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A B S T R A C T

The substrate and especially its reaction is the most important aspect affecting the success of highbush blueberry
cultivation. The limited availability of suitable soils forces producers to look for alternative cultivation methods.

The substrates can be used in a variety of growing systems, including forming substrates in the mound form or
filling with them trenches. Both systems require different outlays to set up a plantation. They also create dif-
ferent conditions for plant growth.The experiment evaluated the yield, chemical composition (N, P, K, Ca, Mg,
Cu, Fe, Mn and Zn) of highbush blueberry leaves and fruits and changes in chemical composition of soil and
substrate during cultivation (pH, general and available mineral nutrients). The research materials were collected
at a research station of the West Pomeranian University of Technology Szczecin in Poland in 2014-2016. Two-
year-old bushes of the 'Brigitta Blue' were planted in 2012. In the field experiment, sawdust, peat and cocoa husk
were used in the cultivation in the flat (trenches with a depth of 35 cm and a width of 100 cm) and mound
systems (with 35 cm in height and 100 cm in width). The blueberries used for growing sawdust, peat and cocoa
husk substrates had a different chemical composition. The most suitable conditions for the growth of blueberries
were provided by sawdust and peat substrates and the worst of cocoa husk. The cocoa husk substrate had a high
pH and was resistant to changes in reaction (start 6.58; end 6.32–6.61 in KCl). It was also characterized by
excessive abundance in macroelements. The growth of bushes was the weakest and yielding at a low level
(0.39–0.53 kg per bush). The substrate of sawdust was more prone to lowering the pH (6.12; end 4.15–4.53 in
KCl). Peat pH was stable during the experiment. Better grew and yielded bushes resulted when planted in peat in
the flat system, or in sawdust in the mound system. The mound cultivation system had a more favorable effect on
the substrate's chemical properties than the flat soil system. In general, in the flat cultivation system, the plants
took better off the macro and micronutrients from the tested substrates. Due to the lower workload, it is re-
commended to prepare the plantations for growing highbush blueberries in the mound system. The mound
cultivation system shaped the chemical properties of substrates more advantageously than the flat system.
Sawdust and peat affected the soil negatively - mainly for lowering pH and mineral composition. Larger changes
were found in the mounds cultivation system.

1. Introduction

Low accessibility of soils that are appropriate for cultivation is one
of the main factors limiting the establishment of new plantations of
highbush blueberry. In Poland, but also in Europe and in the world, we
have been observing a growing interest in cultivation of this species
over the last few years. About 10% of the worldwide highbush blue-
berry cultivation is located in Europe and its largest producers are

Poland and Germany (Prodorutti et al., 2007; Delian et al., 2010;
Podymniak, 2015). Every year in Poland it is observed increase in
plantings of highbush blueberry by several percent. Due to the favor-
able climate and structure of farms (large farms) in northwestern Po-
land, the dynamics of planting is even greater. There are several farms
there, where blueberries are grown on the surface of several dozens or
even several hundred hectares. In terms of the plantation area, in 2014,
Poland was occupying the fifth place in the world (Cort, 2016).
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Blueberries are the most widely grown fruit crop in the USA and
Canada, also in New Zealand, Asia and South Africa. The blueberry
bushes require specific soils with a low pH value (Williamson et al.,
2006), high humus content, with stabilised groundwater level (Starast
et al., 2002). The bushes at the natural sites grow in the forest soils with
a low nutrient level. The peaty soils are the most appropriate for this
species. Peat bogs are on the decrease all over Europe nowadays
(Chmielewski and Chmielewski, 2010; Chambers et al., 2013). This is
caused by dehydration of areas intended for meadows and croplands,
landscape modernization and also mineral mining for heating purposes.

In Europe, there are approximately 560 thousand km2 of peat bogs,
1 735 thousand km2 in North America and 109 thousand km2 in Central
and South America. Within the area of Poland, peat bogs constitute
approx. 4% of the surface and they are concentrated mainly in the
northern part of the country (74%). However, they have been drained
in over 80% and are used as meadows and pastures. Under the forests,
there are as little as 11.7% of them. In Poland, low peatlands, not very
useful in direct blueberry cultivation, are predominant (92%). The most
appropriate for cultivation of blueberry are high peatlands (Baltic-type)
that constitute as little as 4.3% and are mainly afforested (Lappalainen,
1996). Huge demand for highbush blueberry fruits encourages the
growers to make use of the mineral soils, less appropriate for cultivation
of this species. These soils require an appropriate preparation in order
to cultivate the blueberry on them. The sandy mineral soils (Arenosols,
Podzols) should be enriched in humus and should be watered regularly
(Korcak, 1988; Ochmian and Kozos, 2014). Whereas in the case of
Cambisols, Luvisols, Fluvisols, Gleysols, Vertisols and Regosols soils
composed of loam, silt and clay, the pH should be lowered and should
be enriched in an organic substance (Petre et al., 2009). The reduction
of pH may be obtained via sulphurisation of the soil, the physiological
use of acidic fertilizers or acids by means of which we reduce the pH of
water used for watering (Kozos and Ochmian, 2016).

For acidification and enrichment of the substrat in organic matter,
we can also use coniferous bark, high peat or composted sawdust from
coniferous trees, acidic peat, pecan nuts husks or cotton wastes (Krewer
et al., 2002; Ochmian, 2013) The use of organic mulches with a low pH,
suitable for acidophilic plants, may adversely affect alkaline soils. After
many years of use, they can cause precessions leaching alkaline cations
from these soils and, consequently, gradually acidifying. Changes in soil
pH can also cause acidic fertilizers (Ochmian et al., 2018).

However, the compacted soils, due to their large buffer capacities,
react slowly to treatments aiming at the reduction of their pH. It is
possible to cultivate blueberry on such soils with the use of different
organic nutrient substrates or organic mulches (Ochmian et al., 2009a).
The substrates can be used in a variety of ways. Prepare mounds or fill
them with trenches (Ochmian et al., 2010). These systems create dif-
ferent conditions for the growth of shrubs, but also require other fi-
nancial expenditures to set up a plantation (Ochmian et al., 2009b).
Despite of high costs/huge expenditures on the preparation of the field,
it is still economically efficient. For several years, the price obtained for
fruits has been quite stable (Wróblewska and Czernyszewicz, 2017).
Over the last few years, the wholesale price of one kilogram of the fruits
of later varieties amounts to 9 euro (Podymniak, 2015).

From a practical and economic standpoint, the components used for
mulching should be relatively cheap, easily accessible and should meet
habitat requirements of the species (Bello et al., 2013). That is why the
use of agricultural or forest by-products for this purpose seems to be
justified. Due to limited access to cheap peat, an alternative could be
wooden waste from forestry, in particular in regions with a high degree
of afforestation. In Poland, lands under forests constitute 30.9% (GUS
Central Statistical Office of Poland, 2014), 87% of those wastes, i.e. 6.4
million m3, is managed. In Germany, the main producer of blueberry,
forests constitute about 32% of the surface of this country (Kurowska,
2015).

