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ABSTRACT

The mineral composition of cereal grains has a direct impact on the health of people and farm
animals. This consideration encourages making constant efforts to improve both productivity
of cereal crops and quality of their grains, including an increased grain content of minerals.
The research objective has been to determine the effect of sowing date and level of NPK ferti-
lization on the yield and content of macronutrients (N, P, K, Mg, Ca) in grain of the winter
wheat cultivar Arkadia. The first factor consisted of the time of sowing (4 dates): from mid-
-September to the end of October. The second factor consisted of NPK fertilization levels (kg ha):
1 NPK (310 kg ha'), composed of 140 N, 70 P and 100 K, and 1.5 NPK (465 kg ha'!), composed
of 210 N, 105 P and 150 K. The wheat grain content of macronutrients (N, P, K, Mg, Ca) was
analyzed according to well-established methods. The sowing date winter wheat did not have any
distinct, annually repeatable effect on changes in the content of the determined macronutrients
in wheat grain. The NPK fertilization levels had an unequivocal effect on the content of nitro-
gen, which accumulated the most in the grain of wheat supplied the higher NPK dose. Neither
a delay in the sowing date nor the applied NPK fertilization caused an unambiguous decrease
in the content of macronutrients, nor did they depress the quality of wheat grain as a potential
ingredient in food for people or in concentrated feeds for animals. Overall, concentrations of the
analyzed macronutrients in winter wheat grain varied between the years of the experiment.
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INTRODUCTION

Wheat is a staple bread cereal, although much of harvested wheat grain
is used for producing animal feeds or for other human consumption purposes.
Cereal products are an essential component in human nutrition, where
they act as important sources of valuable minerals (Kuikocka et al. 2018).
They also play a role in maintaining the proper course of metabolic processes
in a human or animal body. These minerals are not synthesized in human
or animal bodies, and therefore must be supplied in adequate amounts
and proportions with food. Deficiency of macronutrients in an organism may
occur due to various causes, including their insufficient content in food and
feeds, or their interaction with other elements. The concentration of minerals
in cereal grain is important because these elements have a direct influence
on the health of people and farm animals (SHEwRY, HEY 2015). Some
researchers claim that minerals contained in natural food products achieve
better availability than the ones supplied in dietary supplements, where
their availability depends on the properties of compounds in which they
occur and on characteristics of an organism (VILLEGAS et al. 2009). Hence,
there is a need to constantly improve both the productivity of cereals
and the quality of their grain, including a higher content of minerals.

Numerous authors point to the fact that the quality of grain depends
on the genotype of a plant as well as the environmental conditions and agro-
technical treatments (WaJip et al. 2004, WozNiak 2006, GONDEK, GONDEK 2010,
STEPIEN, WoJdTowiaKk 2016). It is assumed that the chemical composition
of cereal grain is a dynamic trait, which depends on the natural conditions
and applied agronomic practice, for example the sowing date and plant fer-
tilization. Ruza, Krerta (2008) show in their study that significantly higher
yields of winter wheat in Lithuania were harvested when it was sown in late
September (8.95 t ha'') than in late August (7.66 t ha'). In Pakistan, on the
other hand, the highest grain yield (5.59 t ha') was obtained only when
wheat was sown on the optimal date (around 10 November), in contrast
to the earlier sowing dates (5.20 t ha') and ones delayed by two weeks
(5.29 t ha'l) (ANwaR et al. 2015). SmiTH et al. (2018) report that volumes
of grain yields harvested may have some influence on the content of
nutrients. These researchers conclude that a depressed level of nutrients
in grain could be a consequence of obtaining high yields under conditions
favourable to the growth of crops. Hence, agrotechnical factors, including
the proper sowing date and NPK fertilization, by increasing grain yield, may
cause differences in the content of macronutrients, including their depressed
levels. Delayed sowing tends to have an adverse effect on cereal yielding,
but does not need to depreciate the mineral composition of cereal grains
(Kumar 2012, ScHWARTEA et al. 2005). JARECKI et al. (2017) report that higher
NPK fertilization of spring wheat increased the grain content of nitrogen and
potassium, but did not differentiate the content of phosphorus or magne-
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sium. Considering this assumption, the following experiment was performed
in order to determine the effect of the sowing date and NPK fertilization
level on the grain yield and content of macronutrients (N, P, K, Mg, Ca)
obtained from the winter wheat qualitative cultivar Arkadia. This variety
was entered in the National Register of Agricultural Plant Varieties
in 2011and it is recommended for cultivation throughout Poland, being use-
ful for late sowing (Danko... 2011).

