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____________________________________________________________________________________________________________ 

ABSTRACT— A long-term application of mineral fertilizers affects many soil properties, including the content of 

essential microelements. This study has been conducted to determine the effect of thirty years of using two doses of 

phosphorus (80 and 160 kg ha
-1

) on major agrochemical properties of Vertisol in leaching (pH, Y1, the content of 

organic matter, total N, total P, total K, available P, and available K), as well as the content of available forms of 

certain microelements (Fe, Mn, Cu, and Zn). The research has been carried out on a stationary model farm in 

Kragujevac in central Serbia. A long-term, continuous application of phosphate fertilizers in the surface layer has had 

a less effect on the acidification of Vertisol than nitrogen and potassium fertilizers, at the same time, it has 

significantly contributed to the increase in total and available phosphorus. Thirty years of fertilization, both by type of 

fertilizer and the amount of phosphorus used, has had a different effect on the content of available forms of 

microelements. Fertilization with nitrogen and potassium has had the greatest effect on the contents of Fe and Zn. A 

long-term use of phosphate fertilizers has led to a reduction in available forms of Mn and Cu in the surface layer. 
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1. INTRODUCTION 

Getting high and stable crop yields today is unthinkable without the use of fertilizers. It is known that their continued 

implementation, in various forms and amounts, affects numerous soil properties. However, the effect of mineral 

fertilizers on soil properties is much smaller compared to the changes that occur when various organic fertilizers are used. 

Regardless of the smaller effect, it has been noted that a continuous and multiyear use of nitrogen, phosphorus, and 

potassium in the mineral form is reflected on the physical (Pernes-Debuyser and Tessier, 2004, Herencia et al., 2011), 

much more on chemical and biological soil properties (Belay et al., 2002; Liu et al., 2010; Zhong et al., 2010; Liang et 

al., 2011), and may also affect its enzymatic activity (Koper and Piotrowska, 2003; Piotrowska and Wilczewski, 2012). 

A long-term continuous use of phosphoric fertilizers (MAP, superphosphate, triple superphosphate) can significantly 

affect numerous soil properties. Their effect can be observed from several aspects, of which two are most prominent. The 

first is a small utilization of phosphorus by plants, which, in conditions of constant implementation, leads to an inevitable 

accumulation of this element in the soil, especially its available forms (Berti and Cunningham, 1997; Pizzeghello et al., 

2011). The second refers to the fact that phosphoric fertilizers are produced from raw materials containing microelements 

(Ricchards et al., 2011), as well as some potentially hazardous trace elements, and they remain as impurities in the 

fertilizer after fabrication (Kabata-Pendias and Pendias, 2001), and in the system of multiyear use, cadmium (Brennan 

and Bolland, 2004; Grant and Sheppard. 2008.), arsenic and lead (Jiao et al., 2012) have the potential to be accumulated 

in the soil and transmitted through the food chain. 

Long-term experiments with the application of fertilizers are an important source of information for understanding 

the factors that affect the soil fertility (Zhao et al., 2010) and sustainable production on them (Camara et al., 2003). The 

advantage of long-term research compared to short-term is primarily reflected in the fact that these experiments provide 

information about the viability of fertilization treatments over several seasons. Over time, crop yields, as well as the 

direction and intensity of changes in soil properties, reflect on the justification of both the use of certain types of 

fertilizers, and the quantities in which they are applied, as gives an economic and ecological significance to the research. 

Therefore, the aim of the study is to, in a long-term field experiment, in sour conditions, determine the effect of 

phosphate fertilizers on the accumulation of available forms of iron, manganese, copper, and zinc, but also on other 

properties of  Vertisol in the process of leaching. 
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2. MATERIALS AND METHODS 

2.1. Experimental sites 

The research has been carried out on a stationary model farm of Small Grains Research Center in Kragujevac, 

44°00′51′′ and 20°54′42′′. Since 1984, the examination of the effect of long-term application of phosphorous mineral 

fertilizers on the properties of Vertisol soil has been performed.    

2.2. Agrochemical soil characteristics 

The soil on which the research has been carried out was characterized by leaching processes. The main characteristics 

of Vertisol before the beginning of the experiment are shown in Table 1.    

