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Abstract

The presented research deals with the variable application of N fertilizers (VRA NF) in the stand
of winter wheat and with possibilities for evaluating the effect of such application on grain yield.
The effect of VRA NF was assessed in close cooperation between Spearhead Czech Ltd. and Mendel
University in Brno within an operational experiment. In 2018 and 2019, three experimental plots
were always chosen on which VRA NF was implemented by conventional technique according to
application maps. Each application map included control strips with the uniform NF application.
The application maps were prepared based on the spectral analysis of satellite images. The individual
plots were divided into three zones: Zone 1 with the lowest yield potential, Zone 2 with the medium
yield potential, Zone 3 with the highest yield potential. The highest dose of N was at all times applied
in Zone 3, and conversely the lowest dose was applied in Zone 1. In 2018 and 2019, the experimental
fields were harvested by harvester New Holland CX 8080 which was equipped with the technology
for the monitoring of grain yields. The main goal of data processing was to remove error data at
first and then to re-calibrate them using the information about the weight of harvested grain. The
expected benefit, i.e. a yield increase by min. 3% was found only in 2018, when the benefit was
about 5%. In the following year, the difference between the conventional application of N and VRA
technologies was minimal. However, this condition was probably caused by drought which negatively
affected all stands. In particular, measured values of grain yield do not indicate the negative effect
of VRA NF on grain yield. This research further showed the applicability of yield data acquired by
harvest technology; however, the elimination of error data is necessary as well as their re-calibration
according to total yield ascertained by weighing the total production of grain from a specific plot.
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INTRODUCTION variability of land and adapts production inputs to
environmental conditions. The system is supported

Precision agriculture is a method of farming by modern technologies including the global

on agricultural land that takes into account the
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positioning system (GPS), geographic information
systems (GIS), remote sensing, sensors and more
(Santhosh et al, 2003). The main aim of precision
agriculture is to use material inputs, such as mineral
fertilizers, pesticides and fuels more efficiently
by appropriate management based on local plant
requirements and the state of soil environment
(Mulla, 2012).

One of basic factors in generating crop yields is
nitrogen fertilization. Achieving expected yields
and reducing the burden on the environment
by nitrogen losses at the same time is possible
only with the correct use of nitrogen fertilizers,
especially in the condition of higher spatial
variability of agricultural fields (Handlifova et al,
2007; Hlavinka et al., 2013; Sutton, 2011; Losak et al.,
2014). A possible solution could be using a variable
rate application (VRA) of nitrogen fertilizers. The
aim of fertilizer variable rate application is to
optimize the input of nutrients into the soil so that
the applied amount is largely utilized by plants
according to management zones representing
areas with homogeneous soil conditions and to
address site-specific changes in soil properties
as well as the nutritional status of plants with the
consequent higher efficiency of nitrogen utilization
by plants and lower risk of nitrogen leakage into the
environment (Shanahan et al.,, 2008; Diacono et al,,
2013; Sutton, 2011). According to Sutton (2011),
mineral fertilizers represent the main source of the
contamination of underground sources of drinking
water with N substances. Plants mostly use about
42-47% of applied N (Zhang et al, 2015). The rest
of it is irretrievably lost by washout, volatilization
or in the form of NO_ oxides (Sutton, 2011; Li
et al, 2016; Lal et al, 2018). The application of N
fertilizers with the emphasis on taking into account
the nutritional requirements of plants and yield
potential of the site leads to better utilization of
nitrogen by plants, to reduced doses of N fertilizers
and to the reduced risk of N loss from the soil while
maintaining profitable yield of the grown crop
(Li et al, 2016). Nowadays, the VRA of nitrogen
topdressing is based on the remote sensing of the
crop by satellites, aerial or unmanned surveys, or
by on-the-go proximal sensing.

The review by Diacono et al (2013) provides
a summary of tools and approaches for site specific
nitrogen management, which includes techniques
for plant diagnosis by proximal and remote
sensing, estimation of nitrogen use efficiency
and profitability of variable nitrogen application.
In most of cases, spectral measurement of crop
stands is utilized to estimate the crop N status by
calculation of vegetation indices derived from the
proximal on-the-go (Heege et al, 2008) or remote
sensing systems (Hansen and Schjoerring, 2003).
Based on the knowledge (Shanahan et al, 2008;
Diacono et al,, 2013; Heege et al., 2008), the remote
technology with the highest performance is the
most accessible tool for the variable rate application

of N in order to obtain data for the assessment of
field crops. The Sentinel 2, Landsat 8 or Spot 6
satellites routinely deliver optical images of the
Earth and use band configuration in red-edge and
near infrared region, which is necessary for high
sensitivity to detect the chlorophyll content in plants
(Delegido et al,, 2011). The knowledge of chlorophyll
content is a necessary assumption for preparing
the information background (i.e. prescription or
application maps) reflecting the actual situation
of plants on the plot. The background is used for
targeted N application based on the maps.

