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Abstract

The study was carried out at the Agricultural Experimental Station in Felin affiliated with the
University of Life Science in Lublin. The experimental material consisted of 5-year-old plants of
cv. Bluecrop highbush blueberry growing in a mixture of sphagnum peat, sand and finely
ground pine bark (v/v: 2:1:1) in 35 dm? containers. Two factors were taken into account in the
experiment: A — form of nitrogen: 1) ammonium, 2) nitrate, 3) amide; B — fertilization level cor-
responding to the content in the substrate: 0, 100, 200, 400 mg N dm™. The following fertilizers
were used: ammonium sulphate (21% N-NH,, 24% S), magnesium nitrate (11% N-NO,, 9.5%
Mg), urea (46% N), monopotassium phosphate (22.3% P, 28.2% K), potassium sulphate (44.8%
K, 17.0% S) and magnesium sulphate (9.5% Mg, 12.7% S). In leaves and fruits, total nitrogen
was determined using the Kjeldahl method on a Foss Tecator apparatus, phosphorus was mea-
sured colorimetrically with ammonium vanadomolybdate (Thermo Evolution 300), while potas-
sium, magnesium and calcium, and also manganese, iron, zinc and copper in leaves were deter-
mined with the ASA method (Perkin-Elmer, AAnalyst 300). The study found that the N-form
had no effect on the content of nitrogen and phosphorus in leaves. The N-form had a significant
effect on the content of potassium, magnesium, and calcium. The tested fertilization levels influ-
enced significantly the concentration of nitrogen, phosphorus, and magnesium, whose values
increased in direct proportion to the mineral fertilizer doses, while the opposite relationship was
observed for Ca. The macronutrient contents in leaves (except for N in the control) corresponded
to optimal values for the limit values, indicating proper nutrition of the highbush blueberries in
this experiment. The highbush blueberry leaves were characterized by optimal contents of Mn,
Fe, Zn, and Cu, with the exception of Fe and Cu in the control. The N form significantly influ-
enced the content of Mn, Zn, and Cu, in addition to Fe.
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INTRODUCTION

Blueberry fruits have excellent nutritional, health promoting, dietary
and technological values, which makes them suitable for direct consumption,
drying, freezing and making various products (Milivijevi¢, Mileti¢c 2022).
With its largest area of highbush blueberry cultivation in Europe, Poland
is the second largest producer of this fruit globally (FAOSTAT 2025).

Blueberries are a plant with specific soil requirements. They prefer very
acidic, light soils with a high humus content. Polish soils rarely meet all
these criteria simultaneously, so it is commonly recommended to lower
the soil pH before planting by applying sulfur and amending it with organic
materials, which increase the amount of humus and improve physical and
chemical properties of the soils (Hart et al. 2006). In the 20" century, high-
bush blueberry was considered a plant with low nutritional requirements
(Smolarz, Mercik 1992), but the results of studies by Bal (1997), Glonek
and Komosa (2013) suggest that they are higher than commonly believed.
Fertilization should be based on observations of plant growth, assessment
of nutritional status based on leaf analysis, and soil fertility. New cultivation
technologies (NGS, soilless cultivation, and covered cultivation) are often
conducted in containers (Schreiber et al. 2020). Container production is suit-
able over a limited space, such as a high tunnel that enables moving plant
pots and adjusting growing density depending on plant growth (Li, Bi 2019).

For this purpose, substrates that meet the soil requirements of blue-
berries (pH, physical and chemical properties) are used, consisting of mix-
tures in various proportions, e.g., sphagnum peat, pine bark, sawdust,
perlite, and coconut fiber (Ochmian et al. 2010, Kingston et al. 2017, Strik
et al. 2017, Kingston et al. 2020, Milivijevi¢, Mileti¢ 2022). Due to the limited
volume of the substrate, the possibility of changes in pH, salinity, or flood-
ing, fertilization is very important. The literature contains research results
on the impact of nitrogen form, fertilization doses, and substrate types on
the growth, yield, and mineral status of leaves and fruits, and substrate
in container-grown blueberries (Wilber, Williamson 2008, Jiang et al. 2017,
Tamir et al. 2020).

