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Abstract: The aim of the present research was to determine the effect of mineral nitrogen fertilization on the

content of total phosphorus and organic compounds and the acidic and alkaline phosphatase activity in corn.

Besides, the research involved monitoring of seasonal changes in the analyzed parameters in the dry matter of

corn. The soil on which the test plant was grown was fertilised with cattle FYM applied once every four years

in potato growing: 20, 40 Mg × ha–1 – factor I, and varied mineral ammonium nitrate doses: (N0) – 0, (N1) –

45, (N2) – 90, (N3) – 135 kg N × ha–1 – factor II. There was found a significant effect of mineral nitrogen

fertilisation in a form of ammonium nitrate on the content of phosphorus in corn. The highest significant

content of total phosphorus and phosphorus of organic compounds was found in the biomass of corn from N2

nitrogen treatments. The highest dose of nitrogen applied in the experiment (N3) resulted in a significant

decrease in the phosphorus fraction in corn researched. The activity of alkaline phosphatase in corn ranged

from 10.9 to 35.5 mM pNP × kg–1 × h–1, while the activity of acid phosphomonoesterase was higher and ranged

from 29.5 to 130 mM pNP × kg–1 × h–1, irrespective of the corn harvest date.
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The nitrogen fertilisation is one of the basic yield-forming factors which also affect

the chemical composition of the biomass of crops. Over the recent years the importance

of corn (Zea mays L) as a fodder crop in many parts of the country has been clearly

growing. Corn (maize), as a crop grown in moderate climate, demonstrates the greatest

reaction to phosphorus fertilisation, which can enhance grain formation in the ear,

which, in turn, is connected with an increase in the content of protein, vitamins, and

E C O L O G I C A L C H E M I S T RY AND ENG I N E E R I N G A

Vol. 17, No. 7 2010

1 Department of Biochemistry, Faculty of Agriculture and Biotechnology, University of Technology and

Life Sciences in Bydgoszcz, ul Bernardyñska 6, 85–029 Bydgoszcz, Poland, phone: 52 374 95 59, email:

lemanowicz@utp.edu.pl



a decreased content of water in grain. Corn, it is a crop with high nutrition requirements

[1]. Under the conditions of intensive plant production, there have emerged tendencies

to increase the level of nitrogen fertilisation, without maintaining traditionally establish-

ed proportions with the other nutrients. The estimation of nitrogen fertilization on the

quality of corn were studied before [2] as well as the influence of the application of

natural and mineral fertilizers on the yield of corn were investigated [3]. However, the

effect of simultaneous mineral and organic fertilization on P content and the activity of

phosphatases in soil were not studied. Those is a lack of data, particularly on impact of

such a fertilization on enzymatic activity of soils.

The aim of this paper was to determine the effect of FYM and nitrogen differentiated

fertilisation doses on the content of total phosphorus and organic compounds and the

activity of acid and alkaline phosphatase in corn. Similarly, the experiment aimed at

investigating seasonal changes in the analysed parameters in the dry matter of corn.

Material and methods

To perform the research, plant samples were derived from a many-year long-term

field experiment set up in 1980 by the Department of Plant Nutrition and Fertilisation of

the Institute of Soil Science and Plant Cultivation in Pulawy. The experiment was

conducted at the Agricultural Experiment Station at Grabowo on Vistula, the Mazowia

province. The soils of the Agricultural Experiment Station in Grabowo, according to the

‘Systematyki Gleb Polski’ (Polish Soil Systematics) [according to PTG 1989] [4]

represent Haplic Luvisols. The experiment was set up in a four-year crop rotation:

potato, winter wheat, spring barley, corn grown for silage. Corn (Nimba FAO 260) for

silage was harvested twice during the plant development in the 24th year of the

experiment: in June at the 5-leaf phase and in September at the phase of yellow

maturity. To provide corn with nutrients, the following organic-mineral fertilisation was

applied: cattle FYM at the doses of 20, 40 Mg × ha–1 (factor I), nitrogen in a form of

ammonium nitrate: N0 – 0, N1 – 45, N2 – 90, N3 – 135 kg N × ha–1 – factor II.

Phosphorus and potassium fertilisers were applied at the same doses for all the

experimental fertilisation treatments: 24 kg × P × ha–1 and 133 K × kg × ha–1. In dry matter

plant material the following were colorimetrically determined: the content of total

phosphorus, phosphorus of organic compounds by Mehta et al method [5], activity of

alkaline and acid phosphatase according to the Tabatabai and Bremner method [6]. The

results were verified statistically with the analysis of variance in the randomized

split-plot design, using the Microsoft Excel-based FR-ANALWAR statistics software.

The comparison of means was performed based on the Tukey test at p = 0.05.

In order to define the relationship between the parameters researched for the present

results, the analysis of simple correlation was made with ‘Statistica for Windows’ software.

