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Abstract: 













Five maize hybrids were grown on two soils in eastern Croatia (Rakitovica gleysol and Bicko selo luvisol) in the growing season of year 2007. Significant differences in leaf K, Ca, Mg, Fe, Mn and Zn content (the ear-leaf at flowering stage) were established depending on specific agroecological conditions of the localities. For example, leaf K, Fe, Zn and proline contents were higher on the gleysol, probably due to lower soil pH, and more severe drought stress. Leaf K content was negatively related to Ca and Mg. Synergistic relation of K to proline in maize leaves could be the reaction of plant to environmental stress, whereas proline was negatively related to grain % in ear mass. Soil influence was not significant for evaluated yield components (grain ear-1, ears plant-1 and grain dry mass plant-1). The obtained differences in yield components among hybrids imply the necessity of further evaluation of their ability for nutrient utilization from acid soils and grain production in different climate conditions.
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Introduction 
Soil complexity determines plant nutrients uptake through various chemical and biological processes which are in turn influenced by other environmental factors, such as moisture and temperature. As soil quality condition decreases, soil sensitivity to climatic extremes may increase (Birkás et al., 2006). In acid soils, which account for about 40% of the world’s arable land, high phosphorus fixation and aluminium poisoning drastically limit the expansion of agriculture (López-Bucio et al, 2000). Regarding nitrogen uptake on acid soils, the results of Pal'ove-Balang and Mistrik (2007) support the view that nitrate uptake and reduction might be the main processes responsible for Al induced growth retardation in Lotus plants grown in mineral acid soils. Soil acidity influences also availability of other plant nutrients. However, the adequate potassium and proline content in plant tissues both contribute to higher plant tolerance to osmotic stress. It was reported that the effect of potassium on proline accumulation in leaf was greater in leaf discs from plants grown at high level of potassium (Mukherjee, 1974). Maize harvest index was reduced when dry spells occurred during flowering and grain filling (de Barros et al., 2007). Based on the above, presented study aimed to explore the relations among K, Ca, Mg, Fe, Mn, and Zn in maize ear-leaf at flowering, leaf proline content and some of the maize yield components, in the field conditions at two acid soils in eastern Croatia.

Materials and methods 
The field experiment, sampling and chemical analysis

Five maize hybrids (PR35P12, PR36B08, PR34F02, PR37M34, and PR36K67) were grown in 2007 on two localities in eastern Croatia as follows: luvisol at Rakitovica in Drava valley (Croatian Podravina) area and gleysol at Bicko Selo in Sava valley (Croatian Posavina) area. Localities were fertilized (kg ha-1) with 160 N : 110 P2O5 : 150 K2O and 202 N : 105 P2O5 : 135 K2O, for luvisol and gleysol, respectively. Soil nutrient status (Table 1) and clay content were evaluated at the ear-leaf sampling term (middle of July). 
Ear-leaf (25 plants in mean sample) was dried at 70oC for 48 h and analyzed after wet-digestion procedure. At the same time, proline content was analyzed in middle section of ear-leaf after Bates et al. (1973). Total K, Ca, Mg, Fe, Mn and Zn in plant and soil samples were determined by AAS procedure. Grain samples were taken at full maturity stage from 25 ears per replicate, whereas the grain proportion in ear fresh mass (GPE, %) was determined imidiately, and mean dry mass of grain per plant (GPP, g) was determined after drying to 14% grain moisture content. The number of ears per plant (EPP) was determined using 25 randomly selected plants per replicate. The results of leaf analysis and yield components were statistically analyzed using ANOVA with F-test for the evaluation of significance of locality and hybrids, as well as t-test for the evaluation of the established correlations (* P≤0.05; ** P≤0.01).
The soil and weather characteristics
The luvisol was characterized by more acid reaction, the lower level of clay and more exchangeable Fe and Zn, as well as considerably lower exchangeable Mn contents as compared to the gleysol (Table 1). The both soils are supplied well with phosphorus and potassium. The 2007 growing season was unfavorable for maize growth (Table 1). In general, low maize yields are in connection with drought and the higher air-temperatures, especially in July and August (Josipovic et al., 2005).
Table 1. The agrochemical properties of the soils and weather data 
	The soil
	Clay

content

(%)
	pH
	mg kg-1
(AL-method)
	Exchangeable nutrients

(EDTA, mg kg-1)

	
	
	H2O
	KCl
	P2O5
	K2O
	Fe
	Mn
	Zn

	Gleysol
	35.9
	6.00
	5.69
	241.0
	247.6
	70.1
	27.3
	2.1

	Luvisol
	17.2
	5.23
	4.56
	265.0
	265.5
	108.4
	7.0
	3.5

	Weather data
	April –October: 2007 and long-term mean (LTM) 1971-2000

	Locality
	Precipitation (mm)
	Mean air-temperatures (oC)