It turns out that highbush blueberries have high nitrogen requirements
(Hanson 2006) and also prefer ammonium nitrogen (Hart et al. 2006,
Banados et al. 2012). Some researchers believe that the NH*" content, which
is absorbed more quickly by blueberry plants, limits the uptake of NO,,
which explains the weaker effect of NO, — fertilization (Williamson, Miller
2009, Imler et al. 2019).

Mineral fertilization is still widely used, based on soil fertility and plant
nutrient requirements, and often using granular fertilizers. Fertilization
combined with irrigation (fertigation) relies on the use of highly soluble
fertilizers such as ammonium nitrate, potassium nitrate, and magnesium
nitrate, resulting in the predominance of nitrate in the nutrient solution.
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Studies by Smolarz (1996), Glonek and Komosa (2006, 2013) suggest that
this is acceptable for highbush blueberries, confirming their good yields
under production conditions. The limiting values for nitrogen content
in leaves of well-nourished plants are 1.80-2.10% (Wach et al. 2023). Another
very important nutrient for highbush blueberries is potassium. Its optimal
content 1s 0.35-0.65%, and the fruit contains a large amount of potassium
(Wach et al. 2023). Increasing potassium doses raises its content in leaves
and soil (sorption), but may limit magnesium uptake (Sardans, Penuelas
2021).

The availability of calcium in blueberry leaves is limited mainly by its
optimal content of 0.4-0.8% (Hart et al. 2006). Proper calcium nutrition of
blueberries is difficult to achieve due to the highly acidic pH of the substrate
and leaching, which is why it is recommended to apply calcium by spraying
(Ochmian 2012). Calcium affects fruit hardness and shelf life (Ochmian et al.
2007, Ochmian, Kozos 2014). Highbush blueberries have low phosphorus
requirements and respond poorly to fertilization (Eaton et al. 1997), but
a study by Smagula et al. (1995) indicates an increased phosphorus content
in leaves and enhanced vegetative growth, including the root system.

The optimal magnesium content in highbush blueberry leaves is 0.12-0.25%
(Hart et al. 2006). Light and acidic mineral soils contain little of this impor-
tant nutrient (Komosa et al. 2017). Smolarz (1996) observed an increase
in Mg and Ca content owing to its supply in irrigation water. A quick way
to correct deficiencies is foliar fertilization (Ochmian 2012, Ochmian, Kozos
2014).

The aim of the study was to determine the effect of mineral fertilization
and nitrogen form on the mineral composition of leaves and fruits of high-
bush blueberries grown in container.

MATERIALS AND METHODS

The study was carried out at the Agricultural Experimental Stadion
in Felin affiliated with the University of Life Science in Lublin. The experi-
mental material consisted of 5-year-old plants of cv. Bluecrop highbush blue-
berry plants growing in a mixture of sphagnum peat, sand and finely ground
pine bark (v/v: 2:1:1) in 35 dm?® containers. The bushes were placed on stands
positioned on black agro-textile (110g m?) and kept outdoors. Irrigation was
based on tensiometer readings.

Two factors were included in the experiment: A — nitrogen form: 1) ammo-
nium, 2) nitrate, 3) amide; B — fertilization level corresponding to the content
in the substrate: 0, 100, 200, 400 mg N dm.

The experiment included 10 combinations of six plants each, with one
shrub as a replicate. The experimental design and fertilization regimen are
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presented in Table 1. Doses of phosphorus, potassium, and magnesium ferti-
lizers increased with nitrogen fertilization to maintain a 1:0.25:0.75:0.3 ratio.
The fertilizers were divided into 2 parts: 0.5 dose applied in mid-April,
the remaining amount — in mid-June.

