PHOSPHORUS IMPACTS ON YIELD AND NUTRITIONAL STATUS OF MAIZE
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Abstract

The field experiment with three  rates of phosphorus (P) fertilization for maize (OsSK444 and OsSK552 hybrids) up to 2000 kg P2O5/ha were conducted in the spring 2002.  For the next growing seasons (2003 and 2004) only ordinary fertilization was applied. In general, maize yields were independent on applied fertilization. Only application of the highest P rate had residual influences  on maize yields for the 2003 growing season. Probably very favorable weather conditions for 2002 and 2004 could be resposible factor for low influences of fertilization on maize yields. Also, maize hybrid OsSK552 yielded  more than OsSK444. The ear-leaf of maize at beginning of silking (the 2002 growing season only) was taken for chemical analysis. Leaf P, Mg, Mn and Fe concentrations increased by application of the highest rate of P. At the same time, K, Ca, Zn, Cu and Fe concentrations significantly decreased. Especially influences of P fertilization were found for Zn status in maize leaves (70 and 40 ppm Zn, for the control and 2000 kg P2O5/ha, respectively). OsSK552 hybrid characterized by the higher K, Ca, Mg, Cu and Fe, as well as the lower Zn concentrations in comparison with the OsSK444 hybrid. 
Key words: maize hybrids, phosporus fertilization, leaf composition

Introduction

Yield and nutritional status of maize are under influences of environmental and hereditary factors. Aim of this study was testing response of two maize hybrids (yield and composition of leaves at silking stage)  to ameliorative phosphorus fertilization.

Material and methods

The field experiment

The field experiment with three ameliorative rates of P fertilization were conducted in term April 25, 2002 on the hydromorhic soil  (locality Zivike, Brod-Posavina County). NPK 7:20:30  (625 kg/ha) and urea containing 47% N (247 kg/ha) fertilizers were used for ordinary fertilization (kg/ha: 160 N + 125P2O5+ 187 K2O). Four fertilization treatments were applied as follows (kg P2O5/ha ): a) control = 125;  b) 625; c) 1125and d) 2125. Monoammonium phoshate (MAP: 12% N + 52% P2O5 ) was used as source of P for ameliorative fertilization (0, 500, 1000 and 2000 kg P2O5/ha, for the treatments a, b, c and d, respectively). Calcium ammonium nitrate (CAN: 27% N) was used for equalization of different levels of nitrogen added by MAP. For the next growing seasons (2003 and 2004) only ordinary fertilization was applied.

Two hybrids (OsSK444 and OsSK552: intermittent sowing four by four rows) were grown for 2002-2004 growing seasons. Maize was sown by 4-rows pneumatic sowing machine (theoretical plant density or TPD = 58310/ha). Yields were calculated on 14% grain moisture and 90% of TPD  (2002 and 2004)  as well as 70% of TPD (2003). 
Soil characteristics

Soil sampling (15 individual sampling wit the auger to depth of 30 cm) was made at beginning of April 2002. Available P and potassium (K) were determined by AL-method. Mobile fraction of the individual elements were also extracted with ammonium lactate – EDTa (pH 4.65) according Lakanen and Ervio (1971) and their concentrations were determined using inductively coupled plasma (ICP). The experimental plot is acid soil with moderate amount of plant available P (Table 1).

Table 1. Soil properties (0-30 cm depth) at starting of the Zivike experiment

	pH

values
	AL-method

(mg/100 g)
	Ammonium Acetate – EDTA (pH 4.65)

mg/kg (Lakanen-Ervio method, 1971)

	H2O
	KCl
	P2O5
	K2O
	P
	K
	Ca
	Mg
	Mn
	Zn
	Cu
	Fe

	5.67
	4.26
	6.80
	15.64
	34
	1387
	2475
	240
	225
	2.4
	5.2
	396


Weather caharacteristics

In general, under our environmental conditions, low yields of maize are in connection with shortage of precipitation and higher air-temperatures during July and August (Josipovic et al. 2005). Data of Weather Bureau Slavonski Brod were used for characterization of weather characteristics (Table 2). In general, weather conditions during the growing seasons 2002 and 2004 were favourable for maize growing. Drought and high-temperature stress is main characteristic of the 2003 growing season (Table 2). 

Table 2. Weather data for Slavonski Brod

	Rainfall (mm) and mean air-temp. (oC) - Slavonski Brod Weather Bureau1
	Total
	Mean

	
	
	May
	June
	July
	Aug.
	Sept.
	mm
	oC

	The growing season 

2002
	mm

oC
	80

18.1
	55

21.0
	78

22.4
	122

20.7
	136

15.2
	471
	19.5

	The growing season 

2003
	mm

oC
	63

19.2
	44

23.7
	61

22.6
	51

23.8
	48

15.7
	267
	21.0

	The growing season 

2004
	mm

oC
	74

14.8
	85

15.7
	47

21.3
	36

20.9
	49

15.7
	291
	17.7

	Long-term means

1971-1990
	mm

oC
	74

15.9
	82

18.8
	87

20.6
	71

19.9
	54

15.9
	368
	18.2


1 approx. air-distance of the exp. field from Slavonski Brod toward west about 25 km

Leaf sampling, chemical and statistical analysis

The ear-leaf of maize at beginning of silking stage (July 16, 2002) was taken (about 25 leaves in mean sample) from each two rows of individual hybrids (four replicates).  Concentrations of individual elements were determined by the ICP after microwave digestion in the laboratory of the Research Institute for Soil Science and Agricultural Chemistry of the Hungarian Academy of Sciences and Arts in Budapest, Hungary. Leaf samples were digested in 65% nitric acid (HNO3) + 30% hydrogen-peroxide (H2O2). Analyses were performed with a Jobin-Yvon Ultrace 238 ICP-OES spectrometer. Statistical analysis of the data were made according Mead et al. (1996).