One of other methods for the assessment of site
variability or N fertilization effectiveness is the
mapping of crop yields. The crop yields are scanned
by means of grain yield sensors that are parts of
modern combine harvesters. Results of sensor
data processing are yield maps describing the
distribution of yields from partial plots of the site
as a reflection of soil fertility of the given partial
plot. Thus, the yield maps reflect spatial yield trends
on the given plots, which include all influences
affecting the harvested crop during vegetation.
Useful is to compare yields in individual years,
which subsequently allows classification of the
plots into classes (zones) according to yield level
and degree of stability (Blackmore et al., 2003).

The main goal of the presented study was to
determine the effect of variable rate application of N
fertilizers (VRA NF) on the grain yield of winter wheat.
The secondary objectives were:

a) to assess the procedure of yield data processing,

b) to test a possible use of control strips with the
uniform application in the prescription maps
for VRA N fertilizers as a tool for checking VRAN
efficiency.

MATERIALS AND METHODS

Field Experiment Organization

The effect of the selected VRA technology was
tested at Eurofarms Jihlava (EF ]) from 2017
(Fig. 1). EF J Ltd. is a part of Spearhead Czech Ltd.
(SIL CZ) and technologies for variable fertilizer
application have been used there since 2012. The
above-mentioned objectives were tested in a field
experiment (> 250 ha) on plots seeded with winter
wheat every year. The presented data about the
potential effect of VRA of N were obtained during
the last two vegetation seasons from three fields
with winter wheat (varieties Lear in 2018 and
Sheriff in 2019) in both years. Characteristics of the
varieties were as follows:

A) Lear represents a late wheat variety intended
for feed purposes, but also suitable for the
production of wafers and malt. It has a medium
to high rooting capacity and is suitable for
cultivation in all production regions of Czech
Republic.
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1: Localization of experimental fields
WMS map data source: CUZK

I: Meteorological and climatological parameters of the studied area

Mean annual

Mean annual

Precipitation per Mean temperature

Year precipitation (mm) temperature (°C) Time period period (mm) per period (°C)
2018 567 9.28 IV-VI 221 15.3
2019 458 9.37 IV-VI 135 135
Long term standard 644 7.2 IV-VI 329 114

Comments: Parameters for 2018 and 2019 were measured by DAVIS Vantage Pro2 meteorological station (Davis
Instruments, California, USA). The station is located in Jihlava-Heroltice (538 m a.s.l.) and operated by EF ]. Data for the
long-term standard (1961-1990) are for the VysoCina Region and were prepared based on data available from the Czech
Hydrometeorological Institute (http://portal.chmi.cz/historicka-data/).

B) Sheriff can be defined as a non-bakery semi-
late variety suitable for feeding purposes. It is
a plastic variety suitable for cultivation in all
production regions of the country.

Both varieties are legally protected and bred by
Limagrain UK Ltd. The two wheat varieties have
similar properties and were grown to produce
animal feed. The application of N fertilizers (NF)
was divided into three doses: N1 = regeneration
dose (BBCH 25-29: tillering), N2 = production dose
(BBCH 30-35: stem elongation) and N3 = qualitative
dose (BBCH > 37-39: flag leaf).

The total need for N nutrition (kg/ha) of winter
wheat was determined annually on the basis of soil
N_,, content and planned yield. The optimal dose of
N_. was calculated from Eq. 1 which was prepared
according to Klem et al. (2011), Lukas et al. (2012)
and Aranguren et al. (2019).

Dose of N (kg/ha) = )
= (planned yield x 25) - N, stock in topsoil

where:

» planned yield was determined on the basis of
three-year average grain yield for the selected
experimental plot.

» 25 represents the minimum amount of N (25 kg)
needed to produce 1 tonne of grain and the
corresponding straw production.

* N, stock in topsoil (kg N/ha) was calculated as
a content of individual N _, forms (mg/kg) in the
soil x soil bulk density.