The following fertilizers were used: ammonium sulphate (21% N-NH,,
24% S), magnesium nitrate (11% N-NO,, 9.5% Mg), urea (46% N), mono-
potassium phosphate (22.3% P, 28.2% K), potassium sulphate (44.8% K,
17.0% S) and magnesium sulphate (9.5% Mg, 12.7% S).

Table 1

The scheme and fertilization of highbush blueberry with the nutrients N:P:K:Mg
in a (1:0.25:0.75:0.3) ratio (g plant) in the experiment

Level of
No. | N - form fertilization N P K Mg
(mg dm*)
1. control 0 - 1.05 2.125 0.875
2. N-NH, 100 3.5 1.05 2.125 0.875
3. N-NH, 200 7.0 2.1 5.25 1.75
4. N-NH, 400 10.5 3.15 7.375 3.5
5. N-NO, 100 3.5 1.05 2.125 0.875
6. N-NO, 200 7.0 2.1 5.25 1.75
7. N-NO, 400 10.5 3.15 7.375 3.5
8. N-NH, 100 3.5 1.05 2.125 0.875
9. N-NH, 200 7.0 2.1 5.25 1.75
10. N-NH, 400 10.5 3.15 7.375 3.5

Leaf samples (3%-5% on the top) were collected in each year of the study
from the current year’s long shoots; the sampling took place in the last ten
days of July (after the first fruit harvest). The content of macronutrients was
determined in the fruits of the second harvest (the largest). Leaf and fruit
samples were initially dried at a temp. of 60-70°C and then ground. Next,
after they were dried at 105°C, total nitrogen was determined by the
Kjeldahl method using the Foss Tecator digestion system. After dry minera-
lization of the plant material at 550°C, the following were determined: phos-
phorus by colorimetry with ammonium-vanadium-molybdate (Thermo,
Evolution 300), potassium, calcium, magnesium and (for leaf only) manga-
nese, iron, zinc and copper by AAS (Perkin-Elmer, AAnalyst 300) — Ostrowska
et al. (1991).

The results were statistically analyzed by two-way analysis of variance
(ANOVA) with the Statistica 13.3 software (StatSoft Inc., Tulsa, OK, USA),

using the Tukey’s test to evaluate the differences at a significance level
of p=0.05.
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RESULTS AND DISCUSSION

Fertilization adjusted to plant requirements ensures optimal nutrition,
and determines proper growth and yield (Banados et al. 2012). The macronu-
trient content of highbush blueberry leaves grown in containers is presented
in Table 2. Statistical analysis revealed significant differences between indi-
vidual combinations.

Table 2

The content of macronutrients in leaves of c¢v. Bluecrop highbush blueberry plants cultivated
in containers

Level of Macronutrient (g kg' d.m.)
N — form | fertilization
(mg dm) N P K Mg Ca
Control 0 12.79 «* 1.12¢ 4.15 <« 2.24 % 5.70 ¢
100 16.44° 1.21 abe 3.68 abe 2.29 be 5.16 ¢
N-NH, 200 18.08 ¢ 1.29 « 3.63 @ 2.25 be 3.91°
400 20.58 ¢ 1.46 ¢ 3.783 abe 1.90 ¢ 3.26 ¢
100 17.35 ¢ 1.15 ¢ 3.43 ¢ 2.41 < 4.50 ©
N-NO, 200 19.23 4 1.27 bed 4.67°¢ 2.53 ¢ 3.26 @
400 19.48 ¢ 1.30 « 4.27 3.10f 3.00¢
100 16.45° 1.14 @ 3.53¢ 2.03 @ 4.69 ¢
N-NH, 200 19.30 ¢ 1.26 bed 3.75 abe 2.36 b 4.35¢
400 21.86 f 1.39 % 4.02 bd 2.80 ¢ 4.35 ¢

* Values followed by the same letters do not differ significantly at & = 0.05

The content of nitrogen in highbush blueberry leaves was the lowest
in the control treatment (12.79 g kg! d.m.), which confirms the importance
of this most important nutrient for blueberries (Hart et al. 2006, Vargas and
Bryla 2015). In combinations fertilized with nitrogen, the N concentration
ranged from 16.44 to 21.86 g kg' d.m., and blueberry nutrition in this expe-
riment was at an optimal level (Wach et al. 2023) even under the influence
of medium doses of nitrogen in each form.