METHODS

In 2014-2016, a field experiment was conducted at the Experimental
Station in Tomaszkowo (53°42'N; 20°26'E), which belongs to the University
of Warmia and Mazury in Olsztyn. The winter wheat cultivar Arkadia was
cultivated after winter wheat. The soil tillage was carried out as recommended.
The experiment was set up in a design of random sub-blocks, in 3 replica-
tions, on proper heavy eutrophic brown soil (Polish Soil Classification 2011),
which in the WRB taxonomy (IUSS Working Group WRB 2015) belonged
to Haplic Combisols (Eutric). This soil had a moderate content of humus
(1.86-2.16%), high and moderate abundance of available phosphorus (P):
64-85 mg kg! of soil and potassium (K):181-220 mg kg of soil, as well as
moderate abundance of available magnesium (Mg): 92-121 mg kg of soil
and slightly acidic reaction (pH 6.1-6.4). The surface area of a single plot was
16 m2 The first experimental factor corresponded to the of sowing date
(4 dates, every two weeks): I — 15-16 September, II — 29-30 September,
IIT — 14-15 October, IV — 28-29 October. The density of sown seeds was
400 seeds m™2. The second factor consisted of two levels of NPK fertilization
(kg ha'): 1 NPK (310 kg ha'), composed of 140 N, 70 P and 100 K, and
1.5 NPK (465 kg ha'), composed of 210 N, 105 P and 150 K. Nitrogen
fertilizers were applied on 3 dates (Table 1).

Samples of grain for determination of the content of macronutrients
(N, P, K, Mg, Ca) were collected during combine harvesting. Analyzes were
made at the Agricultural Chemistry Station in Olsztyn, using the following
methods: nitrogen — by potentiometric titration, after digestion in sulphuric
acid, phosphorus — by spectorphotometry on a Spectrocolorimeter Specol

Table 1
Regimes of winter wheat nitrogen fertilization
Dates of nitrogen application Type of fertilizer 1 NPK | 1.5 NPK
After resumed vegetative growth (BBCH 12-21) | ammonium nitrate 34% 70 100
Stem elongation (BBCH 32-33) urea 46% 40 60
Inflorescence emergence (BBCH — 52-53) urea 46% 30 50
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11, magnesium — by flame atomic absorption spectormetry on an AASI1
Atomic Absorption Spectrometer, potassium and calcium — by flame photo-
metry on a Flavo 4 apparatus. All analyzes were accredited by the Polish
Centre of Accreditation, certificate number AB 277.

Statistical analyzes

The research data were processed statistically by applying an analyzis
of variance for two-factorial experiments of sowing date, NPK fertilization
levels) for individual years of the experiment, and for three-factorial experi-
ments (years, of sowing date, levels of nitrogen fertilization). The processed
data originated from three years of field trials in a split-block random sub-
blocks design. Significance of differences was verified with the Duncan’s test,
at the probability of error set at 0.05. The dependence between the yield
of winter wheat grain and content of macronutrients in grain, as well
as their mutual correlations were expressed with the linear correlation coef-
ficient (r). All calculations were supported by the software programme Statis-
tica (StatSoft, Inc. 2010).

Meteorological conditions

The research period (2014-2016) was characterized by highly variable
weather (Table 2). The first two seasons (2013/2014 and 2014/2015) were
favourable to the emergence of plants regarding the soil moisture in autumn
and the wintering conditions. The winters were warmer than the multiannual
average winter. In the third season, following modest rainfalls in August and
October 2015, large water deficits appeared during the consecutive of sowing
date winter wheat, which resulted in the delay of plant emergence and thin-
ning of plants. The situation was made aggravated by the shortage of precip-
itations in spring 2016 and their excess in July (rainfall higher by 73% com-
pared to the multiannual average), as a result of which the yield parameters
scored low.

