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Abstract

K. KUBESOVA, J. BALIK, O. SEDLAR, L. PEKLOVA, O. KOZLOVSKY and Z. PEKLOVA, 2013. The
evaluation of nitrogen plant nutrition by CULTAN method under conditions of Czech Republic - a review. Bulg.
J. Agric. Sci., 19: 625-634

Fertilization of a range of agricultural crops by CULTAN method has been carried out with success for several years in
Germany. In the Czech Republic, nitrogenous plant nutrition by this method is still being tested, only by some basic field crops
in the frame of several field experiments at stations with various soil climatic conditions.

CULTAN method (Controlled Uptake Long Term Ammonium Nutrition) is based on long-term nutrition of plants by am-
monium form of nitrogen. Fertilizer applied by a special injection machine (GFI 3A, Maschinen und Antriebstechnik GmbH
Gtistrow, Germany) creates points in the soil with a high concentration of ammonium, so called depot. The result is stabiliza-
tion of the nitrogen source in the soil, therefore reduction of its loss by leaching and consequential contamination of the water
sources. The acceptance of ammonium by a plant is conditioned by its immediate implementation into the organic compounds
directly in the roots. Phytotoxicity of loose ammonium in the root cells leads to directed acceptance of nitrogen and its right
use by the plant. Development of a bigger root system results in a higher production of aboveground matter in later phases of
vegetation and, consequently, also in bigger crops of the main product. Another advantage of placing the fertilizer into depots
is lesser influence of antagonism of ammonium to accept other cations by the plant. In this review, we are going to look at the
principles of this method, phytohormonal system and reception of nutrients by plants fertilized through CULTAN method.
Another part of the review is dedicated to the technology of fertilization through CULTAN method and to conclude, we are
going to summarize up-to-date results achieved with plants fertilized by this method in various soil climatic conditions in the
Czech Republic.
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Introduction

Nitrogen is an element, which most determines plant pro-
duction in the world as a whole. Nitrogenous fertilizers are
used the most around the world (Stevenson 1982; Malhi et al.,
2001). The principal characteristic of current farming on ag-
ricultural land is optimization of inputs and outputs. The aim
is to secure purposeful use of nutrients by the grown plant
and minimize its losses from the soil. The effectiveness of ni-
trogen on plants depends on soil conditions, climatic factors
and agrotechnology, type of plant and the way of applying the
fertilizer (Ledgard, 2001). In general, the effectiveness of ni-
trogen from fertilizers is lower than 50 % in tropical climate
(Baligar and Bennett, 1986) and 70 % in moderate climate of
North America (Malhi and Nyborg, 1991, 1992). Balik (1982,

1986) states that plants grown in the Czech Republic receive
less than 50 % from the fertilizer. Strip and local application
of nitrogen can lead to an increase in effectiveness of the ap-
plied nitrogenous fertilizer (Pang et al. 1973; Malhi and Ny-
borg, 1984). The localization of nitrogenous fertilizer into a
strip or a point eliminates losses by volatility already in the
depth of 5 cm in the soil (Fenn and Miyamoto, 1986). By
lowering the losses of nitrogen through local application is
possible to achieve the same yield at lower doses of nitrogen
(Malhi and Nyborg, 1992).

Nitrogen is a part of important organic matters, such as
proteins, nucleic acids, chlorophyll, enzymes (Mengel and
Kirkby, 2001).
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Application of a nitrogenous fertilizer increases the yield
of biomass and the concentration of proteins in plants. It also
affects the content of amino acids in plants and their nutrition
value (Kozlovsky, 2011). If the plant is insufficiently supplied
by nitrogen, the content of nitrogenous matters in the plant is
reduced. The insufficiency is reflected on a slower growth. The
plants are weak, shrunken and they have light-green or even
yellow leaves. Plants suffering from a lack of nitrogen ripe ear-
lier and provide smaller and lower-quality crops (Torma, 2005;
Vangk et al., 2007). Sulphur added into a nitrogenous fertilizer
increased, its effectiveness (Salvaggioti, 2007). Along with a
lower number of atmospheric inputs of sulphur (Daemmgen et
al., 1997) comes about its deficit in most soils (Duynsived et al.,
1993; Bloem et al., 1997). Sulphur plays a crucial role in plant
metabolism and its deficit is reflected on the quality of crops
(McGrath and Zhao, 1996). By winter wheat, winter oilseed
rape and maize, also nitrogenous fertilizers with sulphur were
used, as the uptake of sulphur correlates with the uptake of ni-
trogen (Jez et al., 2008; Malhi et al., 2007).