Due to specific soil requirements, highbush blueberry cultivation on
cohesive, alkaline soils creates problems (Eck, 1988). Some elements in

the substrat, such as K and Mg, are released mainly by leaching, e.g. Ca,
through decomposition of the organic substance. Mulching and the use
of organic substrates improves habitat conditions and has a positive
effect on the growth and yielding of plants (Goulart et al., 1996; Pliszka
et al., 1993). Blueberry bushes require mainly nitrogen fertilisation. For
organic soils and substrates, double nitrogen doses are recommended
(Komosa et al., 2017). While Retamales and Hancock (2012) reported
that organic substrates should apply 30% higher dose of nitrogen,
which is to compensate for immobilization of nitrogen. At the same
time, too much nitrogen should not be used because blueberry bushes
poorly utilize the excess available nitrogen in the soil and do not show
higher yields (Messiga et al., 2018). Increasing the dose over 120 kg
will have no positive effect (Koszański et al., 2008). At doses above
150 kg ha−1, plant dieback may occur (Bryla and Machado, 2011).
High doses of ammonium sulphate, commonly used for the fertilization
of blueberries, also cause a rapid drop in pH below the recommended
values and soil salinity that negatively influences the development of
blueberries (Messiga et al., 2018). Studies have shown a positive effect
of the use of organic nitrogen in the form of organic fertilizers on a
microbiological activity of soil and improvement of blueberries toler-
ance to pathogens (Montalba et al., 2010).

The low content of the element in the soil is caused by quick out
washing by rainwater and absorption by plants (Bryla and Machado,
2011). More than 3/4 of the soil in Polish blueberry plantations feature
a low content of mineral nitrogen (Komosa et al., 2017). The blueberry
bush distinctly responds positively to phosphorous, potassium and
magnesium fertilisation (Retamales and Hancock, 2012; Komosa,
2014). Blueberry has low requirements and phosphorous fertilisation is
unnecessary. In Poland, an average of 2/3 of blueberry plantations have
a high level of available P in the substrates and only 1/3 of the plan-
tations has an optimum level (Komosa et al., 2017). A low level of
available P in the soil results from the production of iron phosphate in a
strongly acidic environment. It is unavailable to plants (Urrutia et al.,
2013). Phosphorus availability to plants also depends on the content of
organic matter, Ca, Mg, Fe and Al. The excess of this element limits the
uptake of Fe, Cu and Zn by the bushes (Fageria, 2001).

Despite large quantities of the element in the soil, Mg absorbed by
plants is low (Komosa et al., 2017). Soils on blueberry plantations are
generally rich in available Mg. This is an effect of physiological plant
adaptation to soil conditions. In-soil Mg availability to plants means,
above all, an acidic pH of the substrates or a too high concentration of
Ca, K and ammonium compounds. Moreover, the application of ni-
trogen fertilisers at plantations, in the ammonium form, and the release
of ammonium cations limits Mg absorption (Fageria, 2001; Krewer and
Ruter, 2012). Blueberry has a low demand for potassium (Voogt et al.,
2014). At Polish highbush blueberry plantations, the content of avail-
able K in soils is low in as many as 45% (Komosa et al., 2017). In or-
ganic soils where highbush blueberry is present, the K content is low
because the element is mainly associated with the clay fraction of the
soil. Additionally, its availability to the plant limits soil acidification
and a high concentration of Ca, Mg and Na. Highbush blueberry, de-
spite the low demand for calcium, reacts well to the content of available
Ca in the substrates. Excessive enrichment with that element increases
the soil pH value, hindering plant growth. Calcium is the main element
of the soil sportive complex and, therefore, the plant demand for Ca is
satisfied, even in the acidic soil. Usually, no shortage of this element in
the soil can be observed at blueberry plantations (Bohner et al., 2014;
Komosa et al., 2017). However, Ca deficiency can cause large amounts
of K and Mg in the soil.

Due to the growing area of blueberry cultivation and the lack of
appropriate organic soils, the question arises how to grow bushes on
unsuitable soils, e.g. loamy and alkaline soils. It should be assessed
which substrates available in the region are useful for these crops and
which growing system is more advantageous. It is also important to
learn about the impact of these substrates and acidifying fertilization
and irrigation on soil properties. There is no such information in the
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available literature.The aim of the experience was to determinate the
possibilities of the use of substrates made of sawdust, peat and cocoa
husks in the cultivation of blueberry on loamy calcic soils and the in-
fluence of cultivation system on changes in the chemical proprieties of
the soil and chemical composition of leaves and fruits and yield of the
highbush blueberry. The aim is also to develop recommendations and
growing system of highbush blueberry which may be used by producers
of that species.

2. Material and methods

2.1. Characteristics of the area of research and plant material

The study was done at the Department of Horticulture of the West
Pomeranian University of Technology in Szczecin during years 2014-
2016. The research station is located in subzone 7A in the North-
Western part of Poland in the Szczecin Lowland at a distance of approx.
65 km from the Baltic Sea (53°40′ N, 14°88′ E). The research was con-
ducted at a production plantation specializing in the cultivation of
highbush blueberry, located in the Szczecin's Lowland. In this area,
there are numerous hills of 40–60 m a.s.l., the remnants of the frontal
moraine. The climate of this area is also significantly affected by the
presence of big water basins (Szczecin Lagoon, Dąbie Lake, the Odra
River), which provide additional moisture in the period of plant vege-
tation. The average growing season (April–October) temperature from
1951 was 13.7 °C and rainfall 391 mm (Mijowska et al., 2017).

2.2. Characteristics of the substrates and plant material

Three sites with three different types of the nutrient substrates were
prepared on the calcic luvisols soil (according to WRB, 2015) formed
from sandy loam (according to FAO, 2006) with pH 7.08 in H2O. The
blueberry 'Brigitta Blue' bushes were planted there with spacing of
1.5 x 2.5 m in spring 2012 year. The experiment was established in four
replicates of 10 bushes. At the time of planting, the bushes were 2 years
old and were grown in pots with a volume of 3 L. The soil in the orchard
was an agricultural soil with a natural profile, developed from silt loam
(sand 42.7%, silt 52.9%, clay 4.4%) with a considerably lower density
of 1.23 Mg m−3 (Table 1). The ground water level was 140–160 cm. It
At depth of soil was characterized by a high content of P (13.7 mg -
0–20 cm; 19.9 mg 100 g-1 - 20–40 cm), K (35.6; 53.6 mg 100 g-1), Ca
(70.6; 191.7 mg 100 g-1) and Mg (5.7; 18.9 mg 100 g-1). Bulk density,
capillary capacity, total water capacity were determined using Ko-
pecki's cylinders, organic matter by annealing the sample, pH: pH KCl
and pH H2O - potentiometric, total salt concentration - conductometry.
Soil and substrate parameters are listed in Table 1.