RESULTS AND DISCUSSION

In the analyzed experiment, on average for the three years, wheat sown
on the first three dates (I, II, III), from 15 September to 15 October,
produced yields which reached 7.65 t ha’, 7.43 t ha! and 7.63 t ha'!, respec-
tively, with no significant differences (Table 3). The last sowing date (end
of October) resulted in lower grain yields, on average 5.0% less compared
to date I, and 4.7% compared to date III, but without any significant diffe-
rence relative to date II. It is always difficult to be able to sow winter cereals
on optimal dates in Poland, especially in north-eastern Poland, as main-
tained by OLEKsIAK (2014). The long-term studies carried out by this
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Table 2

Air temperatures and rainfall in the plant growing season for winter wheat in 2013-2016,
according to the Meteorological Station in Tomaszkowo

(0.05)

Air temperature (°C) Rainfalls (mm)
mean
average sum
Month of many mean of month of man sum of month years
years y
years
1961- 2013- 2014- 2015- 1961- 2013- 2014- 2015-
-2010 -2014 -2015 -2016 -2010 -2014 -2015 -2016
Aug 17.3 17.4 17.3 19.9 68.7 37.6 86.1 14.3
Sept 12.6 11.3 13.6 13.5 57.1 101.1 25.9 63.8
Oct 7.7 8.9 8.8 6.1 46,0 16.0 15.1 19.4
Nov 2.8 5.0 3.7 4.8 47.9 18.0 34.0 84.5
Dec -1.2 2.2 -0.3 3.5 36.6 27.7 61.8 56.6
Jan -2.9 -3.7 0.4 -4.1 31.2 48.4 46.8 24.7
Feb -2.3 1.2 0.7 2.3 21.9 8.1 6.8 57.1
March 1.2 5.1 4.2 2.9 28.5 57.7 45.1 21.6
Apr 7.0 8.8 6.7 7.4 34.2 26.0 38.2 28.8
May 12.7 12.9 11.8 13.6 54.6 32.7 29.7 56.9
June 15.9 14.4 15.5 17.1 79.0 50.8 29.5 69.3
July 18.0 20.4 17.6 18.1 75.4 37.3 81.9 130.4
Aug 17.3 17.3 19.9 17 68.7 86.1 14.3 70.4
Mean or sum 13.4 14.1 12.9 141 | 2432 | 1468 | 179.3 | 285.4
(Apr-July)
Table 3
Yields of winter wheat grain depending on the sowing date and level of NPK fertilization (t ha!)
. . Year of research
Specification Mean
2014 2015 2016
Sowing date
I 8.56 8.00 6.38 7.65
I 8.08 8.16 6.04 7.43
111 8.68 7.45 6.75 7.63
v 8.13 7.33 6.35 7.27
LSD(O_@ 0.38 0.47 n.s. 0.27
Level of fertilization NPK
1 NPK 8.21 7.56 6.01 7.26
1.5 NPK 8.51 7.91 6.75 7.72
LSD,,., 0.17 n.s. 0.38 0.17
Mean for years 8.36 7.74 6.38 7.49
LSD for years - 0.48

n.s. — not significant
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researcher (1986-2003 and 2008-2013) suggest that over 80% of the farmland
cropped with winter wheat is sown after the recommended date, which
significantly depresses the yields, by 2.5 - 4.5%. This observation is con-
firmed by WEBER and PopoLska (2008), who concluded that a two-week delay
of sowing wheat relative to the optimal date significantly lowered the yields.
As reported by WaJip et al. (2004), earlier sowing dates of wheat in Pakistan
ensured higher grain yields than delayed sowing. Plants seeded on an opti-
mal sowing date proceed through a longer biological activity period, mainly
the vegetative growth season. Some authors draw attention to the fact that
premature sowing favours more intensive tillering of plants in autumn, more
rapid development, and occurrence of mould in spring, which diminishes
wheat yields (Ruza, Kreita 2008). Others express an opinion that the rela-
tionship between winter cereal yields and sowing dates is affected by the
sensitivity of cultivars to this agronomic factor, and by the meteorological
conditions during the vegetative growth of plants (Jaskiewicz 2009).

