WEATHER AND SOIL INFLUENCES ON OF MAIZE YIELD VARIATIONS AMONG YEARS IN THE EASTERN CROATIA 
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The eastern Croatia occupies about 22% state territory and participating for 40% in maize harvested area. Grain yield of maize for 30-year period (1961-1990) under less favorable soil conditions (pseudoglay) of  Podr. Slatina area was or 31 % lower than on more fertile soils (eutric cambisol) of Vukovar area. Depending on water regime there were found considerable differences of maize yields among years. The higher influences of precipitation on maize yields were found for Vukovar municipality area (20 % lower yield under drought stress in comparison with 30-year mean) while in Podr. Slatina area was less influencing factor of yield. This phenomenon could be to explain with more aerated soils of Vukovar area and lower migration of subsurface water to the higher soil horizons.Weather differences among individual growing seasons are more responsible factor of maize yields for a short period. Especially low maize yield in the region in 2000 (34% lower in comparison with four previous years) is mainly influenced by water shortage. For example, the amount of precipitation in Osijek for the period May-August in 2000 was 107 mm or only 40% in comparison with 30-year mean (1961-1990).   The 2003 growing season was also unfavorable for the spring crops growing. For example, precipitation in 4-months May-August period was only 162 mm (the data of Osijek Waether Bureau) and it is for 40% lower in comparison with 30-years mean. Under these conditions, maize yield in Eastern Croatia was only 4.49 t ha-1 or 38% lower in comparison with previous year. 
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Maize is the most widespread crop on arable lands in Croatia. According the data of the State Bureau for Statistics in the recent 3-year period (2001-2003) mean maize harvested area was 406376 ha/year or  near 30% of total arable lands of the country. Maize grain yields in eastern Croatia are about 30% higher in comparison with mean yields of the country. Besides the degree of soil fertility, precipitation quantities and their distribution during a growing season significantly influence maize yields as well. In general, under environmental conditions of eastern Croatia, there is usually a close connection between low maize yields and precipitation shortage, especially during July and August. Aim of this study was survey of some recent published  data  concerning yield variations of maize among years under conditions of the eastern Croatia (Kovacevic, 2004; Kovacevic and Josipovic, 2001, 2005; Josipovic et al., 2005; Kovacevic et al., 2005). These findings are mainly consistent with experiences from the USA Corn Belt (Shaw, 1988).
MATERIAL AND METHODS
Collection of maize yield and weather data
The data of State Bureau for Statistics were used as the source of grain yields data. Until end of 1992 the eastern Croatia region was territorial divided in 14 municipalities covered 11,090 km2 (Vukovar, Zupanja, Vinkovci, Beli Manastir, Osijek, Djakovo, Slav. Brod, Valpovo, Donji Miholjac, Nasice, Slav. Pozega, Orahovica, Podr. Slatina, and Nova Gradiska). Since 1992, according to the new territorial division, eastern Croatia includes five counties (c) with the total area of 12.452 km2: Vukovar-Sirmium (VSc), Osijek-Baranya (OBc), Brod-Posavina (BPc), Pozega-Slavonia (PSc) and Virovitica-Podravina (VPc) County. Yield data for the entire region and two counties (VSc and VPc, representing more fertile soils and lower fertile soils of the region, respectively) for the 1996-2003 period were shown. Also, the data for Brod-Posavina County were shown. State Hydrometeorological Institute in Zagreb was source of precipitation and mean air-temperatures data.
Soil characteristics of the Eastern Croatia
Pedologic characteristics of the Eastern Croatia elaborated in detail by Janekovic (1971), Skoric et al (1985) and Kovacevic and Basic (1997). On the Pleistocene terrace and plateaus of the Eastern Croatia there is a succession of climatozonal soil complexes. From east to west there is a zonal decrease in soil fertility. As the physical and chemical soil properties deteriorate, the soil profile is increasingly impaired. Eutric cambisol is dominant soil type in the eastern part of the region (for example VSc), while in its western part (for example VPc) pseudoglay and similar soil types are dominant (Fig. 1). 
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	Soil types: S = Brown soil; LS = Lessive brown soil; L = Lessive soil; 
                  PG = Pseudogley: lessive  and marbled PG


Fig 1. Scheme of soil zonality in the Eastern Croatia (Janekovic 1971): climatogenic zonal soils (I), intrazonal hydrogen soils (II), intrazonal substratogenic soils of  mountain part  above 230 mm of sea level (III) and intrazonal substratogenic soils on relict sand substrate (IV).

