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Abstract: Maize is the main field crop on arable lands in Croatia. Climatic changes, particularly temperature regime and
precipitation quantities and their distribution during growing season had often adverse effects on maize yield. Therefore,
irrigation of maize crops in critical periods is useful considering the variations among annual yields caused by water stressed
conditions. Acid soils are covering one-third of agricultural soils in Croatia (about 832.000 hectares) and correction of pH by
liming is also an important factor for increase and stabilization of annual yield values. The aim of this study was to review
irrigation and liming effects on maize yield in eastern Croatia. Eastern Croatia covers an area of 12.454 km? or 22.0% of the
State territory. This region is termed as the “granary of Croatia” because 75% of wheat and 50% of maize harvested areas of
the country are located in this region. Maize yields in the long-term (since 2000) irrigation experiments carried on since 2000
on Agricultural Institute Osijek increased by 20% in years with average climate conditions, while under drought conditions of
three growing seasons in 2007, 2011 and 2012, yield increases were 32%, 36%, and 47%, respectively. Soil improvement by
liming with increasing rates of carbocalk (by-product of sugar factory containing about 43% CaO and about 6% of organic
matter) up to 60 t ha™* was also a useful management practice, because in two experiments maize yields increased up to 25%
(4-year average). However, for satisfied yield increases for 16% in both experiments the lowest amount of carbocalk needed
for application was 15 t ha.
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Dogu Hirvatistan’da Sulama ve Kire¢leme Faktorlerinin Yillik Misir Verimine Etkisi

Ozet: Misir, Hirvatistan’daki ekilebilir tarim alanlarmim bashca iiriinii durumundadir. Iklim degisiklikleri, 6zellikle de sicaklik
ve yagis miktar1 ve bilylime sezonu siiresince bu iki faktorde goriilen dalgalanmalar musir verimini ¢ogu kez olumsuz etkilemis-
tir. Bu nedenle, su stresi kosullarinda yillik Giriin miktarindaki degisimler g6z oniine alindiginda, kritik dsnemlerde musir bitkisi-
nin sulanmasimnin faydali oldugu ortadadir. Hirvatistan’daki tarim topraklarmin 1/3’liikk kismimi (yaklasik 832.000 hektar) asidik
topraklar olusturmaktadir ve topragin pH degerinin diizeltilmesi i¢in kire¢lenmesi de yillik verim diizeylerinin arttirilmasi ve sa-
bitlenmesi agisindan 6nemli bir faktordiir. Bu ¢alismada sulama ve kireglemenin Hirvatistan’in dogusundaki musir verimi {izerin-
deki etkileri degerlendirilmistir. Hirvatistan’m dogusu 12.454 km?lik bir alan kaplamaktadir ve bu alan iilke topraklarimin
%22’sini olusturmaktadir. Bu bdlge Hirvatistan’in tahil ambari olarak isimlendirilmektedir ¢iinkii tilkedeki bugday tretiminin
%75’1, musir iiretiminin de %50’si burada yapilmaktadir. Osicek Tarim Enstitiisii’'nde 2000 yilindan bugiine siirdiiriilmekte olan
uzun donemli sulama ¢aligmalar1 sonucunda ortalama iklim kosullarina sahip alanlardaki musir verimi %20 artarken, 2007, 2011
ve 2012 yillarinda yasanan kuraklik dénemlerindeki {irlin artis1 sirasiyla %32, %36 ve %47 olmustur. Hektar bagina 60 tona ka-
dar ulasan oranlarda yapilan kire¢leme araciligiyla toprak kosullarinin iyilestirilmesi de etkili bir yontem olmustur ¢linkii gergek-
lestirilen iki deneysel ¢alismada musir verimi %25’e kadar (4 yillik ortalama) artis gostermistir. Ancak her iki deneyde de
%16’l1k bir verim artis1 igin uygulanmasi gereken kire¢ miktarmin hektar basina 15 ton oldugu tespit edilmistir.

Anahtar kelimeler: Sulama, kiregleme, misir verimi, dogu Hirvatistan

Introduction

Maize is the main field crop on arable lands in
Croatia. Average maize harvested area during the 5-
year period between 2008-2012 was 302.000 ha
making 34% of the used arable land area and the
annual maize yield in this period ranged from 4.34 t ha’
' to 7.98 t ha® (FAO, 2013; SY, 2013). Climatic
changes, particularly temperature regime and
precipitation quantities and their distribution during

growing season had often adverse effects on maize
yield (Kovacevic et al. 2013). Irrigation of maize crops
in critical periods is therefore useful due to yield
variations among years caused by water stressed
conditions (Josipovic and Kovacevic, 2010; Josipovic
et al., 2010, 2012; Kovacevic et al., 2013; Plavsic,
2012; Markovic et al., 2012; Markovic, 2013). Acid
soils are widespread in Croatia and they cover 831.704
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ha, representing about 32% of the total agricultural
land (Mesic et al., 2009) and correction of pH by
liming is an important factor in increase and
stabilization of yield among years (Andric et al. 2012;
Antunovic 2008; lljkic et al. 2011; Jurkovic et al. 2008;
Kisic et al. 2004; Komljenovic et al. 2013; Kovacevic
and Rastija 2010; Kovacevic et al. 2006, 2010, 2013,
2013a, 2013b, Loncaric et al. 2005; Markovic et al.
2008; Mesic 2001; Mesic et al. 2009).