The study did not show any significant differences between the effects
produced by the tested nitrogen forms, which differed significantly in the N
content from the control (Figure 1). The leaves of blueberries fertilized with
urea contained the highest levels of nitrogen (17.6 g kg' d.m.). Studies
by other authors (Vargas, Bryla 2015 ) indicate that the ammonium form
is preferred and best absorbed by blueberries.

Regardless of the form of nitrogen, increasing doses caused a significant
and directly proportional increase in the content of this nutrient in highbush
blueberry leaves (Figure 2). The highest nitrogen content was observed
at the highest fertilizer dose (20.64 g kg'! dm), which is consistent with the
results of Glonek and Komosa (2013), Strik and Vance (2015), Vargas and
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20

(9 kg'd.m.)

Mcontrol ™ N-NH, M N-NO, ™ N-(NH,),

Fig. 1. The effect of N-form on macronutrient content in leaves of cv.
Bluecrop highbush blueberry plants cultivated in containers.
* Values followed by the same letters do not differ significantly at « = 0.05

25

(9 kg"d.m.)

HQ W EM EHH

0 —control L—100 mg N dm® M—200 mgNdm® H-400mgN dm®

Fig. 2. The effect of doses of fertilizers on macronutrients content in leaves of cv.
Bluecrop highbush blueberry plants cultivated in containers.
* Values followed by the same letters do not differ significantly at « = 0.05
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Bryla (2015) and Davis and Strik (2022). Some authors (Smolarz, Mercik
1992, Smolarz 1996) report that high doses (>100 kg N) limit growth, yield,
and reduce frost resistance. They also observed an increase in the content
of this nutrient in leaves. They found no significant differences between
fertilization levels: 0; 50; and 100 kg N, and believe that using high doses
1s pointless.

In the current experiment, phosphorus content in highbush blueberry
leaves was optimal according to Hart et al. (2006). The lowest phosphorus
content was in the leaves of the control treatment (1.12 g kg! d.m.), and the
highest — in the treatment fertilized with the amide form (1.46 g kg! d.m.)
— Table 2.

Increasing doses also caused a significant increase in the content of this
nutrient in leaves (Figure 1). Similarly, Smagula et al. (1995) demonstrated
the effect of increasing phosphorus doses on its content in leaves. This study
showed that the nitrogen form did not significantly affect the amount of P,
although the highest content (1.27 g kg! d.m.) was in leaves fertilized with
the ammonium form (Figure 2).

The effect of nitrogen form and fertilization doses on potassium content
in highbush blueberry leaves was varied (Table 2). Statistical analysis
showed a significant interaction between the nitrogen form and dose
on potassium content, which ranged from 3.53 (N-NH, - 100 mg dm* d.m.)
to 4.67 g kg' d.m. (N-NO, — 200 mg dm™). According to Wach et al. (2023),
the nutritional status of highbush blueberries was optimal, but in one case
it was deficient (3.43 g K kg' - N-NO, — 100 mg dm).

Regardless of the fertilization level, significantly higher potassium con-
tents were found in the control and under the influence of nitrate fertiliza-
tion (Figure 1). High K contents in combinations with the nitrate form con-
firm that its uptake is not blocked. Regardless of the form of nitrogen
fertilizer, higher fertilization levels significantly affected potassium concen-
trations in leaves compared to the lowest dose (Figure 2); however, the
leaves of control plants contained the most K — 4.15 g kg! d.m. It is so
because blueberry fruits contain much potassium (Ochmian, Kozos 2014,
Sardans, Pefiuelas 2021).

