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Abstract: Nitrogen fertilization ensures the proper growth of trees. The aim of the study was to
evaluate the impact of differentiated nitrogen fertilization on selected parameters. It was assumed
that such analysis is an indirect picture of the needs of cherries grown in herbicide fallow. The con-
tent of minerals in two layers of the soil, in leaves, and its influence of tree growth, and the content
of chlorophyll in leaves were assessed. The experiments were carried out in three different cherry
orchards. Three levels of fertilization were applied in each orchard: 0 kg, 60 kg and with 120 kg N
ha-'. As expected the fertilization resulted in an increase in the content of nitrate and ammonium
forms of nitrogen in the soil, however, their content was also dependent on precipitation and tem-
perature. Additionally a high nitrogen fertilization increased the content of phosphorus and potas-
sium and decreased the magnesium in the topsoil layer. High nitrogen fertilization caused the de-
crease of content of phosphorus and potassium in the leaves. The level of calcium and magnesium
in leaves increased with fertilization of 60 kg N ha! but decreased with the dose to 120 kg N ha.
The use of nitrogen fertilization increased the vegetative growth of trees measured by leaf area and
trunk cross-sectional area. However, the chlorophyll content was not dependent on the amount of

nitrogen fertilization.
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1. Introduction

The extensive root system allows plants to take up almost all nutrients from the soil,
which makes soil fertilization the basic way of their nutrition. The availability of minerals
depends on many factors. The main ones are the type of soil, the content of organic matter,
the pH and the course of climatic conditions. These factors, by inducing microbiological
and chemical processes in the soil, affect their uptake [1].

Fruit plants are perennial plants, which means that they are characterized by lower
nutritional requirements than annual plants. It is caused by a much larger and more du-
rable root system, as well as the ability to store nutrients in permanent organs such as
roots, trunk, branches, shoots, and buds. Fruit plants can meet nutritional needs even with
a low concentration of nutritional compounds. The annual increase in stocks is difficult to
estimate because it is impossible to calculate how many components collected were used
to build new tissues and how much was ‘in stock’ [2,3]. Some of the collected components
return to the soil with fallen leaves and cut shoots, and other parts removed during agro-
technical work, such as flowers or fruit buds [4]. Orchard species differ in the demand for
nitrogen. It depends mainly on the nitrogen content in the fruit and the weight of the
entire crop relative to the weight of the rest of the plant. The least nitrogen contains apples
because about 0.9g for each kg and the most kiwi, because as much as 4.5 g per kg of
fruit[3]. Assuming that the average kiwi yield is approximately 20 t ha-![5], it is to com-
pensate for the loss of nitrogen, which results from the yield, fertilization should be 90 kg
ha. On the other hand, apples, although they contain much less nitrogen, the yield of
apple trees is higher. In Poland, on many farms the yield is 50 t ha-1 and in some it may
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exceed 80 t ha' [6-8]. Along with the crop, from 50 to 80 kg of N ha' are taken out from
the orchard. Therefore, the amount of nitrogen fertilization should be depend of the yield
of trees. According to the integrated cherry cultivation methodology, if for instance due
to spring frost is expected lower yield, the dose of nitrogen fertilization should be reduced
by 30-50% [9].

In the cultivation of fruit plants, it is very important to maintain a balance between
vegetative growth and fruiting of trees [10]. This allows for regular and annual fruiting.
Excessive nitrogen fertilization increases growth, causes a deterioration in the quality of
fruits and their storability [11]. Nitrogen, on the other hand, increases the weight of the
fruit. The market requires the supply of large fruits with very good quality parameters.
However, in the case of pome fruits, increasing nitrogen fertilization contributes to the
deterioration of colour and greater sensitivity to storage diseases. Stone species react
weaker than pome species to high nitrogen fertilization [11]. This is due to an imbalance
of minerals in the plant, which interferes with the growth and yield of trees. Nitrogen
fertilization contributes to a greater sensitivity of fruits to storage diseases. Therefore, the
amount of nitrogen fertilization should be dependent of the expected yield in a given year
[3], which depends on the course of the weather conditions [12,13]. It is recommended to
divide the planned dose of nitrogen fertilization into 2 or 3 parts. This allows you to mod-
ify fertilization if there are factors limiting fruiting, e.g. frost or weather unfavourable for
pollination during flowering [3].

Nitrogen is a necessary element for the proper development of plants, however is
very mobile in the soil. The use of too high doses can lead to losses of this component due
to leaching and contamination of groundwater [14]. Excessive use of nitrogen fertilisers
can lead to high nitrate concentrations in the soil and then their leaching into groundwater
[15,16]. Therefore, optimal nitrogen fertilization must be adjusted to ensure a high yield
with the lowest possible fertilizer dose [17].

High nitrogen fertilization also increases susceptibility to diseases by stimulating
vegetative growth [3]. In cherry orchards, the amount of recommended dose of fertilizer
depends on the organic matter. The higher the content of organic matter, the lower the
dose should be applied. According to the recommendations in cherry orchards fully fruit-
ing, where the content of organic matter in the soil is in the range of 0.5-1.5%, the annual
dose of nitrogen should be between 60 and 80 kg N ha! [18]. With a yield per hectare of
full fruiting (yield 15 t ha™), approx. 45 kg N [19] is removed from the orchard with the
crop. The use of nitrogen applied in early spring by trees is small and usually not exceed
more than 10-12 percent. Such a small use means that during flowering there is still a lot
of fertilizer nitrogen in the soil and, as research shows, in the apple orchard during the
flowering period there was still in the soil nearly 60% nitrogen of applied in spring [20].

In the early stages of growth, plants use nitrogen taken up and accumulated in tissues
in the previous season. The amount of nitrogen stored depends on the age of the tree, size
and applied fertilization [3]. In deciduous trees, before the end of the growing season and
leaf fall, nitrogen is withdrawn from the leaves and transferred to the trunk, shoots, older
roots, where it is stored and the tree uses it at the beginning of vegetation before it begins
to take up from the soil [21,22]. In addition, fallen leaves decompose and nitrogen can be
reused by the tree after undergoing decomposition and mineralization processes [23], in
the second year after the drop [24].

