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The Maps for Precision Fertilization, Manuring
and Liming - Requirements for their Preparation.
A Case of Poland

Michat Stepien

Abstract- Fast development of precision agriculture in last
years requires detailed maps for precise application of lime,
manure and mineral fertilizers. Two kinds of maps are
required: a general, base map, and application maps of a
particular inputs. The general base map should contain
management zones, resuming all factors affecting field
management and fertilization, such as the water bodies, trees
and windbreaks in direct neighborhood of the field, field
topography, soil texture to a depth of about 1m, organic
matter content, overall assessment of moisture/drainage
conditions on the field and other factors, which may affect field
management in long-term period. The application maps
regarding a particular applications of lime, manure and mineral
fertilizers should be prepared using the current results of soil
analyses and the base map before each input application.
Variable N application during crop vegetation should take into
account also the weather conditions in a period preceding the
application and current canopy N status or yield predicted in a
particular vegetation period. The scale/resolution of the maps
for precision agriculture should be concordant with the
technical possibilities of the equipment used for application of
various materials on a particular farm.

[ INTRODUCTION

uring last few vyears fast development of
Dpreoision agriculture has been observed. It

results from the interest of farmers to optimize
their production, new farm equipment and software
available and online services dedicated to precision
agriculture.

The main purpose of a precise field and crop
management is an optimal utilization of inputs in
particular parts of the field. These inputs comprise not
only different substances applied to soil (fertilizers,
manures, amendments, some pesticides) or over crop
canopy (pesticides) but also amount of seeds or other
sowing material and fuel, which use is affected for
example by a tillage depth and other inputs. This paper
is focused on variable lime, manures and fertilizer
application using precision agriculture techniques. For
example, fertilizers should be applied in greater doses in
field zones with higher yielding potential and in smaller
doses in field zones without potential to obtain high
yields, if both zones have the same status of nutrients
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availability. However, sometimes the same soils may
have high yielding potential in wet years and low yielding
potential in dry and vice versa (Delin and Berglund
2005). A proper establishment of variable doses of
fertilizers and similar materials within a field combine two
aspects: economic and environmental. The optimal use
of production means — only dose and time, when they
are actually to reduce crop production costs. The
application of inputs at right dose and at the right time
also results in avoidance of excessive use of the inputs,
which could contribute to soil degradation or sail, air
and water pollution (Anonymous 1991, Duer et al. 2004).

A great variability of crop yields and soil
properties, even within one field and at small distances
is frequently found in Poland (Kaémit and Podlasifiski
2002, Podlasinski 2013, Usowicz et al. 2004) and other
countries (Lucas et al. 2009, Czech Republic). For this
reason preparation of large scale, detailed soil maps is
needed for precision field and crop management
purposes.

The present paper has the aim to discuss
requirements, which should be fulfilled by detailed soil
maps and about the possible sources of data for these
maps preparation and which are available in Poland.

[I. REQUIREMENTS, WHICH SHOULD BE MET
BY MAPS FOR A PRECISION FERTILIZATION

a) Map content

The content of a map depends on the purposes
of the creation of a such map. The maps used for
precise manuring or liming in a particular year or even at
a date, should contain, above all, the doses of material
to be applied in particular place. However, depends on
many factors (Table 1). A field topography is one of the
factors affecting fertilization indirectly, because it
influences movement of water — not only on a field
surface, but also a subsurface run of water in soils with
a finer subsoil. Such water movements cause also
translocation of nutrients applied with fertilizers, mainly
nitrogen (N) and potassium (K), but also others. For this
reason it should be considered to increase doses of
fertilizers in higher parts of the field and reduce these
doses in lower parts. The field surroundings also certain
importance in the application of fertilizers and manures.
First, the open water bodies adjacent to the field limit
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manuring and fertilizers applications (DEFRA 2009, Duer
2004). Trees close to the field borders in a form of
windbreaks or forest cause reductions of yield in their
nearest proximity, within a distance approximately equal
to the half of their general effect on crops grown at quite
greater distance is positive (David et al. 1994,
Jakubczak i Wotk 1977). Doses of fertilizers should be
reduced in the nearest vicinity of forest or windbreak.

