0 0,35 0,34

AL — arable land; LU — livestock unit

Results and discussions

Earlier analyses of the Czech agriculture have shtive following essential problems
(Hlav&iek et al., 2012, en and Duskova, 2013):

low inputs in soil and crop management for a lanet(since 1990),

the decrease in livestock population, particulanycattle after 1990, followed by lack of
farmyard manures,

a large part of the managed soil is rented, whiektabilizes agricultural enterprises, and
often leads to poor soil care,

a larger size of agricultural enterprises and famisch leads to farming “from distance”,
omitting fixed crop rotations, decrease in areagaufd preceding crops (sugar beet, potatoes,
legumes and perennial forage crops), a consideablgement of areas planted with oll
crops (rapeseed and poppy),

higher variation in yield and production of the pragrops in recent years, which is likely to
be caused by climatic changes that are pronoungdteomentioned problems {&n et al.,
2014).

In general, it is possible to say that, from thewpoint of sustainability of soil management,
economic problems are still solved at expense obraamic and social problems. At the
country level, this causes:

increase of area with low content of nutrientsKPCa and Mg) in soil and acid pH (Klement
et al., 2012),

decrease of the employment rate in agricultureraral areas (Hlaw&k et al., 2012),
unbalanced production of the agricultural commeditiwhich leads to decrease in food self-
sufficiency and negative balance of the agraniade (Hlavéek et al., 2012).
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This situation can be seen on individual farms thferent extent. But this situation can be
improved at the farm level. It is possible to idgnsome common farm types with typical

cropping systems and typical problems from theasnability viewpoint.

As the consequence of the current situation givamiy by agricultural subsidies but also

other influences, it is possible to define two mi&amm types aiming to profit from current

conditions. Large cereal and rape seed farms drsleatand without animal production and

large “range” farms on the grassland. For this pamgehave chosen one farm of the first type
and two mixed farms in different conditions (Takarid Fig. 1).

Tab. 2 Overview of the results of the farms in stug Given values represent average of
the 3-year period (2004-2006)

F1 F2 F3

Optimum calc. eval. calc. eval. calc. eval.
N balance (kg/ha) 0-50 46.54 1 43.42 1 39.17 1
P balance (kg/ha) -5-5 5.79 0.99 -0.69 1 9.00 0,95
K balance (kg/ha) -20-20 -9.39 1 2.86 1 -1.66 1
OM balance (%) -90-110  45.08 0.45  317.95 0 130.57,73 0
Crop diversity 15 0.85 0.57 1.63 1 2.29 1
Soil cover index >0,6 0.35 0.58 0.63 1 0.80 1
System productivity (GU/ha) 76.30 1 27.70 0.73 2R9. 0.80
Energy intensity (MJ/GU) <200 123.73 1 - - 285.47 .660

E N balance E N balance

Energy

) ; . ) P balance ) ' P balance
intensit /\ intensity
System . : \ System
productivity T\ iy Kbalance productivity K balance
Soil cover - Soil cover
OM balance OM balance

index N index

Crop diversity Crop diversity

F N balance

Energy

intensity //\P balance
Syst
dactvity (4 { K balance
productivity \ /
e
Soil cover’ / M balance

index

Crop diversity

Fig. 1 Overview of the results of the farms in stugd The red line represents the
sustainability threshold of the value of 0.75

Farm 1 is a very intensive arable farm in very goodditions for agricultural production with
very narrow crop structure with the purpose to gowy the most profitable cash crops. The
results show a very productive and efficient syswath the optimum nutrition of crops, good
productivity and energy efficiency. On the othenthaindicators referring to other stabilising
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parts of the agrosystem and care of future stagystem are under “red line”. This type of
farming is common in productive regions of the GRcause 78 % of the agricultural land is
not owned by farmers who manage it, it is exploitgghout a proper care in many cases, and
farming of this first type can have negative effeah soil fertility as well as on employment
rate in rural areas.

Farm 2 represents a mixed farm with diverse cropcgire in medium production conditions.
The only problem which appears from the assessiaéabd high surplus of organic matter in
the soil caused mainly by high proportion of perehfodder crops in the rotation and their
incorporation into soil. On the border of the sustble values lies the system productivity.
Unfortunately, there are no data for the energgnsity indicator. The focus on production of
this farm enables agrosystem simplification withv limtensity of the animal production (0.35
LU/ha) and a low number of employees who are ablmdnage a relatively large area (2200
ha). The number of the cash products is relatimalyow (milk, beef, oilseed rape) and their
production per hectare is low as well. The posigeenomic result is reached by receiving
subsidies (direct payments) while employing a feavkers and paying low rent for land.

Farm 3 represents a mixed farm in a hilly countihwdiverse crop structure. As organically
managed, this farm uses no mineral fertilisers, dw@, nutrient balance in nearly in optimal
values. Some under-optimal value was calculatedhferenergy use indicator, which refers
about too high consumption of energy per unit aidpiction caused by lower yields. Slightly
below the sustainability threshold is the indicabbrorganic matter balance. This farm is a
good example of a farm in hills with lower inteysiof production due to geographic
conditions in the area. However, current situagmables to combine subsidies for organic
agriculture and grassland and therefore signifipant of income comes from this source. Lot
of farms in the CR are of similar type but speskdi strictly to beef cattle on grassland. This
even improves economic situation of such farms winave minimum costs and significant
income from multiple subsidies. This results in tuerent situation when the CR has one of
the highest proportions of the organic land (c&d2ut only very limited organic production
on arable land. This again points to the simplifegtosystems which does not fulfil the
declared benefits of organic farming (higher systa&terogeneity, higher employment rate).
In all demonstrated systems, there was found sogmit heterogeneity in the results among
single fields. Usually this is in relation to thestdnce of the field to the farmyard in
combination with omitting fixed crop rotation and @regular scheme of fertilising the fields.
Therefore it is necessary to analyse the resulsssfssment also at a single field level.

Farm structures and their typical management ptedeat the above farms is the result the
farmer’s behaviour under conditions given by théesufor subsidies and by farming,
especially on rented land. The presented analgsibea first step to work with the farms.
Results of the assessment are the basis for timisgtion process where the identified week
points should be improved by changes in farm mamagé But it is important to find such
modifications of the management which are econdiyicound for the farmer and find
motivation to improve the agrosystem not only ioreammic but also in agronomic, ecological
and social indicators.

A chance for change in the above described negatereds is in more sound rules for
subsidies in the period 2014-2020, the announcedaifevhich is eagerly awaited.

Conclusions
It appears that in previous period (after CR jagnihe EU in 2004), farm management of the
large farms was strongly simplified (specialisdtl)enables good economic provision for a
relatively small group of people, mainly managefrshe large farms, but it has a negative
effect on other parts of the national economics:

decrease of soll fertility,
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decrease of the employment rate,

decreased self-sufficiency in the food production.
The methodology used for the comprehensive anabfsie farming showed how the narrow
specialisation of production of the big farms cantdbute to these negative trends.
From the presented example of different farm typds possible to conclude that highly
specified, cash crop focused farms are more likkelyneglect long-term acting measures
important for maintaining soil fertility such asstering organic matter in soil and prevention
of the soil harms. On the other hand, for the mifads with fodder crops in rotation the
efficiency of production (yield and energy integsiaind eventually proper management of
the organic matter surplus in the soil may be &lero.
The reasonable rules for subsidies in the periddl2R020 are one of the few possibilities for
change in the negative trends in development o€Cierh agriculture.
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EFFECT OF SOIL TILLAGE ON THE WEEDS
E. Lehoczky', A. Kismanyoky?, T. Németht
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“KWS Magyarorszag Kft. in Gir, Hungary

Abstract

The study was carried out in the long-term soliagié experiment in 2006-2008. The study
included different cultivation methods: no-till Bridisk tillage, conventional tillage (plowing)
and five N fertilizer rates. The weed survey waslenan the first days of June. Aerial parts of
plants — weed species and maize - were collectddhtanfresh and dry matter weights were
measured. The sample area was®1fthe highest weed cover was found in the no-till
treatment (35.5%). The weed species present inyetreatment were the following:
Amaranthus retroflexu&., Chenopodium albunk., Cirsium arvensgL.) Scop.,Ambrosia
artemisiifoliaL., Convolvulus arvensik., Echnochloa crus-gall{L.) P. B.. During the spring
weed collections the dry matter weight of weeds ewsignificantly higher in the disc
(31.1 g-rif) and no-till treatments (27.8 g4n than in the plowed treatment (14.1 ¢)nThe
dry matter weight of maize was reduced with leltage.

Keywords: soil tillage, nutrient supply, maize, weds, competition

Introduction

Cultivation systems, nutrient supply and their iattéion are important in plant production
research. Soil cultivation influences the produttief agriculture and the economics of crop
production. (Kisméanyoky et all997). Conventional farming system, in which theede
control was fully based on application of chemic#dd to the development of a specific and
hardly controllable weed flora. Improper tillageack of mechanical plant protection and
cereal production without crop rotation also cdnited to the excessive accumulation of
some weed species (Birkas et al. 1997, 1999; BiZkéH).Weeds damage plant production
both directly and indirectly. Maize is highly suptible to competition from weeds during it's
early growth period, with yield losses greater tR&f% commonly reported (Lehoczky et al.
2007, 2008, Lehoczky and Marton 2011). There asergsl differences in the cover of
weeds and in the number of the weed species dependithe fertilization system employed
(Lehoczky et al. 2014). Nitrogen fertilization afteannot increase the competitive ability of
crops to weeds; it may even reduce it dependintherweed species (AlkAmper 1976). The
objective of this study aimed to determine the aftd different cultivation methods on weed
flora in maize and their biomass production.

Materials and methods

The study was carried out in 2006-2008 in Keszthatythe soil tillage portion of a long-term
experiment that was set up on a Raman-type browestfcsoil Eutric cambiso). In this
experiment, a number of cultivation methods - todhiill, disk tillage, conventional tillage
(ploughed) — were assessed in combination with lveates (N:0, N;:120, N:180, N;:240
and N;:300 kg N hd, all plots received a blanket application of 1@0ROs ha'and 100 kg
K,O ha'. Lehoczky et al. 2009 describes detailed the éxpert. The weed survey was made
with the Balazs-Ujvarosi coenological method (Upgir 1973). The weed survey and
sampling were carried out the first days of June. Weeds were removed prior to the
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sampling date. All aboveground plant parts of evesed species from each plot were
collected from a 1 fmarea and the fresh and dry matter weights wererm@ted.
Furthermore, five maize plants were sampled pet. gktatistical data processing was
performed with two factor variance analysis by SPSSfor Windows.

Results and discussion
On average, the weed cover found in the plow catittn was lowest at 11.80% (Tab. 1).

Table 1 The cover and dominance of weed specieshe experiment, 2006-2008.

No. Weed species Weed cover (%)
Plowing Disc tillage No-till drill
1. Chenopodium alburh. 2.57 2.95 4.17
2. Amaranthus retroflexi L. 2.42 4.87 2.15
3. Elymus reper (L.) Gould 0.06 0.05 2.80
4. Setaria pumilgL.) P.B. 0.25 0.94 2.38
5. Cirsium arvenséL.) Scop. 2.12 8.88 4.90
6. Convolvulus arvensik. 0.82 0.83 2.49
7. Ambrosia artemisiolia L. 0.75 1.47 6.22
8. Lathyrus tuberost L. 0.03 0.30 0.19
9. Cynodon dachtylo(L.) Pers. 0.11 0.82 0.33
10. Digitaria sanguinali¢ (L.) Scop.  1.75 0.45 1.91
11. Bilderdykia convolvult L. 0.12 0.25 1.63
12. Echinochloa cru-galli (L.) P.B.  0.34 1.39 1.30
Total weed cover 11.80 25.60 35.50
LSDyy, 5.13

The most dominant weeds wete album A. retroflexusandC. arvensewith 60% of the total
weed cover. Seven of the 12 dominant weed speeiesnds to annual weeds. The cover of
perennial weeds was nearly 27%.

The total weed cover of the disc tillage treatmeas 25.6%, about two fold higher than in
the plow plots. Here the cover @f album, A. retroflexuandC. arvensewere the highest
proportion of total weed cover (65%J. arvensehad the highest weed cover at 8.88%, four
times higher than the plow treatment. The covepatnnial weeds was 42.5% of the total
weed cover.

The highest weed cover was found in the no-tillatiment (35.5%). In these plo.
artemisiifoliawas dominant (6.22%), with lesser cover@yarvensg4.90%) andC. album
(4.17%). The total weed cover was three fold highdhe no-till treatment than in the plow
plots. The cover of most important perennial weeds 30% of the total weed cover.

Table 2  The dry matter weight (g- rif) of weeds, 5 weeks after sowing of maize

Soil cultivation No N N> N3 P Average
Plowing 7.63 14.3 27.4 9.13 12.30 14.15
Disc tillage 2591 30.04 36.59 3537 27.89 31.16
No-till drill 27.38 33.15 22.61 28.64 23.52 27.06
Average 20.30 25.83 28.86 24.38 21.23SDs16.54
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Overall, reduced tillage depth increased the prtomorof weed cover and weed species
significantly. At the spring weed survey, the drgight of weeds in the disc and no-till

treatments were significantly higher than in thewpplots.

We also found from spring weed sampling that tHieint doses of N did not change the dry
matter weight of weeds (Tab. 2). However, as natsave, soil cultivation factors did affect

the weight of weeds. In the same period the drytanateight of maize showed a similar
tendency.

Table 3  The dry matter weight (g- rif) of maize, 5 weeks after sowing

Solil cultivation No 1 N> N3 Ny Average
Plowing 391 493 447 481 5.39 4.70
Disc tillage 2.47 4.69 4.01 4.25 4.38 3.96
No-till drill 2.92 328 354 334 345 3.30
Average 3.10 4.30 4.00 4.13 4.40LSDs, 0.54

N fertilizer increased significantly the dry matteeight of maize until N (Tab. 3). The
higher application rates of N caused no changes.

Conclusions

Cultivation method had a major impact on weeds.dVexss may also be affected by sowing
rotation and manuring systems. The results of weed research indicated that turning the
soil by plowing resulted in fewer weeds; witholiatie the most weeds.

The lowest weed cover was found on the plowed ptbts highest in the no-till treatment.
The highest numbers of weed species were annualsw@&erennial weeds were present in
significant numbers also.

The weed species present in every treatment werétlowing: Amaranthus retroflexuk.,
Chenopodium alburh., Cirsium arvenséL.) Scop.,Ambrosia artemisiifolia.., Convolvulus
arvensisL., Echnochloa crus-gall{L.) P. B.