In this study on the fertilization of highbush blueberries grown in con-
tainers, magnesium nutrition was determined to be optimal according to the
adopted limit values (Hart et al. 2006).

Magnesium content in leaves differed significantly between treatments
and ranged from 1.9 to 3.10 g kg'! d.m., and when blueberries were fertilized
with the nitrate form of nitrogen at medium and high doses, it corresponded
to a luxurious level of nutrition (>2.5 g kg' d.m). The experiment demon-
strated a significant effect of the nitrogen form (Figure 1) and fertilization
levels (Figure 2) on magnesium concentrations in highbush blueberry leaves.
The highest ones were obtained for the nitrate form and the highest fertiliza-
tion level (2.57 and 2.60 g kg' d.m., respectively). Leaf Ca concentrations
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were similar to the results of a study on conventional and organic highbush
blueberry cultivation (Strik, Vance 2015)

The effect of nitrogen form and fertilization level on calcium content
in leaves of highbush blueberries grown in containers is presented in
Table 2. Statistical analyses of the results showed significant interactions
between the studied factors. The leaves of control plants contained the most
calcium (5.70 g kg! d.m.), while the lowest Ca content was found in the
leaves of plants treated with the nitrate form of nitrogen and a fertilization
level of 400 mg dm™ (3.00 g kg! d.m.), which was below the optimal value for
the limiting values (Hart et al. 2006). The highest content of this element
was found in leaves of blueberries fertilized with the amide form of nitrogen
(urea).

Regardless of the fertilizer doses used in the experiment, a significant
effect of the form of nitrogen fertilizer was demonstrated (Figure 1). Blueberry
leaves nourished with nitrate nitrogen contained significantly the least
calcium (4.12 g kg! d.m.), while the highest calcium was in the control
(5.70 g kgt d.m.). The experiment showed a significant decrease in calcium
concentrations in leaves under the influence of increasing fertilizer doses,
regardless of their form (Figure 2).

Moderate and high levels of fertilization resulted in insufficient plant
supply of this nutrient (Wach et al. 2023). Sulfate fertilizers and urea cause
acidification of soils and horticultural substrates (Ochmian et al. 2021),
which hinders calcium uptake by acidophilic plants (Vargas, Bryla 2015).
High levels of ammonium nitrogen and potassium fertilization also hinder
calcium uptake (Wilber, Williamson 2008, Sardans, Pefiuelas 2021).

Micronutrients

Hart et al. (2006) reports that the optimal micronutrient contents in
highbush blueberry leaves are (mg kg' d.m.): Mn 50-350, Fe 60-200, Zn 8-30,
and Cu 5-20. Chemical analyses showed optimal manganese and zinc con-
tents for each experimental combination, as well as iron and copper deficien-
¢y in the control treatment and at low levels of ammonium nitrogen fertiliza-
tion. The study showed a significant effect of the nitrogen form and
fertilization level on micronutrient concentrations in cv. Bluecrop highbush
blueberry leaves (Table 3).

The manganese content ranged from 59.31 to 68.97 mg kg' d.m. A signi-
ficant effect of the nitrogen form on the manganese content was found, but
no effect of the fertilization level was demonstrated. The study revealed
interactions between the studied factors affecting the iron content. Signifi-
cantly, the Fe content was the lowest in the combination with low levels
of ammonium nitrogen fertilization (58.34 mg kg dm), and the highest when
the amide form was applied at the highest dose (70.59 mg kg! dm). Fe con-
tent increased directly with fertilization but was independent from the form
of nitrogen used in the fertilizer.
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Table 3

The content of micronutrients in leaves of cv. Bluecrop highbush blueberry cultivated
in containers

