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Abstract
Phosphorus (P) deficiency is limiting factor of field crops yields on some soils in Croatia. It is mainly found on pseudoglay and similar soil types situating at northwestern part of Pannonian region and in mountain region of the country. Aim of this study was survey of four field trials results with increased P fertilization. The trials were conducted in spring 2001 (the trials A, B and D) and 1990 (the trial C) in four replicates. 

Two identical field experiments (A and B) were conducted on acid hydromorphic soils of Sava lowland area (Brod-Posavina County).  Low P supplies were found by previous soil test. Different fertilization treatments included also two P levels (MAP: 12% N + 52% P2O5) as follows: a) control (ordinary fertilization); b) a + 750 kg P2O5/ha; and c) a + 1500 kg P2O5/ha.). Experimental plot of fertilization measured 64 m2. In each plot of fertilization were grown three maize hybrids (OsSK444, OsSK552 and Bc5982). Mean maize yields were 8.01 and 8.56 t/ha, for the experiment A and B, respectively. Significant influences of applied fertilization on grain yields were found only on the trial A (grain yields in t/ha): 7.63 (a), 7.94 (b), and 8.97** (c). Effects of ameliorative fertilization (up to 2550 kg either P2O5 or K2O/ha) were also found on Crnac polje near Nova Gradiska (the trial C). By using the highest rate of P fertilizers maize yields were increased for 41% in comparison with the control (3.81 t/ha).
Grain yields of field crops in Lika region (Lika-Senj County) are low, as affected by soil limitations (mainly P deficiency). Four rates of P (as MAP) were applied and three maize hybrids were tested (the trial D). In general, by P application, yields were increased for 30% and they were as follows:  6.87, 7.89, 7.81, 8.96 and 9.02 t/ha, for the control, 500, 1000, 1500 and 2000 kg P2O5/ha. Mean yields of individual maize hybrids were as follows: 7.65 (Alpos), 8.02(OsSK247) and 8.65 (OsSK332) t/ha.

Introduction

Phosphorus (P) deficiency is limiting factor of field crops yields on some soils in Croatia. It is mainly found on pseudoglay and similar soil types situating at northwestern part of Pannonian region and in mountain region of the country (Bogunovic et al. 1996; Kovacevic and Basic 1997). Also, there are examples, that P deficiency is combined with potassium (K) deficiency. These disorders were found mainly in some hydromorphic soils characterizing high clay contents and neutral to alkaline reaction and they are situated in left side of Sava river lowland in Croatia (Kovacevic, 1993), as well on its right side in Bosnia (Okiljevic et al. 1982; Kovacevic and Vukadinovic, 1992). Vukadinovic et al. (1988) found strong P- and K fixation in these soils. Likoder et al. (1989) pointed that on these soils there are high oscillations of yields among growing seasons and that slightly dry years are more favorable compared to wet years. 

Material and methods

Four field experiments including different amounts of P either/and K fertilization were conducted at Sava lowland area (the experiments A, B and C) and in Lika region (the experiment D). Experimental design was randomized block with four replicates. They were conducted in the early spring 1990 (C) and 2001 (A, B and D). Choice of P treatments was made for this study. Maize was sown at end April/beginning May and harvested at beginning October. Grain yields were calculated on 90% of theoretical plant density (TPD) and 14% grain moisture basis. The results of these investigations were shown in detail by the previous studies (Kovacevic et al. 1997, 2002a, 2002b).

The field experiments

Two identical field experiments were conducted on hydromorphic soils (the experiment A and the experiment B) characterizing low P and moderate K supplies (Table 1). The exp. fields are situated on left side of Sava lowland. We applied increased rates of P fertilizers on ordinary fertilization as follows: a) control; b) a + 750 kg P2O5/ha; c) a + 1500 kg P2O5/ha;  Monoammonium phosphate (MAP: 12% N + 52% P2O5) was source of P. Experimental plot of fertilization measured 64.3 m2. In each plot of were grown three maize hybrids (OsSK444, OsSK552 and Bc5982: gross of plot 28.6 m2). Maize was sown at planned plant density (TPD)  58310 plant ha-1. 

The field trial C was conducted on drained Crnac polje gleysol. Fertilizers were broadcast and disked into 15 cm depth in early spring 1990. The control treatment received standard fertilization (as urea and NPK fertilizer) of 200 kg N, 150 kg P2O5 and 150 kg K2O  per hectare. Different fertilization was used including application four levels of P (as superphosphat) on standard fertilization as follows: 0, 308, 606, 1202 and 2393 kg P2O5 ha-1. Plot size was 305 m2. Maize hybrid OsSK247 was planted at a plant density 63500 plants ha-1. Ear leaf was taken for chemical analysis (25 leaves) at the beginning of the silking stage (mid-July) Nutritional status was determined by the molybdate-vanadate method (P) and by atomic absorption (K, Ca and Mg) after wet-digestion described by Holz (1973).

The field experiment D was conducted at beginning of May 2001 in Lika province. Four rates of ameliorative P fertilization were applied in form of MAP as follows (kg P2O5/ha): a) control, b) a + 500, c) a + 1000, d) a + 1500 and f) a + 2000. The experimental plot of fertilization was 64.26 m2. Three maize hybrids of early maturity group  (Alpos, OsSK247 and OsSK332) were tested. Maize was sown in term May 16 and harvested in October 5, 2001. Theoretical  plant density (TPD) was 71429 plants ha-1.

Soil characteristics

Choice of soil for ameliorative fertilization  was made based on previous soil test. In general, low  amounts of plant available P was found, especially in Lika province (Table 1).