Results and discussion

The statistical analysis confirmed the significant effect of fertilisation with varied

mineral nitrogen doses on the content of total phosphorus in the dry matter of corn; both
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the dry matter sampled in June and in September. The highest content of phosphorus

was recorded in the plant researched, sampled in June from the nitrogen treatments at

the dose of N2 (3.8 g P × kg–1 mean for FYM doses) (Table 1). The application of the

highest dose (N3) resulted in a 14 % decrease in the content of this nutrient as compared

with the content recorded for nitrogen fertilisation at the dose of N2. The content of

Ptotal in corn harvested in September was similar. Another similar relationship for the

nitrogen dose of 120 kg × ha–1 was reported by Knapowski et al [7] who claim that

a lack of equilibrium regarding mineral fertilisation, especially by applying high

nitrogen doses, can decrease the content of phosphorus in plants and disturb the

equilibrium between minerals. Excessively high doses of ammonium nitrate acidify the

soil environment, which, as a result, inhibits the availability of phosphorus in plants,

since the element is especially sensitive to changes in the soil reaction. Sometimes

increased nitrogen fertilisation results only in a high increase in yielding, while the

content of Ptotal, as a result of ‘the dilution effect’ can be even lower than when no

nitrogen fertilisation is applied [8]. The concentration of the total content of phosphorus

in corn sampled in September (yellow maturity phase) was 54 % lower as compared

with the content of Ptotal in the biomass of that cereal plant researched collected in June

(5-leaf phase). As reported by Podlesna and Winiarski [9], there was also observed

a decreased content of Ptotal in the course of the vegetative development of corn. In the

plants of this experiment, the authors observed that the difference in the concentration

of total phosphorus in corn, between 6–8 leaf phase and flowering, accounted for an

average of 75 %.

Table 1

Content of the total phosphorus [g Ptotal × kg–1 dm] in corn

FYM Factor I

Nitrogen Factor II

June September

N0 N1 N2 N3 Mean N0 N1 N2 N3 Mean

20

40

2.98

3.15

3.34

3.51

3.69

3.92

3.12

3.29

3.28
3.49

1.24

1.33

1.33

1.44

1.47

1.83

1.37

1.66

1.35
1.56

Mean 3.06 3.43 3.80 3.25 3.39 1.29 1.38 1.65 1.51 1.46

LSD0.05 Factor I 0.080 ns*

Factor II 0.173 0.066

* ns – non-signification.

The content of phosphorus of organic compounds in corn was also significantly

affected by the application of varied nitrogen fertilisation. Increasing the nitrogen dose

from 0 to 90 kg N × ha–1 (N2) significantly increased the content of Porg (Table 2) in corn

sampled in September.

However, increasing the nitrogen dose to 135 kg N × ha–1 (N3) decreased the content

of phosphorus present in organic bonds by 11 % as compared with the highest

concentration of this fraction of phosphorus (1.25 g P × kg–1 mean for FYM doses, at the

nitrogen dose of 90 kg N × ha–1).
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Table 2

Content of organic phosphorus [g Porg × kg–1 dm] in corn

FYM Factor I

Nitrogen Factor II

June September

N0 N1 N2 N3 Mean N0 N1 N2 N3 Mean

20

40

0.168

0.171

0.183

0.194

0.210

0.226

0.195

0.205

0.189
0.199

0.867

0.857

1.06

0.99

1.20

1.31

0.97

1.26

1.03
1.10

Mean 0.170 0.188 0.218 0.200 0.194 0.862 1.02 1.25 1.12 1.06

LSD0.05 Factor I ns 0.043

Factor II 0.011 0.059

* ns – non-signification.

The activity of alkaline phosphatase in corn ranged from 10.9 to 35.5 mM

pNP × kg–1 × h–1 (Table 3), while the activity of acid phosphomonoesterase was higher

and ranged from 29.5 to 130 mM pNP × kg–1 × h–1, irrespective of the corn harvest date

(Table 4), however the activity of both enzymes responsible for phosphorus trans-

formations was higher in corn sampled in September. Smolik and Nowak [10] also

report on the highest phosphatase activity at the last development phase of the plants

researched. Clear changes in the phosphatase activity over plant tissue aging can be due

to a change in the degree of aggregation of the molecule or the synthesis of enzyme de

novo. Olczak [11] refers this phenomenon to the share of phosphatases in the cell

autolysis, preceded by changes in the membrane permeability and the release of the

lysosomal enzyme to the cytoplasm.

Table 3

Activity of alkaline phosphatase [mM pNP × kg–1 dm × h–1] in corn

FYM Factor I

Nitrogen Factor II

June September

N0 N1 N2 N3 Mean N0 N1 N2 N3 Mean

20

40

10.9

11.7

14.7

15.7

14.1

15.3

12.6

14.4

13.1
14.3

25.9

28.3

29.4

35.5

27.6

33.1

26.7

31.5

27.3
32.1

Mean 11.3 15.2 14.7 13.5 13.7 27.1 32.5 30.4 29.1 29.7

LSD0.05 Factor I 0.202 0.318

Factor II 0.877 0.158

The statistical analysis performed demonstrated a significant effect of FYM

fertilisation on the activity of alkaline phosphatase in plants. The higher the FYM dose,

the higher the activity of the enzyme researched (14.3 mM pNP × kg–1 × h–1 in the plant

sampled in June, 32.1 mM pNP × kg–1 × h–1 in the plant sampled in September).