In the experiment reported herein, the date of sowing produced a signi-
ficant but varied influence on the content of the analyzed macronutrients in
grain (Table 4). As for nitrogen, the mentioned factor significantly affected
the three-year average results as well as the content determined in the third
year of the experiment, when the highest accumulation of nitrogen was
detected: on average 24.0 g kg! d.m., which was by 18.2 and 10.6% more
than in the first and second year, respectively. In 2014 and 2016, and with
respect to the three-year average results, most nitrogen (22.6 g kg?' d.m.
on average) accumulated in grain of wheat sown at the end of September.
The highest concentration of this element was determined in the grain har-
vested 1n 2016, from the second of sowing date, where it reached 25.0 g kg'!
d.m. In an American study, winter triticale contained significantly more
nitrogen in grain (18.5 g kg! d.m.) when sown in 2002 in mid-October than
two weeks earlier (end of September), when the nitrogen content equalled
17.5 g kg'! d.m. (SCHWARTE et al. 2005).

This experiment showed that the sowing date had a highly significant
effect on the grain content of the other determined macronutrients, although
the effects were not unequivocal, neither between the years nor as three-year
means. On average for the three years of the study, the impact of this factor
was the strongest in the case of the second and first of sowing dates, except
for potassium, which reached the highest content in grain of wheat sown
on the third date (mid-October). In a study conducted in India, when
the sowing of wheat was postponed by two weeks relative to the optimal
date, the nitrogen content in grain rose by an average of 6.7%, while P and
K decreased by 11.0% and 4.3%, respectively (Kumar 2012).

In our experiment, significantly greater wheat grain yields were obtained
in response to the NKP fertilization level raised by 50%, (7.72 t ha'),
1.e. 6.3% more than in the basic fertilization dose (Table 3). Similar differences
were reported by Pszczorkowska et al. (2018), where an increase in nitrogen
supply from 120 to 180 kg ha! raised the wheat grain yield by 0.55 t ha'!
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Table 4
Content of macronutrients in winter wheat grain depending on the sowing date (g kg* d.m.)
Year of research
Macronutrient Sowing date Mean
2014 2015 2016
1 19.3 21.0 23.4 21.2
I 21.0 21.8 25.0 22.6
111 20.4 21.6 23.8 21.9
Nitrogen (N) v 20.5 22.2 23.8 22.2
LSD n.s. n.s. 0.9 0.5
mean for years 20.3 21.7 24.0 22.0
LSD(0_05) for years - 0.5
1 2.98 2.54 3.49 3.00
11 2.81 2.53 3.60 2.98
111 2.75 2.57 3.54 2.95
Phosphorus (P) v 2.77 2.49 3.48 2.91
LSD 5, 0.10 n.s. 0.08 0.05
mean for years 2.83 2.53 3.53 2.96
LSD(o.os) for years - 0.02
I 5.22 5.28 5.91 5.47
II 5.04 5.08 6.06 5.39
II1 5.35 5.21 6.29 5.62
Potassium (K) v 5.00 5.07 6.40 5.49
LSD, 0.08 0.08 0.12 0.05
mean for years 5.15 5.16 6.17 5.49
LSD(0_05) for years - 0.07
1 1.45 1.52 1.69 1.55
11 1.59 1.60 1.69 1.63
IIT 1.57 1.52 1.69 1.59
Magnesium (Mg) v 1.46 1.47 1.74 1.56
LSD,, 0.07 ns. 0.04 0.04
mean for years 1.52 1.53 1.70 1.58
LSD(vos) for years - 0.02
1 0.45 0.57 0.53 0.52
11 0.50 0.49 0.55 0.51
111 0.45 0.48 0.51 0.48
Calcium (Ca) v 0.49 0.49 0.55 0.51
LSD 05, 0.02 0.02 0.02 0.01
mean for years 0.47 0.51 0.54 0.51
LSD_ _ for years - 0. 02

(0.05)

n.s. — not significant
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(5.5%). BoQUET et al. (1987) demonstrated that elevated nitrogen fertilization
tended to diminish the content of P and K, while phosphorus and potassium
fertilization did not differentiate the mineral composition of wheat grain.
In our study, the three-year averaged results proved a significantly beneficial
effect of the NPK fertilization increased by 50% only with respect to nitrogen
(22.7 and 21.3 g kg?' d.m., respectively) — Table 5. The tested fertilization
levels also affected, albeit not unambiguously, the content of phosphorus and
potassium in individual years, although they did not differentiate the content