The source of nitrogen is probably heterotrophic aerobic bacteria, including, among
others, bacteria from the genera Azotobacter and Azospirillum. Assimilates N2 only for the
purpose of cell metabolism, so they do not secrete bound N into the environment. Nitro-
gen enters the soil environment when the bacterial cells die. The amount of nitrogen that
is supplied to the soil is estimated at several kilograms of N-ha-! per year [25]. Despite the
small amount, the quantities supplied are of great importance for soil fertility. However,
their occurrence and abundance depend on various environmental factors such as organic
matter content, moisture, soil reaction, climatic condition. [26]. For example, Azotobater
is very high in soil pH and rarely occurs in soils with a pH below 6 [27]. In contrast, Azospi-
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rilllum naturally occurs in regions with warm and or hot climates. In these regions, popu-
lations of associative microorganisms in soils are significantly higher than in the soils of
our climate zone [28].

Nitrogen fertilization leads to an increase in the size of the tree and the area of the
leaves [29] and on the other hand, it limits the intensity of flowering [30]. Trees grown
under low nitrogen availability have a lower rate of photosynthesis, which results in a
lower yield and fruit size [31], because photosynthesis is a function of the surface of the
leaves, not their mass [32]. A significant correlation was found between the specific leaf
weight (SLA specific leaf area) (leaf weight/area) and the nitrogen content of the leaves
[33].

Nitrogen should be available throughout the growing season, so sorption of mineral
nitrogen is important. Plant roots are capable of absorbing nitrogen in the nitrate form
(NOs-), as well as in the ammonium form (NHa*), but in well-aerated soils, nitrates are the
dominant source of nitrogen [34]. Ammonium nitrogen (NH4+*) as a cation is well absorbed
interchangeably, so it does not leach into deeper layers of the soil. In contrast, nitrate ni-
trogen (NOs) as an anion is not subject to biological and exchange sorption. It is washed
out into the deeper layers of the soil beyond the reach of the root system [35]. This causes
its loss as a nutrient and is also a source of environmental contamination. Additionally, in
the process of oxidation of ammonium ions and their reduction to nitrite, nitrous oxide
(N20) is formed, which is one of the factors that causes the degradation of the ozone layer
in the atmosphere [36-38]. One of the recommended solutions to reduce nitrogen loss is
to divide the full dose of nitrogen into 2-4 components [19].

The intensity of photosynthesis is directly proportional to the chlorophyll content in
the leaves. Its content of chlorophyll depends on the availability of light, the vigour of tree
growth, species, cultivar and rootstock, and stress factors [39—42]. The chlorophyll content
of the leaves is thickened when poorly lit, than in central part of the crown is on average
1.3 times thickened than in the leaves on the outskirts of the crown [43]. The higher con-
centration of green pigments in poorly lit leaves is explained by the mechanism of their
adaptation to worse light conditions. Lack of light causes a decrease in the thickness of
the leaf blade [44]. However, conversion of chlorophyll concentrations per m? LSA (leaf
surface area) shows that leaves from the peripheral part of the crown have the same or
higher chlorophyll content as the middle [43].

The purpose of the study was to evaluate the impact of different doses of nitrogen
fertilization on the content of the basic element in the soil and in the leaves and its influ-
ence on selected cherry growth parameters.

2. Materials and Methods

2.1. Location and Main Agrotechnical Treatments

The research was carried out in the years 2010-2013 on sour cherries (Prunus cerasus
L.) cultivar '‘Eutéwka' grafted on rootstock (Prunus mahaleb L.). The trees were planted in
spring 1999 (OR1), 2001 (OR2), and 2002 (OR3) on the experimental farm of the Poznan
University of Life Sciences on order-made podzolic soil. The groundwater level was at a
depth of 180 cm. The distance between the rows was 4 m. In the first orchard, the distance
between the trees in the row was 2.0 m. In the remaining OR2 and OR3, after two years of
cultivation, it was decided to reduce the row spacing to 1.3 m due to the large space be-
tween the trees.

Between the rows of trees, a belt of grass was maintained, and a belt under the crowns
of herbicide fallow trees, where Roundup 360 SL glyphosate was applied 2-3 times as
weeds appeared, Monsanto Europe N.V., Belgium). Protection against diseases and pests
was carried out on the basis of current recommendations for production in commercial
sour cherry orchards.

Before the establishment of the experiment, a chemical analysis of the soil was per-
formed and on its basis mineral fertilization of the soil was applied [45]. Two years before
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planting the trees, the legume plants were grown for green manure and the soil was car-
ried out. Before planting, potassium (200 kg-ha-' K2O), phosphorus (185 kg-ha-! P20s) and
60 t-ha! manure were applied to each orchard.

The trees were kept with a leader, in the form of a spindle crown.

2.2. Fertilization
2.2.1 Nitrogen Fertilization

The experiment was designed in a random block system in 4 repetitions. There were
5 trees in each repetition. One combination consisted of 20 trees. Between each repetition
there were 2 insulation trees.
The following nitrogen fertilization were used:
1. Control- without fertilisation (ON),
2. 60 kg N ha (N60),
3. 120 kg N ha' (N120).

Every year in spring between 10 and 20 April, before the trees bloomed, fertilization
with ammonium nitrate (34% N) was carried out.

2.2.2. Fertilization with other Ingredients

From the third year after planting, fertilization with other components was applied
as necessary determined on the basis of soil analysis. Every other year, magnesium lime
was applied at a dose of 750 kg ha-! (40% CaO and 10% MgO).

2.3. Measurements, Observations, and Analyses
2.3.1. Vegetative Growth

In autumn, after the end of vegetation between 10 and 20 November, the volume of
the trunk was measured at a height of 30 cm from the ground. Based on volume, the cross-
sectional area of the trunks (TCSA) was calculated. The difference between the measure-
ments in subsequent years was used to calculate the TCSA increment between the years
of research.

The measurement of leaf area was carried out after the fruit harvest. A dozen or so
undamaged leaves were taken randomly from each tree. A random number of tens were
taken for each tree, so the measurement without a single repetition was 50 leaves. The
leaves were scanned and the image obtained was analysed using the Digshape 1.9 pro-
gram (ver.1.9.19, Cortex Nowa, Bydgoszcz, Poland), which calculated the leaf area. The
result is given in cm? per leaf.

2.3.2. Soil Sampling
2.3.2.1. Determination of Minerals

Each year, at the turn of July and August, soil samples were taken. The determina-
tion of the content of the P, K, Mg, and soil reaction was carried out in the laboratory of
the Department of Pomology in Poznan. The samples were taken from the herbicide belt
from two layers of soil: arable 0-20 cm and sub_arable 21-40 cm. A soil drill was used for
collection. From each fertilizer combination in the orchard, 4 soil samples with a volume
of 500 ml were taken. The content of the components in the soil was determined according
to the methods of Egner-Riehm (P and K) and Schachtschabel (Mg) [46].

The content of Cu, Mn, Zn, and Fe- in the soil was carried out soil was carried out
based on the standard in force in Poland.

