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Abstract. The winter barley crop production is not adequatedgearched regarding soil tillage systems,
especially in crop rotation with the soybean, bottps gaining importance as food for the animale fiesearch
at experimental site Boksic (Croatia), during treang 2005 and 2006, showed no difference in yifis
conventional tillage, based on mouldboard ploughamgl reduced tillage, based on diskharrowingatheof six
nitrogen fertilization levels (0, 30, 60, 90, 120dal50 kg N hd). Regarding N fertilization, yield increase was
not significantly higher after applied 90 kg N*hahe diskharrowing with 90 kg N Hashowed to be the most
profitable tillage system.

INTRODUCTION

The soil tillage systems for winter barley prodantihad been reconsidered during the
last decade, especially in the light of the Craati@eds for more affordable and high quality
cattle fodder. This process is a result of worldwicends and research results about tillage
simplifications for higher sustainability of the ramlture, in which the environment
protection and decreases of tillage costs is ealy@mphasised [1]. In the Slavonia, the
most agricultural region of the Republic of Croatiarious systems of reduced tillage for
different crops have been already tested [2, 8, 8], with main goals to decrease the costs of
production, maintain agrosphere sustainability emgreserve high yield (characteristic for
this region) despite the reduction of applied aghniques. Along with the introduction of
reduced tillage systems, the awareness has besadraf different approach toward
fertilization, soil compaction, weed control anchet problems connected with lesser soll
agitation. The simplified soil tillage particulanigised the question of efficiency of fertilizers,
especially nitrogen, in interaction with the tilagystems.

MATERIALS AND METHODS

This research was conducted near Boksic in Easteoatia, for the winter barley
(Hordeum vulgare L.) in a crop rotation after soybearfslycine max L.) for crop seasons
2004/05-2005/2006. The site's soil type was detegthas a eutric cambisol, with loamy clay
texture, total porosity between 32.2-44.7%, bulksiy from 1.30 to 1.70 kg drh neutral
reaction (pH in KCI 6.8), with rather high contaithumus (4.%), and with poor fertility (6.6
mg B.Os and 6.8 mg KO per 100 g of soil, 2.8 % of Ca@dn 0-30 cm depth. The main
experimental set-up was a split-plot design ingmepetitions, where the main treatment was
soil tillage with two steps: CT=conventional tilagautumn ploughing up to 25 cm depth,
spring diskharrowing, followed by seedbed prepamatvith rototiller and standard sowing)
and DS=autumn diskharrowing up to 20 cm depth, [segdreparation with rototiller in



spring and standard sowing. The sub-treatment efitrogen fertilization consisted of six
steps of nitrogen fertilization: N1=0, N2=30, N®:®4=90, N5=120 and N6=150 kg N*ha
(see Table 1 for the nitrogen fertilization distiion), with the same amount of phosphorus
(83 kg ROs ha') and potassium (124 kg.R ha') each season. The phosphorus and
potassium amounts were determined by soil analyaed planned crop uptake
recommendations. The basic experimental plot sag svm wide and 30 m long (total area
of 150 nf). The winter barley cultivar "Trenk" was sown, tbeeation of the Agricultural
Institute Osijek, Croatia, in recommended plantsitgrof 450 plants M, within the optimal
sowing dates (31. October 2004 and 20. October)2@&ing the harvest time, plots were
harvested one by one and complete grain mass fawh plot was weighted on portable
electronic scale, whereas moisture content wasrdeted by "Dickey John GAC 2000" grain
moisture meter, from ten subsamples taken durieghtéirvest and preserved in the plastic
bags. The split-split-plot ANOVA was performed bAS statistic package (V 8.02, SAS
Institute, Cary, NC, USA, 1999) with Year as theimlavel, Tillage as sub-level and added
N as sub-sub-level for the winter barley yieldse Hisher protected LSD means comparisons
were performed for P=0.05 significance levels. Reigg costs, everything is expressed as
the difference in comparison with the lowest inppaatment, which was the Diskharrowing +
0 kg N/ha. The mouldboarding ploughing tillage (&B6st was for 600 HRK/ha greater than
the diskharrowing tillage alone (DS), whereas 1Ngost was 5.18 HRK/kg, and winter
barley price was 0,85 HRK/kg.