Table 5
Content of macronutrients in winter wheat grain depending on the level of NPK fertilization
(g kgtd.m.)
Macronutrient NPK fertilization level Year of research Mean
2014 2015 2016
1 NPK 19.7 20.8 23.3 21.3
1.5 NPK 20.9 22.4 24.7 22.7
Nitrogen (N) LSD(O_%) 0.5 0.7 0.7 0.3
mean for years 20.3 21.6 24.0 22.0
LSD(O_%) for years - 0.5
1 NPK 2.79 2.49 3.62 2.97
1.5 NPK 2.86 2.57 3.43 2.95
Phosphorus (P) LSD(O_O5) 0.05 n.s. 0.07 n.s.
mean for years 2.83 2.53 3.53 2.96
LSD(O_O5) for years - 0.02
1 NPK 5.08 5.25 6.17 5.50
1.5 NPK 5.23 5.07 6.15 5.48
Potassium (K) LSD 4, 0.08 0.05 n.s. n.s.
mean for years 5.16 5.16 6.16 5.49
LSD,,., for years - 0.07
1 NPK 1.54 1.52 1.68 1.58
1.5 NPK 1.52 1.53 1.72 1.59
Magnesium (Mg) LSD(OV%) n.s. n.s. n.s. n.s.
mean for years 1.53 1.53 1.70 1.59
LSD(O_%) for years - 0.02
1 NPK 0.48 0.51 0.50 0.50
1.5 NPK 0.46 0.51 0.57 0.51
Calcium (Ca) LSD(O_%) 0.02 n.s. 0.02 n.s.
mean for years 0.47 0.51 0.54 0.51
LSD )for years - 0. 02

(0.05,

n.s. — not significant
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of magnesium or calcium in wheat grain. In a study conducted by Borkowska
(2004), different nitrogen fertilization levels did not affect the content
of magnesium and potassium in winter wheat grain, whereas the share
of phosphorus increased under the influence of a higher nitrogen supply.
In turn, a study by CuwiL (2000) showed that the content of magnesium
in wheat grain increased owing to more intensive NPK fertilization.

Supplying crops with proper quantities of nutrients, under suitable soil
conditions, is the basic factor that helps to obtain expected yield volume and
quality (GonNDEK, GoONDEK 2010). A team of researchers from Croatia
(Kovacevi¢ et al. 2013) observed that when an NPK dose was increased from
170 kg ha' (including N 103) to 363 kg ha! (including N 133), it raised
the yields by 17% and the content of Mg by 17%, while the concentrations
of P and K remained on similar levels. When the fertilization dose was fur-
ther increased to 580 kg NPK (including N 183), the content of macronutri-
ents rose as follows: Mg by 20 %, phosphorus by 11%, and potassium by 6%.
In another experiment into the impact of NPK fertilization on quality of grain
of winter wheat grown in Romania, Crista et al. (2012) proved that higher
nitrogen doses led to a higher nitrogen concentration in grain, while elevated
amounts of phosphorus and potassium fertilizers did not have any significant
effect on the grain content of nitrogen. GaJ and Gorski (2014) showed that
different doses of P and K, regardless of the year of experiments, had no signi-
ficant effect on the accumulation of N, whereas the content of phosphorus,
potassium, magnesium and calcium in wheat grain depended mostly on the
weather conditions. In an experiment by Pszczorkowska et al. (2018), nitro-
gen supplied in increasing doses (60, 120 and 180 kg N ha') did not modify
the content of phosphorus, magnesium or calcium in winter wheat grain,
although it considerably improved the wheat’s yielding compared with the
control plots (by 2.03, 3.47 and 4.02 t ha'!, respective to the increasing doses)
and the content of nitrogen (higher by 0.10, 0.20, and 1.20 mg kg! d.m.
respectively). BoBRECKA-JAMRO et al. (2013) report that the nitrogen fertiliza-
tion increased from 40 to 120 kg ha! caused an increase in the grain con-
tent of magnesium from 0.76 to 1.01 g kg' d.m., and calcium from 0.26
to 0.35 g kg' d.m., while failing to affect the content of phosphorus and
potassium in wheat grain. Ducsay and LoZzek (2004) maintain that nitrogen
nourishment of winter wheat has a positive influence on the accumulation
of main macronutrients (N, P, K, Ca, Mg and S) in grain. In a study
by JaAskuLska et al. (2018), a nitrogen dose of 200 kg N ha! did not affect
the grain content of P, K and Mg, although it raised the concentration
of Ca in grain from 0.18 to 0.23 g kg'! d.m., compared with the effects noted
in response to a nitrogen dose of 100 kg ha'. Gas and Gorski (2014) draw
attention to the fact that the quality of grain depends not only on concentra-
tions of macronutrients but also on proper ratios between them, as these are
crucial in an evaluation of grain’s value as human food or animal feed.
Mutual interactions between bioelements have a considerable effect on their
availability in the digestive tract and on cellular absorption. According
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to L.aBADZ et al. (2017), both a deficit and an excess of any of the elements
causes changes in concentrations of other elements. In the analyzed
research, significant and negative correlations were determined between the
content of macronutrients in grain and grain yields. The strongest correla-
tion was detected between yield and potassium, phosphorus and nitrogen,
where it reached r = -0.681%, -0.678%, and -0.668%, respectively. The weakest
correlation occurred between yield and calcium (-0.368 *), which can proba-
bly be explained by the smallest variation in the calcium content between
years of the research. On the other hand, significant but positive correlations
were identified between pairs of elements, except the pair composed
of phosphorus and calcium, and the strongest correlation occurred between
the content of phosphorus and potassium (r = 0.826*) — Table 6.