2.3.2.2. Determination of Nitrogen in Soil

The nitrogen determination were taken on 4 dates: after flowering trees, during the
intensive fruit growth, after fruit harvest in August, and after the end of vegetation. The
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sampling method was analogous to the determination of other minerals. The samples im-
mediately after collection were transported to the Department of Pomology and frozen.
In the frozen state, they were submitted for analysis the next day. The assessment of the
content of nitrogen forms: N-NH4 and N-NO3 in the soil was carried out based on the
standard in force in Poland.

2.3.3. Leaves Sampling

Leaves for analysis were collected at the turn of July and August after fruit harvest.
Samples were taken from each repetition separately. The sample consisted of 150-200
leaves. The leaves were collected from half of the annual increments at a height of 130-180
cm. Immediately after harvest, the leaves were dried in a dryer at 65-70°C. The K and Mg
content was measured with an atomic absorption spectrometer, calcium, by atomic ab-
sorption with a lanthanum concentration of 1%. The P content was measured calorimetri-
cally in a molybdenum-vanadium mixture. The total nitrogen level was measured using
the Kjeldhal method. The mineral content in the soil and leaves was compared with the
standard values applicable in Poland [47].

2.3.4. Determination of Pigments in Leaves

Fragments of a leaf blade weighing 0.5 g were cut from the leaves with a corkscrew
and 5 ml of DMSO (dimethyl sulfoxide) was poured. The samples were left for about 1
hour in the dark, at room temperature, and then incubated at 65 °C (water bath) for 20
minutes. In the obtained extract after cooling, the content of chlorophyll a and b was de-
termined spectrophotometrically.

The chlorophyll pigment content was determined using a spectrophotometer
(Spekol, Carl Zeiss Jena, Jena, Germany) at the appropriate wavelength. For chlorophyll
a, the absorbance of the extract was measured at a wavelength of 663 nm, for chlorophyll
b at a wavelength of 645 nm, for carotene at a wavelength of 470 nm. The amount of chlo-
rophyll a, chlorophyll b and the sum of chlorophyll a + b were calculated using formulas
from the paper (Arnon 1949).

Chlorophyll a = (12,7-A663 - 2,7-A645)-V-( 1000 W) (1)

Chlorophyll b = (22,9-A645 — 4,7-A663)-V-(1000 W) (2)

Sum a +b = (20,2-A645 + 8,02:A663)-V-(1000 W) (3)

Carotenoids = (1000 xA470 — 1,9 chlorophyll a -63,14 chlor Chemical Characteristics of
Banana- ophyll b) x214 1

where: A — absorbance at a given wavelength, V — total volume of extract (cm?), W — mass
of the sample (g).

2.4. Analysis of Weather Conditions

Weather data was collected in court using an automatic weather station, iMETOS
(Pessl Instruments, Austria). The temperature of the soil and air at a height of 2 m above
ground level and the amount of precipitation were measured. Measurements of insolation
during the study period were carried out using the meteorological station in PULS
(HOBO® —Plus4, made by ONSET Computers, Bourne, MA, USA). Based on the meas-
urements, average temperatures and rainfall totals in individual months of the year and
vegetation period were calculated (Table 1, Figures 1 and 2).
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Table 1. Meteorological conditions in 2008-2013

Precipitation (mm) Temperature (°C)

Month Mean Mean frgga%%?am Mean I\gggg frgr:arr:\%Zn

1982-2007  2008-2013 19?§—0i007 1982-2007 2013 1082-2007
January 30.0 38.0 +26 -0.7 -1.6 09
February 27.7 16.3 —41 -0.1 -1.0 -0.9
March 34.5 29.7 -14 3.5 3.0 05
April 29.0 33.2 +15 9.1 10.0 0.8
May 459 65.6 +43 14.7 14.0 0.7
June 61.4 69.7 +14 17.2 17.3 0.1
July 72.5 99.1 +37 19.5 19.5 0.0
August 60.5 63.8 +5 189 18.8 0.1
September 41.1 47.5 +16 14.1 13.9 0.2
October 30.7 41.1 +34 92 8.3 09
November 36.0 39.1 +9 3.5 4.7 13
December 39.9 39.3 -2 05 04 09
Total 509.2 609.20 +14 9.1 8.9 02

2.5. Statistical Analysis of Results

The results obtained were subjected to statistical analysis in Statistica 13.3 software
(TIBCO Software Inc., Palo Alto, CA, USA). The means were compared using the Duncan
test for a P< 0.05%. The relationships between the features were calculated by calculating
the Pearson’s correlation coefficient. The principal component analysis (PCA) was used
to determine the relationship between climatic conditions on nitrate nitrogen content.

3. Results and Discussion

3.1. Ammonia and Nitrate Nitrogen Content in Soil

Nitrogen fertilization had a significant impact on the nitrogen content of the soil (Fig-
ures 3 and 4). With the increase in the dose of nitrogen fertilizer, the content of both de-
termined nitrogen increased: ammonium and nitrate. However, the significance of the
differences depended on the depth of sampling and the nitrogen compound. In the upper
layer, no significant differences were found between the control combination and fertili-
zation of 60 kg N ha-1. However, in the potted layer, nitrate nitrogen was at a significantly
higher level after applying 60 kg N ha-'. The lack of a significant increase in nitrogen con-
tent in the soil can be explained by the fact that the trees consumed most of the nitrogen
used. A similar relationship was found in the apple orchard, where the dose of 50 kg N
ha-! had no effect on the growth of assimilable forms of nitrogen in the soil. The lack of
differences was explained by the high content of organic matter in the soil of the analysed
orchard [48]. In our experiment, the value of caries was much lower than in the cited ex-
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periment, and despite this, the dose of 60 kg N ha-' did not significantly increase the ni-
trogen content. Only increasing the dose to 120 kg N ha-' significantly increased the nitro-
gen content in both layers of the soil. This effect of the increasing the content of available
forms of nitrogen indicates that the trees did not take up more fertilizer, probably caused
by exceeding the fertilizing needs of trees. This is also confirmed by studies in the apple
orchard, where a sharp increase in the overall nitrogen content in the soil occurred at a
dose of 100 kg N ha-! in herbicide fallow belts. On the other hand, there was no significant
increase in nitrogen content in the turf belt, because the turf stabilises the nitrogen content
in the soil [49,50]. It should be emphasized that an additional source of nitrogen is a part
of the mowed turf, which goes to the tree rows and undergoes mineralization, providing
an additional 10-25 kg N ha! annually, depending on the number of swaths and the tem-
perature course. This is a significant source because, according to Kowalczyk et al. [2022]
[49], this amount can satisfy 50% of the nitrogen needed by fruit trees [51].