The dose of lime is determined by soil pH and
buffer properties, which are determined mainly by soil
texture and soil organic matter (DEFRA 2010). Common
recommendations of lime doses in Poland take into
account pH values and simplified classification of soil
texture according to the content of soil particles finer
than 0.02mm (IUNG 1990, Jadczyszyn et al. 2010).

The manure, as conventional fertilizers, if
applied in excess, may be a source of pollution of
surface water and groundwater (Moshia et al. 2014). On
the other hand farmyard manure and other organic
materials may consist an effective amendment to
improve majority of properties and productivity of
degraded soils (Mercik et al. 2004a, b). They slightly
increase pH of acid soils (Mokolobate and Haynes
2002, Narambuye et al. 2008, Stepien et al. 2004a,
Whalen et al. 2000), organic matter content and
availability of nutrients (Mokolobate and Haynes 2002,
Stepien et al. 2004a, Whalen et al. 2000). As
consequence, the places and doses of manure
application should consider the risk on environmental
pollution, i. e. the distance to surface of water bodies,
soil drainage capacity, groundwater level, and potential
yields, to avoid excessive nutrient application. On the
other hand, the applications of maximum manure doses
admitted by the law or more frequent applications
should be considered in places without a risk of
environmental pollution and with different constraints for
crop production, which may by amended or alleviated
by addition of organic matter. These constraints
comprise low organic matter content, extreme acidity,
places susceptible to shortage of water (e. g. sandy field
areas) and/or susceptible to waterlogging (fine soils).
Also a depth of manure application may depend on
local soil conditions, for example it should be deeper in
more sandy soils.

The doses of P and K, but also N fertilizers, if
applied before sowing or planting should be based on
crop nutrient demand, which depends mainly on crop
potential productivity in particular site and current soil
fertility status — i.e. the content of available forms of
particular nutrient in soil. Crop productivity worldwide is
limited mainly by supply of water (Mueller et al. 2010),
especially in rainfed agriculture. The main factors
affecting plant water supply at field scale is surface
and subsurface soil texture to a depth of about 100cm,
field topography and organic matter content.

The doses of N applied during crop growth are
also determined by crop demand, depending mainly on
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soil productivity in particular sites. However, the soil
productivity is frequently not the same across years
(Delin and Berglund 2005, Singh 2016). Some sites,
especially with coarse (sandy or gravelly) soils have
generally low productivity, but in some years with
exceptionally favourable distribution of precipitation may
be very productive. As opposite to this, some sites with
fine soil or with strong increase of clay in subsail,
located especially in flat and low parts of the field have
drainage problems. Such sites are characterized by low
or even null productivity in wet years, but might be the
most productive in dry years. For this reason, the N
doses should be modified according to weather
conditions in a particular year. For example, during the
wet years, the N-doses should be increased in the
places with good drainage and reduced in places of
being in danger of water logging. Opposite
modifications of N doses should be performed during
dry years. Currently, the main factor modifying N doses,
within fields, during crop growth is canopy N status,
assessed by the use of various optical sensors. The
current crop N status is determined by both soil
properties and weather conditions in the time preceding
N applications. However, the prescription of a variable
N-rate based only on crop status, expressed by NDVI
(Normalized Difference Vegetation Index) reading and
without a direct consideration of soil variability did not
produce consistent, positive and strong effects on grain
yields (6-8.5t/ha) of intensively managed winter wheat in
northern Poland (Samborski et al. 2016). It indicates,
that the N-prescriptions during vegetation must be
based on combination of various criteria such as
canopy status, soil maps indicating areas with problems
with both excessive and poor drainage, yield limiting
factors and estimated yield potential in a particular year
due to weather condition in the period preceding N
application.

