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AbstrAct

The aim of the experiment was to assess the impact of unbalanced mineral fertilization on the 
content of phosphorus and potassium in winter oilseed rape (Brassica napus L.) cv. Kana, win-
ter wheat (Triticum aestivum L.) cv. Sukces and in spring barley (Hordeum vulgare L.) cv. 
Justina. The experiment was established on brown soil developed from loess with the textural 
composition of clay dust, which in the Polish soil taxonomy belonged to the agronomic category 
of heavy soil, the second valuation class and the agricultural usefulness complex of good wheat. 
Two experimental factors were applied: unbalanced mineral fertilization (five variants), and 
meteorological conditions (four levels). The doses of individual fertilizer components were adjust-
ed to the nutritional requirements of tested plants. The phosphorus content was determined by 
the vanadate-molybdate method and potassium was assayed by atomic absorption spectrometry. 
Before determinations, the plant material was digested in concentrated sulfuric (VI) acid with 
addition of 30% hydrogen peroxide. Both meteorological conditions and unbalanced mineral 
fertilization significantly affected the content of phosphorus and potassium in winter forms  
of oilseed rape and wheat as well as in spring barley. Excluding nitrogen from fertilization  
is associated with a significantly decrease in the phosphorus content in the straw of tested 
plants. The absence of potassium in fertilization is associated with a decrease in its content  
in generative and vegetative organs of test plants. Omission of sulfur in fertilization is asso- 
ciated with a decrease in the potassium content in the straw and increase in the test plants 
grain.
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INTRODUCTION

Phosphorus is an important element for plant nutrition (Bagyaraj et al. 
2015, george et al. 2016). It is part of ATP and other nucleotides, nucleic 
acids and phospholipids. In addition, it participates in many physiological 
processes, primarily photosynthesis, respiration, carbohydrate metabolism 
and nucleic acid synthesis. The optimal phosphorus content in plants affects 
the proper development of the root system, which determines easier absorp-
tion of other nutrients. Plants well fed with phosphorus are more resistant  
to diseases, drought and frost (Balemi, Negisho 2012). Potassium affects  
the regulation of water management in plants (Cakmak 2005). Among others, 
it is responsible for cell turgor. It activates over fifty enzymes and also par-
ticipates in the biosynthesis of macromolecular compounds, which include 
starch, cellulose, proteins, nucleic acids, pectinsetc. Like phosphorus, a good 
supply of potassium to plants strengthens their resistance to drought 
(Nieves-CordoNes et al. 2016). Potassium also affects the quality parameters 
of the plant yield. In the case of cereals, it increases the number of grains 
per ear and thousand grain mass (TGM). It also stimulates fat synthesis  
in oilseed rape seeds (PrajaPati, modi 2012).

Higher efficiency and effectiveness of mineral fertilization is possible 
through constant monitoring of the plant nutrition degree, optimization  
of fertilization, as well as development and improvement of methods for min-
eral content assessment in crops. Appropriate nutrition of plants affects their 
proper growth and development as well as the feed value. Both excess and 
deficiency of macro- and micronutrients can have a negative effect on animal 
organisms. In addition, adequate fertilization is of great importance for envi-
ronmental protection issues (gaj 2012).

The aim of the experiment was to assess the effect of unbalanced mineral 
fertilization on the content of phosphorus and potassium in winter forms of 
oilseed rape and wheat as well as in spring barley.

MATERIALS AND METHODS

Terms of field experiment
The research hypothesis presumed that inadequately balanced fertilizer 

mixtures would affect the content of phosphorus and potassium in test 
plants. Clear differentiation of this impact was expected depending on  
a plant species and its preferences in relation to the analyzed elements. 
Evaluation of the influence of fertilizer mixtures on the accumulation  
of elements in crops was made on the basis of a four-year field experiment.
The experiment was based on a crop rotation sequence of three plant species: 
winter oilseed rape (Brassica napus L.) cv. Kana, winter wheat (Triticumae-
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stivum L.) cv. Sukces, and spring barley (Hordeum vulgare L.) cv. Justina. 
The trials were carried out at the Experimental Station (50°42′N, 23°12′E)  
in Zamość, in 2006 - 2009. The experiment was established on brown soil  
(a Cambissol according to WRB 2015 classification) developed from loess with 
the textural composition of clay dust, which belonged to the agronomic cate-
gory of heavy soil, the second valuation class and the agricultural usefulness 
complex of good wheat soil. The soil before the experiment was characterized 
by slightly acid reaction (pH 6.02) and was very rich in available phosphorus 
(159.5 mg P kg-1), rich in potassium (218.5 mg K kg-1), moderately rich  
in magnesium (72.0 mg Mg kg-1) and poor in sulfur (11.9 mg S kg-1).