According to our experimental results we can codelthat the minimum tillage has a favor
effect on weeds appear. In long period the accatiom of perennials is significant. The best
weed control effect had effected the plowing caltion method where the perennial and
annual weeds were attenuate.

Nitrogen fertilizer increased significantly the wdeeover. This proves that optimal nutrient
supply increases the competition ability of weedh waize.

During the spring weed collections the dry matteighit of weeds were significantly higher
in the disc (31.1 g-1) and no-till treatments (27.8 g-3n than in the plowed treatment (14.1
g-m?). The dry matter weight of maize was reduced Vefis tillage.

In this sample period the different N doses hacefiect to the dry matter weight of weeds.
The N fertilizer increased the dry matter weight mbize compared to no N fertilizer
treatment.

Acknowledgement
This publication was supported by the Hungariare®dic Research Fund (OTKA), Grant
No. K105789.

References
ALKAMPER, J. 1976: Einfluss der Verunkrautung auf die Wirkudgr Diingung.
Planzenschutz-Nachrichten. Bay28: 191-235.
BIRKAS, M., SZALAI, T., NYARAI, F., FENYVES, T., PRCZE, A.1997: Kukorica
97



CONTENT

7th International Soil Conference ISTRO Czech Bhaaditiny 2014

direktvetéses tartamkisérletek eredményei barn#aaajon.Névénytermelés16: 413-430.
BIRKAS, M., GYURICZA, CS., GECSE, M. AND PERCZE, A999. Az ismételt tarcsas
sekélyniivelés hatdsa egyes novénytermesztési tékyez barna erétalajon.

Novenytermelés18: 387-402.

BIRKAS, M.: 2001: Talajnivelés a fenntarthaté gazdalkodasban. Akaprint Kigaddlapest.

KISMANYOKY, T., HOFFMAN, S. AND TOTH, Z. 1997: Longerm effect of different soil
tillage systems on crop yield and nitrate contemt soil. Bibliotheca Fragmenta
Agronomica2B:359-362.

LEHOCZKY, E., KISMANYOKY, A., NEMETH, T. 2007: Effet of the soil tillage and N-
fertilization on the weedeness of maifzereal Research Communicatiordg (2): 725-
728.

LEHOCZKY, E., KISMANYOKY, A., NAGY, P., NEMETH T. D08: Nutrient absorbtion of
weeds in maizeCommunications in Agricultural and Applied BiologiSciences73 (4):
951-957.

LEHOCZKY, E., KISMANYOKY, A., NEMETH, T. 2009: Weddess and nutrient uptake
by weeds in relation to the soil tillageéommunication in Soil Science and Plant Analysis
40 (1-6): 871-879.

LEHOCZKY, E., KAMUTI, M., MAZSU, N., RADIMSZKY, L., SANDOR, R. 2014:
Composition, density and dominance of weeds in enatzdifferent nutrient supply levels.
Crop Production63(1): 287-290.

LEHOCZKY, E., MARTON, L. 2012: Water content andobiiass production of weeds in
maize. Crop Production, 61(1): 125-128.

UJVAROSI, M. 1973Gyomirtas.Mezégazdasagi Kiadd, Budapest.

Contact address:

Eva Lehoczky, PhD, DSc.

Institute for Soil Sciences and Agricultural Chetmyis

Centre for Agricultural Research, Hungarian Acaderhgciences
Herman O. str. 15.

1022 Budapest

Hungary

Telephone: +36-1-212-2265

e-mail: lehoczky.eva@agrar.mta.hu

98



CONTENT

7th International Soil Conference ISTRO Czech Bhaaditiny 2014

ADDRESSING THE WITHIN-FIELD SPATIAL VARIABILITY IN
CROP MANAGEMENT

V. Lukas, L. Neudert, T. Dryslova, J. Novak, J. Ken

Department of Agrosystems and Bioclimatology, Méndig@versity in Brno, Czech Republic

Abstract

A traditional soil survey for mapping the spatiariability of soil is not too useful for
purposes of precision agriculture because of th& emd labour consumption. At two
experimental fields (52.5 and 37.8 ha) in South &@ region (Czech Republic) the
efficiency of the indirect methods to assess thatigb variability of soil agrochemical
properties, measurement of soil electrical conditgtand aerial imaging, was verified. An
optimization of soil sampling was tested basedhenrésults of sensor mapping using ESAP-
RSSD software and compared with the regular samqgiids. Finally, a modification of the
interpretation of nutrient content in soil was exaea to obtain the most reliable prescription
maps for variable rate application of fertilizers.

Keywords: soil sampling, spatial heterogeneity, variablee raipplication, site specific
management, Sensors

Introduction

More than 54 % of agriculture land in the Czech URdip is managed by farms with a size of
over 1000 ha (Ministry of Agriculture, 2010) andsbd on a statistical evaluation of the Land
Parcel Information System (LPIS) over 40 % of agdlihd lies in fields with an area larger
than 20 ha. Large areas of fields with a combimatba higher variability of topographical
and geological factors result in visible heterogignef soil condition and crop yield. Site
specific management, known as precision agriculttakes into consideration the spatial
variability within fields and optimizes productianputs, thus fulfilling the objectives of
sustainable agriculture (Corwin and Plant, 2005).

Precision agriculture is based on application ohit®logies and principles to manage spatial
and temporal variability (Pierce and Nowak, 199®)e higher is the spatial variability of a
soil conditions (or crop properties), the highethis potential for precision management and
the greater its potential value. The degree ofialiffy, however, increases with higher
dynamics of temporal component. To understand dlnses and the extent of variability, there
is a requirement for an effective method of acalyamapping soil and crop parameters
(Wood et al., 2003).

Mapping of the soil variability

The conventional techniques of soil variability ey are slowly replaced by indirect
methods such as the on-the-go systems (see ovebyieddamchuk et al., 2004) or remote
sensing. These methods have more intense spatialage but are less accurate compared to
laboratory procedures (Christy, 2008). Soil eleefrconductivity (EC) has become one of the
most frequently used measurements to characteretd YVariability for application to
precision agriculture (Corwin and Lesch, 2003). Eb# electrical conductivity is influenced
by combination of physico-chemical properties idohg soluble salts, clay content and
mineralogy, soil water content, bulk density, ongamatter, and soil temperature (Corwin
and Lesch, 2005). A number of factors complicatedinect application of EC in site specific
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management, because the interpretation of EC megsires the determination of the
dominant soil factor.

Other category of sensor mapping is remote sensihgse techniques use the spectral
characteristics of soil surface to determine thélsterogeneity. Baumgardner et al. (1986)
present an overview of spectral properties of ddke the EC methods, remote sensing
cannot be used to determine specific soil propewtighout additional soil survey.

An example of soil mapping results in form of maps be seen in Figure 1. This survey has
been carried out since 2004 at two different |diesi in South Moravia region (Czech
Republic): Field Pachty (52.5 ha; 48°59’'N, 16°37¢#hernozem soil type and sandy clay
loam texture) and Field Haj (37.8 ha; 49°15'N, BEQ haplic luvisol and silt loam texture).
The results of comparison between agrochemicalgstigs of soil (obtained by soil sampling
and laboratory analysis) and sensor mapping, omgoheneasurement of soil electrical
conductivity and remote sensing, are mentionedab. T.. Maps of observed soil parameters
are shown in Fig. 1.

Tab. 1 Correlation coefficients between soil paranters and indirect methods

pH P (mg.kd) K Humus (%) Clay (%)
_ VIS cl -0.371  0.560° 0.501" -0.428 -0.506'
Fé;'dS Ea‘:hty MS_cl 0418 0653 0593 -0.547 .0.540"
®25ha)  clmsmd)  056% 0578  -0.500° 0.469" 0.433"
Temp. (°C) 0.424 0534 -0569 0.276 0.644"
_ ~VIS_cl -0.39T -0.082  -0.169 -0.470° -0.051
Fé‘;'%;'al MS_cl 0.348 0093  -0.228 -0.439" -0.068
@B78ha)  cimsm) 0057  -0258 04174 0061 0.37%
Temp. (°C) 0.044 -0.159 0.136 0.194 0.261

significance level & = 0.05; ** a = 0.01; VIS — visible spectrum; MS — multispectiaC — electrical
conductivity of soil, Temp. — surface temperatuasdd on the thermal image; _c1 —first component of
PCA

Indirect sensor methods Soil sampling

aerial visible multispectral thermal K humus clay

mSm1

»
o |
12

Field Pachty

Field Haj

uuuuuuuu

Tesese Teopss Toesee  TES o

Fig. 1 Results of soil survey by measurement of $alectrical conductivity, remote
sensing of bare soil and soil sampling.
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Measurement of soil parameters by sensor mapping maused as an ancillary method
which measures variability of a secondary soil peei@r to help to explain the variability of
the soil parameter(s) of interest (Tarr et al.,300esch (2005) proposed for the optimization
of soil samples distribution using ancillary data $patial response surfag®&RS) algorithm,
which is built into software packa@gESAP-RSSDThe principle of this method is the selection
of samples that covers a range of ancillary val@esl physically separated far apart as
possible (Minasny et al., 2007). A relationshipvietn soil parameter(s) and sensor data is
supposed for successful optimization of soil sangplising ancillary data.

Tab. 2 shows the prediction error of spatial intdgipon for soil pH value from the sampling
design with different density of sampling point&eTinitial variant was regular 50m sampling
grid, other regular and irregular sampling variawexe composed by selecting the points
from this initial grid. In the case of ESAP_1 vaiathe results of EC measurements were
used for optimization, whilst in the case of ESAPa2Zombination of digital elevation model
(DEM) and aerial image in visible spectrum as ih& principle component were used. The
OPT variant was used only in the Field Pachty Wyjestiive selection of 40 samples from the
original 50m-grid based on a EC map. Output of E&RESD is the position of sampling
points to which pH value of the nearest pointshefinitial 50m-grid was assigned.

Continuous maps were generated from points of begular and irregular grids using the
ordinary kriging (OK) and cokriging (CoK) methodsA covariate data for CoK, an EC maps
(regular grids, OPT, ESAP_1) and combination ofeéh@maging and DEM data (ESAP_2)

were used. The root means square error (Rd)SEalculated from differences between
continuous maps and initial points of 50m grid, whesen as criterion of prediction accuracy
for comparison of sampling variants.

Tab. 2 Results of comparison between regular andregular grids in both fields

S50 100 150 OPT ESAP_. ESAP .

Samples count 214 53 27 40 20 20
Field Sampling density (per ha) 4.08 1.01 051 0.76 0.38 0.38
PachtypH RMSE; OK 0.215 0.724  0.987 0.758 0.925 0.693
pH RMSE; CoK 0.112 0.586 0.838 0.625 0.894 0.691
Samples count 152 41 18 - 20 20
Field Sampling density (per ha) 4.02 1.08 0.48 - 0.53 0.53
Haj pH RMSE OK 0.248 0.387 0.579 - 0.448  0.469
pH RMSE; CoK 0.185 0.400 0.585 - 0.488 0.464

50m, 100m, 150m - square sampling grids with samgghtervals of 50 m, 100 m and 150 m

OPT - subjectively selected 40 points based on B@. Merified only in the Field Pachty

ESAP_1 - Selection of 20 points using ESAP-RSSbwsoe based on EC map

ESAP_2 - Selection of 20 points using ESAP-RSSbwsoe based on combination (first component) oiiaher
imaging and DEM data

OK, CoK — ordinary kriging, cokriging

Lower RMSE, = higher prediction accuracy

The comparison of variants of the sampling gridéhwhe interpolation method OK showed a
decreasing reliability of pH prediction in regulgrids with lower density. Irregular grids

obtained approximately the same prediction accuescyhe 100m regular grid, but with a
lower number of samples (25% reduction of sampletheé OPT variant, and 38% or 48%
reduction in optimization using the ESAP-RSST)e variant ESAP_1 in the Field Pachty is
the only exception when the RM&Evalue was at the same level as the 150m varidré. T
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cokriging interpolation brought improves of accyranly in case of regular grids with higher
density of sampling. In case of irregular grids whes increase only slight (Field Pachty) or
the accuracy was similar (Field Haj) to OK integdain.

Interpretation of soil maps for variable rate application of fertilizers

Traditionally, estimation of application rates iaskbd on nutrient uptake by crop product as
constant for a whole field and corrected by evabmabf nutrient supply in soil from soil
sampling. Soil samples are analyzed according thliste 3 methodology, which was found
as suitable for determination of P, K, Mg and CaCirech agricultural soils (Zbiral and
Nemec, 2000). Czech methodology classifies theitimrtrcontent in soil into five classes
(low, low satisfactory, good, high and very higlpntent of K, Mg and Ca is evaluated
separately according to the soil texture (lightdime and heavy soil). For each category, the
correction of normative is established to increaséecrease application rates (Klement et al.,
2012). Kilir et al. (2008) described the smoothifigoginal 5-class interpretation system of
Mehlich 3 methodology using linear fitting functiohe result is so called balance
coefficient which estimates the correction of notinedose at each value of nutrient content.
However, this concept has not been used yet foablarrate application.

Following the concept of balance coefficient (KBt al., 2008), the original 5-classes
interpretation of nutrient content in soil was sih@ol using multi-linear functions.
Additionally, within field variability of crop yied in recent years was taken into account. The
historical yield maps of various crops were semdyabhormalized as the percentage of the
whole field yield. Later all normalized raster layewere averaged to get final yield
productivity map, which represents permanent higirelower yield zones within the field.
Both interpretations were implemented into ESRIGIS as the reclassification table.