The analysis of the Table 1 and above
considerations allow to draw a conclusion, that precise
applications of lime, manure and N, P and K fertilizers
require maps with doses prescribed for each of the
inputs separately. However, precise base maps of so-
called management zones (MZs) are even more
important than application maps. The delineation of
these MZs should not be based only on potential yields
(Blackmore 2000, Diker et al. 2004, Moshia et al. 2014),
but on all important factors affecting crop productivity,
directly interacting with materials applied to soil and the
environmental risk of excessive input applications.
These factors include presence of open waters in areas
adjacent to a field, groundwater level, field topography,
and soil properties relatively stable in time, such as
texture of topsoil and subsoil, drainage conditions
(actually — determined by topography, soil texture and
groundwater level) and organic matter content. It might
be noted, that almost all these factors can be derived
from agricultural soil maps at a scale of 1:5000 and



1:25000, comprising the whole agricultural area of
Poland (Terelak and Witek 1995, Bednarek et al. 2011).
These maps were made about 40 years ago and their
content not always reflects the current status of the
fields (Kaémit and Podlasinski 2002, Podlasinski 2013,
Stepien et al. 2016, Switoniak et al. 2016), but may be a
useful source of information about the field at the
beginning of introduction of precision agriculture, before
preparation of better maps with modern techniques. The

detailed base maps might be prepared once for a
longer time period comprising 10-30 years, if there is no
any natural or anthropogenic change regarding field
conditions during this time, such as flood, artificial
draining, surface levelling, etc. Such maps should be
considered, together with results of soil chemical
analyses and used for preparation of detailed maps for
precise application of lime, manure and mineral
fertilizers.

Table 1: Main factors to be considered in precise application of lime, manure and N, P and K fertilizers

Current

7Or anic
Material applied Surroundings Topography Yield crop Topsoil Subsoil Drainage | pH mgtter Available | Available | Available
of field potential gtar,g | texture | texture conditions content | (mineral) N P K

| Lime | + [ ? 3 L 4

Manure + + + - + + + + - + + +
Fertilizers N + + + - + + + - + + -
applied | | | | | | | || | -
before P + + - . T +
sowing or . B B B — * * T B —
planting + + - +
N after planting or + + + + + + + + +

sowing

+ factor is or should be considered in precision agriculture
- factor does not have to be considered

b) Map resolution/scale and quality (precision)

Nowadays, the map resolution is of greater
importance than the scale. This statement results from
the fact, that current computer software permits to zoom
in any existing image to the scale desired by the user.
For this reason it is much more important to consider,
what is a minimum field area to be shown on the map or
simply map resolution. This field area should depend
on: 1) variability of the mapped feature (recommended
dose of lime, manure or mineral fertilizer) on the
particular field and 2) resolution of the farm equipment
and 3) resolution of methods used for mapping.

The changes of soil properties within one field
may occur at very small distances, even of several
meters (Ko¢mit and Podlasifiski 2002, Lucas et al. 2009,
Podlasinski 2013, Usowicz et al. 2004), and these could
create a need of preparation of very detailed maps.
However, the technical possibilities of variable
application of particular input are more likely to
determine the required resolution of application maps,
than the variability of a particular soil property within the
field. It would be rather unreasonable to prepare maps
of greater resolution, than the working width of the input
application equipment currently used or supposed to be
used within next years on farm. Consequently, the
required map resolution depends on a particular farm —
mainly production scale and the area of fields to be
fertilized. The working width of farm equipment depends
on production scale and destination of machinery. For
example, the working width of a tractor sprayer usually

ranges between 6 and 50 meters and the working width
of spreader used for lime, or mineral fertilizer application
generally varies between about 4 to 40 meters. The
applications of solid manures are generally performed
by spreaders with working width of 2-20m. Except the
working width of the input application equipment, it is
important, how fluently and quickly the equipment may
change the application dose. In case of spreaders and
sprayers it does not occur immediately, but requires a
distance of several meters. Probably, this distance is
rather not significantly greater, than the working width of
equipment. The technological progress in agriculture
makes possible to design of machines applying different
doses of inputs by different sections of a pneumatic
spreader or sprayer at the same time. However, for now
it can be assumed, that the required resolution of the
maps prepared for precision agriculture purposes
should be of a half to a full working width of machines
used on a particular farm for spreading fertilizers. In
other words, this resolution should be of about 5-30m