Brod-Posavina County

Brod-Posavina County (BPc) covering areas of former Slav. Brod and Nova Gradiska municipalities (total 2034 km2). BPc is narrow belt (longitude approximately 110 km and width form 7 to 25 km in west-eastern direction) delimited by river Sava toward south and by Psunj, Pozeska gora and Dilj Mountains toward north, while Slobostina  river is border toward west. Part of the Vukovar-Sirmium County (former Zupanja municipality) is the border toward east.  Relief of this area is typically lowland and latitude between 80 and 100 m above sea level. There are three ways dampening of soils as follows:  by surface water, underground water and by their combination. Dominant are different types of hydromorphic soils (Petosic et al. 2003). 

RESULTS AND DISCUSSION
The eastern Croatia occupies about 22% state territory and participating for 40% in maize harvested area (Kovacevic and Josipovic 2005). Also, maize yields in the region for 20-year period (1971-1990) were in mean for 26% higher in comparison with the state mean. Considerable variation of maize grain yields among years for the 30-year (1961-1990) period was found.  Increased yield trends for a decade periods (for example 57% higher yield for the 1981-1990 compared to 1961-1970) are possible to explain by improvement of crop and soil management practices as well as creation of high-yielding hybrids (Table 1).  

Grain yield of maize for 30-year period under less favorable soil conditions (pseudoglay) of Podr. Slatina area was or 31 % lower than on more fertile soils (eutric cambisol) of Vukovar area. Depending on water regime there were found considerable differences of maize yields among years (Table 2). Concerning this the higher influences of precipitation on maize yields were found for Vukovar municipality area (20 % lower yield under drought stress in comparison with 30-year mean) while in Podr. Slatina area because of more compacted soils water regime was less influencing factor of yield. This phenomenon could be to explain with more aerated soils of Vukovar area and lower migration of subsurface water to the higher soil horizons.

Weather differences among individual growing seasons are more responsible factor of maize yields for a short period. For example, in the three more favorable seasons (MFS=1982, 1984 and 1986) mean maize yield in the region totaled 6.69 t ha-1, whereas in the three less favorable seasons (LFS=1978, 1980 and 1988) it was 5.11 t ha-1 or 24% lower. Analogical data for the Vukovar area were 7.94 and 6.38 t ha-1 and for PS area 5.34 and 4.14 t ha-1, respectively. The amount of precipitation for 4-month period (May-August) was lower in the LFS (3-year means for four tested localities: 285 and 237 mm, for the MFS and LFS, respectively), whereas at the same time precipitation in July was nearly  40% lower (65 and 40 mm, respectively) - (Kovacevic and Josipovic, 2005). 
	Table 1. 
Maize harvested area (ha) and grain yields (t/ha) in the Eastern Croatia
 (Kovacevic and Josipovic, 2005)

	The 1961-1970 period
	The 1971-1980 period
	The 1981-1990 period

	Year
	ha
	t /ha
	Year
	ha
	t /ha
	Year
	ha
	t /ha

	The eastern Croatia

	1961

1962

1963

1964

1965

1966

1967

1968

1969

1970
	173 579

171 546

166 810

168 346

196 690

188 918

206 666

200 333

202 920

194 981
	2.74

3.28

3.26

3.99

3.48

4.15

4.10

3.69

4.26

4.21
	1971

1971

1973

1974

1975

1976

1977

1978

1979

1980
	208 892

195 942

216 172

192 182

221 632

201 462

196 650

180 862

196 632

189 692
	4.06

4.67

4.30

5.16

5.14

4.76

5.80

5.14

5.87

5.42
	1981

1982

1983

1984

1985

1986

1987

1988

1989

1990
	214 301

201 268

209 305

206 779

221 395

217 788

197 149

209 768

208 312

234 148
	5.72

6.40

6.40

7.08

6.26

6.59

5.33

4.78

5.46

4.31

	Mean
	187 079
	3.72
	Mean
	200 012
	5.03
	Mean
	212 021
	5.83

	Republic of Croatia

	
	
	
	Mean
	496541
	3.94
	Mean
	510059
	4.65


	Table 2.