The following composted organic nutrient substrates were used:

1 High peat (Baltic-type) − - peat mine in Reptowo adjacent to the
blueberry plantation

2 Sawdust from coniferous trees - obtained from a sawmill localised
in Ustowo near Szczecin;

3 Cocoa husks - waste from confectionery plants 'Confectionery
Industry Enterprise Gryf' which:

4 mound system - were piled up in the form of mounds - with 35 cm
in height and 100 cm in width.

5 on flat system - were piled up in ploughed field trenches with
35 cm in depth and 100 cm in width.

The cocoa husk and sawdust before composting were composted for
12 months on a heap in a concrete box. Peat was brought from the peat
mine adjacent to the blueberry plantation immediately before the
preparation of the field experiment. All results describing changes in
the chemical composition of substrates during the cultivation of blue-
berries were compared to controls. Organic substrates were used as the
basis for the preparation of the experiment. The initial content of
chemical components (start) was determined in them. Irrigation of the
plantation was carried out annually using a permanently installed T-
Tape drip irrigation line with the emitters performance of 1 L/1 h (5 L of
water on a section of 1 linear meter of the installation) with water
acidified with sulphuric acid to a pH of 4.0–4.2. Intensity of irrigation
was modified annually and determined individually for each cultivation
method and the substrates used. The moisture content of the substrates
was maintained in the pF 1.8–2.1 range and was determined using
contact tensiometers.

2.3. Analysis of chemical compounds

Chemical analyses in nutrient substrates and soil constituting a
subsoil for blueberry: collective soil samples were taken in the middle
of August using a soil probe from each repetition from the substrates
and soil (0–20 cm) under the substrates, measuring from the surface of
the substrates is 30–50 cm.

Soil samples for testing were collected according to the soil sam-
pling instructions (Polish Standard PN-R-04016-21, 1992). Samples
were collected with a soil rod with a diameter of 40 mm. From each
experimental plot in 15 repetitions at different distances from the bush.
They were used to prepare a pooled sample. The estimation of the
content of minerals in dry weight plants and soil was carried out in
accordance with the Polish Standard using certified reagents. All tests
were performed each year in three replications.

Leaves for chemical analyses were taken in the beginning of August
(during the period of the fruit's harvesting) in the number of 100 pieces
from each combination. Healthy, typical leaves from the middle part of
annual shoots were collected. From each harvest, we took a sample of
fruits that had been was frozen. After finishing the harvest from each
period, we prepared a collective sample that was dried (65 °C) and
ground. The content of elements in leaves and fruits and total forms in
organic and mineral soils were determined after mineralisation: N, P, K
and Ca were measured after wet mineralisation in H2SO4 (96%) and
HClO4 (70%). Wet digestion of soils with H2SO4 and HClO4 cannot fully
recover K and Ca in primary minerals – due to the content close to the
total, in the publication they are called the total form (Breś et al., 1991).
The content of Cu, Zn, Mn, Fe were determined after mineralisation in
HNO3 (65%) and HClO4 (70%) in a ratio soil 1:1 (Polish Standard PN-R-
04016-21, 1992), leaves and fruits 3:1 (IUNG, 1972). In order to de-
terminate the available forms of P and K in mineral soil samples, we
used the Egner-Riehm method (extracting in C6H10CaO6,) Mg () and Ca
determined by extracting in C2H3O2NH4. Fe, Mn, Zn and Cu determined
by extracting in 1 mol HCl. The available forms of macro- and micro-
elements in organic substrates (peat, sawdust, cocoa husk) were de-
termined after extraction in 0.5 mol HCl. The N-NO3 and N-NH4 in

Table 1
Characteristics of the soil and substrates used in the experiment.

Volume weight
[Mg m−3]

Field water capacity [% vv−1] Full Water Capacity [% vv−1] pH
[KCl]

pH
[H2O]

EC
[mS cm−1]

Organic matter
[%]

soil 1.23 46.2 62.5 6.55 7.08 0.37 3.24
sawdust 0.49 32.4 83.3 6.12 6.60 0.22 52.80
peat 0.38 43.9 84.2 3.44 4.11 0.27 65.32
cocoa husks 0.31 37.2 79.5 6.58 7.02 0.64 45.15
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mineral and organic soils was determined after extraction of soils
0.03 mol CH3COOH. The total N concentration in soil and plants was
determined by the Kjeldahl distillation method and N-NO3 and N-NH4

was determined potentiometrically (Lityński et al., 1976). The content
of K was measured with the atomic emission spectrometry, Mg Ca, Cu,
Zn, Mn and Fe content with the flame atomic absorption spectroscopy.
P was assessed by the colorimetric method.

2.4. Statistical analysis

The obtained results were subjected to statistical analyses using
Statistica 12.5 (Statsoft Polska, Cracow, Poland). A two-way analysis
was carried out between cultivation systems and tested substrates. The
control was the chemical composition of the substrates before the ex-
periment was established.

Mean comparisons were performed using Tukey’s least significant
difference (LSD) test; significance was set at p < 0.05. To determine
the relation between the substrates and cultivation systems to chemical
composition (macroelements) the results obtained were subjected to an
agglomerative cluster analysis and classified into groups in a hier-
archical order by means of the Ward’s method. A correlation was also
made, which determined the relationship between the available forms
of macronutrients in substrates, leaves and fruits. The multivariate
analysis was performed by applying principal component analysis
(PCA). The data were autoscaled in the pre-processing.

3. Results and discussion

3.1. Changes in soil and substrate pH

The conducted research has shown that peat features the most fa-
vourable water-related properties. With a similar total water capacity,
peat featured a higher field water capacity, as compared to other cul-
tivation substrat. The substrat prepared for blueberry cultivation based
on sawdust and cocoa husks had inappropriate, insufficient pH
(pH > 5). Several years of irrigation with the water acidified with
sulphuric acid to the level of 4.0–4.2 caused a beneficial change in the
sawdust substrat pH in both cultivation systems (flat and mounds).
Increase in soil acidification during sawdust mineralization, is also
caused by fungi involved in the biodegradation of lignins and the
production of acids (Jellison et al., 1997).

In the cocoa husk substrat, the pH transition relative to the initial
reaction (control) was negligible (Table 2). Movement of H+ cations
from the acidified substrate, especially from peat and sawdust caused a
decrease in soil pH (Table 3).

