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Abstract

The article presents the results of 3-year field tests aimed at evaluating the effect of the nitrogen dose balance based on
the Nmin content. Nmin was evaluated in the context of the distribution in the soil profile and the effect of the type of nitrogen
fertilizer on production efficiency indicators and the use of nitrogen in maize grain. In order to verify the assumptions, we
determined the amount of nitrogen collected with grain yield, Nmin percentage in total nitrogen uptake with grain yield,
agricultural and physiological efficiency and utilization of nitrogen and nitrogen Nmin content in the autumn after maize
harvest. It has been shown that developing maize accumulates mineral nitrogen (Nmin) present in the soil in the rooting zone,
especially during dry years. Incorporating nitrogen dose in the algorithm of the soil component pool significantly improves
the performance indicators of the component application. It is possible for a fertilizer to exceed 100% of nitrogen utilization
when nitrogen contained in the whole profile of maize rooting in the N pool is included. A significant increase in nitrogen
accumulation in maize grain in the sulfur variant indicates that this element is a factor limiting the use of maize production
potential in the test plot. Including the use of nitrogen-sulfur (N+S) fertilizer in maize and balancing the N dose based on

Nmin reduces nitrogen eutrophication of the environment.
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Introduction

Nitrogen (N) supplied to the soil as a fertilizer (organic
or mineral) is not completely utilized by the crops (Harun
2017; Kawsar et al., 2017; Szulc et al., 2016). Its mineral
forms are absorbed by plants, and those that remain in the
soil after harvest create a pool of residual nitrogen (Nyes),
posing a potential threat to ecosystems adjacent to
agricultural fields (Gastal & Lemaire, 2002). In order to
reduce the production of excessive amounts of mineral
nitrogen in the soil (Nrs), it is necessary to determine
correct doses of nitrogen fertilizers, taking into account
nutritional requirements of the plants and the type of
fertilizer (Dessureault-Rompré et al., 2010; Fan & Li,
2010). Achieving a sufficiently high efficiency of the
applied mineral nitrogen fertilizers is not easy, because
plants absorb nitrogen in the form of nitrate or ammonium
ions. Ammonia nitrogen, in contrast to nitrate, can be
bound by the soil. In the growing season, microorganisms
and plants compete for ammonium nitrogen, already
present in the soil (Nmin) or applied as fertilizer (Schimel &
Bennet, 2004). This phenomenon has a significant impact
on the selection of the dose and nitrogen fertilizer. In the
current agricultural practice, fertilizer doses, including
nitrogen fertilizer are determined by the nutritional needs of
plants, without considering the available forms of the
component in the soil (Bocianowski et al., 2016; Szulc et
al., 2016). This practice leads to an imbalance of nitrogen
resources in plant growth environment during the growing
season, resulting in a deficiency or more frequently — an
excess of nitrogen. This leads to an increase in the pool of
residual nitrogen (Nrs), which on the one hand, reduces the
efficiency of the component application, and on the other
hand, burdens the environment with this biogen (Sharifi et

al., 2011). According to Donner & Kucharika (2003),
elevating nitrogen dose above 30% of its optimum,
increases maize yield only by 4%, while the amount of
nitrogen lost by leaching amounts to 53%. Therefore,
determining the correct level of nitrogen doses, which
guarantees the utilization of maize productive potential, is a
key challenge in the cultivation technology of this plant
(Zebarth et al., 2009). Rationalization of the use of nitrogen
fertilizers in maize cultivation is an important issue for
sustainable agriculture, because it can reduce the negative
impact of agriculture on the environment.

The hypothesis of the experiment assumed that
nitrogen dose and Nmin content in the spring in the soil,
before maize sowing, and the type of nitrogen fertilizer
shape the performance indicators of production and
utilization of nitrogen fertilizers. Therefore, field tests were
conducted to assess the impact of nitrogen dose in relation
to Nmin content, depending on the distribution in the soil
profile and the effect of nitrogen fertilizer on production
efficiency indicators and nitrogen utilization in maize grain.