Table 1. Agrochemical characteristics of Vertisol before the beginning of the experiment 

pH Y1 

cm3 

OM 
Total 

N  

Total Available Available microelements 

P K P K Fe Mn Cu Zn 

H2O KCl ----- % ----- ------------ mg kg-1 ------------ ---------- mg kg-1 ---------- 

5.90 4.60 13.29 2.69 0.170 977.4 15000 26.0 180 71 118 2.4 1.7 

The basic properties of  Vertisol in the surface layer, before the beginning of the experiment, are an expressed sour 

reaction, a low content of available phosphorus, a mean content of organic matter and available potassium. 

2.3. Experimental design 

During the experiment, two doses of phosphorus were continuously applied, a lower one, where phosphorus was 

entered every year in the amount of 80 kg P ha-1 (P1 variant) and higher of 160 kg P ha-1 (P2 variant). Both doses of 

phosphorus were combined with a constant amount of nitrogen (120 kg N ha-1) in NP1 and NP2 variants and a constant 

amount of nitrogen (120 kg N ha-1) and potassium (80 kg K ha-1) in NP1K and NP2K variants. Nitrogen and potassium 

were applied independently in a special variant (NK variant). Fertilization treatments were compared with the control 

variant, i.e. with the variant where fertilizers were not applied (O).  

The total amounts of phosphorus and an appropriate part of nitrogen were entered by the application of MAP 

fertilizers (NH4H2PO4). The remainder of the provided amount of nitrogen was supplemented by applying Urea fertilizers 

(CO(NH2)2). An appropriate amount of potassium chloride (KCl) was used for potassium intake. 

The experiment was performed as a random complete block design (RCBD) in four replications. The average 

(composite) soil samples were collected in the layer from 0 – 20 cm, and they were formed of five sub-samples for each 

treatment. By mixing the sub-samples, so-called average or composite sample was singled out, which was chemically 

analyzed after a proper preparation. Soil samples were taken in the fall of 2013 (after the corn harvest). 

2.4. Soil laboratory analysis 

The soil pH was determined by the pH meter with a glass electrode in a 1:2.5 suspension with water and 1 M KCl. 

The hydrolytic acidity, i.e. Y1, was determined by Kappen’s method by treating a soil sample with (CH3COO)2Ca, and 

then a neutralization of excess acid with 0.1 M NaOH was carried out. Accessible phosphorus and potassium were 

determined by Al method, where ammonium lactate (pH = 3.7) was used as the extractant. After the extraction, 

potassium was determined by flame emission spectrometry, and phosphorus by spectrophotometry after developing color 

with NH4MoO4 and SnCl2). Total phosphorus was determined spectrophotometrically at the wavelength of 400-490 nm 

after a digestion with HClO4 and a treatment with ammonium paramolybdate-vanadate reagent, and total potassium was 

determined photometrically after the destruction of the sample with a mixture of HF and H2SO4. The content of available 

forms of soil microelements (Fe, Mn, Cu and Zn) was determined by atomic absorption spectrophotometry with Carl 

Zeiss Jena apparatus – AAS-1, Analityk Jena, Jena, Germany. The content of available Fe was determined after the 

extraction in a solution of 1M CH3COONH4 (pH=7). For determining the content of available Mn, 0.1M H2SO4 was used 

as an extraction agent, and Zn 0.1 M HCl was used for available Cu. 

2.5. Statistical analyses 

Statistical analyses were performed on SPSS software, variant 16. The effects of the treatment on all variants were 

tested by ANOVA. Statistical differences between the treatments were determined by using the t-test (95 and 99%) by 

Pearson for Fisher's LSD. The significance of correlations between them was analyzed through Pearson correlation 

matrices (SPSS, 2007).  

3. RESULTS AND DISCUSSION 

The long-term continuous application of mineral fertilizers has contributed to an additional acidification of Vertisol 

(Table 2), and the reason should be sought in the fact that it is the fertilizer application zone, thereby the zone of their 
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direct effect. On that occasion, it was established that, in the layer from 0 – 20 cm, the differences between active, 

substitution, and hydrolytic acidity between the control and fertilization variants were highly significant (p > 0.01). 