N-fertilizers used in the experiment were as
follows:

a) Urea Stabil for regeneration dose,

b) DAM 390 for production dose and LAD 27 for

qualitative dose of N.

All used fertilizers are registered under the
Fertilizers Act No. 156/1998 Sh. for use in the
Czech Republic or another EU Member Country.
Urea Stabil (Witt Handel GmbH Hamburg, DEU)
is urea treated with the addition of NBPT urease
inhibitor, which stabilizes urea, slows down its
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II: Field experiment overview (2018-2019)

Average dose of mineral N (kg/ha)

Total dose of mineral N

Treatment  Designation Characteristics (kg/ha)
N1 N2 N3
Variable Zone 1 lowest yield potential 54 36
Variable Zone 2 medium yield potential 66 43
Variable Zone 3 highest yield potential 0 78 51 199
Uniform UNI flat rate NF application 66 43

Sentinel2_NDVI_20170401
o High™ 0.80
S Low 060

0 50 100 200
— — T

Application map
B zone 3
[ interzone
[ zone 2
N interzone
I zone 1

0 50 100

2: Example of NDVI based application map preparation (Elbl et al., 2018)

decomposition and reduces nitrogen losses through
ammonia leakage after soil application. Above all,
it contains 46% of amide N. DAM 390 (Duslo, Ltd.
Sala, SVK; registration no.: E43) is a solution of
urea ammonium nitrate with an average nitrogen
content of 30% by weight. The liquid fertilizer
contains 39 kg N in 100 1 of solution and has
1300 kg/m?3 at 25°C. LAD 27 N (Lovochemie Ltd.,
CZE; registration no.: E78) or ammonium nitrate is
a fertilizer which contains nitrate and ammonium
nitrogen (27%) and 4.1% of magnesium.

The principle of fertilization (Fig. 2) was as
follows: the selected plots with winter wheat were
analysed on the basis of satellite images (Sentinel 2,
SPOT) which were processed by SatAgro Ltd. with
the use of spectral analysis. These images were taken
approximately 5 and 10 days before the planned
application of N fertilizer. The spectral behaviour
of plants is characterized mainly by significantly
increased reflectivity in the near infrared part
of the spectrum. Radiation in the visible part of
the spectrum is significantly absorbed, mainly
by chlorophyll. The above analysis resulted in
a multispectral map of NDVI vegetation index which
expresses the relationship between reflectance in
the interval of the red visible part of the spectrum
and in the near infrared part of the spectrum. The
multispectral map was then used for vegetation
mapping — determination of yield potential (YP) of
individual parts of the field. The YP corresponded
to the stand density and to the potential chlorophyll

content in the plants, which is sensitive to their
condition. These data were subsequently used to
prepare the application map of individual fields.
The individual fields were divided into three zones:
Zone 1 with the lowest yield potential, Zone 2 with
the medium yield potential, Zone 3 with the highest
yield potential. The surface area of each zone was
at least 0.5ha. VRA N was used only for N2 and N3
dose of N, the highest/lowest dose of N being always
applied to Zone 3 and Zone 1, respectively.

Each monitored plot contained a control strip
(Figs. 3, 5) used to apply a flat rate of fertilizer
thus representing the control. For the purpose of
the presented study, only plots with the control
strips were selected for the comparison of uniform
and variable rate applications. This system of
experiment organization allowed us to measure
yield in all areas of the experimental field — without
or with using the VRA technology. This variable
application monitoring system was used for the
first time in 2018 and is still being improved. The
goal is that all application maps used contain these
control strips and, after each harvest, the used VRA
NF settings can be controlled.

Yield Estimation

In 2018 and 2019, the selected experimental fields
were harvested with using the New Holland CX
8080 harvester equipped with the technology for
monitoring the grain yield. Following the harvest,
yield data from the above combine harvester for the
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3: Example of an application map with the control strips — field experiment organization in 2019

4: Procedure of processing yield data measured by the combine yield monitoring system

experimental fields were directly downloaded from
the onboard terminal (IntelliView IV) and processed
using the ArcGIS geographic software (ESRI, Redlands,
California, USA) and the Pyhton programming
language (Python Software Foundation, Wilmington,
Delaware, USA). The main aim of data processing
was to remove error data at first and then to re-
calibrate them using the information about the
harvested grain weight. Total yield (weight of
harvested grain) from each field was determined on
the basis of grain weight from the individual fields
that was measured before the grain storage.