Materials and Methods

Experimental field: The field experiment was performed at
the Department of Agronomy at the University of Life
Sciences in Poznan, in the fields of the Experimental and
Didactic Department in Swadzim (52°26" N; 16°45" E) in
2012-2014. The study was conducted in randomized blocks
(split-split-plot) with three research factors in 4 field
replications. The experiment examined the effect of four
nitrogenous fertilizers [ammonium nitrate (NH4NOs3), urea
(CO(NHy)2), ammonium sulfate ((NH.)2SO.), calcium nitrate
(Ca(NO3),], two nitrogen doses [150 kg N-ha* (Nf) and 150
kg Nha! reduced by the abundance of Nmin in the soil (sum
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of NH4 + NOg3) (150-Nmin)] and Nmin content in soil profiles
(0-0.3 m, 0-0.6 m, 0-0.9 m) on the performance indicators of
nitrogen fertilization of maize grown on the grain. Mineral
nitrogen content (Nmin) was determined seven days before
maize sowing. The same level of fertilization
supplementation (70 kg P,Os ha* and 130 kg KO ha) was
assumed for all experimental facilities. Mineral fertilizers
were applied in early spring. Phosphorus was applied in the
form of granular triple superphosphate, potassium in the
form of potassium salt. Nitrogen dose of 150 kg N ha? in the
form of fertilizer prepared in accordance with the levels of
the first order factor. The content of mineral nitrogen in the
soil in the spring was measured at three levels (layers) before
establishing the experiment. N; doses were established on
this basis, as shown in Table 1. In the experiment, the maize
Euralis Semences strain called Fortran (FAO 210-220;
hybrid single S.C.; flint grain type) was used. Tillage,
fertilization and other elements of agricultural technology
were implemented in accordance with the recommendations
of maize grain technology. Field experiment was conducted
on deer soil, a type of clay lightweight sand, shallow
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defaulting on light clay. Basic macronutrients (P, K, Mg) in
the soil in the individual years of research were determined at
the medium level, and its reaction measured in 1 M KCI
ranged from 5.4 in 2012 to 6.0 in 2014.

Thermal and humidity conditions: Temperature and
humidity during the growing season of maize greatly varied
in the study period of maize growth and development
(Table 2). Rainfall in the April-September period amounted
to 473.6 mm in 2012, 397.4 mm in 2013 and 351.8 mm in
2014. The average daily air temperature measured at 2 m
above the ground surface ranged from 15.4°C in 2012 to
16.1°C in 2014. In general, it can be assumed that in two
growing seasons, i.e., 2012 and 2013, the temperature and
humidity conditions for growth and development of maize
were favorable. In the third year of tests (2014), moisture
conditions were worse due to the lower rainfall during
maize growing season. At the same time, with less total
rainfall, the highest average daily air temperature (16.1°C)
was recorded that year.

Table 1. Nitrogen fertilization scheme in the present study

Soil depth Years, N - Nmin

Factor — Factor levels m 2012 | 2013 | 2014

0.0-03 150 150 150

0.0-0.6 150 150 150

o . 00-09 150 150 150
Ammonium nitrate Dose of Nkgha™ 5 '3 150 - 63.8 150 - 65.5 Nmn 150 - 61.5 Nonin
0.0-0.6 150 - 99.3 150 -103.7 Nmin 150 - 98.7 Npuin
0.0-0.9 150-135.2  150-134.3 Nmn 150 - 137.7 Ny

0.0-0.3 150 150 150

0.0-0.6 150 150 150

. 00-09 150 150 150
Urea Dose of Nkgha™ o 6’3 150-638Nmn 150 - 65.5 Nmn 150 - 61.5 Nimin
0.0-06  150-99.3 Nmn 150 - 103.7 Nmn 150 - 98.7 Ninin
0.0-09  150-135.2 Nmn 150 - 134.3 Npin 150 - 137.7 Ninin

0.0-0.3 150 150 150

0.0-0.6 150 150 150

. . 00-09 150 150 150
Ammonium sulphate  Dose of N kgha 00-03  150-63.8Nmn 150 - 655 Nmin 150 - 61.5 Ny
0006  150-99.3 Nmn 150 -103.7 Npn 150 - 98.7 Nimin
0009  150-1352 Nmn 150 - 1343 Npn 150 - 137.7 Ninin

0.0-0.3 150 150 150

0.0-0.6 150 150 150

o L. 0009 150 150 150
Calcium nitrate Doseof Nkgha™ 1663 150-63.8 Nu 150 - 65.5 150 - 61.5 Npun
0.0-06 150 - 99.3 Nyin 150 - 103.7 150 - 98.7 Ny
0.0-0.9  150-135.2 Nmn  150-1343 150 - 137.7 Nimin

Table 2. Mean monthly air temperature and monthly sum of precipitation in Swadzim in 2012-2014.