Table 2. Agrochemical properties of Vertisol after 30 years of fertilizing with phosphorus 

Variants 
pH Y1 

cm3 

OM total N total P total K avail P avail K 

H2O KCl ----- % ----- --------------- mg kg-1 --------------- 

O 

NK 

NP1 

NP2 

NP1K 

NP2K 

5.58 

5.30 

5.36 

5.40 

5.42 

5.52 

4.18 

4.02 

4.10 

4.12 

4.10 

4.13 

14.10 

17.80 

16.98 

16.37 

16.43 

16.18 

2.70 

2.15 

2.38 

2.40 

2.36 

2.48 

0.157 

0.125 

0.138 

0.140 

0.137 

0.144 

924 

967 

1202 

1381 

1283 

1605 

13200 

16500 

14100 

14000 

15000 

16000 

18.9 

20.2 

104.4 

115.5 

125.5 

168.2 

188.0 

258.3 

168.9 

154.8 

288.3 

255.5 

 

Lsd 0.05 

Lsd 0.01 

 

 

0.066 

0.091 

 

0.069 

0.094 

 

0.174 

0.238 

 

0.135 

0.184 

 

0.008 

0.011 

 

86.6 

118.6 

 

530.3 

726.5 

 

4.37 

5.99 

 

4.08 

5.58 

The contribution to acidification of used fertilizers was not the same. The highest acidification was caused by 

nitrogen and potassium fertilizers, i.e. NK variant. This implies that a long-term use of only nitrogen and potassium 

fertilizers significantly increases the acidity of soil, rather than when the same fertilizers are used with phosphorous ones. 

This trend has been expected because soil acidification by long-term application of nitrogen fertilizers is well-known and 

confirmed by numerous experiments (Barak et al., 1997; Bolan et al., 1991; Khonje et al., 1989; Zhao et al., 2010). 

However, multiyear, continuous use of fertilizers that, in addition to N, contain phosphorus, such as MAP, frequently 

result in an increased acidification (Magdoff et al., 1997; Belay et al., 2002; Saleque et al., 2004).  

In all variants of fertilization, the content of organic matter and total nitrogen in the surface layer was significantly 

reduced compared to the control variant (p < 0.01). Although the importance of long-term fertilization with nitrogen to 

maintain or increase the organic matter content (Bundy et al., 2011), total (Tong et al., 2009) or nitrate nitrogen (Zhang, 

2012) is often emphasized, in this research, the nitrogen from fertilizers has not had a positive effect on their contents. 

As for the contents of phosphorus and potassium in Vertisol, it has been found that the fertilizers containing this 

element directly affect their concentration in relation to the initial level from 1984. Thus, after 30 years, in all the variants 

where P fertilizers were applied, the contents of total and available phosphorus increased. The differences in relation to 

the control and NK variants were statistically highly significant (p < 0.01) and in proportion with the rates of applied 

fertilizers, and the long-term application of fertilizers has strongly contributed to the accumulation of available forms in 

the area of intake (Maroko et al., 1999; Otto and Kilian, 2001; Cakmak et al., 2010; Selles et al., 2011). It has also been 

noted that, in this layer, the same rates of phosphorus from NPK variants had a significantly greater contribution to the 

accumulation of this element in relation to the NP variant.  

Thirty years of fertilization, both by type of fertilizer and the amount of phosphorus used, has had a different effect on 

the content of available forms of microelements in Vertisol (Table 3).  

Table 3. The content of available microelements in Vertisol after 30 years of fertilization 

Variants 
Fe Mn Cu Zn 

-----------------------------------mg kg-1----------------------------------- 

O 

NK 

NP1 

NP2 

NP1K 

NP2K 

88 ± 20 

94 ± 15 

81 ± 15 

88 ± 24 

93 ± 32 

84 ± 19 

134 ± 18 

125 ± 20 

105 ± 18 

110 ± 25 

121 ± 19 

118 ± 30 

2.9 ± 0.7 

2.5 ± 0.5 

2.6 ± 0.9 

2.0 ± 0.4 

2.8 ± 1.1 

2.4 ± 0.5 

1.4  ± 0.5 

0.8  ± 0.4 

1.3  ± 0.3 

1.2  ± 0.3 

1.6 ± 0.2 

1.5 ± 0.7 

Lsd 0,05 

Lsd 0,01 

 

14.77 

20.23 

 

14.90 

20.41 

0.496 

0.678 

0.300 

0.412 

Fertilization with nitrogen and potassium has had the greatest effect on the contents of Fe and Zn (NK variant). 