Tab. 3 List of the compared variants of soil map iterpretation

Variant Code Application Interpretation  Planned|dias
UNI-M3 uniform Mehlich 3 constant
UNI-BC uniform Bal.coef. constant
VRA-M3 variable rate application Mehlich 3 constant
VRA-BC variable rate application Bal.coef. constant
VRY-M3 variable rate application Mehlich 3 zones
VRY-BC variable rate application Bal.coef. zones

Bal.coef. — balance coefficient

To show the effect of suggested approaches on pipdication maps, six variants of
interpretation of soil maps were verified at bodperimental fields for P, K and Mg content
in soil (Tab. 3). For both fields, the winter wheeds simulated as the main crop with the
yield level 5 t.h& and nutrient uptake of 5 kg P, 20 kg K and 2.MMgper one tone of final
yield.
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Tab. 4 Estimated average nutrient dose and percenga to VRA-M3 variant (%, italic)
at experimental fields

Field | Nutrientj UNI-M3 | UNI-BC | VRA-M3 | VRA-BC | VRY-M3 | VRY-BC

kg % | kg % kg % | kg % | kg % | kg %
Pachty P 38 119 35 109 32 100 29 91| 33 103| 30 96
Pachty K 125 103 119 98 | 121 100|120 99 122 101|122 101
Pachty] Mg 12 121 10 104 10 100 9 86 | 10 97 8 84
H3j P 0O ©O 0 0O | 24 100 17 71 | 24 100 17 73
Haj K 0 0 0 O [ 104 100 79 76 | 104 100, 80 77
Ha4j Mg 0O 0,0 0| 7 100 3 44| 7 101 3 49

Tab. 4 shows the results of comparison among exaimmariants of soil map interpretation,
represented by average nutrient dose (kb.lsad percentage of the doses compared to the
VRA-M3 variant (as 100%). Implementation of balawcefficient led to decrease of average
nutrient dose compared to the interpretation useglich 3 almost at all variants - mainly at
the Field Haj where the differences in nutrienttemh were lower than at the Field Pachty.

Yield productivity

Yield zone (%)

Bl s-65

P content VRA-M3 VRA-BC

P (kg.ha-1)
o
I 2

P (kg.ha-1)
s High : 37

-

P (mg.kg-1)

81-90
91-100
Ll 0 01-1s

I 116-125
B 126 - 150

|31

.

[ 10-35
[ T3s-60
[ 61-90

B o - 130
I 131 -200

Pachty

Fig. 2 Examples of maps for both fields: P contenin soil, VRA application maps
interpreted by Mehlich 3 methodology (VRA-M3) or bdance coefficient (VRA-BC) and

map of yield productivity

The differences between uniform (UNI) and variabd¢e application (VRA) had to be
evaluated separately for both locations. At thédHrRachty uniform application had the same
or higher average dose compared to the variablecappn. On the other hand the omission
of fertilization was recommended at the Field Haj tiniform application, because of
considering the soil texture differences within fredd and masking the local extremes by
average nutrient content for whole field. The iméign of the yield productivity map (VRY)
had in most cases similar or higher doses than RA constant yield per field. Only small
differences (up to 5 % of doses) shows that chanfj¢se rates are spread over the whole

field area.
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Conclusions

The verification of sensor methods (measuremensalf electrical conductivity, aerial
multispectral and thermal imaging of bare soil)wld potential for identification of spatial
variability in soil conditions, but the complexityf factors limits a detailed estimation of
relevant soil parameters. Nevertheless sensor mgmoiuld be used to get a comprehensive
view of the spatial heterogeneity for optimizatimintraditional surveys such as soil or plant
sampling.

For variable rate application of fertilizers, a nfmation of traditional Mehlich 3 approach
into site specific crop management for variableliappon of P, K and Mg fertilizers was
verified. As the first step, an optimization of Issampling was done based on the sensor
mapping to reduce the number of samples. The sesteq was the implementation of
balance coefficient for more precise classificatodrsoil nutrient maps. The last innovation
included an estimation of within field productivityased on the historical yield maps to
improve the calculation of nutrient uptake by crofssnodel calculation of prescription maps
showed the effect of suggested modifications ondé@ease of the average application rate
compared to the uniform treatment. However, quaatibn of the benefits needs further
verification on different soil and farm conditions.
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Photo SmutnyPhacelia tanacetifolia standfter strip tillage

A

Photo Smutny: FALCON drilling machine (FARMET)
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CROPPING PRACTICES AND FUSARIUM HEAD BLIGHT
IN CEREALS
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Abstract

Fusarium head blight caused by a complexoe$ariumspecies is widespread all over the

world and ranks among most serious diseases imlser®oil tillage practices, crop rotation

and crop residue management influence the leveladd infestation and intensity of the

diseases. A high proportion of cereals in croptrma the management practices without
incorporation of crop residues and risk crop likaize increase the likelihood of ear diseases
such as head blight in both wheat and barley. Ihcemservation practices, when the soil

surface is covered with crop residues, is necessanbserve the principles of good crop

rotation. The integrated protection systems shoalttain monitoring perithecia maturity and

determining the release of ascospores with subségaBnement of estimating the term of

spike infection by the pathogen.

Keywords: Farming practices, reduced tillage systems, pleaades.

Introduction

Fusarium head blight (FHB) caused by a complekusfariumspecies is widespread all over
the world and ranks among most serious diseasesrgnls. FHB in wheat and barley is
characteristic of early dying of ears or their whihg. The disease is important especially in
more humid regions. Once the ears are infectedifgignt losses of yields caused by spikelet
sterility and insufficiently developed caryopses waell as grain contamination with
mycotoxins can be expected (Champeil et al., 200d¢re are a large number of species of
the genusFusarium involved in the development of FHB but most frequamd most
significant areF. graminearum, F. culmorum, F. avenaceanmdF. poae(Bai and Shaner,
1994; Landschoot et al., 2012). The spe&iegraminearumandF. culmorumpredominate in
the area of the Czech Repub(ianova et al., 2004). The last study indicates a ngisi
proportion ofF. poae The harmfulness of FHB consists in yield reductiut especially in
the ability of its numerous pathogens to producecatoxins. Fusarium mycotoxins can
induce serious health troubles in both people amoh fanimals. Consequently, chronic or
acute mycotoxicoses appear (indigestion, fertildgfects, etc.). The most dangerous
Fusarium mycotoxins are trichothecenes, particularly deoxalenol and nivalenol, and
zearalenones. These harmful mycotoxins in grairpevduced especially when infected by
graminearumand F. culmorum There is, however, a series of other toxins chlmseother
Fusarium species, for instance, T2 and HT2 toxins produbgd-. langsethiaeand F.
sporotrichioidegMatusSinsky et al., 2013).

A large number of fungicides against FHB in cereals registered in the Czech Republic.
Besides, preparations for biological protection aleo registered. Plant protection against
FHB, like in the other diseases, is not based amlypesticide application, but includes a
complex of preventive and agronomic treatments taat prevent to a large extent from
strong disease infection. The purpose of integrgiemtection is a consideration of all
available methods that suppress the developmehtaohful organisms. Many of indirect
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protection methods may ultimately be more effectared even cheaper than pesticide
application. This statement is valid especially dseases in which the efficacy of pesticide
treatment is not usually stable and fully effectiféis group includes FHB when some of
Fusariumspecies occur without apparent symptoms and ie gpithat grain is contaminated
with mycotoxins. There have been documented cakes westicide application increased the
mycotoxin content because the fungus, being undexia pesticide stress, produces more of
these substances. The efficacy of spraying in FldBedds on many other factors, such as
application timing when it is necessary to harmeritze spray with the infection of flowering
ears, or the presence of a certain species dFtisariumgenus that caused the disease. An
accurate diagnosis of pathogens and monitoringsioees causing infection should also be
part of integrated protection.

Materials and methods

Grain samples of winter wheat from a field expernineonducted in Ivanovice na Hané in
2011/2012 were used to assess the effect of Hadeipractices and preceding crops on the
incidence of FHB. The level of infection was deterad visually and using deoxynivalenol
(DON) analysis. Four different soil tillage systemesre used: tillage (22cm), shallow tillage
(15cm), disk chisel (10cm) and no-till. All the syss were applied after three preceding
crops: peas, alfalfa and maize.

Results and discussion

Limiting factors in the year 2012 were unfavourabieter when many winter crops did not
survive or were considerably damaged, and a lodigeperiod in March and late May, which
also adversely affected the development of cerdaitremely cold weather was recorded
during winter months, especially in the first haff February 2012 when the average daily
temperature ranged below -10 °C. Also, maximumydainperatures attacked a threshold of
-10 °C, i.e. there were several arctic days in &aty. Minimum temperatures fell in this
period to -18 °C (-18.6 °C, 13 February) and groumicimum temperatures ranged even
below -20 °C. The absence of snow cover causeddsmadle injury to winter crops. It was
hardly possible to perform objective visual assesgrof the occurrence of FHB in 2012 due
to extensive damage of ears by drought. A totatesdnof DON mycotoxin in wheat in our
experiment in 2012 was 76.490 pg'k&ignificantly higher concentration of DON was ffioli
after maize than after the two other preceding €rdjhe factor soil tillage practice did not
exhibit as strong effect on the mycotoxin contenthee preceding crop (Graph 1).
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Graph 1 Deoxynivalenol content in wheat grain aftedifferent preceding crops and soill
tillage practices (2012)

Soil tillage practices including various depthdemsity and different way of soil loosening
and plant residue management have recently undergagnificant changes due to
development and expansion of new machinery. Bottveational (disking, tillage) and
minimum tillage practices are used in cereal growikxpected benefits of minimum
practices is the increase in economic effectiverméggrowing and under certain conditions
also maintaining and enhancing soil fertility aral frosion protection. Minimum tillage
practices may involve differently relevant riskgpdading on growing conditions (Dill-Macky
and Jones, 2000). In cereals it is especially toeiwence of diseases. It is desirable to choose
among varieties those possessing a certain levehefresistance to diseases and being
recommended for individual growing regions. Whesadistance to FHB is of a polygenic
character and has various components. It can beeiigance to pathogen invasion (referred
to as resistance type I), resistance to spreadi@dungus in ear (type IlI) and resistance to
mycotoxin accumulation in grain (type lll). Thoutdjmere are differences in FHB infection
among varieties, none with satisfactory resistaaee available so far (Mesterhazy et al.,
2005).

A significant factor in FHB infection is precedirggop (Edwards, 2004). Cereals are not
considered good preceding crops because they adgrawil properties and increase a risk of
weed infestation and incidence of fungal diseasebs @ests for which postharvest residues
provide a good substrate. The inappropriate pragectiop for both wheat and barley is maize
that increases a risk of FHB infection, which w&aonfirmed in our experiments. One of
main sources of inoculum for fungi of the gerfussarium causing FHB, are postharvest
residues of host plants (Vogelgsang et al., 20Ad)important role in ear infection is played
by both asexually formed macroconidia and ascospmieased from perithecia. Inoculum
production is highly dependent on climatic factoespecially on rainfall frequency and
temperature. There are two significant periods #ratcrucial for the development of FHB.
The first period from early spring until just bedoanthesis of cereals is important for the
production and expansion of asexual macroconidia.second, much shorter period is during
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plant anthesis. This period is important for eafection by ascospores released from
perithecia. Sufficient humidity and higher temparas are significant favouring factors in the
two mentioned periods.

The time necessary for the development and mabwraif perithecia depends on weather
conditions. Mature ascospores release mostly ediar Part of integrated protection should
be also monitoring the occurrence of diseases asthpand in this case it is easy to observe
the level of maturity of perithecia and ascospooes postharvest residues. Under our
conditions, this monitoring begins usually in tleeend half of May. Perithecia visible to the
naked eye are taken from postharvest residuesdgtance, of maize. The perithecia are dark
violet and look like black. These are then placedar a microscope and squashed with a
cover slip. The mature ascospores release peutlaeci can cause infection of the ears.

Conclusions

In conclusion, our one-year experiments showed tiwattested soil tillage practices were
rather a complementary factor considering theirdotpn FHB incidence. A stronger effect
was observed in the preceding crop when maizefgigntly increased DON content. As we
know from long-term observations, the most impdrtate in FHB infection is played by the
year. Seasonal variability in FHB occurrence isedatned mostly by the course of climatic
factors, especially in the period of anthesis, &gt during the formation of perithecia on
postharvest residues. In each case, the intenSijH8 infection in cereals is a result of
interplay of a series of factors. Though we areatwe to influence some of them, there are
preventive measures that can considerably redutek aof infection and contamination of
harvested grain with mycotoxins. The principal meas, as described above, are a choice of
variety, crop rotation and postharvest residue mament.
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THE EVALUATION OF SOIL COMPACTION PARAMETERS IN THE
FIELD TRIAL WITH DIFFERENT SOIL TILLAGE

L. Neudert, V. Smutny, V. Lukas

Mendel University in Brno, Czech Republic

Abstract

Soil compaction is a serious cause of many sitesgoificant deterioration of the fertility and
productive capacity of soils. The paper summarthesresults of measurement of resistance
to penetration of the soil in the field trial AGRDIn Zalgice in the spring 2012. It was
evaluated the course resistance to penetratidreisdil profile. It was determined Cone index
(CI). The graphical evaluation was determined 1PEeak Code Index)- the first maximum
value resistance to penetration is higher than 2ZaMRd 2PCI (second maximum value
resistance to penetration is higher than 2 MPa)ds determined soil depth, in which
penetrometer resistance for the first time exceedeMPa. The first maximum value
resistance to penetration of the soil (1PCI) cardissidered an attribute of soil compaction.
The technology of the soil tillage without plouggishowed worse characteristics of soil
compaction.

Keywords: soil compaction, crop rotation, Cone index

Introduction

Soil compaction is a process that occurs duringngsive farming. In many places, the
compaction of soils serious cause significant datation of soil fertility and soil production
capabilities, limits the full genetic potential wdirieties and reduce the effectiveness of inputs
in the production process of crops. Penetrometsisteace indicates the degree of soil
compaction. It is the soil resistance against teefration of the cone penetrometer into the
soil. High compaction adversely affects plant gtowahd is so a criterion when selecting the
method of soil tillage.

Material and methods

The evaluation of agro-technical measures on tilecempaction parameters was compared
in the field trial AGRO 2 in the maize productioagion on the School Farm of Mendel
University Brno (Zabice). The experiment AGRO 2 is established sinc®320The
experiment site was on gleyic fluvisol (FMG). Inmtes grain size composition of the soil is
heavy to very heavy.

The study is focused on comparison of soil compagtiarameters in the different soil tillage
systems to different plant. The experiment AGR@R loe characterized as a crop rotation for
the management system with animal husbandry (aivsis harvested, to silage maize and
sugar beat is fertilized with manure) with the daling variants:

- Soll tillage — I. Ploughing, Il. Loosening; IDirect sowing

- Crop rotation — 1. alfalfalyear, 2. alfalfa ¥ year, 3. winter wheat, 4. silage maize,
5. winter wheat, 6. sugar beet, 7. spring barley.