Years Temperature [°C]
v | v | vt | v | ovin | x X Mean — Sum

2012 9.3 16.3 17.0 20.0 19.8 15.0 8.6 154
2013 8.9 15.6 18.4 22.0 20.2 13.2 10.8 15.6
2014 11.4 14.6 17.9 23.2 18.8 16 11.2 16.1
Years Rainfall [mm]

2012 17.4 84.4 118.1 136.2 52.7 28.4 36.4 473.6
2013 10.5 95.5 114.9 52.9 324 75.9 15.3 3974
2014 50.3 80.7 44.6 51.5 56.5 39.2 29.0 351.8
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Chemical analyses of soil: The evaluation of macronutrient
contents, pH and mineral nitrogen (Nmin) in the soil before
the experiment and after the harvest was performed
according to the test procedure/standard (OSCHR in
Poznan): P,0s — PB.64 ed. 6 from 17.10.2008; K.O — PB.64
ed. 6 from 17.10.2008; Mg — PB.65 ed. 6 from 17.10.2008;
pH — PB.63 ed. 6 from 17.10.2008; N-NH. — PB.50 ed. 6
from 17.10.2008; N-NO3z — PB.50 ed. 6 from 17.10.2008.

Quantity of Nmin kg ha* = content of Nmin W mg 100 g
dry matter * 45 (Szulc 2012), where:

45 — light soil factor.

Assay methods: In the present study, nitrogen content in
grain was assessed using the Kjeldahl method with a
Kjeltec™ 2200 FOSS device.

The uptake of nitrogen in the grain yield was
calculated with the following formula:

Uptake = 34 yield x Ccif(l)tgnt of nutrients |

where:

Uptaken — in kg ha’,

grain yield — in kg ha™?,
content of nutrients — in %.

The recovery of the nitrogen fertilizer was calculated
with the formula:

Rw (%) = (N¢- N¢) x 100/D

where:

Rn —nitrogen fertilizer recovery (%),

N — nitrogen uptake by fertilized plants (kg ha™2),

N¢ — nitrogen uptake by plants in the control (unfertilized)
plot (kg ha't),

D — nitrogen rate.

The apparent N use efficiency was calculated based
on the equation:

ANE = (Vi -Y0)/Ns, kg grain kgt Ng;

where:

Yi — yield of grain harvested from the plot with the fixed
rate of N, kg ha?,

Yo — yield of grain harvested from the absolute control
plot, kg ha'l,

Nt nitrogen fertilizer rate, kg N ha?,

Physiological nitrogen use efficiency was calculated
with the following formula:

PNUE = ((Yi —Yo) / (N¢ - N¢)) * 100

where:

PNUE - physiological nitrogen use efficiency (kg dm kg
N in fertilizers)

Yi - yield of grain harvested from the plot with the fixed
rate of N, kg ha?,

Yo - yield of grain harvested from the absolute control
plot, kg ha',

Nt - nitrogen uptake by fertilized plants (kg hal),

N - nitrogen uptake by control plants (unfertilized) plot
(kg ha'l),

Statistical analysis: The obtained results were subjected to
one-way analysis of variance for orthogonal factorial
experiments, followed by synthesis for many-year
experiments. The significance of differences was estimated
for a = 0.05. Statistical analysis of the data was performed
using STATPAKU software.

Results and Discussion

The trend of nitrogen content in maize grain under the
influence of experimental factors was similar in all years, and
the statistically confirmed interactions resulted only from the
differences in the strength of their impact in subsequent
years. Hence, the study shows the influence of experimental
factors on the value of this feature by using the average
values from successive research years. The nitrogen content
of maize grain depended essentially only on nitrogen (Fig.
1). A substantially larger amount of nitrogen was found in
maize grain for the full Nr dose compared to that calculated
from the equation: 150 — Nmin. The difference between doses
was on average 1.21 g/kg DM. This difference indicated the
presence of the phenomenon termed ,dilution effect” in the
fertilizing variant 150 — Nmin (Potarzycki & Grzebisz, 2009).
Regardless of the tested factors, the variable temperature and
humidity conditions in the maize growing seasons (Tab. 2)
shaped the nitrogen content in maize grain. In 2012, the
nitrogen content of maize grain amounted to 15.84 g/kg DM
(9.9% of protein), 16.21 g/kg DM (10.13% of protein) in
2013 and 16.03 g/kg DM (10.02% of protein) in 2014. The
lowest nitrogen content (protein) in maize grain was found in
2012, with the highest total rainfall (473.6 mm) and cold
compared to the other two years of experiments. Prokszané
Paplog6 et al., (1995) showed that the protein content of
maize grain was greater in dry years compared to the wet
period, also as demonstrated in this study. In addition, Szulc
et al. (2013) demonstrated that, the protein content of maize
grain increased with increasing air temperature and
decreased with an increase in the total rainfall.