Often, in soils and substrates where blueberry is grown, adverse
change in pH is observed. This reaction requires continuous correction
(Butterly et al., 2013; Haynes, 1990). Pine bark, sawdust, forest waste
and peat and other organic substrates are particularly suitable for
blueberry cultivation. They result in increased soil moisture as well
acidity and soil enrichment with nutrients for plants (Albert, 2010;

Eichholz et al., 2011; Retamales et al., 2015). Sawdust contains in its
composition lignin, cellulose, phenolic compounds, which as a result of
transformations transform into humus (Lopez et al., 2006).

3.2. Macroelements in soil and substrates

Among the used substrat, cacao husk was the most abundant with
total N and N-NO3. During the cultivation, it was found that the content
of such N forms increased from low to optimum, as recommended by
Komosa (2007). The recommended abundance of total nitrogen and
nitrate nitrogen in the peat and sawdust substrat was low (Table 4). A
similar content of N-NO3 in the substrat in blueberry cultivation was
found by Strik and Vance (2017). Fernandez-Salvador et al. (2015);
Krogmann et al. (2008) in the substrates under the cultivation of
blueberries found several times lower amounts of N-NO3 than in the
tested substrates. In addition, Krogmann et al. (2008) also reported a
significantly lower total N content in the substrates.

Highbush blueberry absorbs NH4
+ -N and NO3

- N better when the
pH is maintained in the optimal range for this species. Even in the soil
with a suitable pH, when the soil is rich in carbohydrate, the limited
uptake of nitrate N does not affect the weakening of growth (Merhaut
and Darnell, 1996). In order to maintain proper soil pH, the total N
content in the substrates should not exceed 20 g kg−1 (Sullivan et al.,
2014). Showed that only the sawdust substrat fulfilled this condition
and found a favorable drop in the pH value (Table 3). In the peat and
cocoa husk substrat in the mound system, an increase in the pH value
was found, despite irrigation with acidified water (Tables 2 and 4).
These substrates had a high total N content. It was found that the flat
system had a beneficial effect on the increase in the N-NO3 content in
all studied substrat (Table 4). The probable reason lies with a less in-
tensive outwashing of mineral nutrients in that cultivation system.

The evaluation of the content of mineral nutrients in soils is a dif-
ficult task. Independently of the cultivation system, the studied sub-
strates were depleted of available P and Mg (Table 5). The peat substrat
contained equally low available K. The analysis did not show inter-
relations between the P, K and Mg content of substrates and soil, re-
gardless of the cultivation system. The evaluation was based on the
limits used in Poland to estimate the content of microelements in soils
(IUNG, 1990). According to the blueberry fertilisation guidelines de-
veloped by Komosa et al. (2017), the content values were optimum or
high; very high according to Sadowski et al. (1990). Strik and Vance
(2017) found higher amounts of P than in the tested substrates, while
Krogmann et al. (2008) significantly lower. Similar amounts of P as in
the substrates from peat and cocoa husk, and higher than in the sawdust
substrat defined Albert (2010). Caspersen et al. (2016) reports that
blueberry bushes for proper development need in the soil about 10–15
times more N than P. In the studied substrates, despite the high content
of total N, the mineral forms N-NO3 were several times less than the
available P. By adding the N-NO3 and N-NH4 forms, the N:P ratio is still
very low and is 1:0.3–1. The unfavorable N:P ratio will result in the
incomplete use of P by blueberry bushes and the accumulation of this

Table 2
Changes in substrates reaction used in the experiment.

substrates start finish

flat system mound system

KCl H2O KCl H2O KCl H2O

sawdust 6.12 a* 6.60A 4.53 b 5.17B 4.15 c 4.72C
peat 3.44 a 4.11A 3.68 a 4.25A 3.54 a 3.98A
cocoa husks 6.58 a 7.02A 6.32 a 6.87A 6.61 a 6.98A

**Means followed by the same letter do not differ significantly at p < 0.05
according to Tukey’s multiple range test; lower-case was determined pH in KCl,
large in H2O.

Table 3
Change of soil reaction directly under the applied substrates.

substrates start finish

flat system mound system

pH pH pH

KCl H2O KCl H2O KCl H2O

sawdust 6.65a 7.03A 6.34a 6.80A 6.56a 6.91A
peat 6.71a 7.16A 6.07b 6.52B 6.53ab 6.97A
cocoa husks 6.62a 7.05A 6.46a 7.13A 6.55a 7.04A

** for explanation, see Table 2.
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element in substrates. Fernandez-Salvador et al. (2015); Krogmann
et al. (2008); Strik and Vance (2017) and Albert (2010) in substrates in
which blueberry was grown, noted lower amounts of Mg. For cocoa
husks during highbush blueberry cultivation, there was a significant
increase in available K (Table 5). After three years of cultivation, the
content increased from very low to moderate in the flat system and to
very high in the mound system (Table 5). In the sawdust substrat, the
content of available K significantly decreased from high to moderate in
the mound system and to low in the flat system. According to the
guidelines provided by Komosa et al (2017), the substrates contained
much more available K than recommended. Fernandez-Salvador et al.
(2015); Krogmann et al. (2008) and Albert (2010) in the substrates in
which blueberries were grown, found lower amounts of K. Whereas
Strik and Vance (2017) reported similar K values in a substrat prepared
from compost and sawdust as in the tested substrat from sawdust alone.
Substrates containing large amounts of K can cause reduced Mg uptake
by blueberry bushes (Sullivan et al., 2014). Highbush blueberry

requires that the substrates ratio K: Mg should be lower than 4:1
(Caspersen et al., 2016). Regardless of the cultivation system in the
tested substrates, the ratio K:Mg was significantly lower. Relationships
between K:Mg most close to those recommended were in sawdust -
1:2,3–2,6. In other substrates it was usually below 1.

Additionally, all substrates used in the experiment were abundant
with available Ca (Table 5), (Komosa, 2007). Krogmann et al. (2008)
found much lower amounts of Ca. Fernandez-Salvador et al. (2015),
found in their own studies much higher amounts of Ca than in sawdust
and peat substrates, but smaller in comparison to cocoa husks. Albert
(2010) reported similar amounts in peat mulch as in the tested peat
substrat, but much higher in sawdust mulch than in the tested sawdust
substrat. However, these were lower amounts than in the tested cocoa
husk substrat. However, Strik and Vance (2017) reported significantly
higher Ca values in the substrat prepared from compost and sawdust
compared to sawdust alone. Caspersen et al. (2016) indicate that for the
proper development of blueberries, the Ca:Mg ratio should be 10:1, and

Table 4
The contents of different forms of nitrogen in the test substrates according to the cultivation system.