Table 6

Coefficients of linear correlation between the content of macronutrients, and the grain yield
of winter wheat, mean in years 2014-2016

Muonrions | Yeld | v k| e
N -0.668* 1
P -0.678* 0.558* 1
K -0.681* 0.557* 0.826* 1
Mg -0.547* 0.608* 0.649* 0.676* 1
Ca -0.368* 0.530% 0.175 0.344* 0.456*

Significance of the correlation coefficient r: * p = 0.05

In our experiment, the mineral composition of wheat grain was signifi-
cantly different between the years of the trials (Tables 4, 5). Grain harvested
in 2016 (when the yields were the lowest, 6.38 t ha! on average; Table 3)
was characterized by the highest average content of nitrogen (24.0 g kg'),
phosphorus (3.53 g kg'), potassium (6.16 g kg'! d.m.) and magnesium
(1.70 g kg! d.m.) as well as calcium (0.54 g kg! d.m.), compared to the grain
obtained in the years 2014 and 2015 (average yields: 8.36 and 7.74 t ha'').
Similar relationships, although in triticale grain, were reported from western
Sweden by FEIL and Fossari (1995), who demonstrated that the content
of minerals in grain, except Mg, was much lower in a year when the crop’s
yields were higher. The higher accumulation of elements in our study
is likely to have been favoured by higher rainfall in July 2016, when
the total precipitation was by 73% higher than the multi-year average.
A similar situation appeared in an experiment reported by BIELskI (2015),
where winter triticale grain had the highest P, K and Ca content in a year
with the highest rainfall in July. Many authors point to the relationship
between the volume of harvested yields and the chemical composition
of grain with the amount and distribution of precipitations as well as the
course of temperatures during the vegetative development of plants, which
may lead to certain differences in the content of minerals in grain between
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years of field trials (Ducsay, Lozexk 2004, GoNDEK, GONDEK 2010). Some re-
searchers emphasize that the impact of environmental conditions and agri-
technical practice on concentrations of minerals in grain is largely dependent
on the genotype of a crop plant (JASKULSKA et al. 2018). HAWKESFORD (2014)
and TIRYAKIOGLU et al. (2014) draw attention to the role of remobilization
of nutrients from leaves to kernels during the stage of grain filling in winter
wheat. According to HAWKESFORD (2014), our knowledge of the process
of remobilization of minerals from other organs of a plant to grain can
be important for making a correct diagnosis of optimal macronutrient ferti-
lization, which in the future may help to prevent excessive use of nutrients
and their leaching into the environment.

CONCLUSIONS

1. The sowing date of the winter wheat cultivar Arkadia did not have
any distinct, repeatable and significant effects on changes in the content
of macronutrients in grain, especially for nitrogen and potassium. Only
in the case of phosphorus did its content decrease with each delay in sowing
(from 3.00 to 2.91 g kg! d.m.)

2. The level of NPK fertilization had an unequivocal effect only on the
content of nitrogen in grain. The concentration of this element in grain
increased in response to the higher NKP fertilization dose, on average from
21.3 to 22.7 g kg'! d.m.

3. Different sowing dates and levels of NPK fertilization did not change
unambiguously the quality of wheat grain as a potential ingredient of food
for people or concentrated feeds for animals.