0.0-0.9m 1606
0.0-0.6 m 16.15 LSD, ,=ns
0.0-03m 1587
150 kg N/ha - Nmin 1542
150 kg N/ha 16.63
Calcium nitrate 1571
Ammonium sulfate 16.19
Urea 15.83

Ammonium nitrate 1638

148 15 152 154 156 158 16 16.2 164 16.6 16.8

gkg DM

Fig. 1. Nitrogen content in maize grain (2012-2014).
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Table 3. Nitrogen collected with grain yield (kg N-ha?)
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Years
Factor — Factor levels 2012 | 2013 | 2014 Mean
Ammonium nitrate 156.50 143.92 92.28 130.90
Tvpe of nitrogen fertilizer Urea 155.59 140.04 93.74 129.79
P g Ammonium sulphate ~ 154.50 156.78 102.82 138.04
Calcium nitrate 141.88 139.98 87.55 123.14
LSD o.0s 5.705 ns ns 8.024
150 165.80 156.32 99.55 140.56
ha-1
Dose of Nrkgha 150 - Niin 138.43 134.04 88.65 120.37
LSD o.0s5 6.021 4,761 4,883 2.823
0-0.3m 141.59 150.11 96.06 129.25
Content of Nmin kgrha't 0-0.6 m 153.18 150.33 97.19 133.56
0-09m 161.58 135.10 89.04 128.58
LSD ¢.05 3.683 4.730 4,188 2.396
Mean 152.12 145.18 94.10 130.47
Control 0 kg N-ha' 102.94 86.92 46.65 78.83
ns — difference non-significant
kq Niha 0190 kg Mha @150 kg Niha - Nmin A kg N/ha | 0130k Nha B150%ks Nha-Nmin | A
160 170
LSD g5 <D
c - - — 160 — 0.05
15— I =5645, 1 =8.362 g 111 =3.389, Ilx|=3.953
2 o 150 |
140 4— 2 — -
3 B 140 144 84 2175
130 — 8 —— 130 135,08
= 3
120 +— = = © 1w — H H
A o - <8 12323 —
mi— e = - e e I
- 100
100 . . . 0.0-0.3 m 0.0-0.6m 0.0-08 m
Ammonium nitrate lUrea Ammonium sulfate  Calcium nitrate
kg N/ha
kg N/ha B 2 8
50
28
a 2 ¥ =7.35x+ 54833 —
R'=09278
20 ]
30 = " /
= — %35
m 12
20 = 22,55
[Fy]
(1)) ol E'
10 ; . 11,65
= 0
IJ T T T ] | |
Ammaonium nitrate Urea Ammonium sulfe  Calcium nitrate 0.0-03m p0-08m 0008 m

Fig. 2. Effect of nitrogen fertilizer and nitrogen doses on
nitrogen accumulated in grain yield (A); difference between
nitrogen doses (B) — (2012-2014)

The amount of nitrogen from maize grain yield
significantly depended on the type of nitrogen fertilizer,
nitrogen dose and Nmin content in the soil (Table. 3). The
significantly greatest accumulation of nitrogen was found for
ammonium sulfate, and the lowest for calcium nitrate. The
negative trend observed for calcium nitrate occurred in all

Fig. 3. Effect of nitrogen and Nmin content in the soil profile on
nitrogen collected with grain yield (A); difference between the
dose and Nmin content in soil profiles (B) — (2012-2014)