N-NO3 (mg 100 g) N-NH4 (mg 100 g) N - total
(g 100 g)

optimum N-NO3 + N-NH4 2.5-5.0*b mg 100 g

control flat system mound system mean control flat system mound system mean control flat system mound system mean

sawdust 2.34c** 1.96c 1.22b 1.84B 3.74d 5.41f 4.52e 4.56B 0.72a 1.54d 2.11c 1.46A
peat 1.13ab 0.87ab 0.79a 0.93A 2.03b 2.63c 2.88c 2.51A 3.67e 2.78d 3.49e 3.31B
cocoa husks 1.24b 5.37e 3.31d 3.31C 1.39a 7.63g 5.66f 4.89B 3.45e 4.78f 6.13g 4.79C
mean 1.57A 2.73B 1.77A 2.39A 5.22C 4.35B 2.61A 3.03B 3.91C

*Optimal mineral content by bKomosa (2007).
**Means followed by the same letter do not differ significantly at p < 0.05 according to Tukey’s multiple range test; lower-case letters indicate interaction and capital
letters the main factors.

Table 5
Content of total and available forms of P, K, Ca, Mg (mg 100 g−1) in the tested substrates depending on the cultivation system.

substrates P
optimum 2.0-4.0a*. 3.0-6.0b

K
optimum 5-8a, 6-8b

available

control flat system mound system mean control flat system mound system mean

sawdust 6.34a** 7.54ab 9.45c 7.78A 82.3g 47.5d 72.9f 67.6B
peat 11.81de 10.96d 13.04e 11.94B 17.6b 13.7ab 22.7c 18.0A
cocoa husks 8.87bc 17.16f 18.46f 14.83C 9.8a 54.1e 86.6g 23.5A
mean 9.01A 11.89AB 13.65B 36.6B 28.4A 44.0C

total
sawdust 27.5ab 25.6a 29.7bc 27.6A 164.2e 117.2c 173.2f 80.7B
peat 33.9de 32.8cde 36.3ef 34.3B 108.7c 66.6b 50.3a 51.8A
cocoa husks 31.6cd 40.6g 38.1fg 36.8B 149.8e 114.2c 132.7d 79.6B
mean 31.0A 33.0A 34.7A 140.9C 99.3A 118.7B

Ca
optimum 10-30b

Mg
optimum 2.5-4a, 3-6b

available

control flat system mound system mean control flat system mound system mean

sawdust 51.6a 63.4b 74.5c 63.2A 33.6d 20.49b 28.6c 27.6A
peat 69.5bc 130.1e 107.6d 102.4B 42.4e 25.3c 27.1c 31.6A
cocoa husks 113.lg 208.5g 186.8f 197.7C 14.0a 26.7c 34.1d 24.9A
mean 60.6A 134.0B 123.0B 30.0A 24.2A 29.9A

total
sawdust 144.4a 168.4b 232.8c 108.3A 132.8e 85.2b 98.8c 107.8A
peat 283.0d 369.3ef 356.2e 129.4AB 84.9b 68.7a 75.5ab 118.8A
cocoa husks 298.6d 379.3f 358.7e 152.1B 115.3d 99.8c 106.5cd 143.1B
mean 242.0A 305.7B 315.9B 111.0B 84.6A 93.6AB

*Optimal mineral content of the soil by aSadowski et al. (1990) and bKomosa (2007).
** for explanation, see Table 4.
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Ca:K–5:1. In the tested substrates, significant deviations from these
recommendations were generally found. Despite the large amounts of
Ca, Mg and K, their relations are inappropriate for the proper devel-
opment of plants. These relations were very unfavorable especially in
the sawdust substrat, Ca:K did not exceed 1.3, and Ca:Mg was below
3:1. Analysis of the relationship between the content of Ca in the soil
and soil in the flat and mound cultivation system.

All substrates piled up in mounds had more K. However, no effect of
the cultivation system on the content of available and total forms of P,
Ca and Mg was identified (Table 5). The largest differences in the
content of macroelements were found between the sawdust and cocoa
husk substrates, whereas the peat substrat featured a moderate abun-
dance of these elements.

In both cultivation systems, there are different mineralisation con-
ditions for the organic mass and the release of the plant nutrients in an
available form. Due to the increased surface area in contact with air and
forced circulation of air through the air, the substrates piled up in
mounds are provided with better oxygenation. They are also more
susceptible to drying, even outwashing in the event of heavy rains. As
for the maintenance of proper moisture content, they are more sus-
ceptible to mineralisation processes. The substrates in the mound
system are also less exposed to the effect of the soil environment. In the
flat system, the soil solution infiltrates into the ploughed trenches.
However, it is easier to control water and air conditions as well as the
substrates mineralisation process in the flat system. A cohesive sub-
strate also limits outwashing of minerals. The literature often indicates
a positive influence substrates (sawdust and peat) on soil properties and
yielding of highbush blueberry. Many authors have shown that peat
provides better conditions for the development of the blueberry root
system rather than sawdust. (Eichholz et al., 2011; Retamales et al.,
2015). Albert (2010) and Krzewińska et al. (2010) stated that the use of
sawdust in furrows or holes is better than in mulching.

The completed research shows that the substrates used in the

experiment have a significant effect on some chemical properties of the
soil where they are piled up. All substrates caused a significant decrease
in available P and Mg in the soil (Table 7). Sawdust and peat also re-
duced the content of K and Ca. The depletion of those macronutrients
results from the leaching effect of the infiltrating acidic water from
upper substrates. Yet, these soils were abundant with the elements,
independently of the type of substrates and cultivation system, ac-
cording to the limits provided by the Institute of Soil Science and Plant
Cultivation (IUNG, 1990; Sadowski et al., 1990) and the blueberry
guidelines developed by Komosa (2007). In the soil in the mound
system, there was significantly more available and total macroelements
P, K, Ca and Mg, as compared to the flat system (Table 7). PCA analysis
showed similar effect of substrates on soil (Fig. 2).

3.3. Micronutrients in soil and substrates

Highbush blueberry requires large quantities of microelements in
the soil, especially Fe. Acidic reaction of the substrates improves
availability of microelements, but also water solubility and out
washing. Thus, the values are variable and require monitoring.

Iron availability is mainly affected by soil pH, the oxidation-re-
duction potential, the quality and quantity of organic matter, wherein
organic combinations, especially with Fe, improve mobility. Blueberry
bushes often show symptoms of Fe deficiency at high soil pH (Korcak,
1988) and at high concentrations of mainly P (Arnold and Thompson,
1982) but also Cu or Zn.