For this reason, the above characterized method
of data processing was developed, which allows
the automatic evaluation and recalibration of
measured yield data. A simplified scheme of
yield data processing is shown in Fig. 4. In detail,
the processing of yield data can be divided into
the following steps implemented within the
experiment:

1) Adjustment of harvest technology terminal.

2) Direct downloading of data from the harvest
technology terminal — beginning of digital data
processing.



38 Jakub EIbl, Jir{ Mezera, Antonin Kintl, Petr Sirticek, Vojtéch Lukas

3) Elimination of error data obtained at entering/
leaving the stand.

4) Elimination of error data obtained inside the
stand or during the harvest.

5) Elimination of error data obtained due to the
wrong bar engagement setting.

6) Different types of yield sensors —» measurement
by means of optics or board.

7) Statistics — identification of remote values,
minimal and maximal (biological) yield of the
plant.

8) Correction/modification of measured yield
values between different combine harvesters on
the plot — finding a function between the two
combine harvesters with the yield data.

9) Correction of the values of weight yields.

10) Variants of yield data smoothing.

11) Interpolation of raster yield data.

12)Export in the resulting point and raster data in
both absolute and relative terms.

The main output of this process is a yield map
with the information about yield in % or t/ha.
The calculated yield map was used to determine
yield differences between the partial plots which
were fertilized using the VRA technology and the
control strip (control variant — Fig. 4.) where the
conventional technology was used. Moreover, the
yield map can also be used in the future to calculate
more accurately the distribution of N nutrition
in the process of application map preparation.
The control strip was an indispensable part of
application maps for each experimental field.

Data Treatment

The measured data were processed using the MS
Office Excell 2016 programme (Microsoft, Redmond,
Washington, USA) and subsequently evaluated in
the Czech version of Statistica 12 software (Dell
Software, Round Rock, Texas, USA). The measured
values were tested using the analysis of variance
(one-way ANOVA; P < 0.05). The assumptions for
a valid application of the ANOVA analysis for
testing the difference of multiple mean values
were confirmed on the basis of Shapiro-Wilk test.
Potential differences in measured parameters
were analysed and identified using the post-hoc
Fischer LSD test. All analyses were performed at
a significance level of P < 0.05.

RESULTS

The effect of the used NF application technology
on the grain yield in 2018 and 2019 is shown in
Fig. 6. Yield values are expressed as average values
from the respective variably fertilized partial plots
(Tab. II) and from the control strips. The yield values
were further processed as total weighted means for
2018 and 2019 with the surface area of individual
zones of variably fertilized experimental plots in
the given year being used as weight (Tab. ID).

The measured values show (Fig. 5) that the largest
differences between the variants were found in
2018. Yield values ranged from 8.5 to 9.01t/ha
with the values of standard deviation (+SD) not
indicating a significant difference in the variance of
measured values. The highest yield value (9.01 t/ha)
was found in Zone 2 which exhibited a medium

5: Yield and its distribution on Experimental plot no. 9701 in 2019
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yield potential according to the spectral analysis of
satellite images. The yield was demonstrably higher
as compared with Zone 1 and the control strip (UND).
On the other hand, Zone 3 exhibited a yield similar to
that in Zone 2, and no significant difference between
the two zones was observed. The generally lowest
yield was found in the variant with the uniform
N application. Furthermore, a weighted average
of yield was calculated from all zones with VRA N
(Tab. IT and Tab. I1T) and compared with the weighted
average from the control strips. Weight used in the
calculation of weighted average was acreage of
individual variants. The weighted average of yield
in 2018 reached 8.98 t/ha, which was by 5.39% more
than the weighted average of yield from the control
strips (UNI variant), which reached 8.52t/ha. The
difference was statistically significant.

In the second year of the experiment (2019),
data were more variable, which was indicated
by SD values detected by the analysis of variance.
Comparing yields from the variant with the flat rate
of N fertilizer (UNI) and from the VRA NF zones, we
found out that they were identical, ranging from
6.7 to 6.85t/ha. The highest yield was recorded in
Zone 1, and the other yields were decreasing in the
following order: Zone 1 > UNI > Zone 3 > Zone 2.

Between the mentioned experimental variants,
only a partial statistically significant difference
was found between Zone 1 and Zone 2. The other
values did not exhibit significant differences. In
2019, weighted averages of yield from all VRA NF
zones (Tab. II) were compared with weighted
averages from the control strips, too. No significant
difference between the respective variants was
recorded. Values of both variants were similar, and
the difference was negligible, reaching merely 1.9%
in favour of UNI variant.