	Bicko Selo
	2007 = 497; LTM = 495
	2007 = 17.6; LTM = 16.4

	Rakitovica
	2007 = 422; LTM = 457
	2007 = 17.8; LTM = 16.7


Results and discussion 
Soil and genotype were significant factors of maize leaf status (Table 2). The PR36K67 had the highest leaf K on both soils. The highest leaf Ca was accompanied with the lowest leaf K. This implies K-Ca antagonism, that was further demonstrated by highly significant negative correlation (Figure 1; y1, r = -0.611**). In the research of Iszáki (2006), no significant K-Ca antagonism was observed in maize leaves even in the dry year of 2003, by contrast, K-Mg antagonism was detected as higher leaf K was accompanied by a reduction in the Mg content. Leaf Mg was also negatively related to K (Figure 1; y2, r= -0.800**). Similar to K and Ca, Mg concentration in maize leaf was strongly dependent on the hybrid (P≤0.01). All three macronutrients were significantly related to PRO (K:PRO, Figure 2, y1, r = 0.650**; Ca:PRO, r = 0.425** ; Mg:PRO, r = -0.578**). Synergistic relation of K to PRO in maize leaves could be the reaction of plant to multiple environmental stresses. PRO was significantly related to GPE (Figure 2; y2, r= -0.465**), accordingly, PRO level in maize leaf could be considered as stress indicator in given experimental conditions. 
The question that remains unanswered is, does K and PRO accumulation in maize leaf could be related to proline content in pollen and silk? As reported by Sato et al., (2006), even a moderately elevated temperature stress significantly decreased number of fruit set, pollen viability and the number of pollen grains released in tomato, due to disruption of sugar metabolism and proline translocation.
Table 2. Properties of maize hybrids under growing conditions of two acid soils 

(means of four replicates; locality means marked with the same letter do not differ significantly at P≤0.05)
	Maize properties: leaf composition, GE (% grain ear-1), EP (ears plant-1), GP (grain dry mass plant-1)

	Maize
	% in leaf dry matter
	mg kg-1 leaf dry matter
	μM g-1 leaf
	Grain and ear traits

	hybrid
	K
	Ca
	Mg
	Fe
	Mn
	Zn
	Proline
	GE
	EP
	GP

	
	Bicko selo (gleysol)

	PR35P12
	1.48
	0.41
	0.21
	117
	66.0
	35.1
	1.27
	81.8
	0.89
	171.8

	PR36B08
	1.17
	0.46
	0.21
	117
	58.5
	37.9
	1.21
	81.5
	0.97
	192.9

	PR34F02
	1.54
	0.42
	0.19
	108
	89.5
	34.8
	2.30
	79.1
	0.82
	146.4

	PR37M34
	1.51
	0.42
	0.20
	117
	56.0
	36.9
	1.42
	82.8
	1.04
	189.0

	PR36K67
	1.75
	0.39
	0.16
	95
	66.0
	38.9
	1.54
	82.8
	0.89
	189.2

	Mean
	1.52A
	0.42A
	0.19A
	111A
	67.2A
	36.7A
	1.55A
	81.6A
	0.92A
	177.9A

	
	Rakitovica (luvisol)

	PR35P12
	1.58
	0.43
	0.17
	151
	51.7
	59.8
	2.65
	78.7
	0.96
	197.0

	PR36B08
	1.51
	0.47
	0.18
	128
	37.5
	46.0
	1.20
	81.1
	1.02
	192.4

	PR34F02
	1.58
	0.43
	0.17
	131
	45.2
	38.1
	2.26
	77.7
	0.89
	181.7

	PR37M34
	1.40
	0.52
	0.22
	147
	40.2
	56.5
	1.11
	83.3
	0.94
	153.7

	PR36K67
	1.98
	0.34
	0.13
	197
	38.7
	102.6
	2.09
	84.2
	1.03
	200.0

	Mean
	1.65B
	0.44A
	0.17B
	151B
	42.7B
	60.6B
	1.80B
	81.0A
	0.97A
	184.9A

	Analysis of variance (F test, * P≤0.05, ** P≤0.01): soil (S), hybrid (H) and interaction (S x H)

	Soil
	*
	ns
	*
	**
	**
	**
	*
	ns
	ns
	ns

	Hybrid
	**
	**
	**
	**
	**
	**
	**
	**
	*
	ns

	S x H
	ns
	**
	*
	**
	*
	**
	**
	ns
	ns
	ns
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	Figure 1. The relations between  leaf K and Ca (y1) as well as  leaf K and Mg (y2) in maize 
(DM – dry mass; n = 40; ** P≤0.01)
	Figure 2. The relations between leaf proline (PRO) and leaf K (y1) as well as grain per ear (GPE, y2, F) in maize (FM – fresh mass; n = 40; ** P≤0.01)


Furthermore, it was stated that extreme abiotic stress factors may cause flowering asynchronism, reducing the chance of fertilization (Racz et al., 2006), and plants are the most susceptible to decreased water supply right before and during the process of flowering. 
Considering mean temperatures (Table 1), that were approximately 1oC higher that 30-year means, maize feasibly suffered from heat stress, especially in flowering stage, on both localities. The vegetation period was also much dryer on luvisol than on gleysol. Mean PRO content was higher under more acid and drought conditions of  the luvisol. 
Sipos et al., (2007) reported that maize leaf Mn content was slightly decreased on irrigated plots. Here, leaf Mn was strongly influenced by both locality and hybrid (P≤0.01) and their interaction had an influence as well (P≤0.05). Less Mn was obtained in maize leaves on luvisol, where drought was more severe and the exchangeable soil Mn content was lower (gleysol: 27.28 mg kg-1 EDTA-Mn vs. luvisol: 7.02 mg kg-1 EDTA-Mn). Leaf Fe and Zn were both much higher on the luvisol. Considering evaluated yield components, only hybrid influence was significant for GPE and EPP. 
Conclusions 
Significant differences in the nutrient content of maize ear-leaf at flowering stage were observed, depending on hybrid and locality influence. Synergistic relation of K to PRO in maize leaves indicates plant reaction to multiple environmental stresses. PRO level in maize leaf could be considered as stress indicator in given experimental conditions. Considering evaluated yield components, locality influence was not significant in the presented study, but this requires further research.
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