Fertilisation with mineral nitrogen in a form of ammonium nitrate which is

a physiologically acid fertiliser resulted in significant changes in the activity of the plant

phosphomonoesterases researched. Nitrogen applied at the highest dose N3 resulted in
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a significant decrease in the activity of alkaline phosphatase (Table 3), however, it

increased the activity of acid phosphatase (Table 4).

Table 4

Activity of acid phosphatase [mM pNP × kg–1 dm × h–1] in corn

FYM Factor I

Nitrogen Factor II

June September

N0 N1 N2 N3 Mean N0 N1 N2 N3 Mean

20

40

29.5

41.2

38.8

47.4

47.6

57.6

54.9

68.6

42.7
53.7

48.6

57.0

87.4

101

118

114

124

130

94.6
100

Mean 35.4 43.1 52.6 61.7 48.2 52.8 94.0 116 127 97.6

LSD0.05 Factor I ns* ns

Factor II 3.710 6.375

* ns – non-significant.

There were recorded high significant coefficients of correlation between the content

of phosphorus of organic compounds and the activity of alkaline and acid phosphatase

in corn (Table 5), which is confirmed by earlier reports by Hammond et al [12] who

observed that intercellular phosphatases in plants participated in the mineralization of

organic phosphorus bonds successfully. The analysis of correlation which involved the

present results showed a significant negative relationship between the content of total

phosphorus and the activity of the phosphomonoesterases researched in the corn

biomass. Similar results were reported by Machado and Furlani [13] where the value of

the coefficient of correlation between the activity of AcP and the content of Ptotal in corn

was r = –0.73*.

Table 5

Coefficients of correlation between the parameters investigated

Ptotal Porg AlP AcP

AcP –0.65* 0.85* 0.80* 1

AlP –0.88* 0.96* 1 *

Porg –0.90* 1 *

Ptotal –1 *

Conclusions

1. The content of total phosphorus and phosphorus of organic bonds depended

significantly on nitrogen fertilisation. The highest concentration of both Ptotal and Porg
was recorded when the nitrogen dose of 90 kg N × ha–1 was applied. The higher dose of

135 kg N × ha–1 decreased the content of the parameters researched.

2. The application of FYM in the experiment significantly changed the content of

both total phosphorus and the phosphorus of organic compounds. Increasing doses of
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natural fertiliser resulted in an increase in the concentration of that nutrient in the test

plant irrespective of the sampling date.

3. The activity of both phosphomonoesterases was significantly modified by the

experiment factors. Nitrogen applied at the dose of 135 kg N × ha–1 stimulated the

activity of acid phosphatase, however, it inhibited the alkaline phosphatase in corn

plants significantly.
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Abstrakt: Celem przeprowadzonych badañ by³o okreœlenie wp³ywu nawo¿enia azotem na zawartoœæ fosforu

ogó³em i zwi¹zków organicznych oraz aktywnoœæ fosfatazy kwaœnej i alkalicznej w kukurydzy. Ponadto

w badaniach uwzglêdniono monitoring sezonowych zmian analizowanych parametrów w suchej masie

kukurydzy. Gleba, na której uprawiano roœlinê testow¹, nawo¿ona by³a obornikiem bydlêcym stosowanym raz

na cztery lata w uprawie ziemniaka: 20 i 40 Mg × ha–1 – I czynnik, oraz zró¿nicowanymi dawkami saletry

amonowej: (N0) – 0, (N1) – 45, (N2) – 90, (N3) – 135 kg N × ha–1 – II czynnik. Stwierdzono du¿y wp³yw

nawo¿enia azotem w postaci saletry amonowej na zawartoœæ fosforu w kukurydzy. Najwiêksz¹ znaczn¹

zawartoœæ fosforu ogó³em i fosforu zwi¹zków organicznych stwierdzono w biomasie kukurydzy pobranej

z obiektów nawo¿onych azotem mineralnym w dawce N2. Zastosowany w doœwiadczeniu azot w dawce (N3),

spowodowa³ istotne obni¿enie badanych frakcji fosforu w kukurydzy. Aktywnoœæ fosfatazy alkalicznej

w kukurydzy kszta³towa³a siê w zakresie 10,9–35,5 mM pNP × kg–1
× h–1, natomiast aktywnoœæ kwaœnej

fosfomonoesterazy by³a wy¿sza i mieœci³a siê w zakresie od 29,5–130 mM pNP × kg–1
× h–1 niezale¿nie od

terminu zbioru kukurydzy.

S³owa kluczowe: azot, fosfor, fosfatazy, nawo¿enie, kukurydza
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