Significant differences (P < 0.05) were found
between the two years of the experiment. In 2018,
higher yields were reached in all experimental
variants compared with 2019. The fact is confirmed
not only by values in the diagram (Fig. 6), but also
by weighted averages of yield (Tab. III) showing an
apparent decrease between the two years by about
more than 20% across the variants.

DISCUSSION

In the last two years of the operational experiment
described in the presented paper, no negative
influence of VRA NF on the yield was observed.
Conversely, the measured total grain vyields

6: Average yields in 2018 and 2019 (n = 3, + SD) in individual treatments of the field experiment. Different uppercase and small
letters show differences between the individual variants in 2018 and 2019, respectively.

III: Average yields from all VRA NF zones and control strips in 2018 and 2019

Yield 2018 Yield 2019
Treatment Average Difference Difference
(t/ha) +5D (rel. %) Average +SD (rel. %)
UNI 8.52 0.24 6.67 0.71
5.39* 1.98
VRA 8.98 0.38 6.54 0.44

Comment on Tab. III: average yields (n = 3 + SD) are presented. Symbol * shows significant differences between the UNI

and VRA variants in 2018 or 2019.
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confirmed significantly that the VRA N technology
had a positive effect on the yield increase in 2018.
The data confirmed that using VRA N has a potential
to promote plant growth because N is applied on
the part of field with the potential for its use and
the applied N can be taken up by plants (Rodriguez-
Moreno & Cid, 2012). This leads to the increased
potential of plants to use N more efficiently than
with the flat rate application (Charf et al, 2005).
The difference found between the UNI and VRA
variants in 2018 was 460 kg/ha with the value being
very close to those measured in another part of SIL
CZ (Elbl et al,, 2018), where a benefit ranging from
230 to 317 kg/ha was recorded during two years of
monitoring with using the same VRA N technology.
For VRA N, we used a so-called yield principle, i.e.
a higher NF dose was applied on partial plots with
the higher YP and vice versa. We worked with an
assumption that plants exhibiting a higher YP
would also have a greater capacity of binding
and utilizing nitrogen, which was confirmed in
2018. The example of the chosen experimental site
(Fig. 5) clearly shows that the yield was decreasing
in the most unfavourable partial plots (Zone 1),
where machines and vehicles were entering the
site or turning. These partial plots exhibit lower
fertility over a long term due to soil compaction or
impaired capacity of infiltration (Shah et al., 2017).
This is why it is not necessary to increase the NF
dose because the plants have no potential of using it
anyhow. Basso et al. (2016) and Li et al. (2016) who
observed that VRA N reduced the leaching of N
from the soil, improved the availability of nitrogen
to plants as well as the grain yield arrived at similar
conclusions.

Nevertheless, in the following year of the
experiment (2019), no demonstrable differences
in grain yield were found between the chosen

technologies of N application (UNI vs. VRA). Yield
changes (and hence in VRA N profitability in
growing wheat) were found also by Boyer et al
(2011). In their study, the authors stated that VRA N
has a potential for increasing the wheat yield but
namely when more variable N doses are applied
and the yield is not affected by other factors such
as inaccuracy of the used VRA technology or high
temporal and spatial stand variability. In the
presented paper, the used technology was spectral
analysis of satellite stand images made by Sentinel 2
and SPOT satellites, the output of which was NDVI.
According to Silleos et al. (2006), Huerta et al. (2013)
and Zheng et al. (2018), this procedure is employable
for indirect assessment of stand condition. Vizzari
et al. (2019) point out a problem that may occur if
NDVI is not completed or confronted with other
information (soil type, yields in previous years
etc.) because recommendations for VRA N may be
distorted. Another risk seen by the authors (Vizzari
et al, 2019) is the use of simple linear models
where mean rate is equal to standard rate. This
may lead to the application of wrong N dose and
hence to the impairment of potential yield of the
stand and its quality. This situation was prevented
by establishing an optimum N dose based on Eq. 1,
which was at all times determined prior to the
regeneration N1 dose in 2018 and 2019. The NDVI
index was used only for scheduling the N dose.
Therefore, an assumption exists that the decrease in
yield difference was caused by another factor.