As aresult of the mineralization of organic matter, an increase in nitrogen abundance
can be observed near herbicide belts near the tree line, resulting in a lack of reaction not
only to fertilization but also to nitrogen leaching [49,52]. The lack of significant differences
between the combination of NO and N60 may also be related to the presence of hetero-
trophic bacteria, including, among others, bacteria of the genera Azotobacter and Azospiril-
Ium, which assimilate N2. Despite its small amount, it is released into the soil environment
and has a major impact on soil fertility [25]. This mechanism is supported by the observa-
tion that the use of high doses of mineral nitrogen fertilizers inhibits the activity of nitro-
genase and reduces the number of diazotrophic bacteria [26,53]. Therefore, its potential
contribution to the supply of nitrogen to the soil is smaller in fertilizer combinations. Ac-
cording to research conducted in an intensive apple orchard, the requirements of apple
trees in the initial period of growth are only 8.8 to 44 kg N ha! [54]. According to the
integrated production methodology for apple and cherry orchards, the excessive dose of
nitrogen fertilization is 100 kg N ha-' [9,55]. According to the results obtained and reports
in the literature, nitrogen fertilization should take into account the abundance of soil in
organic matter, the way the soil is maintained in the orchard, and the climatic conditions
during the growing season. The level of intensity of mineralization processes depends on
temperature and humidity [26]. Within herbicide belts, the only factor that can stabilize
the nitrogen content is the activity of soil microorganisms involved in the processes of
denitrification and nitrogen uptake by the roots of trees and plants from the turf belt,
which causes the variability of nitrogen content in the soil under herbicide belts is much
higher than in the soil under grassland [49]. Significant differences between fertilization
levels were evident in the deeper soil layer, suggesting a movement of nitrogen com-
pounds into the soil profile under herbicide fallow, and an increase in fertilization rates
leads to greater leaching of nitrates into deeper soil layers and groundwater pollution
[49,56].
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Figure 3. The content of N-NH4 depending on nitrogen fertilization A- in the soil layer 0-20 cm, B-
in the soil layer 21-40 cm
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Figure 4. The content of N-NOs depending on nitrogen fertilization, A- in the soil layer 0-20 cm, B-
in the soil layer 21-40 cm

At the first sampling date (T1), the nitrogen content was higher than in the next three
(Figures 5, 6, 7 and 8). Only in the sub-arable layer were content fluctuations observed,
depending on the date of the analysis (Figure 6B). The high level of nitrogen in the soil in
the first term was the result of applied fertilization and the limited capacity of trees to take
nitrogen in early spring, because in the early stages of development they use nitrogen
accumulated in tissues in previous season [3], and the rate of nitrogen uptake is influenced
by the temperature and development phase of trees. At 8-12°C there is a visible increase
in nitrogen absorption by the roots. Only after three weeks from the beginning of bud
cracking, apple trees take nitrogen [57]. Changes in nitrogen content also depended on the
course of weather conditions. The influence of precipitation was investigated and the in-
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fluence of evaporation, water balance, soil and air temperature on ammonium and nitro-
gen content was evaluated. The relationship between climatic conditions and ammoniacal
nitrogen content was low, and sometimes seemed random and had no effect on soil con-
tent. On the other hand, the content of nitrate was correlated in the water balance, evapo-
transpiration (Table 2, Figure 9). The greatest dependencies occurred in the first sampling
dates. The positive water balance during sampling reduced the nitrate nitrogen content
and the obtained results confirm the results of studies in which it was found that nitrate
nitrogen was easily washed into deeper layers of the soil, because it is not subject to bio-
logical and exchange sorption [35].
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Figure 5. The content of N-NH4 depends on the date of sampling A- in the soil layer 0-20 cm, B- in
the soil layer 21-40 cm
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Table 2. Influence of climatic conditions on ammonia nitrogen content in soil

T1 T2 T3 T4

0-20cm  21-40cm  0-20 21-40 0-20 21-40 0-20 21-40
P30 0.16 0.41* -0.51* -0.17 -0.10 0.17 -0.41*  -0.45%
P14 0.09 0.33* -0.52*  -0.27% -0.11 0.16 0.24* 0.12
Ts 0.27* 0.14 0.49%* 0.11 0.26* 0.26* 0.17 0.03
EWT 0.50% 0.51% -0.08 0.54* 0.25% 0.26% 0.27% 0.18
Pds —0.38* -032*  -0.52* -0.25* 0.18 0.27% 0.10 —-0.06
WB —-0.53* -0.57¢  -0.52* -0.33* 027 -0.26* 0.07 -0.24*
Tair 0.30% 0.20 0.49* 0.54* 0.01 0.22 0.06 —-0.10

* Significant levels p < 0.05. Explanations: P30- rainfall 30 days before sampling; P14- rainfall 14 days
before sampling; Ts- soil temperature; EWT- evapotranspiration; Pds- precipitation on the day of
harvest; WB- water balance; Tair- air temperature
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Figure 10. The content of N-NH4 depending on the year of research A- in the soil layer 0-20 cm, B-
in the soil layer 21-40 cm

2.50 A 2.50 B
5 2,00 b 5 2,00
2 2
[a)] [a)
7, 150 ab 7, 1:50
g g b
® 1.00 a ® 1.00 ab .
2 2
Z 0.50 Z 0.50

0.00 0.00

2008 2009 2010 2008 2009 2010

Figure 11. The content of N-NOs according to the year of research A- in the soil layer 0-20 cm, B- in
the soil layer 21-40 cm

The age of the orchard had no significant effect on the nitrogen content of the soil
(Figures 10, 11, 12 and 13). However, a clear trend can be observed, because the highest
value of both forms of nitrogen was found in the oldest orchard (OR1). The lack of signif-
icance between orchards can be explained by the fact that a significant difference occurred
in the sub-arable layer for the nitrate form, while a direction of change in content was not
observed for ammoniacal nitrogen. The 0-20 cm layer was characterized by a significantly
higher content of nitrate nitrogen (Figures 12B and 13B). According to the literature, ferti-
lizing the orchard should take into account the age of the orchard, the yield, and the num-
ber of trees [9]. The higher nitrogen content in the soil of the oldest orchard may be due
to decreasing nutritional needs with the age of the trees, as the trees have completed a
period of intensive growth. The OR1 orchard also had the lowest tree yield [58] and the
number of trees per hectare. This explains the lower nutrient requirements of trees, as
with a lower density of trees per hectare of vegetation, they compete less for nutrients and
use nitrogen in a smaller percentage [59].
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Figure 13. The content of N-NOs depending on the A- orchard x soil layer, B- soil layer

3.2. Content of Minerals other than Nitrogen in the Soil

Thanks to the good preparation of the site before planting the orchard, the content in
the soil did not fall below the recommendations for commercial orchards. However, if the
differentiated nitrogen fertilization was taken into account, it was found that it also dif-
ferentiated the content of other components (Tables 3 and 4).