Cultan Method Principles

Conventional methods of supplying plants by nitrogen are
based on applying nitrogenous fertilizers and dividing the
nitrogen dose accordingly during the growth. Fertilizing by
CULTAN method is essentially different from all conven-
tional ways, which cannot enable the plant to make use of a
bigger one-off dose of nitrogen effectively.

The principle of CULTAN method lies in placing nitrog-
enous fertilizers containing ammonium cation near the root
system so that the necessary nitrogen is offered to the plant
in an accessible, yet little mobile, form in the soil (Weimar,
2003). The base of CULTAN method (Controlled Uptake
Long Term Ammonium Nutrition) is long-term nutrition of
plants by an ammonium form of nitrogen. The fertilizer ap-
plied by a special injection machine (GFI 3A, Maschinen und
Antriebstechnik GmbH Giistrow, Germany, Figure 1) creates
points in the soil with a high concentration of ammonium ion,
so called depots (Boelcke, 2000). Ammonium depots created
this way are thanks to toxic characteristics of ammonium in
the soil stable against nitrifying processes (Sommer, 2003).
Positive ammonium ion relates to negative clay particles and
organic matters (Kiicke and Scherer, 2006). Therefore, it is
possible to reduce nitrogenous fertilization to one total unit
of nitrogen per vegetation (Boelcke, 2003). Nitrate nitrogen
disperses in the soil more easily than ammonium one. The
cause is that both nitrate and microorganisms, but the nitrate
one is also subject to losses through denitrification and leach-
ing (Malhi et al., 2001), can immobilize ammonium nitrogen.
Ammonium is a paradoxical nutritional ion, even though it
is the most widespread source of nitrogen and need not be

reduced through reception by a plant. However, most plants,
if not all, grown on ammonium nutrition by nitrogen respond
to it toxically (Vines and Wedding, 1960; Fangmeier et al.,
1994; Gerandas et al., 1997). Atkinson (1985), Boxman et al.
(1991), Wang and Below (1996) described as one symptom
of toxicity through nutrition by ammonium form of nitrogen
shortened roots. Yet by some plants the opposite effect on the
root system was detected, the roots spread and strengthened
(Gigon and Rorison, 1972).

In comparison with conventional methods, where the ni-
trogen offer to the plant is regulated, the CULTAN method
introduces a so-called ammonium depot, which means that
the reception of the ammonium cation from the depot by the
plant is regulated by itself throughout the whole vegetation
(Sommer and Mertz, 1974) (Figure 2).

The ammonium ion as a nitrogenous source for plants dif-
fers from nitrates and urea in many aspects when it is used
by fertilization as a concentrated depot into the soil. Provided
this way of fertilizing is used, plants grow actively towards
the source of the ammonium nitrogen and it is being en-
hanced through metabolism of organic compounds of nitro-
gen (Sommer, 2005).