Experimental factors
Experimental factors consisted of unbalanced mineral fertilization  

applied in five variants, and years of research. The doses of individual ferti- 
lizer components were adjusted to the nutritional requirements of the test 
plants. In control object, doses of N:P:K:Mg:S (kg ha-1) were: 140:31:133:18:60 
for winter oilseed rape, 150:17:66:18:24 for winter wheat, 100:17:66:18:24 for 
spring barley, and 120:26:149:36:48 for sugar beet. In the second fertilizer 
variant, nitrogen fertilization was not used, in the third one there was no 
potassium, the fourth one did not contain magnesium, and in the fifth one 
lacked sulfur. Fertilization was carried out in accordance with the applicable 
agrotechnical principles. Characteristics of mineral fertilizers used in the 
experiment are presented in Table 1. The total surface area of a test plot 
was 30 m2 (5 m × 6 m), while the plot for plant harvesting was correspon- 

Table 1
Characteristics of mineral fertilizers

Treatments Fertilizer 
component Fertilizer

With sulfur 
fertilization

N ammonium sulphate – NH4NO3 – 33,5% N

P simple superphosphate – Ca(H2PO4)2 – 19% P2O5 + 12% S

K potassium sulphate – K2SO4 – 50% K2O + 18% S

Mg magnesium sulphate – MgSO4×H2O – 25% MgO + 20% S

S
simple superphosphate – Ca(H2PO4)2 – 19% P2O5 + 12% S

potassium sulphate – K2SO4 – 19% P2O5 + 12% S
magnesium sulphate – MgSO4×H2O – 25% MgO + 20% S

Without sulfur 
fertilization

N ammonium nitrate – NH4NO3 – 33,5% N

P enriched superphosphate – Ca(H2PO4)2 – 40% P2O5

K potassium salt – KCl – 60% K2O

Mg magnesium chloride – MgCl2 – 20% MgO

S –
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dingly smaller, i.e. 20 m2 (4 m × 5 m). The phosphorus content was determi-
ned by means of the vanadate-molybdate method and potassium was measu-
red by atomic absorption spectrometry (AAS) after prior mineralization  
of plant material in concentrated H2SO4 with addition of 30% H2O2.

The second experimental factor (B) consisted of the research years, set 
on four levels. In order to more fully characterize the meteorological condi-
tions, the Selyaninov hydrothermal coefficient was calculated (Table 2), 

which indicates the state of plant supply with water during the growing 
season. Division into the following classes of the Selyaninov hydrothermal 
coefficient values is as follows: k ≤ 0.4 – extremely dry conditions, 
0.4 < k ≤ 0.7 – very dry conditions, 0.7 < k ≤ 1.0 – dry conditions, 
1.0 < k ≤ 1.3 – quite dry conditions, 1.3 < k ≤ 1.6 – optimal conditions, 
1.6 < k ≤ 2.0 – quite humid conditions, 2.0 < k ≤ 2.5 – humid conditions, 
2.5 < k ≤ 3.0 – very humid conditions, k > 3.0 – extremely humid conditions 
(skowera et al. 2014).

Statistical analysis
The results obtained from the experiment were statistically verified  

with the ANOVA module (for factor systems) of Statistica 9.0 PL software, 
while LSD values were determined applying the Tukey LSD test at signifi-
cance a = 0.05. The relationships between content of minerals in the analy-
zed plants were expressed by a linear correlation coefficient (r). Interactions 
between the variables were assessed through simple correlation (StatSoft 
Inc. 2010).

RESULTS AND DISCUSSION

The content of phosphorus and potassium in the generative and vegeta-
tive organs of the studied plants was clearly influenced by the experimental 
factors. There were significant changes in the content of the elements  
studied, both under the influence of variable fertilization, weather conditions, 
as well as under the influence of the interaction of both experimental factors 
(Tables 3, 4, 5, 6).