Level of Micronutrient (mg kg d.m.)
N — form fertilization

(mg dm?) Mn Fe Zn Cu
Control 0 63.49 ab* 58.68 @ 22.57° 4.52 @
100 63.72 ° 58.34 @ 24.81 « 4.87 @
N.NH 200 64.23 ° 65.13 @ 23.19 b¢ 7.63 bed
i 4 400 59.31 ¢ 64.20 @ 22.41° 6.96°
100 65.61 b 64.93 @ 22.09 ° 7.38 b
N-NO 200 63.83 @ 65.26 @ 18.63 @ 7.49 be
3 400 68.97 ¢ 70.12°% 26.14 9 8.34 cde
100 63.18 @ 64.03 @ 33.92 ¢ 7.87 bed
N-NH 200 63.83 ¢ 63.33 @ 27.03 ¢ 8.63 ¢
B 400 62.55 @ 70.59 ° 31.357 9.02°¢

* Values followed by the same letters do not differ significantly at & = 0.05.

The experimental factors had a combined effect on the zinc content
in blueberry leaves (Table 3). Significantly, the lowest zinc content was found
in plant leaves in the variant with the nitrate form applied at a level
of 200 mg N dm™ (18.63 mg kg! dm), and the highest — under the influence
of the amide form at the lowest fertilization level (33.92 mg kg! d.m.).
Regardless of the dose, the amide form promoted the best supply of this ele-
ment to blueberries (28.72 mg Zn kg*! dm) — Figure 3. Low and high fertiliza-
tion levels, regardless of the nitrogen form, provided the best zinc nutrition

(g kg'd.m.)

M control

M N-NH, B N-NO,

M N-(NH,),

Fig. 3. The effect of N-form on micronutrient content in leaves of cv.
Bluecrop highbush blueberry plants cultivated in containers.

* Values followed by the same letters do not differ significantly at « = 0.05
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(26-27 mg kg! dm) — Figure 4). The Zn content was higher in this experi-
ment than in the study of Jiang et al. (2019).

Under the conditions of this research, significantly the lowest copper
content was found in leaves of the control treatment, and the highest one —
in plants treated with the amide form of nitrogen used at the highest dose
(4.52 and 9.02 mg kg! d.m., respectively) — Table 3. Statistical analysis
showed a significant effect of the nitrogen form on copper concentrations
(Figure 3). The Cu content increased in direct proportion to the fertilizer
doses used in the experiment (Figure 4). The study by Jiang et al. (2019),

80

(9 kg'd.m.)

n Fe Zn Cu
mQ W EH)p EH
0 —control L—100 mg N dm® M —200 mgNdm® H-400mgNdm®
Fig. 4. The effect of doses of fertilizers on micronutrient content in leaves of cv.

Bluecrop highbush blueberry plants cultivated in containers.
* Values followed by the same letters do not differ significantly at « = 0.05

assessing the effect of pH on the content of microelements in highbush blue-
berry leaves, conducted on the Climax and Chaoyue No. 1 cultivars, showed
lower Mn, Zn, and Cu contents than in the current experiment involving cv.
Bluecrop highbush blueberries grown in containers.

Fruit Mineral Composition

Highbush blueberry fruits are rich in macronutrients: potassium, calci-
um, phosphorus, and magnesium, and contain a large amount of iron. Miliv-
1jevi¢ and Mileti¢ (2022) reported that highbush blueberries had significant
amounts of potassium (585-1350 mg kg'), phosphorus (114-291 mg kg%,
calcium (95-255 mg kg'), and magnesium (46-80 mg kg'). Bryla and Strik
(2015) reported that 1 ton of blueberry fruit contains (kg): 0.59-1.04 N,
0.05-0.14 P, 0.36-0.77 K, 0.05-0.09 Ca and 0.02-0.05 Mg.
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The forms of nitrogen and fertilization levels used in the experiment had
a significant effect on the macronutrient content in fruit of highbush blueber-
ries grown in containers (Table 4). Highbush blueberry fruits contained
the most total N, in amounts similar to ones reported by Ochmian (2012),
but less than in other studies by Ochmian et al. (2009). Under the condi-
tions of this experiment, the highest total nitrogen content was found
in highbush blueberry fruits from plants treated with urea applied at the
highest dose (7.888 g kg! d.m.), while the lowest N content was in the con-
trol (4.026 g kg! d.m.).