Through CULTAN method, only a part of the root system
participates in the reception of the ammonium nitrogen from
the edge of the dep. From here, the roots receive the ammoni-
um nitrogen only if they are sufficiently supplied with saccha-
rides from the aboveground part of the plant. Thus, the plants
can implement the received nitrogen into the metabolism of
the nitrogenous compounds. Those roots, which receive the
ammonium nitrogen from the dep, thicken and spread side-
ways, supported by saccharides in the aboveground part of
the plant and their organization in the plant changes accord-
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Fig. 1. GFI 3A, Maschinen und Antriebstechnik GmbH
Giistrow, Germany (Kozlovsky, 2011)
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ing to the growth phase of the plant. As a rule, they grow
from free space in the soil towards the dep (Sommer, 2005).
Chemical changes in plants fertilized by ammonium nitrogen
are related mostly to the limited reception of cations, such as
potassium, calcium and magnesium, contrary to plants fer-
tilized by nitrate nitrogen (Kirkby, 1968; van Beusichem et
al., 1988; Gloser and Gloser, 2000). According to Sommer
et al. (1987), CULTAN plants should show no antagonistic
behaviour of cations. The reason is that by CULTAN system
maximally 5 % of the whole root system is involved in an-
tagonism. This ratio is in comparison with the total reception
of cations by plants quite negligible. Rosselt (1990), Balik et
al. (2007) even claim that when the plants were fertilized by
CULTAN method, there was a higher reception of potassium
and calcium compared to plants fertilized by nitrates.

By using CULTAN method, the intensity of nitrogen re-
ception is controlled by phytotoxicity of ammonium (Som-
mer and Rossig, 1978). According to Schumacher (2009), the
efficiency of nitrogen from the fertilizer is by injection CUL-
TAN method up to 90 %.

For CULTAN fertilization, the ammonium can be re-
ceived by the plant only on the edge surface of the dep, due to
its phytotoxicity. There it must be immediately implemented
into the metabolism of nitrogenous compounds. After re-
ceiving the ammonium into this metabolism, there must be
a sufficient uptake of saccharides in the root points from the
aboveground part of the plant (Weimar and Sommer, 1990).
For this reason, the reception of nitrogen by CULTAN meth-
od depends on an equal proportion to the synthesis of sac-
charides and related weather conditions. The optimal yield is
very stable by correctly applied CULTAN fertilization (Wei-
mar and Walg, 2003).

The received ammonium in the roots is at once bound to
amino acids, which can be moved from roots and the bottom

Fig. 2. The distribution of roots in the conventional method (NO,) and in the method CULTAN-depot (NH, ) (Sommer, 2005)

part of the stem direct to the growing parts, which consequent-
ly leads to a greater development of the root system. The pro-
duction of cytokinins in the root points increases, whereas the
number of the auxins and gibberellins in the shoot decreases
(Sommer, 1991; Marschner, 1995; Sommer and Scherer, 2007).
Thanks to this phenomenon the root system by CULTAN
method continues to develop. It is possible to say that by sup-
plying nitrogen through CULTAN method in contrast to the
conventional ones the reception of nutrients improves.

During a dry period, plants fertilized by CULTAN meth-
od show a much higher resistance to drought than plants with
nitrogen like nitrates or urea. A bigger root system, a more
intensive growth of roots in the direction of the sinking wa-
ter level, differences in thickness of the cell walls and lower
transpiration are all likely to improve the reception of nitro-
gen and its use (Sommer and Kreusel, 1992). Sommer (2005)
further claims that the plants enhance the ammonium form
of nitrogen from the marginal zones of the dep, while only
a part of their root system participates in receiving the am-
monium part and a bigger part ensures the reception of nu-
trients and water. The whole stem is filled with assimilates
like storage until the time of anthesis. During anthesis these
stored assimilates in the upper part of the stem quickly move
to the reproductive organs and assimilating leaves where they
are stored again. Assimilates in the bottom part of the stem
remain available for the roots to preserve their function. Con-
trary to plants supplied with nitrogen in the form of nitrates,
the period of storing assimilates in cobs prolongs thanks to
the preserved function of the roots. Due to this behavior, the
ammonium from CULTAN application is understood as a
dominant fertilizer for roots (Sommer, 2005; Sommer and
Scherer, 2007). According to Neuberg et al. (2008) nutrition
of plants by ammonium form results in an increased content
of free amino acids in the aboveground biomass. Neuberg et
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al. (2010) states a higher content of free proline and asparag-
ine by plants fertilized by CULTAN method.

Some of the most suitable fertilizers for CULTAN method
by cereals are ammoniac waters, ammonium sulphate, am-
monium sulphate with urea, and ammonium nitrate with urea
(Balik et al., 2008). By blending singular forms of nitrogen,
the total share of the ammonium form in the fertilizer should
not go below 20% (Sommer and Scherer, 2007).