It is important to ask a question, if currently
existing technologies make possible to create of field
maps at this resolution. Certainly yes, however the
technical possibilities of mapping soil properties may be
limited mainly by costs. It is unreasonable to sample or
analyse soil at dense grids, as mentioned above 5 or 15
meters, but currently existing technologies for proximal
and remote soil sensing permit to map the fields with a
higher resolution and at relatively low costs and to
locate the places on the fields, which should be
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sampled more densely or more sparsely, depending on
local soil heterogeneity. The main technologies, which
may be helpful in a preparation of detailed maps for
precision agriculture purposes, comprise mapping of
yield, vegetation indices such as NDVI, and EC/ECa
(electrical conductivity/apparent electrical conductivity
on the farm Stepien et al. 2016). There are also many
external sources of data, which may be available for
farmers. The most important sources of such data may
be images obtained from airplanes, drones and
satellites. All these sources of images may provide
useful data concerning field topography — derived from
LIDAR and spectral data, which may be used for the
calculation of vegetation indices. Some satellite data are
freely available at the resolution which may be useful for
precision agriculture, e. g. 30m in case of Landsat 8
satellite or 10m for Sentinel 2 satellites (Turner et al.
2015).

The last issue to be considered is the required
quality of maps prepared for precision agriculture
purposes. This should be understood rather in terms of
a correct delineation of particular areas (MZs) on the
map and internal uniformity of these delineations than
obtaining of smooth map contours. Correct delineation
of MZs, means, that their placement and extent on the
map should be as close as possible to the field's reality,
to assure adequate and precise application of fertilizers.
In the author's opinion, the agreement between map and
field should be greater than 90%. Although it may be
very difficult to achieve on very variable fields and at low
cost. However, only such maps will be a good base for
a precise fertilization. On the other hand, if soil texture is
considered as an example, it is not necessary to
delineate each soil texture group on the map, as they
are presented on a agricultural soil map (Stepien et al.
2016). It is rather recommended to map, in case of
Poland, soil texture groupings based on the content of
particles smaller than 0.02mm, and called "agronomical
categories" ("kategorie agronomiczne" in Polish, IUNG
1990), because these groupings are considered in
liming and K and Mg fertilizer recommendations (IUNG
1990, Jadczyszyn et al.  2010). As the
fertilization/liming/manuring is supposed to be uniform
within a particular MZ, this MZs should also be as
uniform as possible, with minimum internal variability. In
other words, the generalization of these maps should be
strictly related to the possibilities — resolution of
application — of the equipment used on a particular
farm. The delineations present on the application map
may include generalized spots of different soil, if their
dimensions are smaller than the working width of
machines used in the map.

[1I. SUMMARY

In author's opinion, precision applications of
lime, manure and mineral fertilizers require 2 kinds of
maps: a general base map, and an application map of a
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particular input. The general base map should contain
so called management zones, resuming all factors
affecting field management and fertilization. These
factors should include water bodies, forests and
windbreaks in direct neighborhood of the field, field
topography, soil texture to a depth of about 1m, organic
matter content, overall assessment of moisture/drainage
conditions of the field and other relatively stable factors,
which may affect field management in a long-term
period. The maps regarding application of a particular
input: lime, manure and mineral fertilizers should be
prepared on the base of actual results of soil analyses
and on the base map before each application. Variable
N application during crop vegetation should take into
account also weather conditions in the period preceding
the application and current canopy N status, soil
moisture vyield predicted in a particular vegetation
period.

The scale/resolution of application maps should
be concordant with the technical possibilities of the
equipment used for application of various inputs on a
particular farm.

IV.

The author thanks Dariusz Gozdowski and
Stanistaw Samborski for reading the text and suggesting
improvements.

ACNKNOWLEDGMENTS

REFERENCES REFERENCES REFERENCIAS

1. Anonymous. (1991). Directive of the Council of
December 12, 1991 concerning the protection of
waters against pollution caused by nitrate from

agricultural  sources  (91/676/EEC).  European
Commission, Brussels. 1-8
2. Bednarek, R., Dziadowiec, H., Pokojska, U.,

Prusinkiewicz, Z. (2011). Badania ekologiczno-
gleboznawcze. PWN, Warszawa. 1-342

3. Blackmore, S. (2000). The interpretation of trends
from multiple yield maps. Computers and
Electronics in Agriculture 26(200): 37-51.

4. Brevik, E. C., Fenton, T. E., Jaynes, D. B. (2003).
Evaluation of the Accuracy of a Central lowa Soil
Survey and Implications for Precison Soil
Management. Precis. Agric. 4, 331-342.