Maize grain rain yields (t/ha) and precipitation (mm) for the 1961-1990 period
(Kovacevic, 2004)

	
	Maize yields  in former Vukovar (VU) and Podr. Slatina (PS) municipality and precipitation (mm) data for Vukovar (VU) and Podr. Slatina (PS)

	Period
	Maize grain yield (t/ha)
	Precipitation (mm)

	(Year)
	
	
	May-August
	July

	
	VU
	PS
	VU
	PS
	VU
	PS

	
	Means for decade period

	1961-1970
	4.78
	3.33
	258
	332
	62
	86

	1971-1980
	6.69
	4.07
	328
	342
	80
	85

	1981-1990
	6.53
	5.01
	274
	303
	58
	52

	30-y mean
	6.00
	4.14
	287
	326
	67
	74

	
	The lower quantities of  precipitation (“dry growing seasons”)

	1961

1971

1981

1988

1990
	3.14

5.43

6.15

5.33

3.78
	2.94

3.89

4.80

4.53

4.43
	163

178

298

161

238
	320
222

304

237

180
	26
18

28

8

53
	77
53

28

48

41

	5-y means
	4.77
	4.12
	208
	253
	27
	49

	
	The higher quantities of  precipitation

	1967

1970

1975

1982

1984
	6.20

5.92

6.86

7.40

8.43
	3.38

3.65

4.16

5.00

5.22
	224

405

550

294

331
	289

308

505

353

320
	83

85

97

95

53
	90

91

81

86

75

	5-y means
	6.97
	4.28
	361
	355
	83
	85


	Table 3
Maize harvested area (ha) and yield  (t/ha) variations in the state farm  “Jasinje” Slavonski Brod  (internal data of the state farm)

	Year
	ha
	t/ha
	Year
	ha
	t/ha
	Year
	ha
	t/ha

	The state farm “Jasinje” Slav. Brod

	1976

1977

1978

1979

1980
	4049

3646

1566

2710

2390
	2.59

5.00

3.70

5.66

5.31
	1981

1982

1983

1984

1985
	3610

3320

3253

3220

3851
	6.53

5.55

6.32

7.81

6.12
	1986

1987

1988

1989

1990
	3525

3173

2963

2781

3115
	7.72

5.42

4.35

7.02

6.87

	
	2872
	4.45
	
	3451
	6.47
	
	3111
	6.28


Yields of  maize  on arable lands in property of former state farms were higher than in level of correspondingly municipality mainly because improved soil and crop management practices including also soil reclamation by drainage (Petosic 1994, Petosic et al. 2001, 2003). However, maize yield variations among years are also in function of water and temperature regimes (Tables 3 and 4).
	Table 4
Precipitation (mm) and mean air-temperatures (oC)  for Slavonski Brod

	Precipitation (mm)
	Mean air-temperatures (oC)

	Year
	Month
	Year
	Month

	
	May
	June
	July
	Aug.
	Sep.
	
	May
	June
	July
	Aug.
	Sep.

	1976

1977

1978

1979

1980
	73

62

146

18

139
	126

97

50

66

113
	157

181

63

123

33
	134

74

24

54

55
	72

46

61

51

29
	1976

1977

1978

1979

1980
	15.1

16.3

13.9

16.4

13.1
	17.5

19.1

18.1

21.4

18.6
	20.7

19.8

19.1

19.2

19.7
	16.8

19.6

19.0

18.9

19.9
	14.8

13.5

14.7

15.6

15.3

	1981

1982

1983

1984

1985
	70

37

63

125

64
	104

70

65

67

132
	74

108

45

56

32
	41

120

78

86

68
	93

15

102

71

9
	1981

1982

1983

1984

1985
	15.5

16.4

18.0

14.9

17.1
	19.4

20.2

18.4

17.5

16.9
	19.9

20.5

22.2

18.9

21.0
	19.5

19.9

20.4

18.6

20.9
	1.7

19.0

15.9

16.6

16.0

	1986

1987

1988

1989

1990
	42

90

28

180

17
	92

46

70

95

77
	105

40

27

61

62
	84

46

50

88

41
	13

25

76

88

75
	1986

1987

1988

1989

1990
	18.2

14.2

16.7

14.8

16.8
	18.1

19.5

18.8

17.5

19.3
	19.3

23.2

23.3

21.0

20.6
	21.2

19.6

21.4

20.0

20.4
	15.0

19.7

16.4

15.8

14.5

	20-year  means (1971-1990)

	
	74
	82
	87
	71
	54
	
	15.9
	18.8
	20.1
	19.9
	15.9


	Table 5
Maize harvested areas  (ha) and yields (t/ha) in Croatia and the eastern Croatia region

for the period 1996-2003 (Kovacevic and Josipovic, 2005)