Measurements were made in spring 2012. It was baed cone penetrometer with digital
recorder Penetrologger from the firm Eijkelkamp.eTéquipment conforms to the ASAE
(American Society of Agricultural Engineers) S3181%99a). For the actual measurement
was chosen diameter of 1 §n60 °. Speed of penetration into the soil wass& cm.§-. In
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each variant the field experiment was performedeasurements of penetration. During the
measurements were recorded using a soil moistoteepwhich is a part of Penetrologger.
The evaluation of the measured data corresponttgetetandard ASAE EP 542 (1999b). For
evaluation software was used PenetroViewer ver.IBWwas evaluated the course resistance
to penetration in the soil profile. Was determirt@she Index (Cl). This is the average value
of the measured data with a depth of 0.01 m, 0.150@#5 m, 0.30 m. The graphical
evaluation was determined 1PCI - (Peak Code Indexjie first maximum value resistance
to penetration is higher than 2 MPa and 2PCIl secorakimum value resistance to
penetration is higher than 2 MPa. It was determised depth, in which penetrometer
resistance for the first time exceeded 2 MPa.

Results and discussions

Measurements of penetrometer resistance recordeaabg penetrometer for each variant
showed a different course of soil penetrometerstasce in different methods of stand
establishment of individual crops in the crop notatin experiment AGRO2. Penetrometer
resistance increases with increasing depth. Theevaf soil penetrometer resistance that
restricts root growth, according to ASAE EP542 @I9Pdetermined the level of 2 MPa.
Lhotsky (2000) determined a limit value for heawyl sompaction in the interval from 3.3 to
3.7 MPa. For compacted layer of soil is usuallystdered when the value of penetrometer
resistance rises sharply and then falls again. firee maximum value penetrometer soil
resistivity (LPCI) can be considered as an atteilmitsoil compaction. The second maximum
compaction (2PCI) usually arises in a natural weey firessure of the overlying soil layers or
technology as a remnant of deeper soil tillagenftbe measured values is not clearly seen
that for some crops occurred above described efises sharp and falls penetrometer
resistance of soil. The course penetrometer resistaxhibits a rather slow increase with
depth, however, the differences between the varisoit tillage. For most crops, it is seen that
the minimum soil tillage technology and technologithout tillage showed higher soil
penetrometer resistance against variants with plogg this conclusion is confirmed by the
values Cone index (Cl) shown in Table 1 and Graph 1

Graph 1 Cone index in field experiment AGRO 2
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The measurement of penetrometer resistance ofatti@nt tillage in spring barley after sugar
beet has the characteristics of compacted soil. ridgative effects of this bad state were
exacerbated by adverse weather in 2012. The cdubes anfavourable situation can be seen
in the negative impacts use of improper harvestiaghines (1 row harvester), when the soil
is more burdened crossings relatively heavy machiaed date of entry harvesting machines
for harvesting sugar beets to the field.

Comparison of different attributes of soil compantat different tillage for each crop of crop
rotation AGRO 2 shows in Table 1. The data in #i#e shows that the minimum soil tillage
without ploughing had lower soil compaction chagaistics (see Table 1) evaluated by using
the CI. The table also shows that minimum soiagi# technology showed higher values of
moisture of the soil. This confirms the advantagenmimum soil tillage technology in the
form of better water management.

Conclusions

Presented results showed differences among pattisariants of soil tillage systems and
among crops, as well. Soil compaction is the restilinsuitable soil tillage and usage of
inappropriate machines and tools. Improper chofdere-crop harvest (especially when soil
is wet) plays also important role in this relati?owadays, there are efficient possibilities
how to eliminate soil compaction. Deeper loosemiitfpout soil inverting could be a solution
for it.
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ASSESSMENT OF SOIL VARIABILITY BASED
ON THE SATELLITE IMAGERY

J. Novak, V. Lukas, J. Kfen

Mendel University in Brno, Czech Republic

Abstract

The aim of this paper is to compare two sets ofotensensing data, acquired between 2012
and 2013, for assessing the variability of arahted| Data are capturing the South Moravien
Region with a total area of 1100 kiny RapidEye (2012) and Landsat 8 (2013) satellss
the other input data, field boundaries from goveentrdatabase iLPIS were used to identify
the blocks of arable landThe first step was a selection of arable landughopolygons from
the iLPIS and identification of bare soil by cakibn of normalized differential vegetation
index (NDVI) from spectral data. An image classifion was performed on these grounds in
order to create class of information describinggpectrum of surfaces forming the bare soils.
Comparison of both satellite datasets proved diffee between the images. Landsat 8 data
showed higher error, probably due to the loweriapegsolution of data (30 m per pixel). In
this case Rapid Eye imagery offers higher spagisblution (5 m per pixel), which seems to
be more suitable for identification of soil hetezogity, especially in smaller fields.

Keywords: remote sensingRapidEye, Landsat 8, NDVI, soil heterogeneitggefficient of
variation

Introduction

The level of heterogenity of site conditions deteed by direct or indirect methods of
mapping is crucial information for implementatiohpwecision farming technologies into the
farm enterprise. Methods of indirect mapping carsented in this case by remote sensing
(RS), be subject to the appropriate data basichadper indicator of this variability.

In the field of precision agriculture, remote segs(RS) is special, very powerful way to
mapping soil variability performed by air or Saitelicarriers of sensor§he spectral behavior
of soil is described by Lillesand et al. (2008).eyhndicates the soil properties that affect
reflectivity, such as organic matter content, sedisture , grit and soil structure or presence
of iron oxides.

According to Ben- Dor et al. (2009), a remote sep$s an important part of soil survey and
aerial photography is one of the basic tools thatugsed in soil mapping. Brooke et al. (2010)
concluded that satellite images, in this case Ramdimagery, can be a good data for
estimation of soil heterogeneity. Assessment ofabdity can be performed by the statistical
measure of variability. These include variance,iateim range, standard deviation and
coefficient of variation. The rate of soil variabyjlis expressed in this paper by the coefficient
of variation (G). It is mentioned by Bdivka (2001), who discloses the use gfiCthe study

of hydraulic conductivity, porosity and pH. Anothexample can be found in paper by
Wollenhaupt et al. (1997), which shows for available P, available K, organic matter and
other factors ensuring higher yield.

The aim of this paper is to compare two sets ofotensensing data, acquired between 2012
and 2013, for assessing the variability of barélarkand
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Material and methods

The first entry were 4 frames from March, April aBdptember 2012 acquired by RapidEye
Satellite. Second part of imagery was completedLagdsat 8 images immediately after
Landsat mission launching in April and Septembef30Both sets of data captured
approximately the same area (1100 km2) of the Sdidhavian region (Czech Republic).
More than 90% of agricultural land in the regiomere agricultural subsidies are provided an
arable land, is not in time of the above mentiopedods covered by vegetatioft this time
there was an assumption of the largest area ofdmdlrbefore the start of the growing season
(March and April) and after harvest (September)i®&ye images have a spatial resolution
of 6.5 m radiometric and geometric correctionsh® fundamental bands of the VIS, NIR and
Red Edge. Data were purchased as the Level 1B grodhich needs to be geometrically
processed. The orthorectification was processedligyal elevation model from ASTER
satellite and subsequently new bitmap mosaics werated in the Arc GIS 10landsat 8
data were downloaded from the U.S. Geological Suvwebsite as the free product geometric
and radiometric corrected. It consists of elevands with a resolution of 15-100 m / pixel.
For each dataset the normalized difference vegetatidex (NDVI) index (Rouse et al.,
1974) was calculated using a Rastafculator and set a limit for arable land basedhen
grand observation in combination with polygon lafrem iLPIS it allowed to identify fields
with arable land and bare soil at the same time. OIS is a geographic information system
for the registration of usage of agricultural landhe Czech Republic, for which are given
European and national subsidies to farmers. It dogsherefore, include all arable land area.
This approach of data selection (combination oérivdls of arable land and polygons with
arable land) considerably reduced the area whidlg tepresents the arable land. Therefore,
the blocks of bare arable land with the numberixélp greater than or equal to 50 % of the
original number of bare soil” pixels selected byadimom the system iLPIS were added to
classification. Areas of pixels that met the spedifconditions, were subsequently converted
into polygons and if their area was greater thabr3f) they entered as a training area into the
process of supervised classification of all thenesan ERDAS IMAGINE 2013.To determine
the coefficient of variation and descriptive st a tool called Zonal statistic was used.
Areas of bare soil were divided into three groupsoading to the variation coefficiefise
Tab. 1)

Tab 1:The clue for the classification of land accating to the coefficient of variation

The value oiCv Soil variability Variability in Statistic
0-49% slightly variable soil Slightly sparsedata set
50 - 100 % variablesoil Strongly scatteredata set
More then 100% highly variablesoil extremelysparsealata set

Results and discussions

The coefficient of variation obtained from Landdata has left positively skewed distribution

with an excess of small values (Fig. 1). This isfcned by a higher average than the median
and is also positively skewed. Higher value of maxin is probably the result of errors and

hangs lower resolution data. Also, a higher stashdawiation indicates higher variability data

from LANDSAT 8 exact opposite is then the Rapidlgta. Here is the skewness negative
and the median value is higher than average. Tdis skt is therefore right hand negatively
skewed and distributed with excess higher valuespddsion of the data is lower than the

data Landsat 8. Negative kurtosis values and hatogaptured in the picture also show a
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flatter distribution of data. From the perspectbfehe proposed classification seems to more
variable soil sensed by satellite RapidEye andappens probably because of the higher
resolution that better captures changes in the to@u block.
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Fig. 1: Histograms of G, created from data-driven classification of RapidEg (left) and
Landsat 8 (right)

Fig. 2 shows a map with the resulting output valiglderived from Rapid Eye data. Most of
notably, it seems at first glance the western sidie region overlapping the Highlands, in
which is concentrated the largest percentage oablar soil. Rather then, it is a land with a
smaller than average specific occupation of tha.gBemilar interpretation is valid for eastern
part of the country and in adjacent areas of thie #Egion too. The central part of the region
is an area of slightly variable soil with occasiboecurrence of variable land. The occurrence
of variable soil is lower than in the western part.
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Fig. 1 - Levels of variability for south moravienregion in 2012
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Conclusions

Both data sets can certainly be used as a prewethet variability of soil; however, data
Rapid eye seem to be more suitable due to theinehigpatial resolution. Their main
disadvantage is the cost and the necessity torpeegsing of data sets at this level of quality.
Data of Landsat 8 data are free available, but tlo& resolution can distort the possible
variability, especially  on land with  an area lesshant 10 ha.
Selected process of variability evaluation andsifecstion into three grades are only the first
steps in creating of a relevant information soufé@. more detailed description of spatial
variability of soil parameters and their effects the crop management, more specific soll
survey is needed.
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ELEMENTS CONTENT AND ITS RELATIONSHIP TO DIFFERENT
CARBON FORMS IN SOIL

Pospisilova, L', Habova, M, Drapelova, 12, Formanek, P?

Mendel University in Brno, Department of Agrochemjs Soil Science, Microbiology and
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Abstract

Elements content in relationship to labile and Istalarbon forms was studied during the period 2008
— 2012. Object of our study wasaplic Chernozermand Haplic Cambisal Humic and fulvic acids
were considered to be stable (=recalcitrant) forofissoil carbon. Labile carbon forms were
represented by water extractable carbon and marelrbon. Basic soil properties and humic acids
isolation were determined using standard methodacrty elements bound to humic acids were
determined using energy-dispersive X-ray spectipgacd/ater extractable carbon was determined by
analyserShimadzu TOC-VCSH with C{detection in infrared spectral region. Microbiallmon was
measured using fumigation-extraction meth&gsults showed that humic acids are able to bind
various elements depending on their speciationcandentration in soil.

Key words: macro elementistable (recalcitrant) and labile carbon forms

Introduction

Soil organic carbon may occur in soluble form {(f@gling carbon pool) and insoluble form
(slow cycling carbon pool). The identification addaracterization of both of them is largely
based on stability of carbon pools in the environtnkelowever, it is not well understood yet
to which extend the biodegradability effects trabsity of ecosystems. Labile carbon forms
are represented by water extractable carbon andtobmét carbon. Stable carbon form are
mainly humic substances (humic acids, fulvic a@dd humins). Humic acids, an important
component of humic substances, possess a highlplegnand refractory character. They
have capacity for diverse chemical and physicarattions in the environment and directly
influence transport of pollutants and nutrient bmability (Hayes & Malcolm, 2002,
Madronova et. al., 2011). Humic acids mainly cansishydroxyphenols, hydroxybenzoic
acids, and others aromatic structures with linkegtides, amino compounds, and fatty acids
(Grandy & Neff, 2008). Association among dissolvedmic acids, heavy metals and
hydrophobic organic compounds is studied by mednsew approaches such as infrared
spectroscopy and X-ray spectroscopy. Energy dismers—ray spectroscopy (EDXS) is
capable to identify elements situ that are actually present under electron probdofMet
al., 2002).

The aim of our work was to determine nutrient capteotal carbon content, water extractable
carbon and microbial carbon, humic substances padmmtent. Non-destructive energy-
dispersive X-ray spectroscopy was used for humatsamples determination.

Material and methods

Nutrient content in mineral soil samples was deieech using Mehlich Ill. Energy-dispersive

X-ray spectroscopy was used to determine elememtiect in isolated humic acids samples.
Energy-dispersive X-ray spectrofluorimeter XEPOSswesed. Humic acids were isolated
from Haplic Chernozenglocality HruSovany nad JeviSovkou) aRéplic Cambisol(locality
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Vatin). Standard IHSS extraction method was applieakpiSilova et al. 2008; PospiSilova
and Tes#ova, 2009). Humic acids samples were purified,ydied and lyophilised at -50°C.
Elemental analysis of HA was performed with PE2AMNS/O. Total carbon and nitrogen
content in soil samples was determined using LEQQOsfgec. Water extractable carbon
content was determined by analy&#rimadzu TOC-VCSH with COdetection in infrared
spectral regionCarbon of soil microbial biomass was determinedfloyigation-extraction
method according to Vance et al. (1987).

Results and discussion

Studied soils varied widely in pH, CEC (cation excbe capacity), nutrient content, total
organic carbon and nitrogen content, HS contentemextractable content and microbial
carbon content. Correlation between carbon formascro elements content, and CEC was
studied. Obtained results showed that with increptatal organic carbon content the content
all carbon forms in soils increased — see Tab. dncéntration of basic macro element
correlated with total organic carbon content anthwation exchange capacity. Humic acids
isolated from studied soils varied in elemental position. Humic acids isolated frolaplic
Chernozentontained more carbon (38.6 %) and nitrogen (3.28d less hydrogen (37.9 %).
HA isolated fromHaplic Cambisolcontained less carbon (36 %) and nitrogen (2.4 &) a
more hydrogen (41.7 %) in their molecule. Simiksults for carbon, nitrogen, hydrogen, and
oxygen content in HA isolated fror@ambisolsand HA isolated fromChernozemswvere
published by Fujitake et al. (1999) and Ba&ikaova et al. (2002). EDX-ray spectroscopy of
HA samples indicated the presencefRa, Cu, Zn, Ti, Ca, K, S, P, Si, Cl and iBr HA
molecule — see Fig. 1 and 2. Energy-dispersive yXgpectra had similar character and
elements content in HA molecule was comparableoth btudied humic acids samples.