5. David, T. S, David, J. S. and Oliveira, A. C. (1994).
Cortinas de abrigo. Infuéncias na proteccédo e
producdo de culturas agricolas. Revista Florestal.
7:p. 21-36.

6. DEFRA (2009). Protecting our water, soil and air. A
Code of Good Agricultural Practice for farmers,
growers and land managers. 1-124.

7. DEFRA (2010). Fertilizer manual
edition. 1-257.

8. Duer, |, Fotyma, M., Madej, A. (editors) (2004).
Kodeks Dobrej Prakiyki Rolniczej (Good Farming
Practice Code, in Polish). Ministerstwo Rolnictwa i
Rozwoju Wsi i Ministerstwo Srodowiska. 1-98.

(RB209), 8th



10.

11,

12.

13.

14.

15.

16.

17.

18.

Delin, S., Berglund K. (2005.) Management zones
classified with respect to drought and waterlogging.
Precision Agriculture 6: 321-340.

Diker, K., Heerman, D. F., Brodahl, M. K. (2004).
Frequency analysis of yield for delineating yield
response zones. Precision Agriculture 5: 435-444.
IUNG (1990). Zalecenia nawozowe. Cz. |. Liczby
graniczne do wyceny zawartosci makro- i
mikrosktadnikéw w glebach. Wydanie Il poprawione
i uzupetnione. Putawy: 1-26.

Jadczyszyn, T., Kowalczyk, J., Lipinski, W. (2010).
Zalecenia nawozowe dla roslin uprawy polowej i
trwatych uzytkdw zielonych (Fertilizer
recommendations for arable crops and permanent
pastures and meadows, in Polish). IUNG, PIB,
Putawy: 1-24.

Jakubczak, Z., Wotk, A. (1977). Wptyw zadrzewien
na warunki agroekologiczne oraz plonowanie roslin
uprawnych (The effect of windbreaks on
agroecological conditions and crop yielding, in
Polish). Materiaty z konferencji naukowej n/t
,Znaczenie zadrzewien W ksztattowaniu
przyrodniczego $rodowiska ctowieka” cz. 1: 18 -
29.

Koémit, A., Podlasifski, M. (2002). O potrzebie
aktualizacji opracowan glebowo-kartograficznych
dla mtodoglacjalnych terendéw urzezbionych w
aspekcie tworzenia cyfrowej bazy danych o glebach
(A need of soil mapping update for intensive relief of
young glacial areas as an aspect of soil database
creation. In Polish). Zeszyty Problemowe Postepow
Nauk Rolniczych 487, 119-127.

Lucas, V., Neudert, L., Kren, J. (2009). Mapping soil

conditions  in  precision  agriculture.  Acta
Agrophysica 13(2): 393-405
Mercik, S., Stepien, M., Pietrzak, S. (2004a).

Przydatnos¢ obornika do regeneracji gleb bardzo
kwasnych, ubogich w préchnice oraz wyczerpanych
ze sktadnikow pokarmowych. Cz I: Whasciwosci gleb
(Usefulness of farmyard manure in regeneration of
soil strongly acidified, poor in humus and exhausted
from nutrients. Part I: Soil properties, in Polish),
Zesz. Probl. Post. Nauk Rol. 499: 253- 260.

Mercik, S., Stgpien, M., Stepien, W. (2004b).
Przydatnos¢ obornika do regeneracji gleb bardzo
kwasnych, ubogich w préchnice oraz wyczerpanych
ze skiadnikéw pokarmowych. Cz II: Plonowanie
roslin i pobranie sktadnikéw  pokarmowych
(Usefulness of farmyard manure in regeneration of
soil strongly acidified, poor in humus and exhausted
from nutrients. Part Il: Yields and nutrient uptake, in
Polish). Zesz. Probl. Post. Nauk Rol. 499: 261- 270
Mokolobate, M. S., Haynes, R. J. (2002).
Comparative liming effect of four organic residues
applied to an acid soil. Biology and fertility of soils
35: 75-85.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Moshia, M. E., Khosla, R., Longchamps, L., Reich,
R., Davis, J. G., Westfal,l D. G. (2014). Precision
manure management across site-specific
management zones: grain yield and economic
analysis. Agronomy Journal 106 (6): 2146-2156.
Mueller, L., Schindler, U., Mirschel, W., Shepherd, T.
G., Ball B. C., Helming, K. D. Rogasik, J.,
Eulenstei,n F., Wiggerin,g H. (2010). Assessing the
productivity function of soils. A review. Agronomy for
Sustainable Development 30; 601-614.