The P content increased for 120 kg N ha-' compared to the control and 60 kg N ha-'.
A similar relationship was observed in the sub arable layer, where the phosphorus content
was lower but the nature of the changes was similar. High nitrogen fertilization also con-
tributed to a higher potassium content in the upper soil layer. In the sub arable layer, such
a tendency was not found and at fertilization of 60 kg N ha, the potassium level was
significantly lower. Similar results were obtained in many years of experience, where ni-
trogen fertilization increased the nitrogen content in the soil layer by 0-30 cm [60]. Mag-
nesium content was highest in the control and nitrogen fertilization resulted in a decrease
in content. The lower Mg content under the influence of fertilization may be the result of
a decrease in soil pH and nitrification. Magnesium is more easily washed out because it is
less absorbed by soil colloids, moreover, Mg?* is not specifically bound to clay minerals
[61].

The potassium to magnesium increased after nitrogen fertilization. The trend of
changes was clearly visible in the 21-40 cm layer for the dose of 120 kg N ha"!, where the
decrease in magnesium content in the 21-40 cm layer was the largest.
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Despite the lack of significant differences in soil reaction, its reduction was visible in
the upper layer of the soil. However, in the arable layer, the application of nitrogen caused
an increase in pH. Nitrate uptake increases the pH of the external solution. In the case of
ammonium form, H+ is pumped out of the cell and remains mainly outside, and therefore
the pH is reduced [62,63]. This phenomenon is particularly evident in the case of nitrates,
since they are absorbed in large quantities compared to other types of anions [61].

Table 3. The influence of nitrogen fertilization on the content of P, K, Mg nutrients and on pH in
2010-2013 in depth 0-20 cm.

Orchard  Treatment mg 100 g DW soil )
pH in KCl
P K Mg K/Mg

NO 8.4 B! 8.5 ab 132 b 0.6 bc 6.7 b
OR1 N60 9.5 ¢ 7.8 a 11.7 a 0.7 ¢ 6.7 b
N120 9.6 ¢ 9.8 cd 119 a 0.8 de 6.5 ab
NO 7.1 a 78 a 11.8 a 0.7 ¢ 6.4 ab
OR2 N60 83 b 8.3 ab 11.0 a 0.8 d 6.2 a
N120 8.9 bc 105 d 10.8 a 1.0 f 6.1 a
NO 115 e 10.0 cd 155 ¢ 09 e 6.6 ab
OR3 N60 9.6 ¢ 9.2 bc 15.8 ¢ 05 a 6.4 ab
N120 11.8 e 13.6 e 15.7 ¢ 0.6 ab 6.4 ab
Mean for OR1 9.2 b2 8.7 a 123 b 0.7 b 6.6 b
orchard OR 2 8.1 a 8.9 a 11.2 a 0.8 ¢ 6.2 a
OR 3 11.0 ¢ 109 b 15.6 ¢ 0.7 a 6.4 ab
Mean for NO 9.0 a3 8.8 a 135 b 07 b 6.5 a
treatment N60 9.1 a 84 a 12.8 a 0.7 a 6.4 a
N120 10.1 b 113 b 12.8 a 0.8 ¢ 6.3 a

! year x fertilization; the same letters are not significantly different at a = 0.05 (Duncan’s test). 2% the
orchard and fertilization; The same letters are not significantly different at ot = 0.05 (Duncan’s test).
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Table 4. The influence of nitrogen fertilization on the content of P, K, Mg nutrients and on pH in
2010-2013 in depth 21-40 cm.

Orchard  Treatment mg 100 g DW soil )
pH in KCl
P K Mg K/Mg
NO 7.4 cd! 59 a 9.2 bc 0.6 ab 6.6 bc
OR1 N60 73 cd 6.8 b 78 a 0.8 c-e 6.7 c
N120 7.6 cd 7.7 ¢ 79 a 0.9 ef 6.7 c
NO 53 a 8.7 d 9.8 b-d 0.9 ef 6.0 a
OR 2 N60 64 b 77 ¢ 9.0 b 0.9 d-f 6.2 ab
N120 7.2 bc 76 ¢ 8.0 a 09 f 6.3 a-c
NO 82 d 8.3 cd 115 e 0.7 bc 6.2 ab
OR3 N60 63 Db 6.5 ab 105 d 0.6 a 6.5 bc
N120 93 e 7.6 c 10.2 cd 0.8 cd 6.4 a-c
Mean OR1 7.4 b2 6.8 a 83 a 08 b 6.7 b
for or- OR 2 6.3 a 8.0 ¢ 9.0 b 0.9 c 6.2 a
chard OR 3 79 b 75 b 10.7 ¢ 0.7 a 64 a
Mean NO 7.0 ad 76 b 102 b 0.8 a 6.3 a
for treat- N60 6.7 a 7.0 a 9.1 a 0.7 a 6.5 a
ment N120 8.0Db 77 b 8.7 a 09 b 6.5 a

! year x fertilization; the same letters are not significantly different at a = 0.05 (Duncan’s test). 23 the
orchard and fertilization; the same letters are not significantly different at ot = 0.05 (Duncan’s test).

3.3. Mineral Content in Leaves

The nitrogen content in the leaves depended on the height of nitrogen fertilization.
An increase in the dose of nitrogen fertilizer resulted in an increase in the nitrogen content
in the leaves (Table 5). This mechanism has been observed by other researchers [49,64],
although there were exceptions, as Vang-Petersen [65] found that increasing the dose fer-
tilization to 162 kg N ha' did not affect the increase in the nitrogen content of the leaves.
According to other authors, increasing the dose of nitrogen causes an increase in the level
of nitrogen in the leaves only to a certain level, above which fertilization is no longer ac-
companied by an increase in the content of this component in the leaves [49,52,66]. An-
other observation known from the literature is that with the age of the tree, the nitrogen
content in the leaves decreases [45,65,67]. However, this regularity was not confirmed in
our research, because the lowest content was found in the leaves collected from the young-
est orchard, where the content of assimilable forms of nitrogen in the soil was the lowest.
First of all, a significant relationship was found between the content of nitrate N in the
sub-arable layer of the soil and the nitrogen content in the leaves (Table 6). It was found
that in addition to fertilization, several other factors have a great influence on the mineral
content of the leaves. The main ones include the rootstock used [68], precipitation, and
temperature [68,69]. An increase of the nitrogen content in the leaves was also found un-
der the influence of tree cutting, whereas the intensity of tree cutting increased, the nitro-
gen content in the leaves increased [67].

