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INTRODUCTION 

Low levels of plant-available P are a limiting soil-fertility factor under the conditions of 
Northern Bosnia. Increased P fertilization is usually recommended to improve these soils. As 
application of high P quantities could affect the Zn uptake in plants, the aim of this study was 
to test the effects of an ameliorative P fertilization on the Zn status in corn with emphasis on 
the P:Zn ratio. 
.  
METHODS 

The field experiment was conducted in calcaric soil in the Knespolje area (Republic of 
Srpska, Bosnia and Herzegovina). Preliminary soil test (autumn 2003) values were: pH in 
KCl = 6.84; humus = 4.24 %; NH4-Acetate + EDTA (pH 4.65) extractable P and Ca = 10 and 
22559 mg kg-1, respectively. Four rates of P fertilization were applied on May 7, 2004 (in kg 
ha-1): a) ordinary fertilization (200 N + 80 P2O5 + 120 K2O); b) a + 500 P2O5; c) a + 1000 
P2O5; and d) a + 1500 P2O5. Triplephoshate enriched with S and Zn (45% P2O5 + 1, 2% S + 
0.06% Zn) was used for fertilization. Maize hybrids Bc5984 and OsSK494 (2004 and 2005, 
respectively) were grown on the experimental plots. In the following year, residual effects of 
P fertilization were studied, and the experimental plots were fertilized uniformly (in kg ha-1): 
200 N + 80 P2O5 + 120 K2O. The experiment was conducted in four 32 m2 blocks. Four 
replicates were harvested manually in each block. 

The ear-leaves of maize were sampled at the beginning of silking (25 leaves in the mean 
sample, total of 16 samples). The total concentrations of elements in the leaf samples were 
measured after microwave digestion with concentrated HNO3+H2O2 by Inductively Coupled 
Plasma-Atomic Emission Spectrometry (ICP-AES).  

Statistical data analysis (analysis of variance and correlations) were performed according 
to Mead et al. (1996). 
 
RESULTS AND DISCUSSION 

Adequate quantities of Zn in corn leaves at flowering stage range from 20 to 70 mg Zn 
kg-1 dry weight (Mengel and Kirkby 2001). The P:Zn ratios are also important for a balanced 
Zn nutrition in plants. Blasl and Mayr (1978) reported an optimal P:Zn ratio of 65 and an 
acceptable range from 15 to 180. Based on these criteria, a normal Zn status of corn was 
found in our study (Table 1). 

Applied fertilization resulted in increases of grain yield up to 32% and 17% compared to 
the control, for 2004 and 2005, respectively. In our study, P fertilization significantly 
decreased the Zn level in leaves by 48% compared to the control but only in the first year of 
testing. Residual influences of ameliorative P fertilization on the Zn status of corn leaves 
were not found in the following year. However, the Zn status in corn grain was independent 
of P fertilization in 2004, but Zn contents decreased with ameliorative P treatments by 40% 
compared to the control in the following year. This phenomenon is impossible to explain 
given the available data. 



 
Table 1. Results of Knespolje field experiment  
 

 Yield, P (%) and Zn (mg kg-1 ) in grain and leaf Soil 
P2O5 Yield Grain at maturity Ear-leaf at silking (0-30 cm depth) 

kg ha-1 t ha-1 P Zn P:Zn P Zn P:Zn pH P2O5 CaCO3 
        (KCl) mg kg-1 % 

 The growing season 2004   
80 

580 
1080 
1580 

7.90 
9.18 
9.85 
10.40 

0.27 
0.30 
0.30 
0.32 

21.8 
21.3 
19.9 
19.0 

125.7 
139.5 
150.3 
167.9 

0.33 
0.30 
0.32 
0.31 

45.2 
37.3 
28.2 
23.7 

73.7 
81.2 
113.8 
131.2 

Soil sampling 
(August 11, 2005) 

 

LSD 5% 
LSD 1% 

0.37 
 0.53 

0.02 
n.s. 

n.s.  n.s. 9.4 
14.3 

 Soil P2O5 status: 
AL-method 

 The growing season 2005  
80 
80 
80 
80 

7.27 
8.53 
8.38 
8.42 

0.28 
0.29 
0.29 
0.29 

31.3 
21.5 
17.4 
18.5 

90.1 
132.6 
168.4 
154.1 

0.33 
0.36 
0.35 
0.35 

44.5 
39.1 
40.9 
41.0 

75.3 
92.1 
85.8 
85.1 

6.73 
6.65 
6.60 
6.85 

71 
115 
260 
444 

1.66 
1.36 
1.27 
1.38 

LSD 5% 
LSD 1% 

0.29 
0.42 

n.s. 2.4 
3.6 

 n.s. n.s.     

 
Zinc deficiency occurs mainly in soils with high pH, especially calcareous soils (Lukac 

and Knezek 1972, Kovacevic et al. 1988).  
Bogdanovic et al. (2003) applied increased rates of P fertilizer (control (0) and 1000 kg 

P2O5 ha-1) on chernozem soil, and the nutritional status of corn (dry matter at 5-7 leaves 
stage) was reported  with 0.24 and 0.79% P, 17.2 and 12.5 mg Zn kg-1, and P:Zn ratios of 142 
and 631, respectively. At same time, the available Zn in the soil was drastically reduced by P 
fertilization (3, 67 and 0.79 mg Zn kg-1, respectively). In our study, P application did not 
harm the Zn status of plants, probably due to using Zn-enriched P fertilizer and the high 
organic matter content of the soil.  
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