Namely, in this variant, the highest content of Fe and the lowest content of Zn have been found. At the same time, the 

effect of phosphate fertilizers on Fe content in Vertisol is not entirely clear. The effect of this fertilizer on the contents of 

Mn and Cu is much clearer. Namely, a long-term intake of phosphate fertilizers has led to a reduction in available forms 

of both elements in the surface layer compared to the control variant. Thus, it can be noted clearly that the lowest content 
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of Mn has been found in the variants where only nitric and phosphoric fertilizers (NP1 and NP2) were applied, with no 

clear effect of the quantity of phosphorus. 

On the other hand, the amounts of applied phosphorus influenced the reduction of Cu, so the lowest content of this 

element was noted in the variants where the largest amount of phosphorus had continuously been applied for thirty years 

– 160 kg P ha-1 (NP2 and NP2K variants). Concentrations of any of microelements did not show any significant 

dependence on agrochemical properties of Vertisol (Table 4). 

Table 4. Pearson coefficients 

 pH KCl Y1 OM P tot P avail K avail Fe Mn Cu 

pH KCl 1         

Y1 -.702 1        

OM .654 -.858 1       

P tot .158 .152 .035 1      

P avail .129 .274 .013 .948 1     

K avail -.334 .466 -.319 .114 .146 1    

Fe .452 .173 -.418 -.406 -.433 .567 1   

Mn -.336 .369 -.377 -.467 -.517 .557 -.566 1  

Cu 214 .459 -.451 -.643 -.598 .050 .184 .550 1 

Zn .528 -.546 .130 .535 .429 -.377 .324 .014 .009 

Experiences regarding the impact of fertilizers on the content of available forms of microelements, among others Fe, 

Mn, Cu and Zn, in soil are different. Mainly, they come down to the denial of a greater role of mineral fertilizers in the 

change of their concentration (Rutkowska et al., 2009) with an emphasis on a greater importance of long-term application 

of organic fertilizers compared to mineral ones (Li et al., 2010; Richards et al., 2011). On the other hand, there are 

opinions that the content of microelements can be affected, in addition to organic fertilizers, also by mineral fertilizers 

(Thakur et al., 2011), especially phosphoric ones (Molina et al., 2009), and that they contain heavy metals (As, Cd, Cr), 

as well as numerous micronutrients, especially Zn, so the intake of P fertilizers can result in an increase in its 

concentration, which has exactly happened to NP1K and NP2K variants. 

4. CONCLUSION 

The thirty-year use of mineral fertilizers has caused an additional acidification of Vertisol, and then a reduction of the 

content of organic matter and total nitrogen. Phosphoric fertilizers, regardless of the amount entered, have had a smaller 

effect on acidification. The concentrations of total and available phosphorus and potassium have increased in all cases 

where fertilizers containing these two elements were used, and they have been proportional to the doses applied.  

The content of available forms of Fe, Mn, Cu, and Zn, after thirty years, depended on the fertilizer type and the 

amount of phosphorus entered. NK fertilizers have significantly influenced the contents of Fe and Zn, and phosphoric 

fertilizers have significantly influenced the contents of Mn and Cu. At the same time, Cu has reacted the most to the 

amount of phosphorus entered, in such a way that the content of its available forms has been decreasing with a dose 

increase of phosphorus applied, which should be taken into account, so that, over time, its low concentrations would not 

become a limiting factor of a high and stable production. 

5. REFERENCES 

1. Barak P, Jobe BO, Krueger RA, Peterson LA, Laird DA. 1997. Effects of long-term soil acidification due to 

nitrogen fertilizer inputs in Wisconsin“. Plant and Soil, 197(1): 61-69. 

2. Belay A, Claassens A, Wehner F. 2002. Effect of direct nitrogen and potassium and residual phosphorus fertilizers 

on soil chemical properties, microbial components and maize yield under long-term crop rotation. Biology and 

Fertility of Soils, 35(6): 420-427. 

3. Berti WR, Cunningham SD. 1997.  In-place inactivation of Pb in contaminated soils. Environ. Sci. Technol. 31: 

2673-2678.  