Table 2
Selyaninov’s coefficient values throught the field research period

Year
Months

April May June July August September October
1st year 1.840 1.200 0.620 0.390 2.460 0.020 0.310
2nd year 0.730 0.760 1.030 1.380 0.550 3.340 1.130
3rd year 2.230 1.610 0.840 2.220 1.560 2.440 1.410
4th year 0.460 1.620 1.780 0.330 0.460 0.960 3.420
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In seeds of winter rape, unbalanced mineral fertilization was not asso- 
ciated with an unambiguous change in the phosphorus content. However,  
the phosphorus content was significantly increased in the straw in response 
to potassium, magnesium and sulfur deficiency in fertilization. This can  
be associated with a strongly antagonistic relationship between potassium 
and magnesium (rietra et al. 2017). In the seeds of winter rape, the omis-
sion of nitrogen and magnesium in a fertilization dose was associated with  
a significantly decreased content of potassium. The content of potassium  
in the straw of winter rape was the highest in control objects. Exclusion  
of the subsequent nutrients in fertilizer doses was associated with a signifi-
cant decrease in the potassium content. Nitrogen fertilization in the experi-
ment carried out by NgezimaN and ageNBag (2014) was associated with  
an increase in the content of potassium in oilseed rape. Studies performed  
by Podleśna (2004) revealed an increase in the potassium content in oilseed 
rape straw with the use of sulfur fertilization, as well as a slight decrease  
in the phosphorus content in sulfur fertilized plants. The lack of sulfur ferti- 
lization in the experiment by Podleśna (2009) was associated with an in-
crease in the content of phosphorus and potassium in stems, leaves and roots 
of winter oilseed rape. Hřivna et al. (2002) demonstrated that the potassium 
content in winter oilseed rape did not depend on sulphur fertilization to any 
degree.

Unbalanced mineral fertilization did not significantly affect the content 
of phosphorus in grain of winter wheat. The content of phosphorous decrea- 
sed in the straw when nitrogen, magnesium and sulfur were lacking  
in the plant growth environment. The lack of potassium was associated with 
a significant increase in the phosphorus content in the straw of winter 
wheat. Excluding nitrogen and magnesium from fertilization doses in most 
cases resulted in an increase in the potassium content in grain of winter 
wheat, while the lack of potassium was associated with the reverse depen-
dence. In the straw, there was a significant decrease in the potassium con-
tent when nitrogen, potassium and sulfur were absent in the fertilizer dose. 
In the same trial, there was no relationship between nitrogen fertilization 
and potassium content in spring wheat grain. Similar conclusions were 
drawn by wojtkowiak et al. (2018), who found that nitrogen fertilization  
at a higher dose resulted in an increase in the phosphorus content  
in the grain of four winter wheat cultivars. Meanwhile, jareCki et al. (2017) 
reported that higher NPK fertilization was associated with an increase in the 
potassium content in wheat grain. kruCzek and wójtowiCz (1998) showed 
that nitrogen fertilization did not differentiate the content of phosphorus and 
potassium in wheat grain.

The phosphorus content in spring barley grain did not change signifi-
cantly depending on a fertilizer variant. A decreased phosphorus content  
was recorded in straw when nitrogen was excluded from fertilization,  
and the lack of potassium and magnesium was associated with an increase 
in the content of phosphorus. This is consistent with reports on a synergistic 
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relationship between phosphorus and magnesium in plants (rietra et al. 
2017). The concentration of potassium in spring barley grain significantly 
increased in treatments without nitrogen, potassium and magnesium in the 
fertilizer dose. In the years of the research, the omission of sulfur resulted in 
the reverse dependence. In the straw, there was a decrease in the potassium 
content with the omission of nitrogen and potassium in fertilization.  
In experiments by skwierawska et al. (2008), mineral fertilization including 
the use of sulfur did not significantly change the phosphorus and potassium 
content in spring barley grain. Research carried out by wilCzewski (2014) 
revealed that increasing nitrogen fertilization was associated with an in-
crease in the content of both potassium and phosphorus in spring barley 
grain.

In winter oilseed rape, the content of potassium was strongly positively 
correlated with the content of phosphorus in control objects as well as in 
objects without magnesium and sulfur in fertilization. In straw, such a rela-
tionship was noted when sulfur was not included in fertilizer doses.  
A strongly positive correlation of the content of potassium with the content 
of phosphorus was observed in the grain and straw of winter wheat in con-
trol treatments and in those without the addition of potassium and magne-
sium to the plant growth environment. In spring barley, strong correlations 
were recorded only in straw, and they occurred in all variants of fertilization.