Absorption of Mn is related to the absorption of Fe and the content
of ammonium, Ca and Mg. At low soil pH there is generally no defi-
ciency of this element (Korcak, 1988). High content of Mn in substrates
with acid reaction (> 350 mg kg−1) and in reducing conditions nega-
tively influences the development of blueberry bushes (Bañados et al.,
2009). Manganese availability is associated with Fe availability. Cooper
is mainly present in low-mobility forms of sulphates, carbonates and

Table 6
Content of total and available forms of Fe, Mn, Zn, Cu (mg 1000 g−1) in the tested substrates depending on the cultivation system.

substrates Fe
optimum 75-150b

Mn
optimum 20-50b

available

control flat system mound system mean control flat system mound system mean

sawdust 143b** 231d 186bc 187A 42.5d 36.9c 56.5e 45.3B
peat 102a 202c 207cd 170A 26.4b 32.1c 33.2c 30.4A
cocoa husks 262e 279e 280e 274B 17.5a 24.1b 36.6c 26.1A
mean 169A 237B 224B 28.8A 31.0A 42.0B

total
sawdust 4538a 5697cd 5854d 5363B 127.0ab 140.0b 117.0a 128.0A
peat 4066a 4209a 4253a 4176A 86.1a 117.0a 123.0ab 108.7A
cocoa husks 5294bc 5227bc 5182b 5234B 120.0a 114.0a 133.0b 122.3A
mean 4633A 5044A 5096A 111.0A 123.7A 124.3A

Zn
optimum 5-25b

Cu
optimum 1-4b

available

control flat system mound system mean control flat system mound system mean

sawdust 31.4d 25.9c 28.0c 28.4B 12.2d 7.36c 11.85d 10.47B
peat 11.8a 12.7a 16.5b 13.7A 2.63a 1.81a 4.74b 3.06A
cocoa husks 38.9e 51.7f 54.2f 48.3C 2.03a 1.84a 2.57a 2.15A
mean 27.4A 30.1AB 32.9B 5.62B 3.67A 6.39B

total
sawdust 50.5e 40.3c 44.5d 45.1B 40.40f 33.43de 36.08e 36.64B
peat 28.6a 31.0a 35.2b 31.6A 6.32a 6.39a 7.79a 6.83A
cocoa husks 63.1g 58.2f 60.4fg 60.6C 29.78bc 28.62b 31.95cd 30.12B
mean 47.4A 43.2A 46.7A 25.50A 22.81A 25.27A

*Optimal mineral content of the soil bKomosa (2007).
** for explanation, see Table 4.
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sulphides. It is also permanently bonded with organic matter and,
therefore, a shortage of available forms of the element is present in
organic soils. Zinc shows low mobility in the soil. The limitation of Zn
availability affects soil acidity reduction and an increase in the content
of organic matter and P in the soil. Excess of this element causes phy-
siological disturbances of Fe utilization by plants.

In the acidic substrates, there was an increase in the content of all
studied microelements, as compared to the control, independently of
the cultivation method (Table 6). The completed research showed that
the sawdust substrat was most abundant with both forms of Mn and Cu
as well as total Fe. The cocoa husk substrat was abundant with available
Fe, available and total Zn. According to the guidelines provided by
Komosa (2007), the content of available Fe, Mn, Zn and Cu in the
studied substrates was optimum or high (Table 6). However, the limits
provided by the Institute of Soil Science and Plant Cultivation (IUNG,
1990) indicate that the sawdust substrat was abundant with available
Zn and Cu, and the peat substrat was depleted of such elements, in-
dependently of the cultivation system (Table 6). Cocoa husk was
abundant with available Zn and depleted of available Cu. Fernandez-
Salvador et al. (2015), found lower amounts of Mn, Zn, and Cu, and

much more Fe. Krogmann et al. (2008) reported lower amounts of Mn,
Zn, Cu and Fe. Strik and Vance (2017) reported similar values of Mn,
Zn, and Cu, while higher Fe in the compost and sawdust substrat than in
the experiment of the sawdust substrat alone.

The conducted experiment demonstrated that the cultivation system
has no effect on the content of available and total Fe and Zn (Table 6).
There was a significant increase in the content of available Mn and Cu
in the substrat collected from mounds. A greater share of available
microelements in that cultivation system resulted mostly from a lower
substrates pH value, contributing to solubility of such elements. In
Poland, a generally optimum or high abundance of available Fe was
found in 97% out of 220 studied highbush blueberry plantations. Many
more Polish plantations were depleted of Mn (38%), Zn (27%) and Cu
(21%) (Komosa et al., 2017). There was a significant influence of
blueberry cultivation in the cocoa husk substrat on the reduction of the
content of available and total Fe and an increase in available and total
Mn and Zn, as compared to the control (Table 8). In addition, the soil
under the peat substrat was significantly depleted of available Mn.

The evaluation of soil abundance of microelements is varied and
depends on the standards used for comparison purposes. Independently

Table 7
Changes in the content of total and available forms P, K, Ca, Mg (mg 100 g−1) in the soil on which the experiment was established.

soil collected from under P
optimum 2.0-4.0a*. 3.0-6.0b

K
optimum 5-8a, 6-8b

available

flat system mound system mean flat system mound system mean

control 12.41c** 19.88c 16.15C 35.61c 53.6b 44.61B
sawdust 11.44b 14.82b 13.13B 17.91a 23.47a 20.69A
peat 10.36a 15.61b 12.99AB 22.84b 23.46a 23.15A
cocoa husks 11.10ab 12.20a 11.65A 42.93d 51.9b 47.42B
mean 11.33A* 15.63B 29.82A 38.11B

P K

total

flat system mound system mean flat system mound system mean

control 155.2c 151.0a 153.1B 362.7b 448.7c 405.7B
sawdust 137.8ab 163.5b 150.7B 342.5b 298.8a 320.7A
peat 125.4a 154.7a 140.1A 320.2a 349.4b 334.8A
cocoa husks 148.8b 156.4a 152.6B 308.9a 316.7a 312.8A
mean 141.8A 156.4B 333.6A 353.4A

Ca
optimum 10-30b

Mg
optimum 2.5-4a, 3-6b

available

flat system mound system mean flat system mound system mean

control 70.6a 191.7c 131.2B 5.67a 18.95c 12.31C
sawdust 62.9a 87.4a 75.2A 5.72a 6.49a 6.11A
peat 100.4b 79.1a 89.8A 5.91a 10.33b 8.12B
cocoa husks 143.8c 156.8b 150.3B 6.51b 7.03a 6.77A
mean 94.4A 128.8B 5.95A 10.70B

Ca Mg

total

flat system mound system mean flat system mound system mean

control 109.7a 415.7b 262.7A 157.5b 180.6b 169.1B
sawdust 249.5b 313.1a 281.3A 115.8a 123.9a 119.9A
peat 310.3c 305.0a 307.7A 120.7a 149.6a 135.2A
cocoa husks 279.3bc 330.5a 304.9A 121.3a 137.4a 129.4A
mean 237.2A 341.1B 128.8A 147.9B

*Optimal mineral content of the soil by aSadowski et al. (1990) and bKomosa (2007).
** for explanation, see Table 4.
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of the cultivation system, the soil where the substrates were deposited
was depleted of available Fe, according to the IUNG (1990); and op-
timum or high according to Komosa (2007), (Table 8). The abundance
of available Mn and Zn was generally average (IUNG, 1990); according
to Komosa (2007), the content was high for Mn and optimum for Zn
(Table 8). The content of available Cu in the soil under sawdust in both
cultivation systems and under cocoa husks in the flat soil was low
(IUNG, 1990), (Table 8). The standards developed by Komosa (2007)
for highbush blueberry indicate that the content of available Cu was
optimum or high (Table 8). High quantities of total forms of such mi-
croelements indicate their reserves in the soil.