The phosphorus content in the leaves was inversely proportional to the dose of am-
monium nitrate. The highest content was in the control combination and the lowest at a
dose of 120 kg N ha-!. A similar effect was on potassium content, where the application of
nitrogen fertilization resulted in a lower content in the leaves. It should be noted, however,
that the lowest content was at 60 kg N ha'. Similar results were obtained in earlier years,
where nitrogen fertilization reduced the content of phosphorus and potassium in leaves
[45]. The uptake of potassium was significantly influenced by climatic conditions. The in-
crease in average temperature and rainfall caused an increase in the K content in the leaves
(Table 6).

The magnesium content was highest with fertilization of 60 kg N ha -, and doubling
the dose did not affect the content of this nutrient in the leaves. A similar relationship was
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noted in relation to calcium, where 60 kg N ha-' caused an increase in the content in the
leaves and a further increase in nitrogen fertilization reduced its content compared to the
control treatment. The effect of nitrogen fertilization on the increase in magnesium content
has been found in other experiments, but the difference between control trees and nitro-
gen-fertilized trees was not always significant . Climatic conditions had a significant im-
pact on the nutrition of trees in Mg and Ca, but the increase in temperature and rainfall
during the growing season reduced the content of Mg and Ca in the leaves (Table 6). In
conditions of strong vegetative growth, a decrease in the content of components in the
leaves is often observed, which is referred to as dilution, which distorts the results .
Changes in the content of components in the leaves also depend on the intensity of yield.
This applies most to N, K, Mg, Ca, Fe, Mn and to some extent also P, where apple trees
yielding more abundantly had higher contents [70]. The pad can have a significant impact
on the content of ingredients. The use of strongly dwarf rootstock P22 for apple trees with
intensive tree production caused nitrogen deficiency in the leaves [71]. In contrast, inten-
sively yielding plums took only much more K, which was accumulated in the fruit while
reducing the content in the leaves and perennial parts of the tree, and the level of the
remaining minerals did not differ between trees that produced intensively and had no
fruit [73].

Table 5. Effect of nitrogen fertilization on component content in leaves, depending on tree age
(mean values from 2010-2013).

Nutrient content (% DW)
Orchard Treatment

N P K Ca Mg
NO 2.14b! 0.31e 1.63d 2.73f 0.45ab
OR1 N60 2.36d 0.18ab 1.24bc 2.71f 0.48bc
N120 2.65f 0.17a 1.43¢ 2.39de 0.43a
NO 1.96a 0.28d 1.08ab 2.01a 0.52de
OR?2 N60 2.18bc 0.22¢ 1.06ab 2.22b-d 0.55¢f
N120 2.30cd 0.19ab 1.02ab 2.13ab 0.50cd
NO 1.99a 0.28d 1.10ab 2.17a-c 0.55¢f
OR3 N60 2.18bc 0.20b 0.89a 2.44e 0.58f
N120 2.51e 0.17ab 0.95a 2.34c-e 0.52de
OR1 2.39b2 0.22a 1.43b 2.61c 0.45a
Mea:; af;’é " OR2 2.14a 0.23a 1.06a 2.12a 0.52b
OR 3 2.23a 0.22a 0.98a 2.32b 0.55¢
NO 2.03a3 0.29¢ 1.27b 2.30a 0.51a
1:;1;;:; ef?\: N60 2.24b 0.20b 1.06a 2.46b 0.53b
N120 2.49¢ 0.17a 1.13a 2.29a 0.48a

! year x fertilization; the same letters are not significantly different at a = 0.05 (Duncan’s test). 2% the
orchard and fertilization; the same letters are not significantly different at ot = 0.05 (Duncan’s test).
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Table 6. Influence of climatic conditions and soil mineral content on leaf content

N P K Ca Mg
T 0.01 0.09 0.52* -0.66* -0.61*
T max. -0.06 0.12 0.55% -0.68* -0.62*
T min. 0.18 -0.17 -0.45* 0.55* 0.50*
Precipitation 0.01 0.08 0.52% -0.65* -0.61*
ET 0.09 -0.14 -0.54* 0.67* 0.62*
BW 0.21* -0.18 -0.39% 0.46* 0.42%
N-NOs (0-20 cm) 0.53* -0.08 -0.05 -0.07 -0.16
Total N (0-20 cm) 0.53* -0.02 -0.01 -0.09 -0.18
N-NO3 (20-40 cm) 0.58* -0.19* 0.00 -0.04 -0.20*
Total N (20-40 cm) 0.60* -0.20% -0.03 -0.04 -0.19
P (0-20 cm) 0.31* -0.02 0.23* -0.19 -0.06
K (0-20 cm) 0.40* -0.17 -0.09 0.02 0.21*
Mg (0-20 cm) -0.05 0.08 0.10 0.04 0.15
K/Mg (0-20 cm) 0.28* -0.09 -0.13 -0.09 0.09
P (20-40 cm) 0.43* -0.01 0.31* -0.17 -0.37%
K (20-40 cm) 0.24* -0.10 -0.18 -0.02 0.15
Mg (20-40 cm) -0.22% 0.21* -0.07 -0.01 0.39%
K/Mg (20-40 cm) 0.38* -0.22* -0.05 -0.02 -0.19

* Significant levels p < 0.05. T- average temperature of vegetation period, Tmax - average maximum
temperature of vegetation period, Tmin. - average minimum temperature of vegetation period, ET
— evapotranspiration, BW — water balance

3.4. Effect of Nitrogen Fertilization on the Growth of Cherry Trees

Increasing nitrogen fertilization to 120 kg N ha' resulted in greater tree growth meas-
ured by the cross-sectional area of the trunk and leaf area (Table 7). The cross-sectional
area of the trunk after six years of study was the smallest in unfertilized trees, while the
dose did not cause differences. However, an interesting result was observed when com-
paring the increase in the cross-sectional area. The difference between 60 and 120 kg N ha-
1 of fertilization was significant, taking into account all orchards combined, because this
variability in individual orchards was less pronounced. This is an important argument to
not increase nitrogen fertilization excessively. Similar conclusions were previously
reached by Fallahi and Mohan (2000) [69], who if they observed variation in tree growth,
it was only between small doses, while excessive fertilization no longer differentiated
growth [58]. This is especially noticeable in the orchard on fertile soil in the first years after
planting. In general, fertilization has no effect on tree growth and only when the root sys-
tem expands into turf strips and there is a nitrogen deficit, this effect is significant [64].
Research shows that only after 8 years of cultivation in a cherry orchard, 50% of the small
roots responsible for the uptake are located in the turf belt [57]. In our experiment, how-
ever, the reaction was found earlier, which was certainly due to the low level of organic
matter.

