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Summary

The paper is focused on evaluation various soil tillage systems for maize in terms of
productivity and reduction of soil erosion in the Czech Republic. The high slope of land,
combined with expanding wide-row crops (when maize had the largest area) increase
the risk of water erosion. Assessed yield data are from Southern Moravia in 2011-2016.
Investigation of the effects of different soil tillage and silage maize stand establishment
on soil and water runoff was carried out in the experimental station Lukavec near

Pacov (Bohemian region). Average of six-years results showed that there are no any
differences between conventional tillage (10.08 t ha'l) and minimum tillage (10.19 t ha-
1), but year is significant. In trial, where different tillage systems were compared with/
without phacelia as cover crop, according to three-year average, the highest grain yield
was in chisel loosening (8.89 t ha'l) similar to ploughing (8.85 t hal). Lower yields were
in no-tillage (8.61 t ha'l) and strip-tillage (8.55 t ha'l). Various conservation tillage
systems have to be improved and modified for different soil and climate conditions.

The benefit is in reduction of soil loss, which depends on crop residues coverage on soil
surface. The soil sediment loss was the lowest in no-till variant (30 resp. 38 %) and less
in minimum tillage (57 resp. 88 %) in comparison with ploughing (= 100 %). Decrease of
soil sediment loss due to sown cover crops (Canary grass or rye) was almost less than 10
% in comparison with variant without cover crop. The results confirm the importance of
soil conservation technologies (including strip-tillage) of soil tillage to reduce the risk of
land degradation by water erosion.
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Introduction

Water erosion is a worldwide problem. Every year, water ero-
sion causes destruction or damage to vast areas of agricultural
land (Morgan, 2005).

In the Czech Republic, according to the Research Institute
for Soil and Water Conservation, up to 51% of agricultural soil is
threatened by water erosion (Kadlec et al., 2014). The goal of leg-
islation is to protect soil against soil erosion especially on slope
areas. According to EU and national legislation, the restrictions
are concerned to cultivation of wide-row crops in seriously and
slightly endangered areas by erosion. In seriously endangered areas,
wide-row crops (maize, sugar beet, potatoes, sunflower, bean, soy-
bean and sorghum) are not allowed to grow. In slightly endangered
areas, growing of wide-row crops is allowed, but using conserva-
tion tillage, where limits for minimum crop residue coverage were
defined. The high slope of land, combined with light soil and ex-
panding wide-row crops (corn) increase the risk of water erosion.
It is not possible to completely eliminate the risk of erosion, but it
may be reduced (Novak et al., 2016).

The Czech agricultural potential represents roughly 4 mil ha
of agricultural land, with the share of arable land more than 70%.
The large-scale farming as a heritage from the socialistic regime
has been still prevailing. The land use concentration in hundreds
of large farms is accompanied by thousands of small and medium
size mostly family farms. The average size of Czech farms, regard-
less of the sources and methods of its calculation, exceeds highly
the EU average. In general, crop structure of the Czech Republic
is poor, especially large farms are usually oriented prevailingly on
a relatively simple production of cereals and rape seeds (Slajs and
Doucha, 2013).

Interventions usually consist of direct management of crop
residues and using reduced soil tillage. Protection against water
erosion of soil consists mainly of creating conditions to increase
infiltration of water into the soil and reduce surface runoff rain-
water. Annual tillage increases soil porosity, although immediately
after the operation with the surface layer it may be in a relatively
short time leading to unfavourable physical properties. Very often
beneficial effects of soil conservation technologies to reduce water
erosion are described. For soil conservation tillage reduced tillage
by reducing the number of operations, merging them while pro-
tecting the surface of soil plant residues is essential (Novak et al.,
2016). Rasmussen (1999) reported that soil conservation technol-
ogy tillage reduced soil loss by erosion by half to two-thirds. Soil
protection tillage can increase the capacity of the hydraulic con-
ductivity of the soil and thus subsequently water infiltration into
the soil. For this reason, it may contribute to the reduction of sur-
face water runoff and soil erosion risks. On the other hand, con-
ventional tillage produces a homogeneous layer of soil, which can
reduce the absorption of water into the soil (Titi, 2002). The choice
of a suitable system for processing soil in the given location is a
complicated process, which is required to apply both deep theo-
retical knowledge and also a long experience.