Materials and Methods

The details of materials and methods of the present
experiments were given in the former original studies

Table 1. Impacts of irrigation on maize yields

M. Monika et al.

(Josipovic et al. 2009; Josipovic et al. 2012; Antunovic
2008; Kovacevic et al. 2006).

Results and Discussion

Results of the former studies (Josipovic et al., 2009,
2012; Markovic, 2013) are presented in Table 1. There
are considerably variations in annual yields of different
years. Unfavorable weather conditions during growing
seasons, especially drought and air temperature above
averages are limiting factors. As a result of global
climatic changes come heat waves and more extremely
oscillation in amount of precipitation.

Response of maize to irrigation (Agricultural Institute Osijek)

Irrigation™ Grain yield of maize t/ha **

2000 2002 2004 2006 2007 2008 2009 2010 2011 2012 Mean
Control 10.2 11.9 10.9 8.3 8.61 8.37 9.89 8.40 6.81 6.73 9.01
80-100% 12.6 124 11.9 10.3 11.3 9.65 12.20 8.56 9.23 9.92 10.82
LSD 0.05 0.65 0.13 0.49 0.27 0.44 0.30 0.22 0.26 0.35 0.32

* maintenance of soil moisture in the range of 80-100% field water capacity (FWC)
** 2000 — 2004: average of 3 fertilization + 4 replicates (12 individual results for each treatment)
** 2005 — 2012: average of 3 fertilization + 4 hybrids + 4 replicates (36 individual results for each treatment)

Construction of water accumulations and increase
of areas under irrigation could be priority tasks,
particularly for growing of high profitable crops, for
example seed maize or vegetables. Dry farming seed
production of maize in Croatia in dry growing seasons
in 2006, 2007, 2009, 2011 and 2012 was significantly
below average. In irrigation plots, maize yields in the
experiments conducted on Agricultural Institute Osijek
(from 2000 to 2012) increased by almost 20%, while in
dry growing seasons in 2007, 2011 and 2012 the yield
increase was32%, 36%, and 47%, respectively.

Table 2. Liming effects on yields of maize, wheat and barley.

Improvement of soil quality by liming was also a
useful management practice (Table 2). As presented in
previously published results (Antunovic 2008; Jurkovic
et al. 2008; Kovacevic et al. 2006, Kovacevic et al.
2010; Kovacevic et al. 2010a; Kovacevic et al. 2013)
maize and wheat yields were increased by 32% (4-year
average) and 30% (3-year average). Inadequate
supplies of soil with potassium (K) and phosphorus (P)
were found in the drained hydromorphic soils of
Posavina area. As affected by fertilization treatments,
maize yields were increased by 87% (K effects) and by
42% (P effects).

Carbocalk (t/ha) LSD Carbocalk (t/ha) LSD
Year 0 15 30 45 60 0.05 Year 0 15 30 45 60 0.05
Grain yield (t ha™): the experiment | * Grain yield (t ha®): The experiment I1**

Maize Maize
2001 5.04 6.19 6.39 6.72 7.56 1.05 2001 7.36 10.2 10.3 11.2 10.3 0.77
2002 5.51 6.66 6.77 6.82 7.50 0.92 2002 9.89 10.5 10.7 11.2 125 0.77
2006 7.28 7.68 7.88 8.26 8.06 0.56 2003 4.42 5.14 5.81 6.63 5.53 0.77
2010 8.40 9.94 9.69 9.73 9.58 0.89 2005 7.48 7.96 7.66 7.80 8.00 0.77

X 6.56 7.62 7.68 7.88 8.18 7.29 8.45 8.62 9.21 9.08

Wheat Wheat
2007 5.04 6.77 7.03 7.25 6.66 0.34 2007 3.84 4.62 4.99 4.52 3.80 0.51
2009 5.04 6.96 7.09 7.14 7.07 0.66 The original papers :
2012 5.49 6.46 6.80 6.58 7.30 0.45 * JURKOVIC et al., 2008; Rastija et al., 2012;

Barley Kovacevic et al., 2006, 2010, 2013
2004 5.79 7.50 7.29 6.82 7.05 0.76 ** ANTUNOVIC, 2008
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Conclusion

Production of summer crops is under significant
influence of agro ecological conditions, manly weather
and soil condition. High air temperatures, lack of
rainfall and bad distribution of rainfall during growing
season significantly reduces yields of summer crops.
Irrigation in sub-humid environmental areas (east
Croatia) is required during dry seasons. Efficiency of
irrigation practice is evident in yield incensement
especially in dry growing seasons. Furthermore,
significant yield reduction in areas with low P and K
supplies indicates the importance of proper
fertilization.
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