The tests carried out showed a significant effect of sawdust, peat and
cocoa husk on the deterioration of the chemical properties of the soil on
which they were applied. The identified leaching of macronutrients and
acidification of the soil over a longer period of time may lead to a re-
duction in its agricultural value. After finishing the cultivation of
blueberries, restoring the initial chemical composition of the soil can be
difficult. Research by Kubiak et al. (2017) have shown a clear influence
of sawdust on the change of soil farming and cultivation properties,
becoming like forest soil properties (Kubiak et al., 2017).. In both

cultivation systems, the effect of substrates on the content of micro-
nutrients in the soil varied. PCA analysis showed a negative relationship
between Fe content in substrates and soil (Fig. 2). However, no re-
lationship was found between the content of Mn in the substrates and
soil. In addition, the mound system showed a positive dependence of Zn
content in the soil and substrates, and in the flat Cu system.

3.4. Macroelements and micronutrients in leaves and fruits

The nutritional status of blueberry plants is mainly assessed on the
basis of studies on the chemical composition of leaves (Sagoo et al.,
2016). Differences in the chemical composition of V. corymbosum leaves
may be a reflection of soil types, their richness, in which they grew
(Hernandez-Cumplido et al., 2018). Leaves and fruits from bushes
cultivated in peat showed a similar content of N, P, Mg, Fe, Mn to plants
cultivated in sawdust. They also had a similar content of P, K, Ca, Mg,
Fe, Mn, Zn and Cu to indicator parts taken from bushes that grew in the
cocoa husk. Blueberry leaves taken from bushes cultivated in sawdust
substrat were significantly more abundant in N, K, Ca, Fe and Zn, and
fruits in N, K, Mn and Zn. It was also observed the relationship between

Table 8
Changes in the content of total and available forms Fe, Mn, Zn, Cu (mg 1000 g−1) in the soil on which the experiment was established.

soil collected from under available

Fe
optimum 75-150b

Mn
optimum 20-50b

flat system mound system mean flat system mound system mean

control 157.2b** 155.5b 156.4BC 62.5b 70.1b 66.3B
sawdust 178.3c 168.0b 173.2C 61.8b 70.4b 66.1B
peat 149.6b 147.0b 148.3B 52.0a 42.9a 47.5A
cocoa husks 102.8a 44.4a 73.6A 66.5b 88.4c 77.5C
mean 147.0B 128.7A 60.7A 68.0B

Total

Fe Mn

flat system mound system mean flat system mound system mean

control 10346c 10104b 10225B 298.8a 342.5a 320.7A
sawdust 9336ab 9824ab 9580AB 320.2a 320.4a 320.3A
peat 9762bc 9047a 9405A 308.9a 328.7a 318.8A
cocoa husks 8438a 9583ab 9011A 322.0a 434.0b 378.0B
mean 9471A 9640A 312.5A 356.4B

Available

Zn
optimum 5-25b

Cu
optimum 1-4b

flat system mound system mean flat system mound system mean

control 14.6a 15.4a 15.0A 5.95b 3.63a 4.79A
sawdust 15.9a 19.3b 17.6A 5.12b 5.47b 5.30A
peat 17.5b 15.2a 16.4A 3.53a 3.54a 3.54A
cocoa husks 17.9b 29.9c 23.9B 2.70a 7.20c 4.95A
mean 16.5A 20.0B 4.33A 4.96A

Total

Zn Cu

flat system mound system mean flat system mound system mean

control 53.7a 62.9a 58.3A 18.8c 14.7a 16.8BC
sawdust 53.7a 60.2a 57.0A 16.1bc 13.0a 14.6B
peat 54.0a 55.7a 54.9A 9.3a 13.1a 11.2A
cocoa husks 68.4b 85.8b 77.1B 14.7b 22.5b 18.6C
mean 57.5A 66.2B 14.7A 15.8A

*Optimal mineral content of the soil by b.Komosa (2007)
** for explanation, see Table 4.
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the content of nutrients in the soil, leaves and fruits. The higher content
in the substrates affected the better uptake by the leaves and the higher
accumulation in the fruit. In addition to the influence of substrates on
the chemical composition of blueberries, the growing system also had
an effect. Growing in the flat system influenced the larger uptake by P,
Mg, Mn and Zn leaves, and fruit in Mn and Zn. Higher uptake of nu-
trients by blueberry plants grown in the flat system, results in some
cases in a marked reduction in the content of these elements in the
substrates. PCA analysis showed a high dependence between P content
in substrates and uptake by leaves and fruits (Fig. 2). In addition, the
calculated correlation coefficient of Speerman showed a significant
correlation between the content of P in substrates and leaves as well as
leaves and fruits. The PCA analysis did not show any definite de-
pendencies in the Mg uptake. Correlation coefficients are important
between the cocoa huskand peat, and the fruits in the mound system
and the cocoa husk and the leaves in the flat system.

The essential in growing blueberries is rational fertilization.
Nitrogen fertilization should be adapted to the nutritional needs of
plants at different stages of vegetation. Too high nitrogen fertilization
may affect the yield reduction (Koszański et al., 2008; Glonek and
Komosa, 2004; 2013). On organic soils and substrates there is generally
no negative effect of excess N on the development and yield of blue-
berry plants. A good indicator of plant nutrition is the content of nu-
trients in the leaves. However, in the case of blueberry bushes it can be
difficult. The optimal abundance of blueberry leaves, for example in N,
is divergent in the studies of various authors. The optimum range of N
in leaves collected in the middle of the summer should be 1.7–2.1%
(Hanson, 2006), 2.10% (Smolarz and Mercik, 1993), 1.52–2.17%
(Glonek and Komosa, 2013). According to the recommendations de-
veloped in the US; 1.8–2.1%, while guidelines used in Netherlands;
2.25–2.75%, fertiliser manual (8th edition) satisfactory range;
1.8–2.0% (Sagoo et al., 2016). The content of N in blueberry leaves
ranged from 1.59 (cocoa husk) to 2.27 g 100 g−1 (sawdust), depending
on the recommendations adopted it was low or optimal (Table 9). There
was also found a higher level of N in fruits collected from bushes more
N-rich. The positive effect of various organic substrates and mulches on
the growth and fruiting of blueberries was found in other experiments
(Wu et al., 2006). First of all, the positive effect of using sawdust on soil
properties and the quality and height of the crop was indicated. The
best results are achieved by using sawdust in furrows or wells (Ochmian
et al., 2009a; Krzewińska et al., 2010). Contents of macroelements (P,
K, Ca, Mg) and micronutrients (Fe, Mn, Zn and Cu) in blueberry leaves
of 'Brygitta Blue' according to Sagoo et al. (2016) were optimal for this
cultivars. Eck (1985) estimated the optimal P content at the level of
0.16–0.20%. However, according to the Dutch recommendations, the
compactness P was low. Opinions on the demand for blueberries for P
are divided. Cummings et al. (1971) and Townsend (1972) did not find