4. The content of the analyzed macronutrients in winter wheat was
in most cases varied between the years of the experiment, which was mainly
a consequence of different volumes of yields harvested in the consecutive
years.

REFERENCE

ANwaAR S., Kaatrak W. A., Istam 1. M., BasHIr S., SHAFT M., BARHT J. 2015. Effect of sowing dates
and seed rates on the agro-physiological traits of wheat. J. Environ. Earth Sci., 5(1): 135-141.
https://doi.org/10.7176/JEES

Borkowska H. 2004. Changes in the content of selected elements in wheat grain depending
on the level of nitrogen fertilization. J. Elem., 9(3): 223-229. (in Polish)

BieLski S. 2015. Effect of nitrogen and fungicide protection on macroelements’ content of winter
triticale grain. Ann. UMCS, Sect E, Agricultura, 70(4): 1-11. (in Polish)

BoBrEckA-JaMRO D., Kruczek G., Romaniak M., Jareckt W., Buczek J. 2013. Effect of the dose
and method of top-dressing with nitrogen on the yield and quality of winter wheat grain.
Acta Sci. Pol., Agricultura 12(4): 19-30.



18

Boquer D.J., Jounson C.C. 1987. Fertilizer effects on yield, grain composition, and foliar
disease of double crop soft red winter wheat. Agron. J., 79: 135-141. DOI: 10.2134/agronj1987.
00021962007900010028x

CawiL S. 2000. Influence of mineral fertilization intensity on winter wheat yield and magnesium
content in soil and plant. Biul. Magnezol., 5(4): 278-283.

Crista F., Raburov 1., Sara F., Crista L., BErBEcEA A. 2012. Influence of NPK fertilizers upon
winter wheat grain quality. Res. J. Agric. Sci., 44(3): 30-35.

Danko Plant Breeding in Chorynia. 2011. Varieties. Arkadia. http://danko.pl.

Ducsay, L., Lozek, O. 2004. Effect of topdressing with nitrogen on the yield and quality of winter
wheat grain. Plant Soil Environ., 50(7): 309-314.

FeiL B., Fossati D.1995. Mineral composition of triticale grains as related to grain yield and
grain protein. Crop. Sci., 35(5):1426-1431. DOI: 10.2135/cropsci1995.0011183X003500050028x

GaJ R., Gorskr D. 2014. Effects of different phosphorus and potassium fertilization on contents
and uptake of macronutrients (N, P, K, Ca, Mg) in winter wheat. 1. Content of macro-
nutrients. J. Cent. Eur. Agric., 15(4): 169-187.

GonpEK K., GonDEK A. 2010. The influence of mineral fertilization on the yield and content
of selected macro and microelements in spring wheat. J. Res. Appl. Agr. Eng., 55(1): 30-36.

HawkesrorD M. J. 2014. Reducing the reliance on nitrogen fertilizer for wheat production.
dJ. Cereal Sci., 59(3): 276-283. https://DOI.org/10.1016/].jcs.2013.12.001

TUSS Working Group WRB. 2015. World reference base for soil resources 2014. International
soil classification system for naming soils and creating legends for soil maps. Update 2015.
World Soil Resources Report 106, Food and Agriculture Organization of the United
Nations, Rome, 188 pp.

JASKULSKA 1., JaskuLskr D., Garrzewski L., Knarowskr T., Kozera W., Wacrawowicz R. 2018.
Mineral composition and baking value of the winter wheat grain under varied environmen-
tal and agronomic conditions. J. Chem., Article ID 5013825, 7 pages, https://DOI.
org/10.1155/2018/5013825

Kuikocka H., Marks M., Barczak B., Szostak B., PobLESNA A., PopLESNY J. 2018. Response
of spring wheat to NPK and S fertilization. The content and uptake of macronutrients and
the value of tonic ratios. Open Chem., 16: 1059-1065. DOI: 10.1515/chem-2018-0116

Kumar V. 2012. Effect of dates of sowing on growth and yield of wheat (Triticum aestivum L.)
varieties. Department of Agronomy Institute of Agricultural Sciences, Banaras Hindu
University Varanasi, 221 005, ss.114.