Table 4

The content of macronutrients in fruits of cv. Bluecrop highbush blueberry plants cultivated
in containers

Level of Macronutrient (g kg' d.m.)
N — form | fertilization
(mg dm™) N P K Mg Ca
Control 0 4.026 «* 0.472¢ 3.786 « 0.693 ¢ 0.676 <«
100 5.668 b 0.542 abe 4.261 @ 0.738 0.586 b
N-NH, 200 6.487 ¢ 0.534 @b 3.486 ¢ 0.718 @ 0.529 @b
400 6.802¢ 0.488 < 4.033 ab 0.856 ¢ 0.751¢
100 5.158 ® 0.566 b 4.927° 0.911 « 0.629 bed
N-NO, 200 6.417 @ 0.546 abe 4.692 ab 0.985 ¢ 0.448 a®
400 6.338 <@ 0.485 @ 3.884 @ 0.751 @ 0.672 <@
100 5.026 ° 0.537 abe 4.323 @ 0.759 @ 0.453 @
N-NH 200 5.280 ° 0.651 ¢ 5.108 ® 0.769 @ 0.366 ¢
2 400 7.888 ¢ 0.605 4.160 @ 0.755 @ 0.688 cd

* Values followed by the same letters do not differ significantly at ¢ = 0.05

Nitrogen forms did not cause significant differences in the total N con-
tent in comparison with the control (Figure 5). However, the fertilization
level had a significant and directly proportional effect on the concentration
of total nitrogen in the fruit (Figure 6). The total N content ranged from
4.026 to 7.009 g kg! d.m.

Depending on the nitrogen form and fertilization level, the phospho-
rus content in fruits ranged from 0.472 (control) to 0.651 g kg' d.m.
(N-NH, - 200 mg N dm® ) — Table 4. These differences were significant.

The analysis showed a significant effect of the fertilization level and
nitrogen form on the P content in fruit (Figures 5 and 6). The highest P con-
tent was found in fruits from plants fertilized with amide nitrogen. Ochmian
et al. (2010) showed higher P content in plants treated with each of the three
tested substrates, and the highest P content was achieved after using coco-
nut husk.

Potassium was the second most abundant macronutrient in blueberry
fruits (Table 4). Statistical analyses showed a significant effect of nitrogen
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form and fertilization level on potassium concentration in highbush blueber-
ry berries, with its content ranging from 3.486 to 5.108 g kg d.m. (N-NH,
— 200 mg dm™® and N-NH, — 200 mg dm™, respectively). The study did not
show significant differences in potassium content in fruits depending on the
nitrogen form or fertilization level (Figures 5 and 6). The concentrations
determined were lower than reported in the studies conducted by Ochmian
et al. (2009, 2010).

(9 kg'd.m.)

N P K Mg Ca
M control B N-NH, B N-NO, M N-(NH,),

Fig. 5. The effect of N-form on macronutrient content in fruits of cv.
Bluecrop highbush blueberry plants cultivated in container.
* Values followed by the same letters do not differ significantly at & = 0.05

The third most abundant macronutrient in highbush blueberry fruits
was magnesium (Table 4). Statistical analyses showed a significant interac-
tion between the nitrogen form and fertilization level on magnesium content
in fruits. The concentration of this macronutrient ranged from 0.693 (control)
to 0.9856 g kg d.m. (N-NO, — 200 mg dm™).

Studies involving fertilization of highbush blueberries grown in con-
tainers with several forms of nitrogen yielded higher magnesium contents,
as reported by Ochmian et al. (2009) and Ochmian and Kozos (2014).
Regardless of the dose used, fruits from plants fertilized with nitrate ferti-
lization contained significantly more magnesium than in the other combina-
tions (Figure 5). However, no significant differences were found between the
doses of fertilizers used in the studies, which differed significantly only from
the control (Figure 6).