Table 1. Soil characteristics (0-30 cm) of the experimental fields 

	The exp. field

(year of sampling)
	pH
	Humus

(%)
	mg/100 g  of soil

 (AL-method)

	
	H2O
	KCl
	
	P2O5
	K2O

	
	Sava lowland area (Brod-Posavina county)

	A (2001)

B (2001)

C (1989)
	5.06

6.61

7.64
	4.82

5.34

6.92
	1.72

1.74


	2.05

3.04

3.85
	9.42

12.00

12.00

	
	Montain region (Lika-Senj county)

	D (2001)
	6.40
	5.30
	3.80
	0.70
	11.4


Results and discussion

     Response of maize to ameliorative fertilization with phosphorus in the experiments A and B was specific because in the experiment A yields were increased for 18%, while in the experiment A differences of yields were in range of statistical error (Table 2).  

     Application of ameliorative rates either P or K fertilizers in the experiment C for the 1990 growing season resulted by considerable increases of soybean (Kovacevic et al. 1993) and maize yields (Kovacevic et al. 1997). For example, by using the highest rates of the P fertilizers, grain yields of maize were increased for 41% in comparison with usual fertilization  (Table 3). 
Table 2. Influences of ameliorative fertilization and hybrid on maize grain yields in the A and B  - the growing season 2001 (Kovacevic et al. 2002a)

	
	Ameliorative fertilization (kg P2O5 ha-1) at early spring 2001

	Maize
	The field experiment A
	The field experiment B

	hybrid
	0
	750
	1500
	LSD 1%
	0
	750
	1500
	LSD 1%

	
	Grain yield of maize (t ha-1 on 90%TPD1 and 14% grain moisture basis) 2001

	OsSK 444

Bc5982

OsSK552
	7.14

7.45

8.29
	7.40

8.02

8.40
	9.39

8.55

8.97
	
	8.87

8.71

8.97
	8.34

8.82

9.18
	8.13

8.40

9.03
	

	Mean
	7.63
	7.94
	8.97
	0.51
	8.85
	8.78
	8.52
	n.s.


 1 TPD = theoretical plant density: 58310 plants/ha; 90% TS = 52479 plants/ha

Table 3. Response of maize hybrid OsSK247 to ameliorative phosphorus fertilization (Kovacevic et al. 1997)

	Fertilization
	The field experiment C: maize properties

	P2O5
	Yield
	Ear leaf at silking stage (% in dry matter)

	kg ha-1
	t  ha-1
	P
	K
	Ca
	Mg

	0

308

606

1202

2393
	3.81

4.62

4.69

5.40

5.36
	0.28

0.32

0.35

0.40

0.48
	0.70

0.82

0.74

0.74

1.15
	1.51

1.57

1.49

1.35

1.33
	1.46

1.39

1.45

1.30

1.06

	LSD 5%

LSD 1%
	0.57

0.78
	0.02

0.03
	0.13

0.17
	0.13

0.17
	0.22

0.29


     Grain yields of field crops in mountain part of Croatia are considerably lower than in lowland area, mainly as affected by soil and climatic limitations. For example, shortage of plant available phosphorus has been found in some arable lands of Lika region because by soil test were found P quantities mainly less than 2.0 mg (AL-method), while for normal plant development are needed more than 10 mg P2O5/100 g of soil (Kovacevic et al. 2002b). Under these conditions, maize responded up to 30% yield increases due to ameliorative fertilization with phosphorus (Tab. 4).

Table 4. Response of maize to ameliorative phosphorus fertilization in Lika province (Kovacevic et al. 2002b)  

	The field experiment D: Plant density realization (PDR in %TPD*), grain moisture at harvest (GM), sterile plants (SP) contribution and maize grain yields (on 90% TPD and 14% GM basis)

	Influences of fertilization
	Influences of maize hybrid

	P2O5
	Percent
	t ha-1
	Maize
	Percent
	t ha-1

	kg ha-1
	PDR
	GM
	SP
	Yield
	hybrid
	PDR
	GM
	SP
	Yield

	0

500

1000

1500

2000
	89.3

88.9

89.7

88.7

88.0
	37.1

36.1

35.0

35.0

36.6
	3.9

3.7

4.9

4.8

4.6
	6.87

7.89

7.81

8.96

9.02
	Alpos

OsSK 247

OsSK 332
	86.2

88.5

91.5
	29.4

40.0

38.6
	5.1

7.1

0.5
	7.65

8.02

8.65

	LSD 5%

LSD 1%
	0.93

1.30
	LSD 5%

LSD 1%
	0.33

0.45


* theoretical plant density (TPD): 71429 plants ha-1

     Recommendation for ameliorative fertilization with phosphorus fertilizers could be indicated by previous soil test on plant available phosphorus. In general, fertilizer consumption in the last decade period in the eastern European countries decreased. Andres (1996) found that world fertilizer consumption was characterized by a positive trend up to 1988/89 leading to a maximum global use of 145.6 mill. tons of pure nutrients. Since that time, fertilizer consumption is on the decline arriving at the level of 125.5 mills. tons (N + P2O5 + K2O) in 1992/93. Fertilizer consumption in Croatia is at the bottom of European scale for the last 10-year period and it is only about 115 kg of active ingredients (internal data of Petrokemija Fertilizer Factory). Permanent soil cropping without restitution of plant nutrients removed from the soil, leads to a gradual decrease in soil fertility. We presume that by application of contemporary soil and crop management practices is possible better soil and climate efficiency.
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