Moreover, after applying a fertilizer through CULTAN
method, there are fewer nitrates in the soil and there are not
so many losses or nitrogen caused by leaching and contami-
nation of water sources (Walter, 2003).

Technologies of Fertilization through
Cultan Method

Sommer (2005) describes two significant technologies of
fertilization by CULTAN method, and these are aboveground
and injection depots. By CULTAN method, it is possible to
fertilize the sown seeds, or directly the growing plants.

Aboveground deps

By this technology, it is possible to fertilize at little tech-
nical costs into the growing cultures by a hose. The basic
preconditions for use of this method are: the solutions of fer-
tilizers sink into the soil through application; the pH value
of the soil is lower than 7.0; and the soil does not contain any
free calcium carbonates in order to prevent the loss of am-
monium. The aboveground depots are used most frequently
in stony soils and by application of liquid organic fertilizers
(Sommer, 2005).

Injection depots
For placing the CULTAN solution into the injection depot
serve so called grouting wheels, which are hung on the frame

of the injection machine at the distance of 25 to 30 cm. To
these wheels are fixed spikes 5 to 10 cm long, which inject
the CULTAN solution into the soil at the distance of 15 to 20
cm. It is not possible to use such forms of nitrogen, by which
the ammonium might be volatile because of high pH value of
the soil (Sommer, 2005). The longer the distance, the lower
efficiency of the fertilizer is. However, provided the distance
is shorter, the plant may be damaged by toxicity of the am-
monium (Balik et al., 2008).

Crops Fertilized by Cultan Method

Continuous experiments have been done since 2007, in
which the influence of CULTAN fertilization on the yield of
the main and secondary product is compared, specifically by
winter wheat, spring barley, winter oilseed rape and maize. The
experiments were focusing also on the quality of the product,
content of nitrogen, dynamics of the creation of aboveground
biomass and damage through diseases and pests.

The experiments were carried out at various soil-climatic
sites: Caslav, Hnéveeves, Humpolec and Ivanovice na Hané
(Table 1). The CULTAN method fertilization was done by
a injection machine (GFI 3A, Maschinen und Antriebstech-
nik GmbH Giistrow, Germany), while the total dose of nitro-
gen was applied at once. Each applying wheel consists of 12
spikes, through which the liquid fertilizer is applied into the
soil in the depth of 5 cm.

Winter wheat

The system of fertilization of field trial of winter wheat
is mentioned under the text (Table 2). In 2007, a lower yield
from the CULTAN variant was observed at all stations, part-
ly caused by the spring spell of drought. The highest yield of
grain by both conventional and CULTAN variants was ob-
served in 2008. The CULTAN variants reached a lower yield

Table 1

Characteristics of experimental sites (Kozlovsky, 2011)
Site ‘ Caslav ‘ Hnévceves Humpolec Ivanovice na H.
Altitude, m 240 265 525 225
Precipitaton, mm 555 597 667 548
Average temperature per year, °C 8.9 8.1 6.5 9.2
Soil suborders gray soil haplic luvisol cambisol chernozem
Soil type loam clay loam sandy loam loam
pH (CaCl) 6.6 6.3 6.6 7.3
Ca (mg.kg"), Mehlich 111 2763 2522 2217 4 458
Mg(mg.kg"), Mehlich III 193 185 183 287
K (mg.kg'), Mehlich I11 276 291 197 390
P (mg.kg"), Mehlich III 173 89 120 142
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than the conventional variants in that year. In 2007 as well
as 2008, CULTAN fertilization was carried out based on the
recommendation of Sommer (2005) at the end of the tillering
period (BBCH 29).

In 2009 and 2010 the application by CULTAN method was
delayed till the beginning of the spring (BBCH 22) to achieve
more favourable moisture conditions (Kozlovsky, 2011). Al-
though the weather conditions in 2009 were similar to 2007,
the postponed application caused a higher yield of the grain
at all stations. In the following year the grain yield of winter
wheat was by conventional and CULTAN variants compa-
rable. According to Sommer (2005) and Weber (2008), the
use of CULTAN method in Germany brought about a higher
yield of wheat grain.