4. Bolan NS, Hedley MJ, White RE. 1991. Processes of soil acidification during nitrogen cycling with emphasis on 

legume based pastures. Plant and Soil, 134(1): 53-63.  

5. Brennan RF, Bolland MDA. 2004. Wheat and canola response to concentration of phosphorus and cadmium in a 

sandy soil”. Australlian Journal of Experimental Agriculture, 44(10): 1025-1029. 

6. Bundy LG, Andraski TW, Ruark MD, Peterson AE. 2011. Long-Term Continuous Corn and Nitrogen Fertilizer 

Effects on Productivity and Soil Properties. Agronomy Journal 103(5): 1346-1351. 

http://link.springer.com/search?facet-author=%22A.+Belay%22
http://link.springer.com/search?facet-author=%22A.+Claassens%22
http://link.springer.com/search?facet-author=%22F.+Wehner%22


Asian Journal of Agriculture and Food Sciences (ISSN: 2321 – 1571) 

Volume 03 – Issue 05, October 2015 
 

Asian Online Journals (www.ajouronline.com)  512 

 

7. Cakmak D, Saljnikov E, Mrvic V, Jakovljevic M, Marjanovic Z, Sikiric B, Maksimovic S. 2010. Soil Properties 

and Trace Elements Contents Following 40 Years of Phosphate Fertilization. J. Environ. Qual. 39(2): 541-547. 

8. Camara KM, Payne WA, Rasmussen PE. 2003. Long-term Effects of Tillage, Nitrogen, and Rainfall on Winter 

Wheat Yields in the Pacific Northwest. Agron. J. 95(4): 828-835. 

9. Grant CA, Sheppard SC. 2008. Fertilizer impacts on cadmium availability i agricultural soils and crops. Human and 

Ecological Risk Assessemant, 14(2): 210-228. 

10. Herencia JF, Garsia-Galavis PA, Maqueda C. 2001. Long – Term Effect of Organic and Mineral Fertilization on 

Soil Physical Properties Under Greenhouse and Outdoor Management Practices.  Pedosphere 21(4): 443-453. 

11. Jiao W, Chen W, Chang AW, Page AL. 2012. Environmental risks of trace elements associated with long-term 

phosphate fertilizers application. A rewiev. Environmental Pollution 168: 44-53. 

12. Kabata-Pendias A, Pendias Н. 2001. Trace elements in soils and plants. 3rd ed. CRC Press, Boca Raton, FL. 

13. Khonje DJ, Varsa EC, Klubek B. 1989. The acidulation effects of nitrogenous fertilizers on selected chemical and 

microbiological properties of soil. Soil Science and Plant Analysis 20(13–14): 1377-1395. 

14. Koper J, Piotrowska A. 2003. Application of biochemical index to define soil fertility depending on varied organic 

and mineral fertilization. Electronic Journal of Polish Agricultural Universities, Agronomy, 6(1): 

(www.ejpau.media.pl/volume6. issue1/agronomy/atr-06.html).  

15. Li BY, Huang SM, Wei MB, Zhang HL, Shen AL, Xu JM, Ruan XL. 2010. Dynamics of Soil and Grain 

Micronutriens as Affected by Long-Term Fertilization in an Aquic Inceptisol. Pedosphere 20(6): 725-735. 

16. Liang B, Yang X, He X, Zhou J. 2011. Effects of 17-year fertilization on soil microbial biomass C and N and 

soluble organic C and N in loessial soil during maize growth. Biology and Fertility of Soils, 47(2): 121-128.  

17. Liu E, Yan C, Mei X, He V, Bing SH, Ding L, Liu Q, Liu S, Fan T. 20010. Long-term effect of chemical fertilizer, 

straw, and manure on soil chemical and biological properties in northwest China. Geoderma, 158(3-4):  173-180. 

18. Magdoff  F,  Lanyon L, Liebhardt B. 1997. Nutrient cycling, transformation and flows: implications for a more 

sustainable agriculture. Advces in Agronomy, 60: 1-73. 

19. Maroko JB, Buresh RJ, Smithson PC. 1999. Soil phosphorus fractions in unfertilized fallow-maize system on two 

tropical soils. Soil Sci. Soc. Am. J. 63: 320-326. 