	
	Croatia
	The eastern Croatia

	Year
	
	Maize yields in  the County*
	Total

	
	ha
	t/ha
	VSc
	OBc
	VPc
	BPc
	PSc
	ha
	t/ha

	1996

1997

1998

1999

2000
	361268

371273

374531

384184

388639
	5.22

5.88

5.27

5.56

3.93
	7.06

7.29

6.49

7.29

4.72
	6.46

7.35

6.53

6.60

3.96
	5.84

6.83

5.88

5.82

4.30
	6.15

6.37

5.48

5.62

4.30
	5.73

6.76

5.59

5.97

4.67
	154 202

159 770

169 935

177 353

180 182
	6.30

7.01

6.20

6.50

4.31

	Mean
	375979
	5.17
	6.57
	6.18
	5.73
	5.58
	5.75
	168 288
	6.06

	2001

2002

2003
	405910

407272

405947
	5.45

6.14

3.86
	7.37

6.82

5.15
	6.79

7.50

4.32
	5.94

7.67

4.57
	5.77

6.42

3.98
	5.94

6.46

4.53
	190 136

185 651

184 270
	6.63

7.21

4.49


                  *  the county (c): Vukovar-Sirmium (VSc), Osijek-Baranya (OBc), Virovitica-Podravina (VPc), 
                      Brod-Posavina (BPc) and Pozega-Slavonia (PSc); 
	Table 6
Precipitation (mm) and mean air-temperatures (oC)  in Osijek and Slavonski Brod

	
	Osijek
	Slavonski Brod

	
	May
	June
	July
	Aug.
	Sep.
	May
	June
	July
	Aug.
	Sep.

	
	Precipitation (mm)

	1996

1997

1998

1999

2000
	78
38

49

89

26
	30
86

26

150

10
	95

91

84

95

63
	77
41

99

74

5
	157
53

64

51

23
	115
54

50

85

27
	36
86

54

73

25
	47

106

88

210

88
	44
68

84

35

11
	174
47

114

74

47

	Mean
	56
	40
	86
	58
	70
	62
	55
	108
	48
	46

	2001

2002

2003
	60
135

18
	240
37

44
	77

85

70
	7

84

42
	195
82

51
	30
80

63
	191
55

44
	57

78

61
	32
122

51
	224
136

48

	
	Mean air-temperature (oC)

	1996

1997

1998

1999

2000
	18.0
17.8

16.2

17.3

18.4
	21.1
20.8

21.4

20.3

22.5
	19.9
20.3

22.2

21.9

21.7
	20.6
20.5

21.8

21.3

23.7
	13.1
16.2

16.0

18.8

16.7
	17.5
17.4

15.8

17.2

17.3
	20.8
20.8

21.3

20.5

21.6
	20.0
20.3

22.6

21.5

21.2
	20.7

20.0

21.8

21.4

23.0
	13.3
15.9

15.9

18.3

16.1

	Mean
	17.5
	21.2
	21.2
	21¸.6
	16.2
	17.1
	21.1
	21.1
	17.1
	16.0

	2001

2002

2003
	18.4
18.6

20.1
	18.1
21.1

24.3
	21.6
22.3

22.1
	22.7
20.9

23.6
	14.9
15.4

15.9
	17.8
18.2

19.5
	18.0
21.3

23.9
	21.9
22.6

22.6
	22.2
21.0

24.4
	14.6
15.7

16.3

	
	Long-term means (1961-1990)

	mm
	59
	88
	65
	58
	45
	
	
	
	
	

	(oC)
	16.5
	19.5
	21.0
	20.3
	16.6
	
	
	
	
	


In the 1996-2000 period, maize harvested area in the region decreased about 20% in comparison with 10-year mean of 1981-1990, whereas yields showed mild increasing trend (Table 5). Since 1996 yield variation among years, as well as its dependences on water regime had similar trend as in the previous tested periods. Especially low maize yield in the region in 2000 (34% lower in comparison with four previous years) is mainly influenced by water shortage. For example, the amount of precipitation in Osijek for the period May-August in 2000 was 107 mm or only 40% in comparison with 30-year mean (1961-1990).  The 2003 growing season was especially unfavorable for maize growing because of water shortage. For example, precipitation in 4-months May-August period was only 162 mm (the data of Osijek Waether Bureau) and it is for 40% lower in comparison with 30-years mean (Table 6). Under these conditions, maize yield in Eastern Croatia was only 4.49 t ha-1 or 38% lower in comparison with previous year (Table 5). 
CONCLUSIONS
Soil and weather conditions have considerable influences on maize yields. In general, the lower yields of maize under environmental conditions of the eastern Croatia are in connection with water deficite and the higher air-temperature, especially during the summer months. Irrigation  of the field crops is solution for maize yield stabilizations among years and for ovecomming of water shortage stress.
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