The timing of application by CULTAN method had a
strong influence on the length of the stem as well. By applica-
tion at the end of the sprouting period was observed a short-
ened stem under Czech conditions, which corresponds with
the experience from Germany (Kiicke, 2003; Sommer, 2005).
Yet the application by CULTAN method at the beginning of
the spring lead to a longer stem by the winter wheat. Thus, it
is not possible to confirm the influence of CULTAN method
on the length of the stem in Czech conditions. No mechanic
and chemical damage of the growth was observed during the
application of CULTAN fertilizers, which could affect the
number of plants per square meter.

The use of sulphur in nutrition of wheat had a positive
effect by AS+CAN variant, for this variant had the highest
number of cobs per square meter in total (Kozlovsky et al.,
2008). A positive effect of using a nitrogenous fertilizer with
added sulphur on the yield of wheat grain was observed in
Germany (Weber et al., 2008).

The content of potassium in wheat seed was slightly high-
er by the CULTAN variant. An increased dose of the same
fertilizer had no influence on the reception of other elements.
By CULTAN variants, there was a higher transfer from stem
to grain, which confirms the findings of Sommer (2005).

As regards the quality indicators, the following ones were
observed: content of N-matters, content of gluten, sediment
index, content of starch, volume weight. A lower content of
N-matters was observed by CULTAN variants. The increase
of the nitrogen dose from 150 kg/ha to 200 kg/ha resulted in
a slight increase of the number of N-matters by all variants.
In addition, this parameter was affected by the timing of the
application, the spring term seems to be more positive (Ko-
zlovsky, 2011).

Almost at all times, there was a lower content of gluten
by CULTAN variants. A higher content of gluten was a con-
sequence of CULTAN UAS fertilization. The values of the
sediment index were lower by CULTAN method, just like the
content of N-matters and gluten.

A higher dose of nitrogen and the application of the fer-
tilizer with sulphur had a positive effect on this parameter,
especially by CULTAN variants (Kozlovsky, 2011).

The starch content in the wheat grain was higher by CUL-
TAN variants. In addition, this parameter was influenced
by timing of the application. Early in the spring there was
a smaller difference in the content of starch between con-
ventional and CULTAN variants. No evident difference was
observed during the experiment in the bulk density figures
and in the number of descent depending on the variant (Ko-
zlovsky, 2011). CULTAN method reached lower values in a
lot of parameters, but the differences proved to be statisti-
cally insignificant. Therefore, it is possible to conclude that
the CULTAN method is a suitable alternative for nutrition
of winter wheat. The results also implied that before making
the step of recommending it for use in common agricultural
practice, it is necessary to carry on with its detailed examina-
tion (Kozlovsky et al., 2009).

Spring barley

The experiment with spring barley, Jersey variant, was
set up at three sites: Hnévéeves, Humpolec and Ivanovice na
Hané. One-off fertilization by CULTAN method was com-

Table 2

System of fertilization of field trial of winter wheat (Kozlovsky, 2011)
Treatment BBCH 22 BBCH 22 (29) BBCH 33 BBCH 52 dgcéti; t}\i)g;%)a
conventional 1 43 kg CAN 87 kg CAN 20 kg CAN 150
CULTAN 1 150 kg UAN 150
conventional 2 60 kg CAN 90 kg CAN 50 kg CAN 200
CULTAN 2 200 kg UAN 200
conventional 3 43 kg AS 87 kg CAN 20 kg CAN 150
CULTAN 3 150 kg UAS 150