20. Molina M, Aburto F, Calderon R, Cazanga M, Escudey M. 2009. Trace Element Composition of Selected 

Fertilizers Used in Chile: Phosphorus Fertilizers as a Source of Long-Term Soil Contamination. Soil and Sediment 

Contamination 18(4): 497-511. 

21. Otto WM, Kilian WH. 2001. Respons of soil phosphorus content, growth and yield of wheat to long-term 

phosphorus fertilization in a conventional cropping system. Nutrient Cycling in Agroecosystems 61(3): 283- 292. 

22. Pernes-Debuyser A, Tessier D. 2004. Soil physical properties affected by long-term fertilization.  European Journal 

of Soil Science 55(3): 505-512. 

23. Piotrowska A, Wilczewski W. 2012. Effects of catch crops cultivated for green manure and mineral nitrogen 

fertilization on soil enzyme activities and chemical properties. Geoderma, 189-190: 72-80. 

24. Pizzeghello D, Berti A, Nardi S, Morari F. 2011. Phosphorus forms and P-sorption properties in three alkaline soils 

after long-term mineral and manure applications in north-eastern Italy. Agriculture, Ecosystems & Ervinoment, 

141(1-2): 58-66.  

25. Regmi AP, Ladha JK, Pathak H, Pasuquin E, Bueno C, Dawe D, Hobbs PR, Joshy D, Maskey SL, Pandey SP. 

2002. Yield and Soil Fertility Trends in a 20-Year Rice-Rice-Wheat Experiment in Nepal. Soil Sci. Soc. Am. J. 

66(3): 857-867. 

26. Richards JR, Zhang H, Schroder JL, Hattey JA, Raun WR, Payton ME. 2011. Micronutrient availability as affected 

by the long-term application of phosphorus fertilizer and organic amendments.  Soil Science Society of America 

Journal, 75(3): 927-939. 

27. Rutkowska B, Szulc W, Labetowicz J. 2009. Influence of soil fertilization on concentracion of microelements in 

soil  solution of sandy soil. Journal of Elementology 14(2): 349-355. 

28. Saleque MA, Naher UA, Islam A, Pathan ABMBU, Hossain ATMS, Meisner CA. 2004. Inorganic and organic 

phosphorus fertilizer effects on the phosphorus fractionation in wetland rice soils. Soil Sci. Soc. Am. J. 68:1635-

1644. 

http://www.ejpau.media.pl/volume6.%20issue1/agronomy/atr-06.html


Asian Journal of Agriculture and Food Sciences (ISSN: 2321 – 1571) 

Volume 03 – Issue 05, October 2015 
 

Asian Online Journals (www.ajouronline.com)  513 

 

29. Selles F, Campbell CA, Zentner RP, Curtin D, James DC, Basnyat P. 2011. Phosphorus use efficiency and long-

term trends in soil available phosphorus in wheat production systems with and without nitrogen fertilizer. Can. J. 

Soil Sci. 91(1): 39-52. 

30. SPSS. 2007. SYSTAT version 16: Statistics. SPSS, Chicago, IL. 

31. Thakur R, Kauraw DL, Singh M. 2011. Profile Distribution of Micronutrient Cations in a Vertisol as Influenced by 

Long-term Application of Manure and Fertilizers. Indian Society of Soil Science 59(3): 239-244. 

32. Tong C, Xiao H, Tang G, Wang H, Huang T, Xia H, Keith SJ, Li Y, Liu S, Wu J. 2009. Long-term fertilizer effects 

on organic carbon and total nitrogen and coupling relationships of C and N in paddy soils in subtropical China. Soil 

and Tillage Research 106(1): 8-14. 

33. Zhao BQ, Li XY, Li XP, Shi XJ, Huang SM, Wang BR, Zhu P, Yang XY, Liu H, Chen Y, Poulton PR, Powlson 

DS, Todd AND, Payne RW. 2010. Long-term Fertilizer Experiment Network in China: crop yields and soil nutrient 

trends. Agron. J. 102(1): 216-230. 

34. Zhong W, Gu T, Wang W, Zhang B, Lin X, Huang Q, Shen W. 2010. The effects of mineral  fertilizer and organic 

manure on soil microbial  community and diversity. Plant and Soil 326(1-2): 511-522. 