Soil tillage in a sustainable land management harmonises the
soil protection with demands of the crop to be grown on the given
land and aims soil conservation, without increasing the produc-
tion risks even in the long term (Birkas et al., 2002). Conservation
tillage is essential prerequisite in definition of conservation agri-
culture. Kassam et al. (2009) defined conservation agriculture as
a concept for resource-saving agricultural crop production which

must meet the following conditions: (1) minimal soil disturbance,
(2) soil covered residues (minimum 30 %) and (3) crop rotation
should involve at least three different crops.

According to Gaudin et al. (2015) crop diversification and reduc-
tion in tillage had synergistic effects: less tillage further enhanced
rotation benefits, yield stability and corn yields under unfavourable
growing conditions. Rotation complexity may provide a systems
approach to help adapt agroecosystems to upcoming changes in
crop growing conditions while addressing the sustainability issues
associated with maintaining yields under increasingly challenging
production environments.

Surface mulching can be an essential and effective factor for
erosion elimination from its early stages in annual row-cropping
(Shelton et al., 1995). Sowing with strip tillage systems, in par-
ticular, has a higher ability to eliminate erosion processes, espe-
cially those in untreated soil (Choudhary et al., 1997). However,
the absence of tillage, especially during the prolonged application
of no-tillage, can lead to reduction in yield of maize compared
with conventional tillage management or strip tillage (Vetsch et
al., 2007). Reducing the intensity of soil tillage decreases energy
consumption and the emission of carbon dioxide, while increasing
carbon sequestration (Holland, 2004) and reducing labour demand
(Davies and Finney, 2002).

Maize (for grain and silage) is a crop, where acreage is the largest
from above mentioned wide-row crops, and is a crop which has an
important place in a structure of crops grown in the Czech Republic.
Maize areas have been increasing all over the world. In the Czech
Republic the same trend is, in spite of the fact, that during the last
twenty years, the number of livestock, which was an important
consumer of silage maize, rapidly reduced. In recent years became
silage maize the main source of biomass used in biogas stations.

The objective of this study was to analyse productivity level of
different soil tillage systems and their ability to reduce soil erosion
in current farming systems.

Material and methods

The experimental studies were focused on evaluation of differ-
ent approaches in soil tillage from the view of crop productivity
(yield) and reduction of soil erosion.

First study evaluates the effect of different soil tillage on yield
of grain maize in two field trials. Both were done at the Field
Trial Station in Zabé&ice (Southern Moravia, Czech Republic;
49°02’39.228”N, 16°61°78.900”E). It is located in a maize produc-
tion area, at an altitude of 179 m, with fluvisol soil type. These soil
is without any marked diagnostic horizons and the parent substrate
consisting of alluvial material is situated below a thin humus hori-
zon. More marked symptoms of gley proceeses can be observed in
the depth of below 0.6 m. In the course of the year, the groundwa-
ter level fluctuates between 0.8 — 2.5 m. As far as the soil texture is
concerned, the soil is classified as heavy to very heavy.

The local average annual air temperature is 9.2 °C and the thir-
ty-year average annual precipitation is 480 mm (Zalud et al., 2013).
Thus this location ranks among the warmest and driest areas in
the Czech Republic.

The field trials, the influence of the year (2011-2016) and different
soil tillage systems was evaluated. First, conventional tillage (CT)
- ploughing to a depth of 0.24 m (mouldboard plough was used)
was compared with minimum tillage (MT) - shallow loosening to
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a depth of 0.15 m (when disking was used). Grain maize was grown
in a 5-year crop rotation with 80% of cereals (spring barley, pea,
winter wheat, winter wheat, grain maize). This is a model concept
for farming without animal husbandry, where all crop residues
are cut and incorporated into the soil or leave it on soil surface,
depending on tillage treatment. In second trial various soil tillage
systems were used in combination with sowing of inter-crop phace-
lia. The crop sequence was: soybean, winter wheat, grain maize,
silage maize. Phacelia was sown on half of trial. After stubble till-
age and then after glyphosate application in autumn, three soil till-
age variants were established: 1 - no tillage, 2 - chisel loosening,
3 - strip-tillage. Variants 4 - ploughing, 5 - chisel loosening and
6 - strip-tillage were established on plots without phacelia. The
depth of all tilled variants was 0.25 m, in case of strip-tillage, the
strips approx. 0.25 m width were tilled. Experimental plots were
harvested with a small combine harvester SAMPO 2010.