Calcium is a macronutrient important for fruit shelf life and storage
capacity (Ochmian et al. 2007). The study showed significant differences
in calcium content in highbush blueberry fruits (Table 4). The lowest calcium
content was found in fruits from plants treated with the amide form of nitro-
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(9 kg'd.m.)

1 abbb c c
a bc c b b a
mEEN mEEN mesn
P K Mg Ca
Ho W Ey EHH
0 —control L—100 mg N dm® M—-200mgN dm® H-400mgN dm®
Fig. 6. The effect of doses of fertilizers on macronutrient content in fruits of cv.

Bluecrop highbush blueberry plants cultivated in containers.
* Values followed by the same letters do not differ significantly at & = 0.05

N

gen and a medium level of fertilization (0.366 g kg d.m.), while the highest
calcium content was found in fruits from plants treated with the ammonium
form and a high level of fertilization (0.751 g kg! d.m.).

Both the form of nitrogen and the level of fertilization had a significant
effect on calcium concentration in blueberry fruits (Figures 5 and 6). Regard-
less of the form of nitrogen, the lowest calcium content was found in the
fruits of plants fertilized with medium doses of fertilizers (0.448 g kg! d.m.),
while, regardless of the doses used, the lowest calcium content was found
in fruits from plants fertilized with urea (0.546 g kg' d.m.). Calcium content
in fruits determined in this study was higher than the data presented
by Ochmian et al. (2009) and Ochmian (2012).

CONCLUSIONS

A study examining the effect of nitrogen form and fertilization doses on
the mineral composition of leaves and fruits in container-grown cv. Bluecrop
highbush blueberries found that the nitrogen form had no effect on the con-
tent of total N and phosphorus in leaves. The nitrogen form had a significant
effect on the content of potassium, magnesium, and calcium. Fertilization
levels significantly influenced the concentration of total N, phosphorus,
and magnesium, whose values increased in direct proportion to the level
of mineral fertilizer application, while the opposite relationship was observed
for Ca.
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Leaf macronutrient contents (except for N in the control) corresponded
to optimal values, indicating adequate nutrition of the highbush blueberries
in this experiment. Highbush blueberry leaves were characterized by optimal
Mn, Fe, Zn, and Cu contents, except for Fe and Cu in the control. The form
of N significantly influenced the content of Mn, Zn, and Cu, in addition
to affecting Fe. Statistical analysis of the results of the impact of fertilizer
doses revealed significant differences in the content of Fe, Cu, and Zn, but
not in the case of Mn. The content of iron and copper in leaves increased
in direct proportion to the applied fertilizer doses.

Among the tested nutrients, the cv. Bluecrop highbush blueberry fruits
contained the most nitrogen and potassium, followed by magnesium, calcium,
and the least phosphorus. The nitrogen forms tested caused significant
differences in total N content only from the control. A significant effect
of N forms was demonstrated for P, Mg, and Ca concentrations. As with
leaves, blueberry fruit had significantly different N content, which increased
in direct proportion to fertilizer application. A significant effect of fertiliza-
tion level on P, Ca, and Mg content in fruits was observed, but this was not
observed for potassium.

The fruits of cv. Bluecrop highbush blueberry plants contained the most
nitrogen and potassium among the analyzed elements, followed by magne-
sium, calcium, and the least phosphorus. The nitrogen forms tested caused
significant differences in total N content only in the control. A significant
effect of N forms was demonstrated on P, Mg, and Ca concentrations.
As with leaves, blueberry fruits had significantly different N content, which
increased in direct proportion to fertilizer application. A significant effect
of the fertilization level on P, Ca, and Mg content in fruits was observed, but
no such effect was observed for potassium.
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