years of the experiment. The positive trend, recorded for
ammonium sulfate, was observed in years with lower
rainfall. The average increase in the accumulation of nitrogen
in the variant with ammonium nitrate was 14.9 kg N/ha.
Such a large increase in nitrogen accumulation resulted from
the presence of sulfur in the fertilizer, which pointed to this
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element as a factor limiting the growth and yield of maize
(Szulc & Bocianowski, 2012). The average dry grain yield
for the three years of tests was at the following levels:
ammonium nitrate — 79.40 dt/ha, urea — 81.73 dt/ha,
ammonium sulphate — 85.19 dt/ha, calcium nitrate — 78.35
dt/ha. On the other hand, considering nitrogen inputs,
significantly greater accumulation of N with grain yield was
recorded for the N dose in comparison to the 150-Nmi, dose.
Significantly higher accumulation of nitrogen in maize grain
yield was observed for Nmin content in the 0-0.6 m soil
profile compared to 0-0.3 m and 0-0.9 m (Table. 3). It
follows that the layer of the 0-0.6 m soil profile was the main
factor determining the supply of nitrogen to corn. The result
confirmed the latest scientific reports showing that maize
grown in soil efficiently utilized nitrogen when minerals with
low mobility (magnesium, phosphorus) were available in the
whole rooting profile (Lukowiak et al., 2016a, Lukowiak et
al., 2016b). Nitrogen uptake in the current study significantly
depended on the interaction between the type of nitrogen
fertilizer and nitrogen dose (Fig. 2). For each of the nitrogen
fertilizer application of 150 kg N/ha resulted in a
significantly higher value of this feature compared to the
nitrogen dose minus Nmin in the soil. The difference ranged
from 7.61 kg N/ha (nitrate of lime) to 30.31 kg N/ha
(ammonium nitrate). Nevertheless, significant differences in
N uptake between the two nitrogen doses were recorded for
ammonium nitrate and ammonium sulphate (Fig. 2). The
conclusion is that the presence of sulfur in the mineral
fertilizer was a factor differentiating the value of this feature.
This component stimulated nitrogen uptake in decreasing N
dose of the mineral fertilizer. According to Jackson (2000)
and Gryffiths et al., (1995), supplying crops with sulfur is
economical and ecological, because its deficiency reduces
the efficiency of nitrogen fertilizers, which in turn increases
the quantity of Nws, which is a potential threat to the
environment. In our own research, the accumulation of
nitrogen with maize grain yield was also caused by an
interaction of nitrogen dose with Nmin content in the soil (Fig.
3). There was a linear trend observed in the difference
between the accumulation of N for the N dose and 150-Nmin
with increasing Nmin content in the soil (Fig. 3).

The percentage of mineral nitrogen (Nmin) in the total
amount of nitrogen in the grain yield in the present
experiments significantly depended on the type of nitrogen
fertilizer, nitrogen rate and the content of mineral nitrogen in
the soil (Table 4). The significantly lowest percentage of Nmin
in the total accumulation of this component was observed for
ammonium sulfate (57.06%), whereas the highest for
calcium nitrate (63.88%). This indicates that the presence of
sulfur in nitrogen fertilizer increases the utilization of
nitrogen fertilizer dose. Salvagiotti & Miralles (2008)
showed an increase in grain yield of wheat due to the use of
nitrogen and sulfur, which was reflected in the effectiveness
of the applied nitrogen fertilizer. Concerning the dose of
nitrogen, it was shown that the use of full (Nf) doses resulted
in a significantly lower percentage of mineral nitrogen in the
total amount of N collected with grain yield compared to the
reduced dose (150-Nmin). Significantly lower percentage of
Nmin in the total amount of nitrogen acquired from the grain
yield was observed in the 0-0.6 m soil profile compared to O-
0.3 m and 0-0.9 m profiles. Much more interesting are

considerations taking into account the influence of the
weather factor. In the humid year (2012), the percentage of
Nmin Was at a significantly higher level than in dry years.
Simultaneously, arable layer clearly dominated (0.0-0.3 m)
only in this year, while in others — the deep subsoil layer
(0.6-0.9 m). The percentage of Nmin in the total amount of
nitrogen acquired from the grain yield also depended on the
interaction of nitrogen dose and Nmin content in the soil (Fig.
4). The difference in the proportion between the N dose and
150-Nmin was significantly elevated with the increase of the
quantity and Nmin included in the algorithm of fertilizer
nitrogen dose. These values amounted to: 0.0-0.3 m (5.8%),
0.0-0.6m (9.40%), 0.0-09 m (13.5%) (Fig. 4). This
relationship indicates that maize extracts nitrogen resources
from the soil occurs at least to a depth of 0.9 m.