In the second study we investigated the effects of different soil
tillage and silage maize stand establishment on soil and water runoff
using rain simulator. The experiment was established in the potato
production area at the site of the experimental station Lukavec
near Pacov (49°33’30.793”N, 14°58'44.449”E) in 2015 and 2016.
At the experimental site, the soil type was cambisol with sandy-
loam texture and 7° slope was identified. Three different soil tillage
methods were evaluated. The conventional tillage (CT), including
ploughing, seedbed preparation, and sowing, served as a control
treatment. The second tillage method was based on direct sowing
into no-tilled soil (NT), where, after crop emergence, at least 30 %
of soil surface must be covered with mulch from post-harvest pre-
crop residues. Minimum tillage (MT) was the third method that
included shallow soil loosening to a depth 0.15 m where crop resi-
dues are incorporated into the soil at the same time. CT and MT
were done in direction up and down slopes. Besides the effect of soil
tillage, the protection against water erosion with cover crops sown
into space between rows of maize, was assessed. Two crops were
sown in growth stage 4 - 5 leaves of maize (plant height approx.
0.15 m): rye (Secale cereale var. multicaule; 80 kg ha'l) and Canary
grass (Phalaris canariensis L.; 15 kg ha'l).

The test of soil infiltration abilities was conducted with rain
simulator after the harvest of maize, once a year. Measuring with
the rain simulator were done in three replications of all tillage treat-
ments, i.e. once per plot at a designated area 0.5 m2. The rain simu-
lator was originally designed in Research Institute of Agricultural
Engineering. Surface runoff was measured at a constant operating
pressure of 100 kPa from a height of 1 m (Sindelaf et al., 2007) for
60 minutes. On the measured areas, all post-harvest residues were
left on the soil surface. The simulated rain is defined by its inten-
sity (87 mm per hour) and operating time of simulator, i.e. dura-
tion of the rain. The precise amount of water, infiltrating the soil,
was calculated by the difference between the simulated precipita-
tion and the amount of cumulative surface water runoff from the
experimental plot. The weight of water from the surface runoff was
weighted at 5-second intervals at digital scales and recorded on
the PC. Collected water from the surface runoff was filtered in the
laboratory. The mass of dry soil is a parameter for determining the
intensity of water erosion. By the described method of measure-
ment in the given experiment, there was assessed the influence of
the observed soil and site factors on the water infiltration into the
soil of the three applied different soil tillage treatment technologies.

Obtained results from above mentioned field trials were statisti-
cally processed using analysis of variance (ANOVA) with statistical

software Statistica 12.0 (StatSoft); the significance of differences of
mean values was tested by means of Fisher LSD test (least square
difference).

Results and discussion

The yield results presented in Table 1 and Figure 1 show that
there are no any differences between CT (10.08 t ha'l) and MT
(10.19 t ha'l), but year is significant. In trial, where different till-
age systems were compared with/without phacelia (Table 2), no
significant differences are among variants in 2014. In opposite
in 2013 the lowest yields were on variant 6 (strip-tillage without
phacelia) and variant 1 - direct sowing when phacelia was used. In
2015 the lowest yields had variants 5 and 6, both without phacelia.
In three-year average, highest grain yield was in chisel loosening
(average of variants 2 and 5; 8.89 t ha'!) similar to CT (variant 4;
8.85 t ha'l). Lower yields were in no-tillage (variant 1; 8.61 t ha-1)
and strip-tillage (8.55 t ha1). Presented results confirmed that re-
duction intensity of soil tillage brought yield potential comparable
with conventional tillage. Nowadays minimum tillage is common
used in agricultural praxis in the Czech Republic and the farmers
are well educated for modification in various soil conditions, ad-
justment of working depth without soil inversion, i.e. no tillage or
reduced or shallow tillage with tine or discs.

Table 1. Analysis of variance (ANOVA) - yield of grain maize

Source of variability Degrees of freedom Mean square

yield
Year 5 446.36**
Soil tillage 1 0.60
Yearxsoil tillage 5 0.30
Error 180 0.64

** Statistically highly significant difference (P = 0.01)
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Figure 1. The impact of soil tillage on yield of grain maize in
2011-2016 (Zabgice)
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Table 2. The effect of different soil tillage on grain maize yield
(2013-2015; Zabice)

Inter-crop Variants Yield (t ha™)

phacelia of soil 2013 2014 2015

(Yes/No) tillage

Yes 1 9.82 bc 11.66 a 4.34 abc
2 10.09 cd 11.92 a 486 d
3 10.48 de 11.14 a 4.62 cd