Results and discussion

The growing season was the most influencing factor of maize yields because depending on year they were ranged from 8.04 to 12.26 t/ha. Drought stress and plant density reductions is main reason for low maize yields for the 2003 growing season (Table 3). In general, maize yields were independent on applied fertilization. Only application of the highest P rate had residual influences  on maize yields for 2003 (Table 3). Probably, favorable weather conditions in 2002 and 2004  could be resposible for similar yields on different rates of P fertilization. Also, maize hybrid OsSK552 yielded  more than OsSK444. 

Table 3. Influences of P fertilization and hybrid on maize yields at Zivike experiment 

	Influences of fertilization  and hybrid on grain yield of maize for 3-year period 
	

	Fertilization (kg P2O5/ha)
	 Grain yield  (t/ha)*
	Mean

	2002
	2003
	2004
	2002
	2003
	2004
	

	125

625

1125

2125
	125

125

125

125
	125

125

125

125
	12.27

12.04

12.50

12.25
	7.74

7.96

8.03

8.38
	9.69

9.73

9.55

9.78
	9.90

9.91

10.03

10.13

	Influence of fertilization (A): LSD  5%

                                                LSD 1%
	n.s.
	0.47

n.s.
	n.s.
	

	OsSK444

OsSK552
	11.93

12.60
	7.54

8.51
	9.57

9.80
	9.68

10.30

	Influence of hybrid (B): LSD  5%

                                        LSD 1%
	0.50

0.72
	0.57

0.77
	n.s.
	


*Theoretical plant density (TPD) 58310 plants /ha: yield calculation on 14% grain moisture, 90% TPD (for 2002 and 2004) and 70% TPD (2003) basis

For the data interpretation appraisal of the nutrient status of the ear-leaf of maize at the flowering stage according to Christensen was used (cit. Mengel and Kirkby, 2001) as follows (on dry matter basis): adequate  = 0.2-0.5 % P, 0.2-1.0% Ca and Mg and 1.5-3.0% K; 20-200 mg Mn/kg, 6 - 50 mg Cu/kg; 10-300 mg Fe/kg and 20-70 mg Zn/kg. In our study, adequate levels of P, K, Ca, Mg, Mn, Zn, Cu and Fe in maize leaves were found (Table 4). Normal nutritional status of maize under conditions of ordinary fertilization could be additional reason for low response maize to applied fertilization.

As affected by the highest rate of P fertilization significantly increased ear-leaf P, Mg, Mn and Fe concentrations. At the same time, K, Ca, Zn, Cu and Fe concentrations significantly decreased (Table 4). Similar influences of ameliorative fertilization on nutritional status of maize were found in our previous studies (Kovacevic et al. 2004a; Loncaric et al. 2005).

P fertilization especially influenced on Zn status in maize leaves (70 and 40 ppm Zn, for the control and 2000 kg P2O5/ha, respectively). Maize is zinc-intensive plant with high zinc-demand (Bergmann 1992, Mengel and Kirkby 2001). Blasl and Mayr (1978) reported optimum P:Zn ratio about 65 and acceptable range from 15 to 180. In our study,  P:Zn ratios in maize leaves were in normal range from 39 (the control)  to 81 (2000 kg P2O5/ha). 

In our study was found mainly significant differences in the ear-leaf composition between two maize hybrids. For example, the OsSK552 hybrid characterized by the higher K, Ca, Mg, Cu and Fe, as well as the lower Zn concentrations in comparison with the OsSK444 hybrid. (Table 4). Considerable role of genotype on  nutritional status of maize hybrids were found in our earlier studies (Kovacevic et al, 2004b, 2004c).

Table 4.  Influences of P fertilization (April 22, 2002) and hybrid on the ear-leaf composition at silking stage (July 16, 2002) for the 2002 growing season 
	The factor
	Ear-leaf composition at silking stage (on dry matter basis)

	P2O5 
	Maize
	Percent
	mg/kg (ppm)

	kg/ha
	hybrid
	P
	K
	Ca
	Mg
	Mn
	Zn
	Cu
	Fe

	
	
	Influences of fertilization (the factor A) 

	125

625

1125

2125
	
	0.305

0.314

0.297

0.324
	1.82

1.68

1.67

1.60
	0.864

1.033

0.746

0.794
	0.304

0.382

0.316

0.333
	142

194

156

190
	77.9

66.6

44.5

39.9
	19.5

18.1

13.2

13.2
	153

151

145

177

	LSD A 5% 

LSD A 1%
	0.006

0.009
	0.14

n.s.
	0.074

0.112
	0.028

0.043
	18

27
	4.5

6.8
	2.0

3.1
	19

n.s.

	
	
	Influences of hybrid (the factor B) 

	OsSK444

OsSK552
	0.308

0.313
	1.58

1.80
	0.761

0.958
	0.274

0.394
	172

169
	59.4

55.0
	14.8

17.2
	147

165

	LSD B 5% 

LSD B 1%
	n.s.
	0.03

0.05
	0.034

0.049
	0.012

0.018
	n.s.
	1.9

2.8
	1.7

2.5
	14

n.s.
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