One of the most important criteria for evaluating the
effectiveness of nitrogen fertilizers is to determine their
productivity using performance indicators. In this study, the
agricultural effectiveness, in terms of synthetic scope,
significantly depended on the Nmin content in the soil profile,
N fertilizer dose and the type of nitrogen fertilizer (Table. 5).
Significantly, the highest average increase in grain yield per
1 kg of N applied in fertilizer was found for ammonium
sulphate (40.07 kg s.m. kg Ns), while the lowest for calcium
nitrate (32.92 kg s.m. kg N applied). The obtained result
confirmed previous studies of Fotyma (2003), who indicated
that the efficiency of agricultural and physiological nitrogen
fertilization of crops was higher after the application of
fertilizers containing sulfur than those without it
Considering the amount of mineral nitrogen, it has been
shown that the application rate of Nt in the form of fertilizer
resulted in an average of more than 3-fold increase of N used
in the fertilizer, as compared to the full dose of nitrogen
fertilizer 150-Nmin (Table 5). The significantly highest
agricultural efficiency of nitrogen was found for the 0-0.9 m
soil profile when compared to 0.0-0.3 m and 0.0-0.6 m
profiles. This observation confirmed the results of Lukowiak
et al. (2016 and 2016b) about the role of sub-soil as an
important source of minerals for maize. High nitrogen
accumulation, and thus high efficiency of nitrogen fertilizer
can occur only at the optimum content of all major
components (Table. 3). The agricultural effectiveness also
significantly depended on the interaction of nitrogen dose
and Nmin content in the soil (Fig. 6). The agricultural
effectiveness of the applied dose of nitrogen fertilizer
significantly increased with the increase of Nmin in the soil.
These values were as follows: 0.0-0.3 m (5.89 kg s.m. kg N
applied), 0.0-0.6 m (22.9 kg s.m. kg N applied), 0.0-0.9 m
(91.79 kg s.m. kg N applied) (Fig. 5).

None of the experimental factors significantly
influenced the effectiveness of physiological fertilization
(Table 6). The size of this indicator was determined only by
the weather conditions in the growing seasons. Regardless
of the experimental factor, the highest physiological
efficiency was recorded in dry 2014 (47.23 kg s.m. kg N
applied), and the lowest in 2012 (35.89 kg s.m. kg N
applied). It should be noted that the effectiveness of the
150-Nmin dose of physiological nitrogen was significantly
increased in dry years and reduced in wet years. This was
another signal confirming the role of the subsoil in the
supply of nitrogen to corn.
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Table 4. Percentage of total Nmin in the amount of nitrogen collected together with grain yield. In brackets - the

percentage of nitrogen fertilizer (Nf) in total nitrogen obtained from grain yield.

Factor — Factor levels Years Mean
2012 | 2013 | 2014
Ammonium nitrate 67.50 (32.50) 62.17 (37.83) 51.91(48.09) 60.53 (39.47)
Type of nitrogen fertilizer Urea 66.97 (33.03) 63.72(36.28) 51.33 (48.67) 60.67 (39.33)
Ammonium sulphate 67.98 (32.02) 56.42(43.58) 46.80(53.20) 57.06 (42.94)
Calcium nitrate 73.33(26.66) 63.22(36.78) 55.07 (44.93) 63.88 (36.12)
LSD o5 2.559 ns ns 4.413
. 150 62.74 (37.26) 56.41 (43.59) 48.10(51.90) 55.75 (44.25)
Dose of Nikgha™ 150 - Nimin 7515 (24.84)  66.35(33.65) 54.43 (45.53)  65.32 (34.69)
LSD o.05 2.913 2.356 3.056 1.500
0-0.3m 74.30(25.70) 58.69 (41.31) 49.98 (50.02)  60.99 (39.01)
Content of Nmin kgha® ~ 0-0.6 m 68.37 (31.63) 59.04 (40.96) 49.43(50.57) 58.95 (41.05)
0-09m 64.18 (35.82) 66.41(33.59) 54.41(45.59) 61.67 (38.33)
LSD o.0s 1.692 2.097 2.429 1.898
Mean 68.95 (31.05) 61.38(38.62) 51.28(48.72) 60.54 (39.46)
Control 0 kg N'ha' 100.00 100.00 100.00 100.00
ns — difference non-significant
Table 5. Agricultural efficiency of nitrogen fertilization (kg d.m. kg N in fertilizers)
Factor — Factor levels Years Mean
2012 | 2013 | 2014
Ammonium nitrate 32.80 31.59 40.65 35.01
Type of nitrogen fertilizer Urea - 34.75 35.84 42.73 37.77
Ammonium sulphate 40.71 36.12 43.40 40.07
Calcium nitrate 30.09 30.83 37.83 32.92
LSD ¢.05 ns ns ns 2.952
o 150 16.36 16.47 16.20 16.35
Dose of Nrkgha 150 - Niin 52.82 50.71 66.10 56.54
LSD 0.5 8.810 11.963 15.719 6.711
0-0.3m 11.64 22.15 22.75 18.85
Content of Nmin kg-hat 0-0.6m 21.28 31.88 31.95 28.37
0-0.9m 70.85 46.75 68.75 62.11
LSD o5 8.945 9.386 12.748 5.959
Mean 34.59 33.59 41.15 36.44
Control 0 kg N'ha! - - - -
ns — difference non-significant
Table 6. Effectiveness of physiological nitrogen fertilization (kg d.m. kg N in uptake)
Factor — Factor levels Years Mean
2012 | 2013 | 2014
Ammonium nitrate 33.17 35.17 45.42 37.92
Type of nitrogen fertilizer Urea . 33.66 43.76 49.30 42.24
Ammonium sulphate 40.29 34.75 48.35 41.13
Calcium nitrate 36.44 35.70 45.85 39.33
LSD ¢.05 3.495 ns ns ns
150 39.04 34.91 44.79 39.58
Dose of Nrkgha™ 150 - N 32.74 39.78 49.67 40.73
LSD o5 4.686 2.914 2.358 r.n.
0-0.3m 34.68 36.31 49.03 40.01
Content of Nmin kgrha 0-0.6m 36.55 37.79 47.66 40.67
0-09m 36.44 37.94 45.01 39.79
LSD ¢.05 ns ns 2.228 ns
Mean 35.89 37.35 47.23 40.16