CAN - Calcium Ammonium Nitrate (27 % N); UAN — Urea Ammonium Nitrate (30 % N); AS — Ammonium Sulphate
(20.5 % N, 24 % S); UAS — Urea Ammonium Sulphate (19 % N, 5 % S)
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pared with conventional fertilization in individual doses on
the surface of the soil (Table 3). Both types of fertilization
were performed in two intensities 80 kg/ha and 130 kg/ha.
The positive influence of CULTAN method on the content of
dry matter proved in BBCH 45 phase in 2007 at Hnévceves
site and in 2008 at Humpolec site, by both doses of nitroge-
nous fertilizer, and in 2009 at Humpolec station, by intensity
80 kg/ha. In BBCH 51 phase, the content of dry matter was
higher almost in half the cases by CULTAN variant (Sedlar
et al., 2011a). By nitrogen dose 80 kg/ha the harvest index by
CULTAN variants was comparable or higher than by conven-
tional variants. An increase in nitrogen dose to 130 kg/ha led
to a decrease in harvest index (Sedlaf et al., 2011a). Influence
of CULTAN method on shortening the stem of spring bar-
ley was observed in the experiment. The increase in nitrogen
dose to 130 kg/ha resulted in prolonging the stem by con-
ventionally fertilized variants. By conventional methods, it
is recommended to use growth regulators in order to achieve
a lower lodgins. By CULTAN method, this measure is not
necessary (Kiicke, 2003).

A higher grain yield of spring barley by intensity 80 kg/ha
was observed by CULTAN variants at Humpolec site in 2009.
On applying 130 kg/ha a higher grain yield was observed at
Hnévceves site in 2009, in Humpolec in 2008 and 2009 and
in Ivanovice na Hané in 2007 and 2008. Statistically evident
higher values of grain yield were achieved by conventional
variants only at Ivanovice na Han¢ station in 2009, by ap-
plication of 130 kg/ha (Sedlar et al., 2010). Sommer (2005)
explains the higher grain yield by using CULTAN method by
a longer period of grain filling. Adding sulphur into the fer-
tilizer did not lead to an increase in grain yield. A tendency
towards lower protein content in grain was observed by CUL-
TAN variants, which is convenient especially during a short
vegetation period, as confirmed in 2007.

On the other hand, a longer vegetation period by CUL-
TAN variants can lead to a decrease in nitrogenous matters
in grain, under the limit of malt quality. CULTAN fertiliza-

Table 3

tion had a positive effect on thousand-grain weight. A higher
thousand-grain weigth (TGW) was observed in 2007 by CUL-
TAN variants only by 130 kg/ha, in 2008 statistically higher
TGW by CULTAN variants appeared by 80 kg/ha (Sedlar et
al., 2009). It is possible to explain through the fact that plants
suffering from a lack of nitrogen at the beginning of the til-
lering period create less tillers (Longnecker, 1993), thus the
lower intensity of tillering leads to the creation of yield in
the main stem and that is why CULTAN variants make grain
with a higher value of TGW (thousand grain weight) (Sedlar
et al., 2011b). Plants fertilized by CULTAN method differ
from conventionally fertilized ones by a shorter length of
the stem, a higher content of dry matter in later development
phases, a higher harvest index, a lower risk of lodging, and
a higher grain yield (Sedlar et al., 2011a). The positive effect
of CULTAN method on yield and quality of the spring barley
proved especially at less fertile sites (Sedlar et al., 2011b).

QOilseed rape

The experiment with winter oilseed rape was set up in the
autumn of 2006 at stations Hnévéeves, Humpolec and Caslav.
Conventional variants were based on individual doses (first
spring fertilization — during the roots regeneration period,
second spring fertilization — 14 days after the first applica-
tion and the third in BBCH 30 phase). The second conven-
tional variant contained a fertilizer with added sulphur. By
CULTAN variants, the fertilization was done in early spring
during BBCH 26 phase by injection into the soil. The total
amount of nitrogen by all variants was 200 kg/ha (Table 4).
According to the results of Spiss and Meier (2008) the most
suitable for is injection point application in the spring, at the
beginning of vegetation.