Jareckt W., Buczek J., BoBrECKA-JAMRO D. 2017. Response of spring wheat to different soil and
foliar fertilization. J. Cent. Eur. Agric., 18(2): 460-476. DOI: 10.5513/JCEA01/18.2.1919

Jaskiewicz B. 2009. The reaction of new winter triticale varieties to agrotechnical factors.
Fol. Pomer. Univ. Technol. Stetin, Agric., Aliment., Pisc., Zootech., 274(12), 11-18. (in Polish)

Kovacevi¢ V., Kapar 1. , Rastisa M., Supar R. 2013. Impacts of NPK fertilization on chemical
composition of wheat grain. Field Crop Prod., 510-515. 48™* Croatian & 8" Int. Symp. on
Agriculture, Dubrovnik, Croatia.

1.ABADZ D., SKOLARCZYK J., PERAR J., NIERADKO-IWANICKA B. 2017. Analysis of the influence of selected
elements on the functioning of the bone tissue. J. Educ. Health Sport., 7(4): 202-209.
http://dx.DOI.org/10.5281/zenodo.400815

OLEksIAK T. 2014. Effect of sowing date on winter wheat yields in Poland. J. Cent. Eur. Agric.,
15(4): 83-99. DOI: 10.5513/JCEA01/15.4.1513

Polish Soil Classification (Systematyka gleb Polski), 2011. Rocz. Glebozn. — Soil Sci. Annual.,
62(3): 1-193. (in Polish with English abstract)

Pszczorrkowska A., OKORSKI A., OLSzZEWSKI J., ForDONSKI G., KRZEBIETKE S., CHARENSKA A. 2018.
Effects of pre-preceding leguminous crops on yield and chemical composition of winter
wheat grain. Plant Soil Environ., 64: 592-596. DOI.org/10.17221/340/2018-PSE



19

Ruza A., Krerra D. 2008. Sowing time influence on the yield of winter wheat under the climate
conditions of Zemgale. Agronomijas Vestis (Latvian Journal of Agronomy), 11(11): 271-276.

ScHWARTE A.d., GiBsoN L.R., KarLEN D.L., LiIEBMAN M., JANNINK J. L. 2005. Planting date effects
on winter triticale dry matter and nitrogen accumulation. Agron. J., 97(5): 1333-1341.
DOI: 10.2134/agronj2005.0010

SHEWRY P.R., HEY S.J. 2015. The contribution of wheat to human diet and health. Food Energy
Security, 4(3): 178-202. https://DOI.org/10.1002/fes3.64

SmitH E.G., JanzeN H. H., ELLerT B. H. 2018. Effect of fertilizer and cropping system on grain
nutrient concentrations in spring wheat. Can. J. Plant Sci., 98(1): 125-131, https://doi.
org/10.1139/cjps-2017-0079

StatSoft, Inc. 2010. Statistica (data analysis software system), version 9.1. www.statsoft.com

STEPIEN A., WoJtkowiak K. 2016. Effect of foliar application of Cu, Zn, and Mn on yield
and quality indicators of winter wheat grain. Chil. J. Agr. Res., 76(2): 220-227. DOI: 10.4067/
/S0718-58392016000200012

TiryakIOGLU M., YiLDIRIM M., KARANLIK S.. 2014. Macronutrient concentration and remobilization
in spring wheat organs during grain filling. Turk. J. Agric. For., 38: 488-494. DOI: 10.3906/
/tar-1306-83

ViLLEGas R., Gao Y.T., Dar Q., Yanc G., Cat H., L1 H., Zaenc W., Suu X.0. 2009. Dietary calcium
and magnesium intakes and the risk of type 2 diabetes: the Shanghai women’s health study.
Am. J. Clin. Nutr., 89: 1059-1067. DOI: 10.3945/ajcn.2008.27182. DOI: 10.3945/
/ajen.2008.27182

WEBER R., Poporska G.2008. Effect of the tillage system, seeding rate and sowing term
on the yield of winter wheat cultivars. Inz. Rol., 1(99): 395-400. (in Polish)

Wozniak A.2006. Effect of forecrops on the yield and quality of winter wheat grain. Acta Sci.
Pol., Agricultura, 5(2): 99-106. (in Polish)

WaJsm, A. HussaN, A. AaMaD, A. GoHEER, A.R., IBRaHIM M., MussappiQquE M. 2004. Effect of sowing
date and plant population on biomass, grain yield and yield components of wheat.
Int. J. Agric. Biol., 6:1003-1005. http://www.ijab.org



