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Abstract

Maize is main field crop on arable lands in Croatia. According data of State Bureau of
Statistics, maize in the 2010 growing season was grown on 296195 ha or 22% of utilized
arable land of the country. In the period 2001-2010 mean yield of maize in Croatia was 6.33 t
ha™! (mean harvested area 303946 ha) with variation among the years from 4.2 t ha™' (2003) to
8.0 t ha™ (2008). Weather characteristics, especially precipitation and temperature regimes,
are mainly the most responsible factors for these yield differences. In general, the higher and
good distributed precipitations as well as lower air-temperatures during three summer months
(June-August) are mainly in connection with high yields of maize. The growing season 2003
was the most unfavorable for maize growing among ten tested years because precipitation in
June-August period was for 30% lower (Osijek) and for 48% lower compared to 30-year
average. At the same period, air-temperature was for 3 °C (Osijek) and even 4.7 °C (Zagreb)
higher. This phenomenon is main reason for considerable yield reduction (mean yield 4.2 t ha’
") in Croatia. In accordance with global climatic changes, frequency occurrence of ,dry
years“ (below 150 mm in June-August) has increasing trend.
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Introduction

Weather characteristics, especially precipitation and temperature regimes, have
considerable effects on yields of field crops. The influences of weather characteristics on
maize plants start seven before sowing. The lower the soil-moisture reserve is in connection
with the higher precipitation requirements in this crop-season. It is desirable that by preseason
precipitation soil is supplied by water in level or above field water capacity, but without too
much excess. In the early vegetative growth needs of maize for water are mainly moderate
and cold weather decreasing growth rate. However, in the late vegetative stage, tasseling,
silking and pollination, the relationships between weather and yield of maize are more marked
(Shaw, 1988). The experiences from USA Corn Belt (Thompson, 1963) indicated low
correlations between maize yield and both June temperature and June precipitation. However,
optimum July precipitation is much above normal for the Corn Belt states. Also, August
temperatures are higher than those associated with optimum maize yields in the Corn Belt.
During the ear-filling stage, significant reduction in yield can occur from water shortage and
the higher air-temperatures (Thompson, 1986). The higher and good distributed precipitations
as well as lower air-temperatures during three summer months (June-August) and especially
in July and August are in connection with high yields of maize in Croatia (Josipovic et al.,
2005; Kovacevic and Josipovic, 2005; 2010b; Markulj et al., 2010). Also, similar effects of
weather conditions on maize yields were found in Serbia (Jelic et al., 2009; Kovacevic et al.,
2009a; Maklenovic et al., 2009) and Hungary (Kovacevic et al., 2009a, 209b). Aim of this
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study was testing of precipitation and temperature regime status in three months period (June-
August: Osijek Weather Bureau) and maize yields in Croatia for the 2000-2010 period.
Material and methods

For this study, the data from State Hydrometeorological Institute (precipitation and
air-temperature: Osijek and Zagreb-Maksimir Weather Bureaues) and State Institute for
Statistics (statistical yearbooks: maize yields) were used. Rain factor (RFm) was calculated
monthly as quotient of precipitation (mm) and mean air-temperatures (°C) according Gracanin
(1950).

Results and discussion

Maize is main field crop on arable lands in Croatia. According data of State Bureau of
Statistics (SYB, 2011) utilized arable land area in Croatia (status 2010) was 1334825 ha with
harvested areas of main field crops as follows: maize 296195 ha, wheat 168507 ha, soybean
56524 ha, barley 52524 ha, silage maize 30 145 ha, alfalfa-hay 27207 ha, sunflower 26412 ha
and rape seed 16339 ha. Maize growing in Croatia is characterized with high yield variations
among years. In the period 2001-2010 mean yield of maize in Croatia was 6.33 t ha (303946
ha) with variation among the years from 4.2 t ha” (2003) to 8.0 t ha™ (2008). Weather
characteristics are mainly the most responsible factors for these yield differences.