So far, results have not proved any differences in the
aboveground dry matter between the two systems of fertil-
ization. An exception was the year 2008 at Humpolec site,
when by both development phases there was a higher content
of dry matter at CULTAN UAN variant contrary to the con-

System of fertilization of field trial of spring barley (Sedlar et al., 2011b)

Dosage of added N per ha (fertilizer form)
Treatment Before sowing |  BBCH28-29 |  BBCH 29-30 Total N dosage per ha
conventional 1 80 kg (CAN) 80 kg
CULTAN 1 80 kg (UAN) 80 kg
conventional 2 80 kg (CAN) 50 kg (CAN) 130 kg
CULTAN 2 130 kg (UAN) 130 kg
conventional+S 23kg Eél%\f—g 5Tkg 80 kg
CULTAN+S 80 kg (UAS) 80 kg

CAN - Calcium Ammonium Nitrate (27 % N); UAN — Urea Ammonium Nitrate (30 % N); AS — Ammonium Sulphate
(20.5 % N, 24 % S); UAS — Urea Ammonium Sulphate (19 % N, 5 % S)
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ventional CAN variant (Peklova et al., 2011a). These results
contradict the findings of Sommer (2005) that plants fertil-
ized by CULTAN gradually show by 10 — 15% higher content
of dry matter than plants receiving nitrate nitrogen. Peklova
et al. (2011b) state that the length of winter oilseed rape plants
by CULTAN variants was statistically evidently shorter than
by conventional variants, which supports the findings of
Sommer (2005) that CULTAN plants have a lower shoot than
plants fertilized conventionally. During the experiments, a
negative effect of CULTAN method on the content of nitro-
gen in the winter rape straw was observed. In the harvest year
2008 at Hnévceves site CULTAN UAN variant lowered the
content of nitrogen in straw by 36.7 % contrary to the conven-
tional CAN. In 2010, an evidently lower content of nitrogen
by CULTAN UAN variant was found (Peklova et al., 2011a).
The content of nitrogen in the colza seed was lower by CUL-
TAN variants. The conventional variants reached on average
by 12.2 % higher content of nitrogen than the CULTAN vari-
ant (Peklova et al., 2011a).

The conclusion of Spiss and Meier (2008) that in German
conditions the CULTAN method reached a higher content of
proteins and glucosinolates and a lower oiliness was not con-
firmed (Peklova et al., 2011a). The CULTAN UAN variant
had mostly lower yields than the equivalent CAN variant in
all years at all stations, with the exception of Hnévceves sta-
tion in 2008 and 2009, when it reached on average by 0.12
t/ha higher yield. CULTAN UAS variant was mostly more
efficient than equivalent AS+CAN variant. Only in 2009 at
Hnévéeves station this variant proved a higher yield, on aver-

age by 0.30 t/ha than the conventional SA+CAN (Peklova et
al., 2010). Peklova et al. (2011a) further states that it was not
unambiguously confirmed that the plants could be damaged
after running the grouting wheel over them and consequently
after affecting by diseases (Felgentreu, 2003). Based on the
experiments so far it is not possible to prove a positive effect
of CULTAN method on the yield of winter oilseed rape in
Czech conditions (Peklova et al., 2011a).

Maize

The experiment with corn was set up in four sites: Céslav,
Hnévceves, Humpolec and Ivanovice na Hané. The fertiliza-
tion system is mentioned in Table 5. The experiment used
TEXXUD variant with broadcast of 8200 seeds/ha.

By yield element TGW (thousand-grain weight), no sta-
tistically evident differences were found at Caslav station in
2007. In the same year, on the contrary, the TGW was evi-
dently different at Hnévéeves station by the fourth variant
(CULTAN UAN + IN) (Kubesova, 2010).

This variant proved TGW (thousand grain weight) 4.4 %
lower than the conventional variant. A positive effect of CUL-
TAN method on grain yield was observed at Céslav station in
2009, where there was evidentially higher yield by the fourth
variant CULTAN UAN+ IN, which accords with the find-
ings of Blaylock (1990), who experimenting with corn sta-
tistically proved higher yield and a better use of nitrogen by
point grouting from applied fertilizer UAN than by surface
application. Corresponding experience state also Mengel et
al. (1992), Pearson (1994) and Sommer et al. (2002).