Conclusion

Humic acids elemental composition showed wide warief elements occurred in HA
molecule. We would like to give the evidence thamic acids play an important role not only
in soil fertility but they also affect agricultur@cosystems. Binding of trace elements is
important for plants and microorganisms and documéine diverse chemical interaction
between HA and mineral soil components.
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Tab. 1. Correlation between carbon forms, cation echange capacity and nutrient

content
Corg CHS Cwe Cmic K Mg P Ca CEC
(%) (%) (%) mg/g | (mg/kg)| (mg/kg)| (mg/kg)| (mg/kg)| cmol/kg

Corg (%) 1

CHS (%) | 0,46908 1

Cwe (%) 0,70097 -0,0191 1

Cmic mg/g | 0,2992 0,34638 0,23736 1

K (mg/kg) 0,2638 -0,0707] -0,2289 -0,1677 1

Mg (mg/kg)| 0,2448 -0,0897 -0,0915 -0,2772 0,2877 1

P (mg/kg) | 0,1997 -0,0417 -0,0179 -0,1986 0,3452 0,98517 1

Ca (mg/kg) | 0,2161 -0,047| -0,1862 -0,1123 0,3862 0,86173 0,80608 1

CEC

cmol/kg 0,23169 0,54964 0,00532 0,32726 0,2380| 0,3033 0,2441 0,303 1

(n=112,a = 0.05, ki = 0.195, Corg = Organic carbon, CHL = Carbonuhit substances, Cwe =
Water extractable carbon, Cmic = Microbial carb@&C = Cation Exchange Capacity)
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Fig. 1. EDXS spectra of humic acids isolated frorklaplic Chernozem
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Fig. 2. EDXS spectra of humic acids isolated from &plic Cambisol
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DISTRIBUTION OF VERTICAL STRESS
AT THE SOIL-TYRE INTERFACE
R. Prazar, K. Kubin®, I. Gerndtov&', O. Syrovy}, V. Podpsra®

'Research Institute of Agricultural Engineeringr.p., Czech Republic
Czech University of Life Sciences Prague, CzechuRbp

Abstract

The stress at the tyre-soil interface is the uggmemdary condition in soil stress prediction
models. Hence, there is a need to find relatiorssbgtween vehicle parameters and contact
stress and to study the effect of contact strestsilglition on stress propagation. The aim of
the measurements was to determine the effect efddithe tyre contact area and the effect of
the number of passes on soil compaction duringhdrarvest and transport. The effect of the
use of road and flotation tyres was evaluated baseithe measured parameters, which were
penetration, resistance, porosity and measuremiesbib compaction of the upper layer
profile under specific soil conditions. The sanmeek was crossed repeatedly to determine the
effect of multiple passes on soil compaction.

Keywords: inflation pressure, soil-tyre interface, tyre, smimpaction,

Introduction

During recent decades, tyres used in agricultuve lcantinuously increased in size. There is
a general expectation that tyres with larger canpatches will reduce the stress applied to
soil compared to smaller tyres. However, it iskatg that quantitative data is very scarce. We
know that the distribution of vertical stressegshas soil-tyre interface may be highly non-
uniform [1]. It is also well documented that stessn the tyre-soil contact area generally
increase with inflation pressure [2]. However, tor &anowledge no systematic comparisons
between tyres of different type, diameter and wid#tve been performed with respect to
stresses at the soil-tyre interface. Furthermdre,féw studies on stress distribution in the
contact area have reported their results in a eempirical way, which makes it difficult to
draw general conclusions on the effects of wheatl Janflation pressure, tyre characteristics
and soil conditions. Géenko and Prikner carried out tests using severaktio see how the
size of the contact area related to compactiondmtermined the “CC factor”, or compaction
capacity, representing the amount of soil compaat@used by the tyre. An important aspect
of the CC factor is that it is a precise laboratoon-contact measurement of pressure in the
soil under the tyre [3]. The goal of their reseanas to establish a relationship between soll
compaction created by a laboratory pressure pladeby a real wheel. The CC factor was
thus developed to quantify the risks associatett witil compaction, which is useful when
making decisions about the maximum tyre dimensfon®ff-road vehicles. CC is based on
the relationship between the efficiency of soil gattion by a tyre and by a pressure plate.
Keller [4] suggested mathematical equations thatdcdescribe the stress distribution across
the contact area. In a previous study, we mod#died combined these expressions to obtain a
mathematical model (named FRIDA). The model fittemdl to measured data for the soil-tyre
contact area as well as for the measured streg#bdion for two tyres tested at different
inflation pressures [5]. The model yields quantr@ainformation on the stress distribution in
the driving direction as well as in the directioerpendicular to the driving direction (across
the wheel). In this study, we measured stressestheasoil-tyre interface for five different
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tyres typically used on towed agricultural trailevge performed the tests at two wheel loads
and used the rated inflation pressures.

Material and methods

For measurement we chose a tractor with trailexcigipally a John Deere 7720 tractor with a
Mega 20 trailer (made by ZDT Nové Veseli). Thel¢trahad tandem axles and was filled with
rapeseed for the entire duration of the measureniefore the actual measurements, the
tractor trailer set (John Deere 7720 with Megarader) was weighed on a HAENNI wheel
load scale. The total weight of the tractor anddravas 32.6 tons (weight of the load was
15.6 tons). The tractor had the same tyres foetitge duration of the measurement (on the
front axle - MITAS RD-02 Radial Drive, 480/70 R 30ith an inflation pressure of 190 kPa,
on the back axle FIRESTONE MAXI TRACTION 620/70 Rdi&h an inflation pressure of
150 kPa). Then, the footprints of both tyres wedeen (Fig. 1). From the measured weight
per wheel and the tyre tread print, the averagicdarface pressure on a soft surface was
calculated according t& SN 30 0523.

RO, &g
Fig. 1 Comparison of the tread print of MITAS TRACTION TR-08, 550/60 — 22.5
flotation tyres (blue colour) and BARUM BT 41 ROAD TRAILER, 445/65 R 22-5 road

tyres (yellow colour) under the same load on a hargdurface at an inflation pressure of
120 kPa for the tractor trailer set (John Deere 77@Q tractor with Mega 20 trailer)

The actual measurement of soil compaction tookeptaca stubble field following the harvest
of winter rapeseed and for the duration of the mesaments the trailer was filled with
rapeseed. The MEGA 20 trailer was fitted with ftaia tyres (MITAS TRACTION TR-08,
550/60 — 22.5) at the manufacturer recommendedtiofi pressure for the given load (350
kPa). Before the actual measurement, soil sampdes wollected to determine porosity of the
designated parcel (3 samples at three depths @r e@asurement variant), as well as soill
samples to determine soil moisture. Penetratioisteexe was measured and a wire profiler
was used to determine the transverse profile dfsdihree places before the pass. The tractor
and trailer then passed over the measured sedtotlesignated places, samples were once
again collected, soil resistance measured by atmeneter, and the soil profile measured
after the first pass over the section. The tratimter set passed over the section a total of
three times. After each pass, the aforementionednpeters were measured. Then the
flotation tyres on the trailer were removed andlaepd with road tyres (BARUM BT 41
ROAD TRAILER, 445/65 R 22-5, with an inflation psese of 750 kPa). The measurements
were carried out again on measurement sectiontharsame order as with the flotation tyres.
For the entire duration of measurement, the tradtdorthe same tyres with the same inflation
pressure. The road and flotation tyres on theetraivere inflated to the manufacturer
recommended pressure for the given load.
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Results and discussions

The mean static surface pressure of tyres on asadice was low for the tractor tyres and
was 1.27 kg/crhfor the front wheels and 1.38 kg/€rfor the rear wheels. For the loaded
MEGA 20 trailer fitted with road tyres, the averagean static surface pressure was 7.2
kg/cnf. When flotation tyres were used, this pressur@pied on average by 41 %. This fact
was confirmed by assessment of measured datapilgaenetrometer resistance, soil samples
to determine porosity collected at three depthd,dranges in the profile of upper soil levels.
The beneficial effect of flotation tyres was alges during repeated passes, as evident in Fig.
2. The porosity of the soil before the first passsvgimilar in both variants and was 45 % at
the first depth. The first pass of the tractor &madgler with flotation tyres reduced porosity to
43 %, after the second pass porosity dropped & 3@hile after the next pass it dropped to
34 %. For the road tyre variant, the drop in pdyosias already marked after the first pass,
when it dropped to 33 %.

Road
3rd pass 2nd pass 1st pass

Flotation
3rd pass 2ndpass 1stpass
——

B
£
£
o
@
(=]

250

Porosity [%]

300
25,00 30,00 35,00 40,00 45,00 50,00
Bulk density [g/em?]

1,91 1,79 1,66 1,53

Fig. 2 Effect of number of passes on change in paity and density of soil at individual
depths for a John Deere 7720 tractor and Mega 20diler using road and flotation tyres

The advantageous effect of flotation tyres on caripa was also clear from the
penetrometer resistance of the soil. The averagetpmmeter resistance of the soil was higher
for road tyres than for flotation tyres. The sasbistance before any passes at a depth of 40
mm was 0.4 MPa, which increased after individuasea. For road tyres the soil resistance
after three passes of the equipment increaseddt®Pa while for flotation tyres the value
was roughly 25 % less.

Assessment of data from the wire profiler in Figsi®wed the greatest compaction of the
topsoil after the first pass, both for flotationdaroad tyres. For road tyres this compaction
was an average of 4.1 cm, during the second pabe afehicles compaction increased to 5.2
cm, while after the last pass it increased to m9eor flotation tyres the compaction was less
severe compared to road tyres.

Additionally, the collected soil samples were usednalyze granularity according @SN 46
5302. This analysis showed the soil in questioheaonoderately heavy sandy loam soil. Soil
moisture was also monitored during the measurewfeindividual sections. This is given by
the momentary water content in the soil. The upgger of soil at a depth of 0 - 50 mm was
dry to moist with a water content ranging from B1% to 18.22 % hm. At a depth of 100 -
150 mm the soil was dry with a water content 0621% to 14.54 % hm., at a depth of 200 -
250 mm it was also dry with a water content of 8G®12.93 % hm.
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Fig. 3 Influence of the number of passes of a JoHdeere 7720 tractor and Mega 20
trailer using road and flotation tyres on the averge compaction of topsoil measured by
a wire profiler

Conclusions

All three measured parameters demonstrated the fagorirable effects of using flotation
tyres instead of road tyres. In practice, it iggj@ommon that flotation tyres are replaced with
cheaper road tyres with a more durable construcMeasurement has shown the magnitude
of the difference between the two when drivinghe field. A wire profiler has verified that
when flotation tyres are correctly inflated for theen load, stress distribution is constant
across the contact area.
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Abstract

Production capabilities of stubble catch crops #mar effect on yields of subsequent spring
barley were monitored. Field experiment was coretlcn clay loamy flovisol in the years
2006 - 2013 in maize growing region. The experimealuded 10 kinds of catch crops. The
catch crops stands were established in two pe(iotsediately after harvest of winter wheat
as forecrop and in mid-September). After catch rggring barley was grown with fertilizer
and without nitrogen fertilizers. The best prodostcapabilities showed cruciferous species
of catch crops and tancy phacelia. The early sowiags an important role. The negative
relationship was showed between the yield of catdps and the yield of spring barley by
missing nitrogen fertilizing. Negative effect ofghier yield of catch crops biomass was
eliminated by nitrogen fertilization.

Keywords: stubble catch crops, spring barely, yield

Introduction

Growing of catch crops is an important part of fengnsystems. The widest represented are
stubble catch crops. Their expansion is influenoedhly by the favorable soil environment,
relatively low cost of cultivation, subsides suppander agri-environmental measures, their
application in soil conservation tillage technoksgyiand stand establishment on soils
vulnerable to erosion (Prochazkova et al., 200hdda , 2006, Haberle et al., 2009, Hermuth
and Vach, 2008, #la, Prochazkova, et al., 2008, Vach et al., 2009).

The aim of the research was to evaluate the pramucapability of selected species of
stubble catch crops grown in corn production ared #heir effect on the yield of after
growing spring barley.

Material and methods

Field experiment was conducted in the years 200613 in corn production area on clay-
loam gleyic fluvisol. In the experiment there weirged ten stubble catch crops. Catch crops
stands were established after the harvest of wwtegat in two terms. In the first term
(immediately after forecrop harvest) were sowncallich crops. In the second term (mid-
September) were sown six selected species. Catipls erere left on the field till spring. After
forecrops spring barley was grown without nitrogéartilization and since 2010 in
combination with N fertilization (60 kg N.Hand without N fertilization. Spring barley was
sown directly into catch crops residues. Standabhah cropSecale cereal@ar. multicaule
was desiccated by non-selective herbicide in thiegp
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Results and discussions

The results of monitoring are in the following tadl From the point of yield certainty under
the given conditions was shown as the most suitgdae/ing of cruciferous species of catch
crops and tancy phacelidhe success of other studied species was morendepe on
weather conditions. Important is early sowing. bse& of late sowing catch crops emerge
slowly and before winter they do not create endoigmass. Success of catch crops generally
depends on their quick and regular emerge, quitlkaligrowth and creation of sufficient
biomass.

Also was observed decreasing of spring barley gigicbwn after catch crops with higher
amount of biomass (cruciferous species of catclpscrand tancy phacelia in I. term of
sowing)without nitrogen fertilizing.

In case of nitrogen application increased yieldsming barley grown after both catch crops
sowing terms (strongly after I. term). Nitrogentilezation recovered negative influence
of higher amount of catch crops biomass on follgspring barley.