Control 0 kg N-ha'

ns — difference non-significant
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Nmin percentage in total nitrogen collected with grain yield (A);
difference between the dose and Nmin content in soil profiles (B)
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Fig. 5. Effect of nitrogen and Nmin content in soil profiles on
agricultural nitrogen effectiveness (A); difference between
the dose and Nmin content in soil profiles (B) — (2012-2014).

Table 7. Nitrogen utilization (%0)

Factor — Factor levels Years Mean
2012 | 2013 2014
Ammonium nitrate 94.74 77.43 82.03 84.73
Type of nitrogen fertilizer Urea _ 96.27 73.29 81.04 83.53
Ammonium sulphate 95.9 107.98 92.17 98.70
Calcium nitrate 84.89 78.84 77.22 80.32
LSD ¢.05 ns ns ns 10.639
150 41.91 46.27 35.26 41.14
Dose of Ntkgha?
150 - Nmin 144.02 122.50 130.98 132.50
LSD 0.0 13.809 17.432 23.82 10.113
0-0.3m 31.11 58.12 44,57 44.60
Content of Nmin kg-ha™ 0-0.6m 56.17 79.88 62.71 66.25
0-09m 191.60 115.15 142.07 149.61
LSD 0.0 14.060 13.61 19.426 9.038
Mean 92.96 84.38 83.12 86.82

Control 0 kg N-ha'

ns — difference non-significant
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Table 8. Nmin content after maize harvest (kg Nmin ha?) - (2012-2014)