Table 1. The harvested area, grain yield of maize in Croatia and meteorological data
Maize Year (The Weather Bureaues: OS = Osijek; ZG =Zagreb-Maksimir)
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Harveted area (ha) and grain yield (t ha"') of maize in Croatia for 2001-2010 period
ha 304035 305625 304762 319855 297692 290816 313125 313125 295000 295428
tha'! 5.7 6.4 4.2 6.3 6.9 6.5 4.9 8.0 7.4 7.0
Precipitation (mm) in 3-month (June-August) period*
OS 324 172 146 216 521 240 105 201 138 377
G 190 338 145 228 381 250 248 244 243 298
Mean air-temperature (°C) in 3-month (June-August) period*
0OS 20.8 214 233 206 20.1 21.0 228 21.7 21.8 222
G 209 213 240 204  20.1 21.1 221 214 21.6 215
* 30-year (1961-1990) averages: 211 (OS) and 278 (ZG) mm, 20.3 (OS) and 19.3 (ZG) °C

Precipitation and air-temperature regimes in three summer months (June-August) are
considerable factors of maize yields in Croatia. With that regard, the growing season 2003
was the most unfavorable for maize growing among ten tested years because precipitation in
June-August period was for 30% lower (Osijek) and for 48% (Zagreb) lower in comparison
with 30-year average. At the same period, air-temperature was for 3.0 °C (Osijek) and even
4.7 °C (Zagreb) higher. This phenomenon is main reason for considerable yield reduction
(mean yield 4.2 t ha™). The growing season 2007 was also unfavorable for maize growing,
especially in the eastern part of the country. For example, precipitation in June-August in
Osijek was 50% lower and air-temperature for 2.5 °C higher from 30-year mean (Table 1).

Monthly distribution of precipitation and air-temperatures in Osijek and Zagreb (Table
2) were specific with high variations for the same month among different years. Excess of
precipitation accompanied with cold weather in June and very low precipitation with the
higher air-temperatures in August characterized 2001 growing season. Two growing seasons
(2003 and 2007) were unfavorable for maize. For example, mean June temperature in Osijek
was 24.3 °C or 4.8 °C and in August 23.6 °C or for 3.3 °C higher than LTM. August air-
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temperature in Zagreb was 25.0 °C or even for 5.7 °C higher than LTM and this stress was
accompanied with only 17 mm precipitation. The 2007 growing season was especially
unfavorable for maize in the eastern part of Croatia. Adequate June and August precipitation
and water deficit in July characterized the 2010 growing season. Monthly precipitation and
temperature regimes in remaining tested years were less or more close to LTM.

Table 2. Precipitation and mean air-temperature in June-August period

Osijek Weather Bureau Zagreb-Maksimir Weather Bureau
Year June July August June July August

Precipitation (mm) and mean air-temperature (°C): LTM = average 1961-1990

mm °C mm °C mm °C mm °C mm °C mm °C
2001 240 18.1 77 216 7 22.7 121 184 55 21.8 14 22.5
2002 36 21.1 59 223 77 209 71 21.1 124 219 143  20.8
2003 44 243 61 221 41 23.6 66 239 62 23.0 17 25.0
2004 77 19.2 43 215 96 21.0 102 19.1 70 21.1 56 21.0
2005 112 195 171  21.5 238 19.3 69 19.9 137 215 175 189
2006 91 20.1 15 23,5 134 193 40 205 32 23.8 178 18.9
2007 33 223 27 239 45 222 97 222 49 229 102 213
2008 76 21.5 79 21.8 46 21.8 103 209 86 219 55 21.4
2009 63 19.2 14 232 o6l 229 68 19.8 96 223 79 22.6

2010 234 204 32 232 111 21.7 104 204 53 232 141 20.8
Mean 101 20.6 58 22.5 86 21.5 84 20.6 77 22.3 96 21.3
LTM 88 19.5 65 21.1 58 20.3 100 18.5 83 20.1 95 19.3
Rain factor (RFm): precipitation / mean air-temperature (Gracanin, 1950)
June July August June July August
2001 13.2h 3.6sa 03 a 6.6 h 2.5a 0.6a
2002 1.7a 2.6a 3.7 sa 3.4 sa 5.7 sh 6.9h
2003 1.8a 2.8a 1.7 a 2.8a 2.7 a 0.7a
2004 4.0sa 2.0a 4.6 sa 5.3 sh 33sa 2.7a
2005 5.7sh 8.0h 123 h 3.5sa 6.4 sh 9.2h
2006 4.5sa 0.6a 6.9h 20a 1.3a 9.4h
2007 15a I.1a 20a 4.4 sa 2.1a 4.8 sa
2008 3.5sa 3.6sa 2.1a 4.9 sa 39sa 2.6a
2009 33sa 0.6a 2.7a 3.4 sa 4.3 sa 3.5sa
2010 113 h l4a 5.1 sh 5.1 sh 24a 6.8h
Mean 49sa 2.6a 4.0 sa 4.1sa 3.5sa 4.5sa
LTM  45sa 3.1a 29a 5.4 sh 4.1 sa 4.9 sa