Tab. 1 Fresh matter and dry matter yields of catchcrops (t ha) in I. and Il. term of
sowing average for the period 2006 — 2013

Catch crops fresh mass dry mass
l. term of sowing
Sinapis alba— Veronika (varieties) 11.63 1.96
Sinapis alba- Severka 11.35 1.82
Sinapis alba- Ascot 11.37 1.98
Raphanus sativus v. oleiferalkarus 16.23 2.10
Phacelia tanacetifolia- Vétrovska 13.61 1.79
Phacelia tanacetifolia Angelia 15.43 2.19
Fagopyrum esculentum Pyra 3.61 1.23
Secale cereale v. multicaule Lesan 3.18 0.71
Panicum miliaceum - Hanacké mana 2.20 0.53
Crambe abyssinica Borowska 13.61 1.84
Malva verticillata- Dolina 6.46 0.91
Phalaris canariensis- Judita 2.56 0.39
Carthamus tinctorius- Sabina 6.17 0.91
Il. term of sowing
Sinapis alba - Severka 5.46 0.61
Raphanus sativus v. oleiferalkarus 5.86 0.57
Phacelia tanacetifolia= Vétrovska 4.65 0.48
Secale cereale v. multicaule Lesan 1.45 0.23
Malva verticillata - Dolina 0.64 0.08
Phalaris canariensis- Judita 0.40 0.06
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Tab. 2 Spring barley yields grown after catch crop (t.ha®)

2007 - 2013 2010 - 2013
Catch crops V\_/lthout V\_/lthout nitrogen
nitrogen nitrogen fertilization
fertilization fertilization
l. term of sowing
Sinapis alba— Veronika (variety) 4.35 3.96 5.93
Sinapis alba- Severka 4.26 3.92 5.91
Sinapis alba- Ascot 4.19 4.02 5.90
Raphanus sativus v. oleiferalkarus 4.41 4.25 6.02
Phacelia tanacetifolia- Vétrovska 4.22 3.79 5.80
Phacelia tanacetifolia Angelia 4.18 3.79 5.73
Fagopyrum esculentum Pyra 4.85 4.38 6.04
Secale cereale v. multicaule Lesan 4.05 3.66 5.22
Panicum miliaceum - Hanacké mana 5.24 5.13 6.26
Crambe abyssinica Borowska 4.99 4.80 5.99
Malva verticillata- Dolina 4.63 4.53 6.06
Phalaris canariensis- Judita 5.24 5.09 6.21
Carthamus tinctorius- Sabina 511 4.97 6.06
Control - without catch crops 5.21 5.06 6.28
Il. term of sowing
Sinapis alba - Severka 5.27 5.24 5.91
Raphanus sativus v. oleiferalkarus 5.39 5.64 5.89
Phacelia tanacetifolia- Vétrovska 5.36 5.44 6.16
Secale cereale v. multicaule Lesan 5.48 5.32 5.58
Malva verticillata- Dolina 6.10 5.81 6.30
Phalaris canariensis- Judita 6.11 5.76 6.04
Control - without catch crops 6.02 5.57 6.10

Conclusions

From the point of yield certainty and soil coveraggs in the given conditions proved that the
most suitable is growing of cruciferous speciesatth crops and phacelia. The success of
other observed catch crops was more dependent atheveconditions. Important is early
sowing of catch crops. In case of late sowing catdps emerge slowly and before winter
they do not create enough biomass. The negatisgaeship between catch crops yields and
spring barley yields occurred when nitrogen ferdition was leaved out. Negative influence
of higher amount of catch crops biomass yield wiasimated by nitrogen fertilization.
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EFFECT OF INCUBATION OF SOIL CONDITIONER WITH SOIL  AND
SOIL SOLUTIONS ON pH SOLUBLE K, Ca, Mg
AND Si IN SOIL SOLUTION

W. Rattanapichai*?, P. Duangpatr&, P. Kanghaé, J. Kien*

'Department of Agrosystems and Bioclimatology, Mendfgiversity, Czech Republic
’Department of Soil Science, Kasetsart Universigngkok, Thailand

Abstract

Two experiments were conducted by using of 2 k@ df/pes of agricultural soils; Korat
series (Kt) and Ongkharak series (Ok). The firgiezdment was conducted to investigate the
effects of various soil conditioners, MK doses (@l & g/kg soil) and incubation time (5, 10
and 20 days) on pH and the release of K, Ca, Mg @inthto soil solution. The second
experiment was conducted to determine the effesbhfbility of MK and nutrient release of
soil solutions during various incubation times %010 and 20 days). The results showed that
soil incubations with MK decreased acidity in baihil series. Moreover, they resulted in
available K, Ca, Mg and Si in soil solution of tKe¢ series by 5.11, 207.95, 4.65 mg/kg
respectively, and soil solution of Ok series by80.214.58 and 20.59 mg/kg respectively. A
5-day soil incubation was sufficient for improverher soil chemical properties of Kt soil
series and Ok soil series by MK which was dissoivesbil solution by 26-28%.

Keywords: Soil conditioner, Silicon, Acid sulfate soil, Acgwbil.

Introduction

Acid soil and acid sulfate soils reduce farm prdohity. The acid in the soils make several
soil nutrients less available to plants. The agsalves iron and aluminium from the soil so
that they become available to plants in toxic gii@stin soil solution. Such conditions reduce
plant growth. Many traditional and modern practiegsst which can improve soil chemical
properties. One of them is the application of lighmaterial.

“MK” as solil conditioner is a by-product from coete manufacturing. The components of
MK are calcium compounds and hydrosilicate compsunélbout 60-70% forms other
components such as silicon, aluminium and anhydsdies. Its electrical conductivity is 2.1
dS/m, the cation exchange capacity is 25.0 cmofikhjis very high (pH 10.2), available P is
0.50 mg/kg, and exchangeable K Ca Mg are 1.34861and 78 mg/kg, respectively.
Moreover, they have 20.3% of total Si and 3,294 i@gRg of extractable Si. Based on their
properties, MK can be used as soil conditionersciwvhmprove soil chemical properties,
especially in acid soil and acid sulphate soilJudag soil physical properties as infiltration
and surface crust. Moreover, silicon (Si) applmatcan reduce aluminium toxicity to plants
including rice (Hara et al., 1999). Silicon enhantiee photosynthesis of rice and increases
rice resistance to several diseases and insectaiflldakahashi, 2002)

However, MK grains sized 1-3 mm are slowly soluf®2% in water pH 5.5 during 72
hours). Solubility rate of MK in water and soil sbbn affects nutrient release into soil as K,
Ca, Mg and Si. Therefore, it is important to knoemwhMK affects soil properties and how
long it releases available nutrition into the gorl an appropriate management. Major goal of
this paper was to study the effects of soil incidmatvith MK on pH and release of K, Ca, Mg
and Si into soil solution, and the effect of soliypiof MK and nutrient release of soill
solutions.
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Material and methods

Two experiments were carried out in 2010 at theeksst University, Bangkok, Thailand.
Two agricultural soils were selected for this stuBurface soil samples (0—15 cm) from a
Korat series (Kt) and Ongkharak series (Ok) wekenafor analysis. Soil samples were air
dried at room temperature for four days and sidgtieaigh a 2 mm mesh sieve. The samples
were characterized for soil pH which was determinsthg 1:1 ratio of soil to deionised
water. Organic matter content was determined by eetlation and titration using the
Walkley and Black method (Nelson et al. 1982). &kailable phosphorus was extracted with
Brayll and was determined by flame emission. Thehargeable K, Ca and Mg in the
NH4OAc solution were determined by atomic absorptigmectrophotometry (AAS).
Extractable Si was extracted by §€HOOH and Si in the solution was determined by AAS.
Soil chemical properties are shown in Table 1.

Tab 1. The chemical properties of soil in the expent.

Soil series  pH OM Avai.P  Exch.K Exch.CaExch.Mg Exch.Si
SN0 (mg/kg) (mg SiG/kg)
Kt 44  1.18 4.6 31.3  3,031.0 9.0 42.8
Ok 3.9 3.36 6.5 1105 6,450.5 258.7 53.5

The first experiment studied the effects of sodubation with MK on pH and release of K,

Ca, Mg and Si into the soil solution. This expenmtne&as conducted with 2 replications. Two
factors were studied in 2 soil series (Kt and AKje first factor consisted of 3 variants of
incubation times during 5, 10 and 20 days. The r@¢dactor represented 2 rates of MK; 0
and 6 g/kg soil. In this experiment we used 2 ki $te Korat soil series was incubated with
and without MK at the field capacity. The Ongkhamskl series was incubated with and
without MK at the saturation capacity. After inctiba, the samples and sucked soil solution
by suction pump were taken for chemical analyses.

The second experiment focused on the effect ofoddiuof MK and nutrient release of soll
solutions. The experiment was conduct with 2 repilons at 4 different incubation times; 0O,
5, 10 and 20 days. The solvents of this experimemneé taken from soil solutions of Korat soil
series which was incubated at the field capacity tae Ongkharak soil series was incubated
at the saturation capacity for 72 hours then suskédsolution by suction pump set. Further,
10 g of MK (50 mesh grain size) was mixed with 10I0of the solvents and incubated during
0, 5, 10 and 20 days. After incubation, the restMif from solutions was filtered for
calculating the percentage of solubility and thegles of solvents were taken for chemical
analyses.

Results and discussions

Korat Series: Longer time of soil incubations with and withoukKMaused more increased
soil pH. Soll incubations with MK increased 0.33 pHit when compared to the treatment
without MK (Table 2). It was shown that MK could bsed as soil conditioner for improving
soil pH of acid soil (pH 4.4). Moreover, individueffects of MK showed the increase of K,
Ca and Mg released into soil solution by 5.11, 2874.65 mg/kg respectively. Although
longer time of soil incubations had a slight effentnutrients release, soluble cations (K, Ca
and Mg) were sufficient for plants. Therefore, $htone incubations (only 5-10 days) were
sufficient for improvement of soil chemical propest Soil incubation with MK also
increased soluble Si in soil solution (24.78 mg 8@, and individual effect of MK
increased soluble Si by 11.1 mg $Kg. Soil incubations for a longer time with MK caad
more decreased soluble Si in soil solution. Sadubation during 5 days resulted in the
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highest soluble Si (27.8 mg SiRg) because some of the soluble forms becameubkohs
soluble Si in soil solution was sensitive to refatimn (Knight and Kinrade, 2001). Table 3
indicates that soil solution from Kt series disgolWMK by 27.8%. The incubation of MK in
soil solution increased 2.9 pH units; moreovemdreased the solubility of K, Ca and Si as
well. However, it had no effect on Mg solubilityohger time of soil solution incubations
with MK caused more increased solubility of K, MgdaSi which was beneficial to nutrient
uptake by plants.

Tab 2. Chemical analysis of soil solution which watken from soil incubation for 5, 10

and 20 day
Treatment Incubation oH So:gble Soéuable Sc,)\l/:gble Soluble Si
(days) (mg/kg) (mg Sigkg)
Korat Series ; Kt ¥
1. Soil+H0 5 6.10 7.78 1.69 0.97 13.9
10 6.50 8.53 2.99 1.39 13.9
20 7.00 9.42 3.25 1.52 13.4
2. Average 6.53 8.58 2.64 1.29 13.73
3. Soil+H,0+MK 5 6.30 13.1 207 5.08 27.8
10 7.00 13.5 212 5.62 25.1
20 7.30 14.5 212 7.14 21.4
4. Average 6.87  13.69 210.60 5.95 24.78
5'('5%‘;“5" effect of MK 033 511 207.95 4.65 11.05
Ongkharak Series: OkZ
1. Soil+HO 5 4.30 9.43 152 86.8 22.5
10 4.40 8.84 154 109 22.5
20 4.30 8.84 165 118 21.9
2. Average 4.33 9.04 156.92 104.68 22.28
3. Soil+H,0+MK 5 4.40 10.0 348 125 34.8
10 4.50 9.38 369 125 34.8
20 4.40 8.24 397 126 52.4
4. Average 4.43 9.20 371.50 125.27 40.64
> ('g'(g;”a' effect of MK 010  0.17 214.58 20.59 18.36

YIncubation at the field capacity
?'Incubation at the saturated capacity

Ongkharak Series: Soil incubations with MK for a longer time had effect on soil pH and
caused slightly increased soil pH when comparatiédreatment without MK (0.10 pH unit)
because the rate of MK (6g/kg soil) was not enotghneutralize acidity in the soil.
Moreover, Ok Series had a clay soil with high ptgracidity (potential acidity refers to the
hydrogen and aluminium cations that are held by eechange sites.) or high buffering
capacities (a resistance to change in pH). ThezefdK as a lime material was neutralized
completely in a short time without increased s#ll Soil incubations with MK resulted in K,
Ca and Mg release 0.177, 214.58 and 20.59 mg/lspeotively, when compared to the
treatment without MK. Longer time of soil incubat®with and without MK caused slightly
increased Ca and Mg released into soil solutionsbiltincubations during 10-20 days didn’t
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have effect on K release. The average Si releasagdsoil incubations with MK increased
from 22.28 to 40.64 mg Sikg, and 20 days of incubation time increased del® 34.8 to
52.4 mg SiQ/kg. It can indicate that application of MK incredsavailable Si in the saturated
soil but should be incubated for more than 10 dagble 3 indicates that soil solution from
Ok series dissolved MK by 25.8%. The dissolutiorMi increased soil solution pH to 4.0
because it had no effect on potential acidity amitl lsuffering capacity. The incubation of
MK in soil solution effected the solubility of K,a& Mg and Si by 70.7, 383, 35.9 mg/kg and
6.42 mg SiQKkg, respectively. The soil solution incubationgthwMK during 5 days
increased the solubility of K, Ca, Mg and Si (6646, 50.6 mg/kg and 13.8 Sifkg) and
after 5 days it increased only slightly. It indieatthat 5 days were enough for incubation of
MK. However, there may be a continuous releaseidfter 20 days. Saigusa et(ab99 )
found that Tobermorite was a porous hydrated cadcailicate mineral which was a by-
product in the form of autoclaved lightweight coeter which could continually release
available Si during the growing season of rice. Righest rate was found at 53 days after

planting.