In addition to the reduced difference between
the respective variants, a significant year-on-year
decrease in yield was recorded in 2019 in spite
of the fact that the wheat variety was grown
again for the purpose of fodder production, ie.
variety with the same potential for N uptake and
utilization. The authors met this situation already

7: Effect of VRA NF on winter wheat grain yield (Elbl et al, 2018)

Comment according to Elbl et al (2018): Different letters indicate significant differences between the
respective variants (n = 3, + SD; ANOVA, post-hoc Fischer LSD test at P < 0.05) in grain yield in both years of
the experiment (2016 and 2017). Symbol * shows significant differences in grain yield between the respective

variants in one year.
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in earlier experiments with VRA (Elbl et al, 2018)
in another organizational unit of SIL. CZ company
(Fig. 7). Although the influence of VRA N on the
yield of grain can be favourable, conditions have to
be optimal and risk factors have to be eliminated,
which follows out for example from the research
published by Boyer et al (2011) or Vizzari et al
(2019). If the plant is stressed e.g. by drought or pest,
the N nutrition or other partial measures in the
stand are only of secondary importance for grain
yield (Arzanesh et al, 2010; Kintl et al, 2016; He
and Dijkstra, 2020). Another problem may be the
lack of essential nutrients (P, K, Mg, Ca), which may
eliminate the uptake of other nutrients required
for plant growth (Shiwakoti et al, 2019). However,
such problem was not detected on the sites because
the average content of available P (Mehlich III)
reached 111 mg/kg, K 171 mg/kg and Mg 176 mg/kg.
According to the Czech Central Institute for
Supervising and Testing in Agriculture (UKZUZ,
2016), the values represent a good supply of
essential nutrients in the given conditions (medium
heavy sandy loam). The effect of drought was found
though. Total precipitation amounts during the peak
of the vegetation season (April-June) significantly
differed in the respective years (Tab. I). Thus, the
precipitation deficit in 2019 (drop by more than

85mm in the studied period) was apparently the
main factor which not only affected the difference
in yield in the respective years, more precisely its
decrease, but consequently, it probably eliminated
the influence of VRA NF on the yield, too. Therefore,
it is possible to state that yield in the studied year
was affected by drought which eliminated the
potential influence of VRA N.

Basso et al. (2011) claim that the yield of wheat
is variable in dependence on soil properties,
variability of landscape, climate and weather.
Contemporary VRA N technologies in wheat
can reflect the current condition of stand (Basso
et al, 2011) but cannot work with the potential
development of the stand so far such as prediction of
stress by drought if occurring outside the scheduled
N application (Mulla, 2012; Heege et al., 2013). That
would be possible with more complex models for
the preparation of application maps or with plots
divided into different application zones (Basso et al.,
2011; Basso et al., 2016). However, such models are
not commonly available to farmers. In any case,
their use and hence the replacement of simple
models will be necessary for the development of
VRA technologies and their long-term profitability
(Heege, 2013; Vizzari et al,, 2019).

CONCLUSION

The presented paper describes the potential impact of VRA N on yield and presents results of the field
experiment which was not conducted as a conventional field experiment. The effect of VRA N was
monitored on an area sized over 60 ha on 6 fields. Each experimental field had a control strip with the
flat rate N application. Furthermore, field measurement was always based on real field (operating)
conditions and the used agricultural technologies were at all times conventional (sprayers and
spreaders) and typical in the Czech Republic. Therefore, the measured values must be interpreted as
results not obtained from small plot experiments, which are usually arrayed in blocks (for example
10m x 10 m). The measured values do not indicate any negative influence of VRA technology on the
yield of grain. It is necessary to point out that the expected benefit, i.e. yield increase by min 3% was
recorded only in 2018. In the following year, the difference between the conventional N application
and VRA N technology was minimal. However, the situation is likely to have been caused by drought
which adversely affected all stands and corresponding measures were impossible within the applied
technology. In the future, the preparation of application maps according to which N is applied into
the winter wheat stand will have to be modified. The application maps should reflect:

a) data from vegetation indices characterizing the current situation on the plot;
b) potential fertility of the plot according to yield potential data;
c) historical fertility according to yield maps for the preceding period of at least 3 years.

Furthermore, it was confirmed within the experiment that if the application maps are properly
prepared, i.e. control strips or zones are included, the field experiment can be evaluated with using
data from yield meters of combine harvesters. The control belts can thus be used not only for testing
the effect of the variable application of fertilizers, but also for testing, e.g. a variable application of
pesticides. When the control strip contains a standard or 0 dose and the surrounding parts of the plot
are treated variably. However, here we have to point out that the control strip has to run through the
entire plot and through the zones of different potential fertility at the best.
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