Legend: a=arid (<3.3), sa = semiarid (3.3-5), sh = semihumid (5-6.6),
h = humid (6.6-13.3), ph = perhumid (>13.3)
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Table 3. Response of maize to fertilization (Stojic et al., 2012)
Response of maize (2004-2011) to ameliorative fertilization (April 2004)

Fertilization (2004) Year (residual effects 2006-2011)
P,0Os K,O 2004 2006 2008 2009 2011 Mean
kg ha' Grain yield of maize (tha™)
a) STD* 0 0 12.28 10.37 10.93 9.00 7.58 10.03
b)a+P 1000 0O 12.62 10.84 11.30 9.74 8.42 10.58

c)at+tK 0 1000 12.73 10.58 11.36 9.78 8.42 10.57

d)a+PK 1000 1000 13.75 11.17 11.70 10.27 8.83 11.14
LSD 905 0.52 0.64 0.50 0.49 1.02

* P2K2 effects (STD =100) 112 108 107 114 116

* STD = basic (standard) fertilization in kg ha™: 160 N + 60 P,Os + 80 K,0

Daruvar Weather Bureau (June-August period: 1961-90 = 30-year averages) 1961-90

Precipitation (mm) 225 274 314 169 205 276

Mean air-temperature (°C) 19.8 20.1 20.7 20.8 21.2 19.7

RFm average values for 30-year period in Osijek characterizing semiarid climate in
June and arid climate in July and August, while in Zagreb these values were in level of
semihumid (June) and semiarid climate (July and August) and for this reason something more
favorable for maize growing. However, for 2001-2010 decade period these values have
tendency for increasing aridity degree. Especially unfavorable for maize growing was the
growing season 2003 because rain factor in June-August period both in Osijek and Zagreb
characterized arid climate (Table 3).

Kovacevic et al. (1994) reported survey of maize yields and precipitation regime in
Slavonija and Barannya region for the 1960-1989 period. Average yield of maize in the region
was 4.82 t ha” with yield variation among years from 2.74 to 7.08 t ha™ (Croatia: 3.81 t ha™
and from 2.45 to 5.33 t ha™"). Precipitation quantities in June-August (Osijek) was 201 mm
and variation among years from 138 to 460 mm and in eight year they were below 150 mm.
The 2001-2010 period characterized by the higher precipitation (mean 244 mm), their higher
variation among years from 105 to 521 mm and below 150 mm precipitation in three years
(Table 1). However, by addition of the last two years 2011 and 2012 in consideration
(precipitation in Osijek for June-August period: 129 and 120 mm, respectively), frequency of
occurrence ,,dry years® at beginning of 21 century have increasing trend.

Additional factor of relative low yields of maize and yield variation among years could
be growing under soil conditions characterizing different soil fertility. By adequate soil and
crop management practice is possible to alleviate detrimental effects of unfavorable weather
conditions on field crops yields (Butorac 1999; Kovacevic, 2010a). Stojic et al. (2012)
reported that by ameliorative fertilization with phosphorus and potassium were increased
maize yields under drought stress of 2009 and 2011 for 14% and 16%, respectively (Table 3).
Kovacevic et al. (2011) found effects of KCI fertilization and genotype on nutritional status
and yield of maize, soybean and wheat.

Conclusion
Maize is main field crop on arable lands in Croatia. Weather characteristics, especially
precipitation and temperature regimes, have considerable effects on yields of maize. In

general, the higher and good distributed precipitations as well as lower air-temperatures
during three summer months are in connection with the higher yields of maize. In accordance
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with global climatic changes, frequency occurrence of ,,dry years* (below 150 mm in June-
August) has increasing trend.
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