Tab 3. Solubility of MK in soil solution when incubated during 5, 10 and 20 days

Soluble Soluble Soluble

Treatment Incubation  pH K Ca Mg Soluble Si Solubility
(days) (mg/kg) (mgSi@kg) (%)
Korat series: Kt ¥
1. Soil solution 0 4.5 8.96 5.43 1.79 13.8
2. Soil solution + MK 5 7.4 74.1 527 1.09 18.5 9.2
10 7.4 76.3 527 1.41 28.5 26.5
20 7.5 81.0 527 1.58 35.0 27.3
3.Average of incubation 7.4 77.1 527 1.36 27.3 27.8
4 ('g_i(‘g‘;”a' effect of MK - 29 682 522 -043 13.5
Ongkharak Series: OkZ
1. Soil solution 0 3.5 7.08 170 10.6 10.0
2. Soil solution + MK 5 7.5 66.7 546 50.6 13.8 5.8
10 7.3 78.3 554 47.0 17.5 25.8
20 75 882 560 41.9 18.0 26.0
3.Average of incubation - 7.4 77.7 553 46.5 16.4 25.8
4. Individual effect of MK i 4.0 207 383 359 6.42

(@-D)

YIncubation at the field capacity
?'Incubation at the saturated capacity

Conclusions

Soil incubations with MK (12g/kg soil) could decseasoil acidity of Korat soil series, but in
the Ongkharak soil series the decrease was orllgtd.dn addition, they increased available
K, Ca, Mg and Si in soil solution. MK could disselin soil solution by 26-28% and increase
the solubility of K, Ca, Mg and Si, moreover, itieased pH of soil solution. Five days of
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incubation were enough for the improvement of sbémical properties of submerged soil or
saturated soil (Kt series) and unsaturated soil4€es).
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PREVENTION OF SOIL EROSION, SURFACE RUNOFF, PESTICIDE
AND NUTRIENT LOSS WITH MINIMUM TILLAGE
AND DIRECT- SEEDING

J. Rosner, W. Deix', A. Klik 2

lOffice of the Lower Austrian Provincial Governmefitjlin, Austria
University of Agricultural Science Vienna, Departmef Hydraulics and rural water
management, Vienna, Austria

Abstract

In Austria more than 400.000 ha arable land ar®w@&y endangered by soil erosion. Soill
loss, nutrient loss, water runoff and pesticides lase environmental risks and also danger for
settlements. The same situation we find in almoatrye country, depending from the
topography. Minimum tillage systems can signifitanteduce soil erosion and all the
negative consequences. In combination with effecttever crops we can introduce the
system of permanent covered arable land with a mmaxi protection of soil against soil
erosion, surface runoff, nutrient- and pesticidgsIdrhe technical requirement and the farmers
know how are necessary for the success of thigsyst

Keywords: soil erosion, no tillage, minimum tillage, diresgeding

Introduction

Not tillage and zero tillage research have beeflopaed for more than half a century in
many countries around the world because of thefitemd these systems. Less traffic on the
arable land, less fuel consumption, less time foltivation are economic advantages;
ecological interests are higher microbiological haigt, better C sequestration, humus
constitution and prevention of soil erosion withies consequences.

Soil erosion causes water runoff by a reducedtiafibn rate. Are pesticides solute, high
concentrations are found in the deposition zoné whe result of infiltration into ground
water. Pesticides are found there, usually aketiteof a slope as groundwater samples from
wells demonstrate.

Material and methods

On 7 locations in Lower Austria tillage trials aoperated for more than 7 years; on 2
locations tillage trials and soil erosion measunet®ere arranged in cooperation with the
Austrian University of Agricultural Science ViennBgpartment of Hydraulics and rural
water management for 20 years. In the tillage drialdifferent tillage methods are settled —
conventional tillage with plow and cultivator; remhdl tillage with cultivator and disc harrow,
minimized tillage with disc harrow or light rigid tine cultivator and no tillage. Net plot
harvest allows measuring the yield.

60 m2 plots for investigation of soil erosion aoedted in Pixendorf near Tulln on the river
Danube and in Mistelbach 40 km north of ViennaeA#gvery storm event the measurement
is analysed in the laboratory of the University.

139



7th International Soil Conference ISTRO Czech Bhaaditiny 2014

Results and discussion

CONTENT

The following figure 1 shows the significant redoatof soil erosion from long- time erosion
trials on 2 locations in Lower Austria; figure 2ndenstrates the reduction of organic Carbon
loss in different tillage systems. The crop rotatie row cultivars (corn, sunflowers, sugar
beets) with a high potential risk of soil erosioaereals.

Soil loss 2 places Lower Austria
1994 - 2013

soil loss 1994 - 2013

No Tillage

No Tillage m

m Mulchseed

MinimumTillage

ConventinalTtillage Conventional Tillage

Figure 1: soil loss

herbicide loss % sprayed

No Tillage

Mulchseed

Conventional Tillage

herbicide loss %...

140

C orgloss kg/ha

C org loss kg/ha

igire 2: organic carbon(Gyrg)loss

The storage of &g is important for the
aggregate stability in soils and constitutes more
than 30 % in Glomalin, a glycoprotein in the
Mycorrhiza responsible for stabile aggregates.

Figure 3:

The herbicide loss of sprayed pesticide can b
significantly reduced by mulch- and direct seed
and is important for the environment. As finding
pesticide residues in surface- or groundwatel
leads to prohibition of these with negative
aspects for plant protection. It is to consider,
that in the saturated zone at the end of a slop
the concentration of pesticide residues is mucl
higher and an infiltration into the groundwater
threatens. The same effect shows the loss c
nutrients like Nitrogen and Phosphorous.
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Important for farmers are the yields and the nefipfThe next figures 4 and 5 show the
tendencies in different tillage systems for 7 years

yield and netprofit 7 locations Lower Austria 2006 - 2013

94

Not tillage (no Till)
Yield in relative % 1994 — 2013 Mistelbach- I-m

Pyhra(St.Pélten)-Pixendorf(Tulin)
Rosner, Zwatz, Bartmann, Spief

Tillage method/ Yield kg Mistelbach Pixendorf
per ha
minimum tillage
cultivator or disc harrow _ [os]
Conventional
Cultivator — plow
No cover crop

Cultivator — Mulchseed —
Cover Crop: yellow
mustard, california reduced cultivator + disc

bluebell, buckwheat, red harrow _m

clover, oil radish

Cultivator — direct netprofit % conventional
drilling/NoTill

Cover crop : 7 kg/ha
California Bluebell, 3 kg/ha xyield % conventional
Yellow Mustard

Cultivator - direct conventional plow - 100

over crop B sheeteen [

cover crop : 80 kg/ha

WS 72 80 85 90 95 100

Cultivator — direct
drilling/NoTill

Cover crop :120 kg/ha
summer barley

Conclusion

Minimum Tillage an no tillage are practicable artbw lower working time, lower fuel
consumption, significantly reduced soil erosion atidsolved nutrients and pesticides. The
technical equipment is well developed but oftenaratounced to the farmers in Europe, other
continents like South America use these tillageratens for several decades successfully
and could decrease the severe soil erosion to esptable amount. Yields are stabile in
minimum tillage and decreasing in No tillage — baoly on heavy soils and on sandy soils and
with sugar beets in crop rotation. Often the poorknof speeders is responsible for bad field
emergency and following low yields. The right equgnt like coulter discs for producing
loosened soil for closing the seed slot is thedfesuccess (figure 6)
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Figure 6:
coulter  discs  for
loosening  soil  for
closing the slots after
seeding
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PRODUCTION OF SPRING BARLEY, CULTIVATED UNDER
VARIANT SOIL MANAGEMENT AND DIFFERENT LEVEL
OF NITROGEN NUTRITION

M. Vach, M. Javirek, Z. Strasil
Crop Research Institute, Prague - Ruzy@zech Republic

Abstract

In long term field experiment (since 1995), in theriod 2010-2013, the influence of different
methods of soil tillage and three fertilization éév of nitrogen on grain yields of spring barleyswa
studied. The stands were established by four eéiffiermethods of soil tillage: by conventional
technology including ploughing, by no tillage mathby minimum tillage with post harvest residue of
forecrop incorporated, by no tillage with mulchirercrop Phaceliatanacetifolia, Bentlh).use.

There were found significantly lower grain yields plots with conventional technology, compared
with no tillage drilling variant and sowing intoehsoil with shallow incorporation of organic matter
from forecrop residues. Among conservation tillaggiants no significant yield differences were
detected.

The impact of three levels of nitrogen fertilization grain yield of barley under different methads
soil cultivation was observed as well. There wasntb that grain yield of barley was affected by
graduated nitrogen doses differently in the paldictillage treatments.

Keywords: spring barley, yields, different soil tillage, Brfilization, soil fertility

Introduction

The range of simplified methods of soil tillage atéized in agricultural practice, depending
on soil — climatic conditions of sites, level oflsmanagement and on possibilities of farms
from point of view of technical equipment. Benediceffect on the soil structure, better soil-
water management (lower soil water losses undeedomtensity of soil tillage, mitigation of
undesirable evaporation from the soil surface thhomulch utilization etc.), protection
against wind and water soil erosion, reduction idfogen washing out from solil profile are
the main arguments for spreading of minimizatiod aonservation tillage technologies in
plant production (ldla - Prochazkova et al., 2008). It is known tha soil deeply loosened
by ploughing is being predisposed to over-compaatioder field traffic by tractors and other
machines, especially in case of higher soil moest@n the other hand, without ploughing it
is difficult to incorporate higher doses of farmgasr green manure into the soil. Therefore,
the goal of chosen system of soil tillage at a cetecsite should be to achieve the stable and
resistant topsoil and subsoil structure which isinemted with long-term care of soil
environment. After all, correct organic matter mgeraent in the system of soil tillage is a
priority for sustainability of crop production (Kaket al., 2009). Up to now methods of crop
husbandry drains more of carbon from soil, thas gupplied, which resulted in decrease of
soil fertility and crop production. This situatisusually corrected by increasing of fertilizer
doses, more often application of expensive herbgidlternatively by irrigation, which is
leading to cost increasing with negative effectpoafitability of the whole system of crop
production. Conservation soil tillage methods withulch from postharvest residues,
alternatively from catch-crop biomass or with usk ather forms of organic matter
managemerttave a potential to improve this negative tenden@teanzluebbers, 2002).
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Materials and methods

The field experiment was launched in 1995 in a terai@ semiarid climate, 338 m above sea
level, with an annual mean air temperature of £2&nd mean annual precipitation of 477
mm. At the field site it is a soil of clay-loam texe, Orthic Luvisol (FAO Taxonomy), with
7.7 pH (KCI), organic carbon content 1.86 — 2.096#al N 0.164 %, Mehlich 3 P 155 - 207
(NT-CT variants) mg.kg, K 285 - 413 (NT-CT) mg.k§ The experiment was established as
a rotation of three crops: winter wheat, springdygrand pea (white mustard from 2005). A
split-plot method, with four replications, was usat four treatments (tillage methods) were
set-up: 1) Conventional tillage (CT), i.e. mouldimb@aloughing to a depth of 0.20 m, usual
seed bed preparation and sowing; 2) No tillage (N€) sowing with special drill machine
into no-tilled soil; 3) Shallow disking about 10 ateep (SDS) and chopped straw with post
harvest residues of fore-crop incorporating. 4)ebirdrilling + mulch (DDM), i.e. direct
drilling into no tilled soil covered with mulch fmo frost-heaving catch cropPlacelia
tanacetifolia, Benth,) whose stand was established in autumn by cororeltimethod
(shallow tillage, surface levelling and sowing). &tops (including CT) were sown with a
John Deere 750A drill machine. Three levels (lowvediam, high) of nitrogen fertilization
were used for all crops; 30, 60, and 90 kg N pefonapring barley. The P and K fertilizer
doses were determined and applied according to ¢yrikent in the soil. Standard herbicides
were used, depending on the intensity of weed tafies. Grain yields were determined on a
24 ntf test area, at harvest. The data reported wereuaeal by ANOVA method and
conclusive yield differences among cultivation paeters were assessed with help of least
significant differences at the R level.

Results and discussion

The table 1, it is shown that in average of ye@HB02- 2013 the highest grain yield of spring
barley (8.33 t.ha) and simultaneously the highest yield increase4®®, compared with
control (conventional) tillage variant, were iddied from shallowly disked plots with
chopped straw and postharvest residue incorpord®dS treatment). In the other
experimental variants (NT and DDM), the averagengsgelds were lower than the most
productive variant but comparable. The table 3 icoe no significant yield differences
among three conservation tillage variants. On tidrary, from this table resulted significant
difference of yields of all conservation variants gomparison with conventional tillage
treatment.

Table 2 showed significant yield differences amailg monitored years which indicate
different influence of weather on the barley praducin individual years. Strong impact of
weather conditions on production of especially aklsrés generally known and therefore this
finding brings nothing new. But analysis of weatihapact in individual years showed the
positive influence of minimization and conservattdlage technologies on grain yield in dry
years (2011, 2012), which was confirmed by othénhans (Hila et al., 2008 and others). We
achieved the similar results in the same experimghtwinter wheat (Jarek et al., 2011).
However, the impact of nitrogen fertilization ofrgyg barley is worth noting. In the table 4, it
is possible to find the differences among the imtligl doses, in average of yields, especially
between N1 and other two N doses. But the sigmifigeeld differences were found out only
between N1 and N3 doses. As for the nitrogen eiifethe individual tillage treatments (table
1), in the NT variant already N2 dose showed thestnsiriking yield effect, which was
connected with lower nutrient content in upper tayfetopsoil in no-tilled lands (Sainju et al.,
2002).The third dose in this variant was not effectiveikarly as in the DDM variant, where
is also lower tillage intensity of upper layer opsoil. Unlike these tillage treatments, both in
conventional and SDS variants there was recordadugtt increase of grain yields of barley
by increasing of N fertilization level, while thégher progress in SDS variant was found out.
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Table 1: Grain yields of spring barley (t.ha') in relation to soil tillage methods

and nitrogen fertilization level

CONTENT
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oz |5c5| Granyields (thd) inyears | o& 2 2o lescs
2% | 258 ' oo | 882 (|2s5 8
= £ i I 8 = N 58 |25
= (] = © = ®
=8 |28l ouo | 9= |g el
T O O == >oT o ®g= ORI =r—
A E N c o < o) 8 [ = 8 X S c o
<= | 2010 | 2011 | 2012 | 2013 = s g -
Ny 853 | 7.25| 6.00] 9.04 7.70 100.0 100.9
CT N, 8.45 7.63 6.13 9.29 7.87 100.0 102.2
N3 8.54 7.75 6.15 9.30 7.93 100.0 103.9
average| 8.50 7.54 6.09 9.21] 7.84 100.0 --
N 8.19 8.44 6.13 8.80 7.89 102.5 100.9
NT N, 8.55 8.63 7.26 9.41 8.46 107.5 107.2
N3 8.45 8.70 7.19 9.66 8.50 107.2 107.7
average| 8.40 8.59 6.71 9.29] 8.28 105.7 --
SDS Ny 825 | 850| 6.59| 8.89 8.06 104.7 100.$
N, 8.68 8.75 7.03 9.09 8.38 106.5 104.
N3 8.58 8.88 7.00 9.78 8.56 107.9 106.2
average| 8.50 8.71 6.87 9.25 8.33 106.4 --
DDM N 8.68 8.31 6.43 8.94 8.09 105.1 100.¢
N, 8.95 8.75 6.54 9.44] 8.42 107.0 104.1
Ns 8.80 8.50 6.76 9.54] 8.40 105.9 103.
average| 8.81 8.52 6.58 9.30 8.30 106.0 --

Notes: CT = conventional soil tillage; NT = ndéte without mulch, SDS = shallow disking and chexgbp
straw incorporating, DDM = direct drilling into rndled soil covered with mulch from frost-heavingtch crop.