Table 4

System of fertilization of field trial of oilseed rape (Peklova et al., 2010)
Treatment BBCH 25 BBCH 30 BBCH 26 BBCH 58 dfggaé g‘;glﬁ%l)a
conventional 1 57 kg (CAN) 93 kg(CAN) 50 kg (CAN) 200
CULTAN 1 200 kg (UAN) 200
conventional 2 57 kg (AS) 93 kg (CAN) 50 kg (CAN) 200
CULTAN 2 200 kg (UAS) 200

CAN — Calcium Ammonium Nitrate (27 % N); UAN — Urea Ammonium Nitrate (30 % N); AS — Ammonium Sulphate
(20.5 % N, 24 % S); UAS — Urea Ammonium Sulphate (19 % N, 5 % S)

Table 5

Fertilization system of field trial of maize (KubeSova, 2010)
Treatment ‘ Before sowing CULTAN (plant height 20 cm)
CAN 140 kg N.ha'!
CULTAN UAN 140 kg N.ha!
CULTAN UAS 140 kg N.ha!
CULTAN UAN + IN* 140 kg N.ha'!

CAN: Calcium Ammonium Nitrate, 27% N, UAN: Urea Ammonium Nitrate, 30% N
UAS: Urea Ammonium Sulphate, 24% N, 6% S, UAN + IN*: Urea Ammonium Nitrate (30% N)+ inhibitors of nitrification
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In Humpolec higher values were found by CULTAN va-
riant. However, in Humpolec, all experimental variants had
lower yields than at other sites. Contrary to Ivanovice, whe-
re in 2010 conventional variant CAN reached the highest
yields. In 2007, the highest yield of secondary product was
reached at Caslav sites, by CULTAN UAN variant, by 3.1 %
more than by the conventional variant. In the experiment,
no statistically evident difference in the content of nitrogen
in the whole plant, thus neither in the quality, was observed.
Only by the fourth variant, there is a higher content of nitro-
gen in the whole plant in comparison with the conventional
variant. Application of fertilizer with sulphur had no impact
on the content of nitrogen in the biomass of corn plants. We
can say that by corn the influence of individual fertilization
variants is lower than the influence of the station on indi-
vidual parameters. No damage through diseases was found
that would be related to the variant and there was a low oc-
currence of diseases in general at all stations (KubeSova,
2012).

Mineral Nitrogen in the Soil by Harvest

The content of the ammonium form in the soil was not
different between the systems. However, in 2010 CULTAN
variants had lower contents of nitrates in subsoil than in the
topsoil just like in the previous years, which could indicate
less mobility of nitrogen from the dep. The content of the
ammonium form in the soil showed no differences, though.
Based on the experiment results it is not possible to claim
unambiguously that the CULTAN method would be environ-
mentally friendlier in Czech conditions than the surface ap-
plication of fertilizers. Admittedly, there is a lower content
of nitrates in the soil by CULTAN variants than by conven-
tional variants and there is no big move of nitrates in subsoil,
but no significant move of nitrates under the topsoil was ob-
served by the conventional variants either. All nitrogen was
usually drained by wheat (Kozlovsky, 2011).

In the experiment with spring barley, no statistically sig-
nificant differences in the content of ammonium and nitrate
nitrogen in the topsoil and in subsoil were found during the
harvest time.

In the experiment with winter oilseed rape in 2009 there
was a lower content of mineral nitrogen at Céslav site both in
the topsoil and under topsoil by both CULTAN variants in
contrast to the conventional variants. Also at Hnévéeves and
Humpolec station there was a lower content of mineral nitro-
gen under topsoil. A big advantage of CULTAN system is a
better use of nitrogen from the applied fertilizer. Therefore,
there is also a lower amount of residual nitrogen after harvest
(Peklova et al., 2010).

In the experiment with maize there was a tendency by
CULTAN variants towards a lower content of mineral nitro-
gen than by the conventional variant, both in the topsoil and
in subsoil, which corresponds with the conclusion of Sommer
(2005) that there are lower losses of nitrogen after using the
CULTAN method (Kubesova, 2010).
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