The leaf area was significantly higher with nitrogen fertilization and was highest
with 120 kg N ha-'. A similar relationship was found in the mass of leaves. However, the
SLA (specific leaf area - cm?/g) did not differ significantly between the fertilization com-
binations and was very similar (Figure 14). Therefore, the only explanation is that applied
nitrogen fertilization increases the surface of cherry leaves and does not increase their
thickness. The more so because a similar relationship has already been found in research
related to soil and foliar fertilization of almond trees [29]. Similar results were also ob-
tained when conducting research on a tropical species with edible fruits Dimocarpus lon-
gan, where also an increased dose of nitrogen caused the growth of the leaf blade and
fresh and dry leaf mass, but had no effect on SLA [30]. Only apple trees reacted to an
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increase in specific weight of leaves under the influence of fertilization, although no dif-
ferences between nitrogen doses were found. The increase in SLW (specific leaf weight —
mg/cm?) was attributed to a change in leaf morphology or an increase in soluble sugars or
starch [74].

Fruit trees are perennial plants, and the effect of fertilization applied in the current
year may be visible in the following or subsequent years. Sour cherry cultivar 'Lutéwka'
belongs to the cherry cultivars that bear fruit on last year's shoots. Their number and
length will have a significant impact on the amount and size of the crop in the following
year. An important factor is also the use of appropriate tree cutting, which must stimulate
the tree to produce new growths, and at the same time the intensity of cutting should not
be too high to limit the number of fruiting shoots. Therefore, appropriate nitrogen fertili-
zation allows you to maintain a balance between the growth and yielding of such fruiting
trees. It is also necessary to take into account tree spacing, which in intensive cherry or-
chards is much smaller than in old orchards, where the spacing between rows was at least
4.5 m and in a row 3 m. Such a spacing allowed the formation of trees with a larger crown,
but with such a spacing the yield per unit area is much lower than from intensive or-
chards. The crown in intensive orchards has the shape of a spindle, and, moreover, for
mechanical harvesting, and such a crown is better due to the high cost of labour, smaller
sizes is better [75].

Increasing fertilization, apart from affecting the growth of trees, causes a change in
quality parameters such as colouring. Sour cherries are primarily used for processing,
where colour, size, extract content and acidity are crucial [58,76]. Trees which, as a result
of poor nitrogen nutrition and improper cutting, have too few growths will have a low
yield and at the same time will become unprofitable. That is why proper nitrogen fertili-
zation, which is responsible for the vegetative growth of trees, is so important.

Table 7. The influence of nitrogen fertilization on cherry growth in 2007-2013

TCSA
Orchard Treatment Leaf area (cm?) Increase
2007 2013 2007-2013
NO 29.0 at 56.5 b 84.1 bc 27.7 ab
OR1 N60 34.1 bc 68.0 ¢ 102.4 d 34.4 a-d
N120 34.7 bc 549 b 921 ¢ 37.2 b-d
NO 28.0 a 435 a 69.3 a 259 a
OR2 N60 328 b 46.8 a 78.0 ab 31.2 a-c
N120 34.9 bc 46.7 a 88.6 ¢ 419 d
NO 28.7 a 415 a 72.2 a 30.8 a-c
OR 3 N60 326 b 431 a 78.7 ab 35.6 a-d
N120 36.3 ¢ 39.7 a 77.9 ab 38.2 cd
Mean OR1 32.6 az 59.8 ¢ 929 b 33.1 a
for or- OR 2 319 a 45.7 b 78.7 a 33.0 a
chard OR 3 325 a 414 a 76.3 a 349 a
Mean NO 28.6 a3 47.1 a 75.2 a 28.1 a
for treat- N60 332 b 52.6 b 86.4 b 338 b
ment N120 353 ¢ 471 a 86.2 b 39.1 ¢

! year x fertilization; the same letters are not significantly different at a = 0.05 (Duncan’s test). 23 the
orchard and fertilization; the same letters are not significantly different at ot = 0.05 (Duncan’s test).
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Figure 14. Effect of nitrogen fertilization on the leaf surface (cm?) and SLW (leaf area per fresh
weight) of sour cherries, average for 2012-2013

3.5 Pigment content in leaves

The applied nitrogen fertilization did not have a significant effect on the content of
chlorophyll pigment in the leaves (Figure 15). Regardless of the use of nitrogen fertiliza-
tion, the content of chlorophyll like carotenoids was at a similar level. However, it should
be emphasized that the content of chlorophyll a was higher at the highest dose of nitrogen.
Also, the chlorophyll b content was higher when nitrogen fertilization was applied to 60
kg N ha! and 120 kg N ha-'. Carotenoid levels also increased under nitrogen fertilization,
but the differences between the combinations were not significant. Similar results were
obtained using nitrogen fertilization in apple trees, where the dose of 80 kg N ha-! and 250
kg N ha! caused an increase in chlorophyll content, but only the chlorophyll a content
changed during the growing season. The increase occurred until mid-July, and then the
content decreased. In contrast, the content of chlorophyll b and carotenoids did not change
during the growing season. N fertilization resulted in a much higher content of photosyn-
thetic pigments in the late season, it can be assumed that the application of N contributed
to delayed leaf aging. The highest values were always recorded at the highest dose of
nitrogen fertilization [66]. Nitrogen is needed to build chlorophyll and its presence affects
its production. Of the more than 130 atoms that build chlorophyll, only 4 are nitrogen
forming a porphyrin ring. Nitrogen deficiency is most pronounced because it inhibits the
formation and development of chloroplasts. Chlorophyll synthesis is inhibited and the a/b
ratio of chlorophylls is lower. The synthesis of carotenoids is also inhibited, which is cor-
related with the synthesis of chlorophylls [77]. Research conducted in apple trees confirms
that the increase in nitrogen fertilization increased the amount of chlorophyll a and b.
However, the difference in total chlorophyll (chlorophyll a+b) between fertilisation of 50
kg N ha - 1 and 100 kg N ha-! was negligible [78]. A similar effect was found in another
study, with the effect being more pronounced when high nitrogen levels (250 kg N ha-')
were applied at the end of the season [66]. Increasing the chlorophyll content can be
achieved by foliar use of substances containing nutrients together with 5-aminolevulinic
acid (ALA), which is a key precursor in the biosynthesis of porphyrins such as chloro-
phyll. In treated plants, ALA increases the accumulation of several chlorophyll interme-
diates, such as protochlorophyllide and protoporphyrin IX [79-81].