Mean 10.13 - 11.57 - 4.61 -

No 4 10.22 cd 1193 a 4.39 bc
5 10.83 e 11.55 a 4.09 a
6 9.39 a 11.65 a 401 a

Mean 10.15 - 11.71 - 4.16 -

The different letters (a, b, ¢) indicate a statistically significant difference
(P =0.95)

Figures 2 and 3 shows soil moisture changes in 2015, when
the lowest values (less than 10 vol. %) were in July and in the first
half of August. During whole season ploughing (variant 1) had the
lowest values of soil moisture and strip-tillage variant the highest.
Year 2015 was characterized with long-term drought during veg-
etation period which caused yield reduction to level of 4 t of grain
(Table 2). In this case, higher yield of grain maize was in variants
with phacelia inter-crop, especially in chisel loosening and strip-
tillage in relation with soil moisture values. Probably partly incor-
porated organic matter from phacelia could have positive effect on
water regime during season.

In trial in Lukavec, where anti-erosion strategies where as-
sessed, the lowest soil sediment loss was recorded in the NT vari-
ant, in year 2015 and 2016 (19.90 and 28.46 g.m"2.h"1; Table 3). The
soil sediment loss was the lowest in NT variant (30 resp. 38 %) and
less in MT variant (57 resp. 88 %) in comparison with CT (= 100
%). Decrease of soil sediment loss due to sown cover crops (Canary
grass or rye) was almost less than 10 % in comparison with variant
without cover crop. Brant et al. (2017) stated less soil loss (14.6 - 55.9
%) in variant with ploughing combined with sowing of perennial
grass in autumn, glyphosate application and strip-tillage in spring
in comparison with ploughing. Higher variability in soil loss was in
shallow tillage variant (7.4 - 75.5) in relation with amount of straw
coverage on soil surface (as a crop residues of pre-crop). Rosner et
al. (2005) mention, that reduced tillage lead to significant reduction
of soil loss by conservation tillage 70 % and direct drilling 84 %.

On slope areas, the soil has to be protected against negative
effect of raindrops. The solution could be conservation tillage,
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Figure 2. Soil moisture at different soil tillage systems with
phacelia (Zab¢ice; 2015)
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Figure 3. Soil moisture at different soil tillage systems without
phacelia (Zab¢ice; 2015)

which leaves an organic mulch at the soil surface, reduces splash-
erosion and run-off, increases the surface soil organic matter (SOM)
promoting greater aggregate stability which restricts soil erosion
(Franzluebbers, 2002). Other beneficial aspects of conservation
tillage are preservation of soil moisture and increase of soil biodi-
versity (Holland, 2004).

Table 3. Soil losses due to water runoff (2015-2016; Lukavec)

Soil tillage Cover crop sown Soil sediment losses due to water runoff [g m>h”]
between rows of 2015 2016
maize Value Rel. % Mean Rel. % Value Rel. % Mean Rel. %

No-tillage (NT) Without 22.34 32 31.62 39
Canary grass 19.63 28 19.90 30 29.73 36 28.46 38
Rye 17.72 25 24.04 30

Minimum tillage Without 40.46 58 73.45 90

(MT) Canary grass 27.78 40 37.37 57 67.20 82 65.58 88
Rye 43.86 63 56.09 69

Conventional Without 70.14 100 81.48 100

tillage (CT) Canary grass 61.16 87 65.85 100 75.82 93 74.55 100
Rye 66.26 94 66.35 81
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According to Czech legislation linked with protection of soil
against erosion, different types of conservation tillage methods
are applied by farmers. Shallow tillage that all crop residues are
left on the soil surface, is usually applied. Leaving crop residues on
the soil surface year around, before and after seeding provides soil
surface protection at critical times to protect the soil against wind
and water erosion. According to Lal (1997), soil physical proper-
ties are generally more favourable with no-till than tillage-based
systems. According to Lal et al. (2007) N'T technologies are very
effective in reducing soil and crop residue disturbance, moderating
soil evaporation and minimizing erosion losses. More stable ag-
gregates in the upper surface of soil have been associated with no-
till soils than tilled soils and this correspondingly results in high
total porosity under NT plots. In Gottingen, Germany, Jacobs et
al. (2009) found that MT compared with CT, did not only improve
aggregate stability but also increased the concentrations of organic
matter and N within the aggregates in the upper 5-8 cm soil depth
after 37-40 years of tillage treatments.