Factor — Factor levels 0.0-0.3m 0.0-0.6 m 0.0-09m
Ammonium nitrate 27.43 37.86 76.00
. - Urea 26.13 37.40 72.38
Type of nitrogen fertilizer .
Ammonium sulphate 22.63 30.63 65.26
Calcium nitrate 26.03 41.53 86.23
LSD o.05 ns 9.976 ns
Dose of N: kaha'l 150 28.41 41.35 83.47
9 150 - N 22.70 32.36 66.46
LSD o.05 ns 8.091 12.106
0-0.3m 38.50 49.51 103.55
Content of Nmin kg-ha 0-0.6 m 26.00 37.30 73.09
0-0.9m 12.17 23.75 48.27
LSD o.05 9.031 8.276 18.717
Mean 25.55 36.85 74.96
Control 0 kg N-ha™* 10.19 29.47 32.58
ns — difference non-significant
o 0150k Nta @150 ke Niha- Nmin A The results indicated a significant effect of weather
Ll = conditions between successive years of the experiment on
300 the volume of nitrogen utilization from the dose of mineral
fertilizer (Table 7). The highest value of this index was
50— LSD g5 — recorded in 2012 (92.96%), which was characterized by the
I¥ll=12.783, IIxl= 14,531 highest total rainfall, while values were lower in drier
00— — years, i.e., 2013 (84.38%) and 2014 (83.12%). The result
obtained in the present test shows that the dose of nitrogen
150 - fertilizer can be reduced in humid years, because the
257,18 utilization of Nmin nitrogen from the soil reserves increases
100 - in such conditions (pool of residual nitrogen — Nres) (Table
4). The result obtained in the this test confirmed previous
50 | reports in the literature regarding the influence of
73] 5171 u 8851 1ot environmental conditions (humidity) on the use of nitrogen
0 ! : ! from mineral fertilizer dose (Mi et al., 2010, Niu et al.,
2007, Peng et al., 2010). The synthetic scope of the use of
0E03m DE06m 003 m nitrogen from mineral fertilizer for three years of the
current experiment significantly depended on the type of
nitrogen fertilizer, nitrogen dose and Nmin content in the soil
% B profile (Table 7). Significantly, the highest use of nitrogen
0 fertilizer was found for ammonium sulfate (98.70%), and
: 005 0409 the lowest for calcium nitrate (80.32%). The use of
'_14'sz - bl nitrogen was significantly greater for the 150-Nmin nitrogen
50 : dose compared to the N dose. The difference between the
-4451 two doses of nitrogen was up to 82.36% (Table 7). The
utilization of nitrogen from the mineral fertilizer increased
2100 linearly from 44.60% (0.0-0.3 m) to 149.61% (0.0-0.9 m)
y=-10056x+109.76 with the increase of Nmin (Table 7). A number of indices
=086 suggested the dominant role of the 0.6-0.9 m soil in
-150 nitrogen utilization. The use of nitrogen from the mineral
fertilizer dose also significantly depended on the interaction
™ of of nitrogen dose with Nmin content in the soil (Fig. 6).
-200 Nitrogen utilization from the mineral fertilizer dose was
significantly higher with the increase of Nmin in the soil,
- 253 and this relationship was linear. The difference amounted

Fig. 6. Effect of nitrogen and Nmin content in soil profiles on
nitrogen utilization (A); difference between the dose and Nmin
content in soil profiles (B) — (2012-2014).

to: 0.0-0.3 m (14.22%), 0.0-0.6 m (44.51%) and 0.0-0.9 m
(215.345). The use of nitrogen from the N; pool,
irrespective of the Nmin in the soil, was statistically at the
same level (Fig. 6).
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Evaluation of mineral nitrogen content in the soil is
used to improve the fertilizer efficiency of this component,
however, it is considered also an indicator of environmental
hazards resulting from its excessive concentration in the
soil (Rahimizadeh et al., 2010). Too high concentration of
residual nitrogen (Nres) remaining in the soil after harvest of
plants is a potential threat to the environment. Fertilizer
nitrogen (Nf) pool, which is not used by the cultivated
plant, migrates beyond the cultivated field; this
phenomenon has become one of the most important
environmental issues in recent years (Erisman et al., 2007).
Therefore, the main aim of modern agriculture should be to
reduce the pool of (Nks) and nitrogen dispersed in the
environment (NI), which should lead to an increase in the
productivity of nitrogen fertilizer. The current study
demonstrates that maize fertilization with ammonium
sulfate (N+S), balancing nitrogen dose based on the
abundance of this component in the soil, significantly
reduces the amount of Ns (Table 8). Miller & Gorlitz
(1990) drew attention to the danger of excessive amounts
of nitrogen Nres in the soil after harvest and reported that
the average content of this form of nitrogen was 107 kg
Nmin ha't in the loamy sand soil in the autumn, in the 0.0-0.6
m layer. In the present study, the residual nitrogen content
after maize harvest was below the upper limit.

Conclusions

1. Mineral nitrogen (Nmin) contained in the soil in the
maize rooting zone significantly increases the accumulation
of this component, especially during dry years.

2. Incorporating the pool of nitrogen contained in the
soil into the algorithm calculating the dose of fertilizer
nitrogen significantly improves the performance of
fertilization indicators.

3. The agricultural efficiency of nitrogen fertilization is
directly proportional to the amount of soil Nmi, included in
the algorithm calculating the fertilizer dose of nitrogen.

4. Exceeding 100% of nitrogen utilization from
mineral fertilizer is possible provided the nitrogen pool
contained in the whole rooting maize profile is included.

5. Significant increase of nitrogen accumulation in the
grain in the variant of applying nitrogen with sulfur points
to this element as a factor limiting the use of the productive
potential of maize in the test plot.

6. Incorporating mineral fertilizer containing nitrogen
and sulfur (N+S), and balancing the dose of nitrogen based
on the Nmin in maize crop reduce eutrophication of the
environment with this biogen.
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