With the age of the orchard, the level of pigments in the leaves increased. Long-term
studies conducted on apple trees have given different results. The highest values were
found in the first 6 years of intensive growth, and in subsequent periods the overall level
of chlorophyll decreased [82]. Studies of the amount of pigments contained in the assimi-
lation apparatus of Scots pine (Pinus silvestris L) showed a clear increase in their content
with the age of the needles and a decrease with increasing age of trees [83]. However, this
trend was in chlorophyll pigments a and b until 2012. In 2013, the content of chlorophyll
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a and chlorophyll b was significantly lower (Figure 16). These results can be explained by
lack of sufficient water, which causes a decrease in chlorophyll content, a violation of en-
zyme balance, and a significant decrease in nitrate reductase activity [84]. In conditions of
greater moisture of cells, the photosynthetic apparatus of the leaf is "diluted" [85]. Ana-
lysing the course of the climatic conditions in the period prior to the analysis of chloro-
phyll content, a significant relationship was found between the amount of precipitation
in July and the content of chlorophyll (Figure 17). Studies of tree species showed that the
leaves of irrigated trees had a lower content of total chlorophyll compared to leaves taken
from non-irrigated trees [86]. A similar trend of increasing content in subsequent years of
research was found in carotenoids, but there was no decrease in carotenoid content in
2013 and no correlation with precipitation in the period prior to sampling. In studies con-
ducted on cherry and plum leaves, a higher concentration of the pigment tested was noted
during the harvest period, regardless of the level of irrigation and fertilization [86]. This
phenomenon can be explained by the enormous mobility of chlorophyll pigments. The
plant, wanting to preserve these pigments during fruit ripening in the period preceding
harvest, withdraws pigments to leaves, while in autumn, during the period of yellowing
of the leaves, the pigments are withdrawn to the permanent tree [87] The decrease in chlo-
rophyll content may be associated with lower yields in 2013 [58], accompanied by a lower
photosynthesis intensity and chlorophyll content [77]. An additional factor that affects the
chlorophyll content is tree cutting. Both the timing of the cut and the intensity affect the
chlorophyll content. In the experiment carried out after the high tree yield in 2012, mod-
erate summer pruning was applied, which could have affected the pigment content of
pigments in the leaves. This is confirmed by studies where the pruning of peaches in sum-
mer caused a decrease in chlorophyll a and b content, while the use of pruning in winter
increased the chlorophyll content [86]. In another experiment, cutting mango trees re-
sulted in the highest chlorophyll content. While light pruning had no effect on the overall
pigment content [89].
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Figure 15. The content of pigments in the leaves depends on nitrogen fertilization. A- chlorophyll a,
B- chlorophyll b, C- chlorophyll a+b, D— Carotenoids
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5. Conclusions

The nitrogen fertilization at the beginning of the growing season had an impact on
the content of ammoniacal and nitrate nitrogen in the soil. The nitrogen content is influ-
enced by the course of the weather, but above all by the uptake by trees. These changes
are in a sense a reflection of the fertilizer needs of the studied species. The content of N60
and N120 increased the content of ammonium and nitrate forms. However, there was no
significant difference between the control (N0O) and N60 for the ammonium form of nitro-
gen. Nitrate nitrogen increased with the applied dose regardless of the sampling level, but
only in the subarable layer were the differences between the combinations significant.
Probably the use of N60 covered the fertilizer needs of cherry trees. Only the increase in
the dose of N120 significantly increased the nitrogen content in the soil.

Nitrogen fertilization applied at the beginning of the growing season does not affect
the content of nitrogen nitrate and ammonium in the soil. The highest nitrogen content in
the soil was found in the first sampling period at the beginning of vegetation, when am-
monium nitrate was fertilized. During this time, trees benefit from nitrogen that was ac-
cumulated in the tissues of the tree after being taken in the previous season. Nitrogen
uptake begins a few weeks after the start of vegetation, when the soil temperature rises to
8-12°C. The ammonium form content decreased on subsequent sampling dates. A similar
trend was observed for the nitrate form in the topsoil layer, while in the subarable layer
the nitrate nitrogen content varied depending on the timing of the samples. An important
factor that influenced the content was the course of climatic conditions, such as precipita-
tion and temperature.

The age of the orchard had no significant effect on the nitrogen content of the soil.
Although the lowest values were found in the youngest orchard (OR3). Only the ammo-
nium form in the subarable area was highest in the OR2 orchard.

Regardless of the nitrogen form, the content was higher in the arable layer of the soil,
but only for the ammonium form, the difference in content was significant.

High nitrogen fertilization increased the content of phosphorus and potassium and
decreased the magnesium content in the topsoil layer, resulting in an increase in the K/Mg
ratio. The nitrogen fertilization slightly reduced the pH of the soil in the upper soil layer,
but the differences were insignificant. Similar changes were observed in the sublayer for
phosphorus and magnesium, while the K level was significantly lower with N60 fertiliza-
tion and no significant differences were found between the control combination and the
highest dose of nitrogen fertilization. The pH of the soil was higher with nitrogen fertili-
zation, but the differences were not significant.

The nitrogen content in the leaves increased with increasing doses of nitrogen fertili-
zation. The content of phosphorus and potassium decreased with increasing nitrogen fer-
tilization. However, the highest magnesium and calcium content was when fertilizing
N60 and increasing the dose to N120 reduced its content, which can be explained by
stronger vegetative growth and the effect of dilution of ingredients.

The use of nitrogen fertilization increased the vegetative growth of trees measured
by leaf area, trunk cross-sectional area and its growth during the research period. How-
ever, SLA (cm?/g) did not differ significantly between combinations, because the thickness
of the leaves in the control and fertilized ammonium nitrate combinations was the same,
regardless of the dose used.

The chlorophyll content was not dependent on the amount of nitrogen fertilization.
However, it should be emphasized that the overall chlorophyll content in the leaves was
higher with nitrogen fertilization. The course of the climatic conditions, especially precip-
itation, which caused their growth, had a greater impact on the chlorophyll content. Not
without significance is also the intensity of yielding and cutting trees in this cherry variety,
which bears fruit on annual shoots and the cutting is carried out in the summer after fruit
harvest.
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