In our study, statistically significant changes in the content of elements 
studied were found which resulted from different course of meteorological 
conditions during the experiment. In particular years of research, average 
monthly air temperatures and the intensity and distribution of atmospheric 
precipitation varied during the growing seasons. Plant development in all 
years was at temperatures higher than the average for many years 
(April-October). The average monthly atmospheric precipitation showed  
very large variation in the months of sowing and growing of the winter forms  
of oilseed rape and wheat. There were both record-high (August, 1st year  
of research – 144.8 mm with the average of 63.9 mm for many years,  
September, 2nd year of research – 144.2 mm and September, 3rd year  
of research – 100.4 mm for the average of many years 59.1 mm), as well  
as extremely low precipitations in the 1st year of research in September –  
0.8 mm with an average of 59.1 mm and in the 2nd year of research  
in August – 31.6 mm with an average of 63.9 mm for many years. The high-
est precipitation during spring barley sowing was recorded in the 1st year 
(54.8 mm) and in the 3rd year of the experiment (71.5 mm), with the average 
of 44.5 mm for many years. On the other hand, the 2nd and 4th year  
of research were characterized by much lower precipitation values: 21.7 mm 
and 15.5 mm, respectively.

The seeds of winter oilseed rape were characterized by a significantly 
higher phosphorus content in the 1st and 3rd year of experiment (Table 3). 
The Selyaninov hydrothermal coefficient in these years in the spring months 
(April-June) was close to the optimal one. In the 2nd year, the phosphorus 
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content was significantly lower. Between April and June in that year the 
Selyaninov hydrothermal coefficient indicated dry conditions. Climatic condi-
tions in Poland are a relatively unstable factor affecting the cultivation  
of cereals. All weather anomalies affect the size and quality of the crop 
(jaCzewska-kaliCka 2008, orzeCh et al. 2009, graBowski et al. 2014). At the 
same time, it is reported that the increase in yielding of crop plants is more 
affected by rainfall than the average temperature, which is explained  
by greater variation in precipitations than in temperatures over the recent 
years. A more detailed description of the impact of weather conditions on 
yield is difficult to provide due to many additional factors, such as the soil 
type and its tillage, fertilization, use of plant protection agents and other 
agrotechnical factors (graBowski et al. 2014). In winter wheat grain, the 
highest content of phosphorus was recorded in the 3rd year of the experiment, 
while in straw phosphorus reached the highest level in the 4th year. Signifi-
cantly less phosphorus in both generative and vegetative organs was in the 
2nd year. Grain and straw of spring barley in the 4th year of experiment were 
characterized by the highest phosphorus content, while in the 2nd year, these 
values were the lowest. A significantly higher potassium content contained 
winter rape seeds in the 4th year; in straw, however, such a relationship was 
recorded in the 3rd year. In cereal plants, less phosphorus was recorded  
in the 2nd year of the experiment, which in the spring to summer season was 
characterized by the highest average temperatures. It is consistent with the 
study performed by graBowski et al. (2014), which proves that the content  
of phosphorus in grain decreased with the increase of temperature in the 
spring and summer. In the research by kraska and Pałys (2009), a lower 
phosphorus content was recorded in the warmest year. The 2nd yield of oil-
seed rape seed was characterized by a significantly lower potassium content, 
while in the case of straw, such values were recorded in the 4th year. Winter 
wheat in the 3rd year of the experiment was characterized by the highest 
content of potassium in grain and straw; the lowest values were obtained in 
the 4th year in the grain and in the 1st year in straw. Generative and vegeta-
tive organs of spring barley contained most potassium in the yield from the 
4th year of research, while the lowest content of this element was in the yield 
from the 1st year of the experiment. This can be associated with the lowest 
level of precipitation during the sowing of spring barley in the 4th year and 
highest in 1st year respectively.

CONCLUSIONS

1. Excluding nitrogen from a fertilization regime is associated with  
a significant decrease in the phosphorus content in the straw of the tested 
plants. In the case of potassium, the lack of nitrogen results in a significant 
decrease in its content in the seeds and straw of winter oilseed rape and  
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in the straw of winter wheat and spring barley. However, the lack of nitro-
gen in cereal grain is associated with an increase in the concentration  
of potassium.

2. Potassium deficiency in the growth environment of the test plants  
results in an significant increase in the phosphorus content in the straw  
of these crops. The absence of potassium in a fertilization dose is associated 
with a decrease in its content in generative and vegetative organs of the test 
plants.

3. The lack of magnesium in fertilization results in a significant increase 
in the phosphorus content in the straw of winter oilseed rape and spring 
barley, whereas a lower content of phosphorus appears in the straw of winter 
wheat. Magnesium deficiency in the plant growth environment is also asso-
ciated with a significant decrease in the potassium content in seeds and 
straw of winter oilseed rape and wheat form as well as an increase in spring 
barley grain and straw.

4. Omission of sulfur in fertilization is associated with a decrease in the 
potassium content in the straw and its increase in the grain of the test 
plants.

5. In the majority of control treatments with the studied plants, there 
were strongly positive correlations between the content of potassium and 
phosphorus. A similar relationship was noted in treatments without magne-
sium in fertilization.
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