The inter-crops have an important role in cropping systems.
Integration of crop into crop rotation in short period between two
main crops protects the soil against erosion, supplies the soil with
easily decomposable organic matter (Thorup-Kristensen, 1994),
enhances the physical and chemical properties of soil (Eichler-
Lobermann et al., 2008) and soil biological activity (Piotrowska
and Wilczewski, 2012). The effect of inter-crops on the reduction
of erosion risk depends on the crop stand establishment, height of
plants, leaf area index (LAI) and duration of soil coverage (Janecek,
2007). The highest values of coverage were found for variants with
white mustard, phacelia and crambe, the lowest for buckwheat and
common millet in field experiment in period 2007-2012 in Zab¢ice
(Lukas et al., 2013). However, the results were strongly influenced
by the year. The choice of appropriate species of inter-crops for
various crop structure and soil and climate conditions is impor-
tant as well (Handlifov4 et al., 2017)

Conclusion

Presented results from maize in Southern Moravia confirmed
that reduction of soil tillage intensity brought yield level compara-
ble with conventional tillage. Average of six-years results showed
that there are no any differences between CT (10.08 t hal) and
MT (10.19 t ha-l), but year is significant. In trial, where differ-
ent tillage systems were compared with/without phacelia as cover
crop, according to three-year average, the highest grain yield was
in chisel loosening (8.89 t ha'l) similar to ploughing (8.85 t ha'l).
Lower yields were in no-tillage (8.61 t ha'l) and strip-tillage (8.55
t ha1). Various conservation tillage systems have to be improved
and modified for different soil and climate conditions. The benefit
is in reduction of soil loss, which depends on crop residues cover-
age on soil surface. The soil sediment loss was the lowest in no-till
variant (30 resp. 38 %) and less in minimum tillage (57 resp. 88 %)
in comparison with ploughing (= 100 %). Decrease of soil sediment
loss due to sown cover crops (Canary grass or rye) was almost less
than 10 % in comparison with variant without cover crop. Strip-
tillage and various minimum tillage systems are suitable methods
for dry areas as a water saving technologies and also effective ap-
proach to protect soil against water erosion.

References

Birkas M., Antos G., Csik L., Szemék A. (2002). Environmentally-
sound energy saving tillage. Akaprint Kiad6, Budapest, p. 345 (in
Hungarian).

Brant V., Kroulik M., Pivec J., Zabransky P., Hakl ]J., Holec J.,
Kviz Z., Prochazka L. (2017). Splash erosion in maize crops
under conservation management in combination with shallow
strip-tillage before sowing. Soil and Water Research. doi:
10.17221/147/2015-SWR.

Choudhary M. A,, Lal R., Dick W. A. (1997). Long-term tillage effects
on runoff and soil erosion under simulated rainfall for a central
Ohio soil. Soil and Tillage Research Volume 42, Issue 3, June 1997:
175-184.

Davies D. B., Finney J. (2002). Reduced cultivations for cereals: research,
development and advisory needs under changing economic
circumstances. Home Grown Cereals Authority.

Eichler-Lébermann B., Kohne S., Kowalski B., Schnug E. (2008). Effect
of catch cropping on phosphorus bioavailability in comparison to
organic and inorganic fertilization. Journal of Plant Nutrition, 31, 4:
659-676.

Franzluebbers A. J. (2002). Soil organic matter stratification ratio as an
indicator of soil quality. Soil and Tillage Research Volume 66, Issue
2, July 2002: 95-106.

Gaudin A. C. M., Tolhurst T. N., Ker A. P., Janovicek K., Tortora C.,
Martin R. C. (2015). Increasing crop diversity mitigates weather
variations and improves yield stability. PLoS ONE 10(2): e0113261.
https://doi.org/10.1371/journal.pone.0113261.

Handlifova M., Lukas V., Smutny V. (2017): Yield and soil coverage of
catch crops and their impact on the yield of spring barley. Plant Soil
Environ., 63: 195-200.

Holland J. M. (2004). The environmental consequences of adopting
conservation tillage in Europe: reviewing the evidence. Agriculture,
Ecosystems & Environment, 103.1: 1-25.

Jacobs A., Rauber R., Ludwig B. (2009). Impact of reduced tillage on
carbon and nitrogen storage of two Haplic Luvisols after 40 years.
Soil and Tillage Research, 102: 158-164.