Table 1: Fertilization scheme for the Boksic expemtal trial

Autumn fertilization 1st Sidedressin 2nd Sidedresg
Fertilization levels OPK NPK Urea KAN KAN
0:20:30 | 8:22:33 46% N 27% N 27% N
N1:0 kg N had 413 - - - -
N2: 30 kg N h& - 375 - -
N3: 60 kg N h& - 375 - 111 -
N4: 90 kg N h& - 375 - 111 111
N5: 120 kg N ha - 375 - 167 167
N6: 150 kg N ha - 375 65 167 167

RESULTS AND DISCUSSION

The rather favourable weather condition in bothrygaanaged rather high yields for
winter barley under both tillage systems with adegqlavailable nitrogen, with no statistical
differences between Tillage treatments for all dgen treatment levels (Table 2), although
DS tended to be slightly higher, especially at lon#rogen levels (N1 through N3). This
effect was probably the result of higher concemrabf incorporated soybean residues in
shallower upper soil layers. At the fertilizaticevels higher than 60 kg N hgN4 through
N6), this difference tended to decrease due tcstifecient nitrogen supply in both Tillage
treatments. These results were in accordance vathesauthors whose trials included
ploughing and continuous diskharrowing, who repbtteat, under favourable agroecological
conditions, yields did not differ among conventibtidéage and other reduced tillage systems
[7]. However, some other authors with similar ddlage treatments recorded that usually
conventional tillage had better results than redwusml tillage systems [8, 9], although some
of them [9] pointed out that different placemendl &ailgher amount of nitrogen could alleviate
negative effects of reduced tillage and thus unfieaiole soil preparation for cereals growth at
the yield level achieved with the conventionalagi based on ploughing. Along with the



increase of N amount, the winter barley respondigld significant yield growth between N2
to N3 (2.69 to 3.35 t hia respectively) and between N3 to N4 (from 3.33.86 t hd), with
better crop reaction between N2 to N3 (for 663 & &r increase of 25% in comparison with
the yield at N2 level), than between N3 to N4 @68 kg h& or 15% if compared with N3).
These yield leaps are corresponding with the Médath's theory of lowering yield's
increase, and roughly determining Nitrogen levebsadd N4 as Baule 2 and Baule 3 values
of added nutrient, respectively. Subsequentlypgin rates higher than 90 kg N*hdid not
produce significantly higher winter barley yields.

In comparison with the treatment which requires lihweest input, which was DS in
combination with N1 (0 kg N g, as the treatment with the highest relative prefilculated
as the difference between variable costs of inpdtwinter barley grain yield, the DS and 90
kg N ha' was pointed out (Graph 1), with the profit of HBBR ha" higher than the DS +
N1. Although the grain yields for N5 and N6 wergh®er, higher investment in additional
nitrogen fertilizers reduced relative profit at th&2 and +71 EUR ha(respectively) in
comparison with the DS+N1. It is also importaniptant out the DS+N3 treatment, with the
profit of +62 EUR hd, as the lowest nitrogen rate which produced siggnitt profit.

Regarding CT treatments, which were for 80 EUR hsore expensive than DS, the
only treatment which achieved relative profit gezathan 0 (or, in other words, costs were
"covered" with the produced grain yield) was CT+(98 kg N hd), so, the same nitrogen
fertilization rate as for the best profit at DSatirments. But, since that relative profit was
lesser than 2 EUR Hait is very questionable whether this profit igfiient for other costs
of winter barley production.

Table 2: Winter barley grain yield (kg Aeat 13% grain moisture, Boksic site, Croatia, agerfor both years (
2005 and 2006)

N level (Plogghing) DS (Diskharrowing) Average (N)
N1 (0 kg N hd) 2380 & 2571 a 2475 A
N2 (30 kg N h&) 2625 a 2752 a 2688 A
N3 (60 kg N h&) 3224 b 3479 b 3351 B
N4 (90 kg N h&) 3841 ¢ 3858 bc 3849 C
N5 (120 kg N ha) 3923 ¢ 3928 bc 3925 C
N6 (150 kg N ha) 4036 c 4107 c 4072 C
average (Tillage) 3338 n.s. 3449 n.s.

T The winter barley yields within the same Tillagezdl and labeled with the same lowercase letternate
different at the P=0.01 significance level

¥ The winter barley yields labeled with the samearppse letter are not different at the P=0.01 agmice level

n.s. The tillage averages are not statisticallfedsit at the P=0.01 significance level
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Graph 1: Tillage (CT=mouldboard ploughing, DS=Diakiowing only) and Nitrogen fertilization (0, 300,820,
120 and 150 kg N R treatments relative costs, relative winter baregin yield values and relative profits
(EUR ha), all expressed in comparison with the lowest tripgatment, DS + 0 kg N HaBoksic site, years
2005 and 2006.

CONCLUSION

For given agroecological conditions and observeltivem of winter barley in crop
rotation after the soybean, the grain yields did differ between tested tillage systems,
conventional tillage, based on the mouldboard phngy and reduced tillage, based on
diskharrowing. The highest yields were obtainethatnitrogen rate of 150 kg N fhabut not
statistically significant than lower N rates of &d 120 kg N ha Regarding the economical
analysis, the highest profit was achieved with kisskowing tillage system and 90 kg N*ha
whereas mouldboard ploughing showed no decentt@todill six N fertilization levels.
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