Nitrogen fertilization: N = 30, N = 60, N; = 90 (kg N.h&)

When choosing the level of nitrogen fertilizatiar Epring barley growing, it is necessary to
find the correct compromise decision between grgigld level and its food quality.

Regarding the stands, established by minimizatiorwamservation, respectively no-tillage
technology, it should be applied fertilization insgty with respect to different effectiveness of

nitrogen applied.

Table 2: The significant differences for grain yiéd, classified according to year

Group | Caseload Average 2012 2011 2010 2013
2012 48 6.5590 * * *
2011 48 8.3448 * * *
2010 48 8.5533 * * *
2013 48 9.2635 * * *

Value of the least significant differenc8D = 0.184

Table 3: The significant differences for grain yiéd, classified according to

soil tillage method

Group | Caseload Average CT NT SDS DDM
CT 48 7.8365 * * *
NT 48 8.2833 *

DDM 48 8.3035 *

SDS 48 8.3273 *
Value of the least significant differenc@D = 0.43.
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Table 4: The significant differences for grain yi&d, classified according to
nitrogen fertilization level

Group | Caseload Average N1 N2 N3
N1 64 7.9395 * |
N2 64 8.2844 I
N3 64 8.3516 * |
The value of the least significant differen8& = 0.37.

From many home and foreign publicationi(&l- Prochazkova et al. 2008; Kukal et al. 2009
and the others), it is known that effective utitiaa of N fertilization with minimum losses
depends especially on soil properties and weathadittons during vegetation period, but soil
tillage depth and intensity appears as very imporgributes as well.

Conclusions

In long-term field experiment, this study verifiathd confirmed higher efficiency of spring
barley growing with help of conservation tillagech@ology compared with conventional
method under above mentioned soil and weather ttondi But it is necessary to modify the
system of N fertilization with regards to soil deg@tnd intensity of soil tillage and grain food
quality as well.
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Abstract

Within the model project ,Prevention of Soil biologl degradation in arid climate conditions" was
studied hydro-physical parameters of Arenosolfitndrea Ratiskovice. Experiment was running from
2008 to 2012 like a simulation of problematic sitegresenting the hypothetical situation by extmsi

of arid climate on a larger territory of the Czeéépublic for the next 50 years. The pilot project i
condition of South Moravia region was deal with thessibilities of using soil conditioners,
autochthonous species and less known drought-ggrsisses and legumes for reclamation of dry soil.
We can eliminate water stress in plants by diffeegmno technical and technical arrangement based on
knowledge of the physiological reaction of plantsusing soil conditioners (natural or synthetic
origin, it can in appropriate batch positively effef soil properties)

Key words: Arenosols, soil conditioners

Introduction

Soil, the main part of ecosystem, is a very complgstem of solid particles, liquids and air.
Pedogenesis and soil forming factors effected #macbsoil properties. Parent material and
climatic factor, microorganisms, relief, time, aadthropogenic factors are the main soil
forming factors. According to (\¢ek et al., 2010) that is why, we can expected aisthe
Central Europe, decreasing of precipitation, hat dry summer on a larger part of the Czech
Republic territory. This prediction is limited byigh variability of climate in the Czech
Republic, because of mixture between oceanic antnemtal climate. There is also today in
this region lack of precipitation and drought dgrwvegetation period. Soils are there mostly
represented by Arenosols, Regosols and Leptosotschware easily mineralized and
disturbed. These soils are considered as lightitegtsoils with non-stable structure, with low
cation exchange capacity and lack of humus. Withan model project ,Prevention of Soil
biological degradation in arid climate conditionsas studied hydro-physical parameters of
Arenosols at RatiSkovice. Experiment was runniognf2008 to 2012. The aim of this study
was to evaluate effect of soil conditioners anaehithonic grasses for soil recultivation.

Material and methods
Soil profiles were located at RatiSkovice (N 48;32°17°07") in 2007, before application of
soil conditioners -seeFig. 1. Three soil profiles were classified ac@ogdto Nemecek et al.
(2001). Long-term field experiments were establisie three variants and area of each
experimental site was 10 36&.r$0il sampling was made since spring 2008 tillienrt 2012.
Following soil conditioners were applied into thepth 0.15 m:

« Agrisorb (hydro absorbent), application doze wag/26 (200 kg/ha),

« Lignite (natural material, crush), application dewas 1 kg/m (10 t/ha),
« Zeolite, application doze was 3 f80 ni/ha).

Basic physical soil parameters were determinedtagdard methods. For determination of
water and air regimes soil sampling was done insglay cylinders. We followed density,
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bulk density, porosity, and aeration, water holdtagacity, hydrolimits, texture, structure and
micro aggregate analysis (Jandak et al., 2010;Kkdragal., 1962).

Results and discussion

Soil conditioners represent wide group of differsmibstances, which could directly affect soil
environment, microorganisms, and plants (Chen et28l04; Salas et al., 2012). We have
found out that different soil conditioners in ditkat way affected soil physical properties.
Retention capacity (RVK) after Agrisorb applicatishowed statistically significant higher
values to compare with controlseeFig. 2. Also application of Zeolite and Lignitealés to
increasing of RVK values but results were not stailly significant. Maximum RVK values
were determined in 0.15 cm during July and minimon®ctober. Monthly variation was of
high significance. In general, values of RVK werery low and after soil conditioners
application they were low. Maximum water holdingpaeity (MKVK) after application of
Agrisorb, Zeolite, and Lignite increased by theutts were not statistically significant.
Different results were published by BuSinova an#&aP€2008), who stressed high water
holding capacity of lignite. We suppose that lignit form of hydrogel act in soil in different
way to compare with natural crush lignite. MaximoffKVK values were determined in 0.15
cm during July and minimum in October. Monthly aion was of high significance. Bulk
density of dry soil(OHR) after Agrisorb, Zeolite and Lignite applicatidecreased but results
were not statistically significant. Average porgsifter Agrisorb, Zeolite and Lignite
application increased but results were not staéByi significant —seeTab. 1. In spring were
results of porosity higher and in autumn was paéyolsiw. Monthly variation was of high
significance Soil moisture was not statistically significanteaffed by selected conditioners.
Content of agronomic valuable micro aggregatesO(2.60 mm) was very low as well as
amount of colloids. Content of macro aggregates thashighest after Zeolite application.
Monthly and yearly variation was not significant.

Conclusion
Soil conditioners could directly affect soil physi@roperties. After four years of application
statistically significant effect of Agrisorb on RVK was found.
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Tab. 1: Average values of porosity (P, % vol.)

CONTENT

(A = Agrisorb, L = Lignite, Z = Zeolite, K = conttoB, C a E = experimental sites)

P P P P
Variant/depth| (%) Variant/depth| (%) Variant/depth| (%) Variant/depth| (%)
B/15 cm 37,40 C/15cm 37,86 E/15 cm 37,86 -
B/30 cm 36,58 C/30 cm 37,29 E/30 cm 35,29 -
B/45 cm 36,78 C/45 cm 35,81 E/45 cm 35,12 -
B 36,92 C 36,99 E 35,93 - -
A/15 cm 37,80 L/15 cm 37,59 Z/15 cm 37,89 K/i5cm 7,23
A/30 cm 37,28 L/30 cm 36,94 Z/30 cm 36,83 K/30cm 6,73
Al45 cm 36,79 L/45 cm 35,35 Z/45 cm 36,42 K/45cm 6,53
A 37,29 L 36,64 Z 37,05 K 36,83
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Abstract

This paper presents results of one-year trialsoofgaction at two sites in Croatian region
Slavonia and Baranya. Trial has been set up as CRBDfive soil tillage treatments: 1-
conventional (mouldboard ploughing), 2-conservati¢chisell), 3-conservation (disk-
harrowing), 4-conservation (paraplough), 5-diredftidg. At both sites in spring 2013 maize
has been sown. Soil compaction and soil moistuseble@n observed twice per month, from
mid-June to end-September 2013. Samples had béained from depths 5, 20 and 45 cm by
Kopecky soil sampling cylinders (V = 100 &non each soil tillage treatment. Statistical data
analysis showed that &taginci site soil bulk density and soil moisture werenegative
correlation. The strongest correlation has beeraiodtl for disk-harrowing conservation
tillage (r = -0.501), and weakest for conventiosall tillage (r = -0.016). At Magadenovac
site soil bulk density and soil moisture were irsiige correlation, which was unexpected.
Correlation between compaction and depth had ttemgést expression &taginci site, for
conventional tillage (r = 0.628), and the weakespression at Magadenovac site for
paraplough (r = 0.216).

Keywords: soil compactionbulk density and soil moisture correlation

Introduction

Soil, as the one of the most important resourceshfmnan population food production, is
undergoing different changes which are affectisgioperties. Accelerated growth of human
population created need for production of extralfd®esult is growth of agricultural areas at
global level, which is inevitably followed by wisif larger, faster and easier income from the
food industry. Consequences in some regions aestcaphic, due to different kinds of soll
and land degradations, on smaller or larger scalee of the problems is higher energy
consumption, where soil tillage is one of the Iatgaergy consumers in crop production.
Pelizzi et al. in 1988 (quoted in: Filipa@vet al., 2005) presented that 55-65% of total gnerg
consumption for field work is for soil tillage, due waste energy requirement for cutting,
breaking, turning, chopping and mixing of soil aggates. According to Kosuatet al. (2001)
application of non-conventional soil tillage systefeonservational, reduced and no-tillage)
can save significant amount of energy. Neverthelies€roatia, conventional solil tillage is
still widely used, which results with additionalilscompaction, one of the main soil physics
properties degradation factor (Dilkova et al., 20@&agliai et al., 2003).

The resulting changes (Czyz, 2004) have determayatnpact at crops in early development
stages, due to limitation of germination, emergearoe rooting into the depth, disturbance of
water and nutrient uptake (McKenzie, 2010) , whagnificantly decrease crop yield.

The usage of heavy-duty mechanisation, large nurobpasses (Weisskopf et al., 2009) in
conventional soil tillage compress soil aggregatés smaller volume, and at the same time
deteriorate water-air ratio by decreasing volumeaof and water pores. Very frequent
outcome is overwetting of tilled and sub-tilled Islaiyers due to impaired free drainage
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(Vukadinovt et al., 2013), which decreases soil reaction amdability of nutrients to plant.
According to research of Nikdliet al. (2003), the average crops grain yieldsbmneduced
from 15 to 20% due to soil compaction.
The goal of the research presented in this papéo isstablish how different soil tillage

systems are affecting arable soils compaction tirdoulk density and moisture content at
three different depths during the maize vegetagiemod.

Materials and methods
Within the project "Conservation soil tillage a® tmeasure of climatic changes mitigation”,

financed by the Ministry of agriculture of the Répa of Croatia, research has been
conducted at two sites in Slavonia&Baranja regioasinci and Magadenovac). Trial on both
sites has been set up in autumn of 2012, after CBR$&)gn, with 5 different soil tillage
treatments: 1-conventional (mouldboard ploughi@ggonservation (chisell), 3-conservation
(disk-harrowing), 4-conservation (paraplough), gedi drilling. In spring of 2013, mercantile
maize crop has been seeded. From mid-June till @nh&eptember, twice per month,
undisturbed soil samples had been taken by Kopsgikiders (V= 100 cr) at all soil tillage
treatments, from 5, 20 and 45 cm depths. Samples uged for determination of the bulk
density (according to HRN ISO 11272:2004) and swmisture content. Obtained data were
statistically processed by package Statistica ¥St@tSoft, Inc., 2011) in order to establish
correlation of researched parameters for soilgl&reatments.

Results with discussion

Table 1. Correlation of soil tillage compaction paameters (soil depth, moisture content
and bulk density) for different soil tillage systens

> 1 2 3 4 5
o
o
2 o a b c a b c a b C a b C a b c
n o
a 1.000 1.000 1.000 1.000 1.000
2 b -0.049 1.000 0.114 1.000 0.178 1.000 -0.1451.000 0.299 1.000
3
c 0.628" -0.016 1.00G 0.499 -0.107 1.000 0.451 -0.501 1.000 0.418 -0.190 1.000 0.501 -0.095 1.000
9 a 1.000 1.000 1.000 1.000 1.000
g b 0.441 1.000 0.369 1.000 0.477 1.000 0.314 1.000 0.415 1.000
©
[@)]
g c 0.303 0.2861.000 0.431 0.093 1.0000.527 0.497 1.00C 0.216 0.199 1.000 0.219 0.553 1.000

Legend: 1- conventional (mouldboard ploughing),o2gervation (chisell), 3-conservation (disk-harnogyj 4-

conservation (paraplough), 5-direct drilling.
a - soil depth, cm; b - soil moisture content, %\o- bulk density, g cf

In Table 1. are presented correlation coefficidotssoil depth, moisture and bulk density. At
Cacinci site the significant positive correlations kaween found between soil depth and bulk
density for conservation soil tillage by chisel<r0.499) and direct drilling system (r =
0.501). Very significant positive correlation (r = 0.62Bhas been recorded for conventional
soil tillage, which can be connected with the higtlay content (Vukadinoviet al., 2013).
Bulk density and soil moisture were, as expecteegatively correlated. The lowest
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correlation was obtained by conventional soil ga(r = -0.016), and statistically significant
was only for conservation soil tillage by disk-tewing (r = -0.501).

At another site (Magadenovac), bulk density antiraoisture were, unexpectedly, in positive
correlation. In direct drilling system these twagaeters were even significant (r = 0.553
The lowest correlation of compaction and soil deptis established for soil tillage by
paraplough (r = 0.216).

Conservation soil tillage by disk-harrowing resdltwith significant positive correlation of
the soil depth and compaction, expressed as buigitye(r = 0.527), as with soil moisture
content (r = 0.477.

Conslusions
In Slavonia&Baranja region, on trial set up at tsites (Cacinci, Magadenovac), with 5 soil
tillage systems (1- conventional (mouldboard plonog)y 2-conservation (chisell), 3-
conservation (disk-harrowing), 4-conservation (pkmagh), 5-direct drilling), based on
samples of soil from three depths, following hasrbfound:
- very significant positive correlation between sddpth and bulk density has been
found under conventional soil tillage treatmentatinci site,
- negative correlation between bulk density and sedlisture atCaginci site, but
positive at Magadenovci site.
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