Narambuye, F. X., Haynes, R. J., Modi, A. T. (2008).
Cattle manure and grass residues as liming
materials in a semi-subsistence farming system.
Agriculture, Ecosystems and Environment 124: 136-
141,

Podlasinski, M. (2013). Wptyw  denudacji
antropogenicznej na  zroznicowanie  pokrywy
glebowej i jej przestrzenng strukture w rolniczym
krajobrazie morenowym (Denudation of
anthropogenic impact on the diversity of soil cover
and its spatial structure in the agricultural landscape
of morraine, in Polish). 1-124.

Samborski, S., Gozdowski, D., Stepien, M., Walsh,
0., Leszczynska, E. (2016). On-farm evaluation of
an active optical sensor performance for variable
nitrogen application in winter wheat. European
Journal of Agronomy 74: 56-67.

Singh, G., Williard, K. W., Schoonover, J. E. (2016).
Spatial relation of apparent soil electrical
conductivity with crop yields and soil properties at
different topographic positions in a small agricultural
watershed. Agronomy 6 (57) doi:10.3390/
agronomy6040057.

Stgpien, M., Samborski, S., Gozdowski, D., Dobers,
E. S., J. Szatytowicz and Chormanski, J. (2016).
Validation of topsoil texture derived from agricultural
soil maps by current dense soil sampling. J. Plant
Nutr. Soil Sci.: 618-629.

Switoniak, M., Mroczek, P., Bednarek, R. (2016).
Luvisols or Cambisols? Micromorphological study
of soil truncation in young morainic landscapes -
Case study: Brodnica and Chetmno Lake Districts
(North Poland). Catena 137: 583-595.

Terelak, H., Witek, T. (1995). Poland, in Zinck, J. A.
(ed.) 1995: Soil Survey: Perspectives and Strategies
for the 21st Century. Resources Reports, FAO,
Rome, Italy: 100-103.

Usowicz, B., Hajnos, M., Sokotowska, Z.,
Jozefaciuk, G., Bowanko, G., Kossowski, J. (2004).
Przestrzenna zmienno$¢ fizycznych i chemicznych
wtasciwosci gleby w skali pola i gminy (Spatial
variability of and chemical soil properties in a field
and commune scale, in Polish). Acta Agrophysica
Rozprawy i Monografie 3: 1;190

Turner, W., Rondini, C., Pettorelli, N., Mora, B.,
Leidner, A., K., Szantoi, Z., Buchanan, G., Dech, S,
Dwyer, J., Herold, M., Koh, L. P., Leimgruber, P,

© 2017 Global Journals Inc. (US)

Global Journal of Science Frontier Resecarch (D) Volume XVII Issue I Version I E Year 2017



Global Journal of Science Frontier Research (D) Volume XVII Issue [ Version [ E Year 2017

30.

31.

Taubenboeck, H., Wegmann, M., Wikelski, M.,
Woodcock, C. (2015). Free and open-access
satellite data are key to biodiversity Conservation.
Biological Conservation 182: 173-176.

Whalen, J. K., Chang, C., Clayton, G. W., Carefoot,
J. P. (2000). Cattle manure amendments can
increase the pH of acid soils. Soil Science of
America Journal 64: 962-966.

Witek, T. (1973): Mapy glebowo-rolnicze oraz
kKierunki ich wykorzystania (Agricultural-soil maps
and lines of their use. In Polish). IUNG, Ptawy: 1 —
74,

© 2017 Global Journals Inc. (US)



	The Maps for Precision Fertilization, Manuring and Liming -Requirements for their Preparation. A Case of Poland
	Author
	I. Introduction
	II. Requirements, which should be Met by Maps for a Precision Fertilization
	a) Map content
	b) Map resolution/scale and quality (precision)

	III. Summary
	IV. Acnknowledgments
	References Références Referencias