Janecek M. (2007). Protection of agricultural land against erosion:
Methodology (in Czech). Research Institute for Soil and Water
Conservation, Prague.

Kadlec V., Zizala D., Novotny L., Hefmanovska D., Kapic¢ka J., Tippl
M. (2014). Land consolidations as an effective instrument in soil
conservation. Ekolégia. Vol. 33, No. 2: 188-200.

Kassam A. H, Friedrich T., Shaxson T. E., Pretty J. N. (2009). The spread
of Conservation Agriculture: Justification, sustainability and uptake.
International Journal of Agriculture Sustainability 7: 292-320.

Morgan R. P. C. (2005). Soil erosion and conservation. Third Edition.
Blackwell Publishing Company, Malden, USA: 304.

Lal R. (1997). Long-term tillage and maize monoculture effects on a
tropical Alfisol in western Nigeria. I. Crop yield and soil physical
properties. Soil and Tillage Research, 42: 145-160.

Lal R., Reicosky D. C. Hanson J. D. (2007). Evolution of the plow over
10,000 years and the rationale for no-till farming. Soil and Tillage
Research, 93: 1-12.

Lukas V., Prochdzkova B., Smutny V., Drys$lova T., Neudert L. (2013).
Estimation of coverage of soil by the catch crops using ground-truth
imaging in visible spectrum. In Proceedings of 12th Alps-Adria
Scientific Workshop, Opatija, Doberdo, Venezia — Croatia — Italy
2013: 425-428.

Novak P., Masek J, Hula J. (2016). Impact of soil tillage technology on
erosion parameters in Central Bohemia region. Engineering for rural
development, Jelgava, 25.-27.05.2016.:1139-1144.

Piotrowska A., Wilczewski E. (2012). Effects of catch crops cultivated
for green manure and mineral nitrogen fertilization on soil enzyme
activities and chemical properties. Geoderma, 189-190: 72-80.

Rasmussen K. J. (1999). Impact of ploughless soil tillage on yield and soil
quality: A Scandinavian review. Soil Tillage Res., vol. 53: 3-14.

Rosner J., Zwatz E., Gyuricza C., Klik A. (2005). Conservation Tillage
systems - soil, nutrient and pesticide loss. Proc of the International
Symposium “Soil - Agriculture, Environment, Landscape” 29.06 —
01.07.2005 ISTRO (Int Soil Tillage Res Organ) Czech Republic by
Research Institute for Fodder Crops, Ltd, Troubsko.

Shelton D. P., Dickey E. C., Kachman S. D., Fairbanks K. T. (1995). Corn
residue cover on the soil surface after planting for various tillage
and planting systems. Journal of soil and water conservation, 50(4):
399-404.

dacs

Agric. conspec. sci. Vol 83 (2018) No 1

15



16 | Vladimir SMUTNY, Lubomir NEUDERT, Tamara DRYSLOVA, Vojtéch LUKAS, Martina HANDLIROVA, Petr VRTILEK, Milan VACH

Sindel4f R., Kovati¢ek P., Kroulik M., Hiila J. (2007). Hodnoceni Titi E. A. (2002). Soil tillage in agroecosystems. CRC press, USA.: 367 p.
povrchového odtoku vody metodou simulace desté. In Czech. Vetsch J. A., Randall G. W., Lamb J. A. (2007). Corn and soybean
(Assessment of water runoff from soil surface using method of rain production as affected by tillage systems. Agronomy journal, 99(4):
simulator) http://www.agritech.cz/ 2/2007, 5: 1-7. 952-959.

Slajs J., Doucha T. (2013). Situation in the Czech agriculture after 9 Zalud Z., Brotan J., Hlavinka P., Trnka M. (2013). Trends in temperature
years of EU accession - a research position to strategic challenges and precipitation in the period of 1961-2010 in Zab¢ice locality. Acta
for a future policy after 2013. International Conference IAFE-NRI, Universitatis Agriculturae et Silviculturae Mendelianae Brunensis.
Suchedniéw, June, 10-12, 2013: 116-127. Volume LXI 169, 5:1521-1531.

Thorup-Kristensen K. (1994). The effect of nitrogen catch crop species on
the nitrogen nutrition of succeeding crops. Fertilizer Research,
37: 3:227-234.

acs83_o2

dacs

Agric. conspec. sci. Vol 83 (2018) No 1