a positive effect of P fertilization on the yield of blueberries. However,
Ścibisz et al. (1990), cultivating blueberries on light soil, showed a
significant effect of phosphate fertilization on their yield. It follows that
the fertilizer for fertigation of blueberries, except for N and K, should
also contain P. Regardless of the cultivation system the content of K in
leaves (Table 9) harvested from bushes grown in peat and cocoa husk
was lower (0.37–0.45 g 100 g−1) than the recommended Eck (1985)
0.50–0.53%. Despite the high content of K in the cocoa husk, this did
not affect the increased uptake by the bushes of this ingredient. The Mg
content in the substrates was in the lower level of optimal content
(Table 10). Determining the optimal level in the leaves also creates
difficulties. In the leaves of the tested cultivar, the level of Mg according
to Eck (1988) was at the optimal level, while according to Bal (1997) it
was at a low level. The content of Mg in all fruits was much higher than
in the studies of Bryla et al. (2012).

Calcium is an element affecting fruit firmness and storage. Only in
the leaves collected from shrubs planted in sawdust Ca was at an op-
timal level. Despite the high abundance of Ca in the peat and cocoa
husk substrates, the leaves contained little of this element. The high
content of available phosphorus in the cocoa husk and peat contributed
antagonistically to the uptake of calcium by blueberry bushes. In ad-
dition, the poor use of calcium from these substrates is affected by an
unfavorable Ca:K ratio (flat system: peat - about 2 times too high, cocoa
husk - too low, mound system: peat - optimal, cocoa husk - 2 times too
low) and Ca: Mg (in both cultivation systems generally almost 2 times
lower than recommended). In sawdust, the ratios of these elements

Table 9
Content of N, P, K in leaves and fruit from bushes planted in the tested substrates depending on the cultivation system used (g 100 g–1).

N
optimum 1.8-2.1*c, 2.25-2.75d, 1.52-2.17e

P
optimum 0.12-0.40c, 0.20-0.30d

K
optimum 0.35-0.65c, 0.45-0.75d

flat system mound system mean flat system mound system mean flat system mound system mean

substrates leaves
Sawdust 2.33b** 2.20b 2.27B 0.22a 0.18a 0.20A 0.58b 0.61b 0.60B
Peat 2.18b 2.11b 2.15B 0.25ab 0.19a 0.22A 0.39a 0.37a 0.38A
cocoa husks 1.65a 1.53a 1.59A 0.29b 0.22a 0.26A 0.45a 0.44a 0.45A
Mean 2.05A 1.95A 0.25B 0.20A 0.47A 0.47A

fruits
Sawdust 0.57b 0.50b 0.54B 0.08a 0.06a 0.07A 0.47b 0.45b 0.46B
Peat 0.49ab 0.43ab 0.46AB 0.11ab 0.09ab 0.10AB 0.33a 0.30a 0.32A
cocoa husks 0.41a 0.36a 0.39A 0.15b 0.12b 0.14B 0.32a 0.28a 0.30A
Mean 0.49A 0.43A 0.11A 0.09A 0.37A 0.34A

*Optimal mineral content of the leaves by c Eck (1988) and d Bal (1997), e.Glonek and Komosa (2013)
** for explanation, see Table 4.

Table 10
Content of Ca i Mg in leaves and fruit from bushes planted in the tested sub-
strates depending on the cultivation system used (mg 100 g−1).

Ca
optimum 0.40-0.80*c

Mg
optimum 0.12-0.25c, 0.15-0.25d

flat system mound
system

mean flat system mound
system

mean

leaves
sawdust 0.57b** 0.50c 0.54B 0.18ab 0.11a 0.15A
Peat 0.36a 0.38b 0.37A 0.20b 0.14a 0.17A
cocoa husks 0.29a 0.26a 0.28A 0.15a 0.13a 0.14A
Mean 0.41A 0.38A 0.18B 0.13A

fruits
sawdust 0.11a 0.13b 0.12A 0.07a 0.05a 0.06A
Peat 0.08a 0.07a 0.08A 0.06a 0.04a 0.05A
cocoa husks 0.09a 0.05a 0.07A 0.05a 0.04a 0.05A
Mean 0.09A 0.08A 0.06A 0.04A

*Optimal mineral content of the leaves by cEck (1988) and dBal (1997).
** for explanation, see Table 4.
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deviating from the optimal ones were also found. P is a very strong
antagonist to Ca. Smaller quantities of P in the sawdust substrat did not
hinder the uptake of these components. Abundance of Ca in leaves was
optimal. Both PCA analysis and the correlation coefficient show the
relationship between the content of Ca in substrates and leaves and
fruits (Fig. 2). In peat in most cases the dependence is negative. In the
mound system, the dependency of the cocoa husk on the leaves is

positive and on the fruit is negative.
Cluster analysis carried out using the Ward method (Fig. 1) allowed

isolation of two groups of substrates with similar chemical properties.
Cocoa husk is definitely a separate substrat, regardless of the cultivation
system. On the other hand, the substrates had a different effect on the
chemical composition of the leaves (Fig. 1). Three groups were isolated,
of which separate groups were prepared from sawdust in the mound
system and flat system. In fruits harvested from shrubs growing in the
sawdust in the mound and flat system they were already one group.
This indicates a similar effect of these substrates on the content of
macroelements in fruit.

The content in the leaves of all tested micronutrients was at an
optimal level (Table 11).

PCA analysis showed a varied impact of substrates on the uptake of
microelements by indicator parts of blueberry shrubs (Fig. 2). A positive
relationship was found between the Cu content in substrates and leaves
and fruits. Fe showed negative relationships in the leaves in the mound
system, and in the flat system the dependence is more visible with the
fruit.

Mn showed a positive relationship with fruit, additionally positive
with leaves in the flat system and negative in the mound system.
Despite the highest content of Fe and Zn in the cocoa husk, strongly
antagonistic P, influenced the smallest uptake through the leaves and
fruits.

Lower Cu content in the fruit (0.17-0.30 mg kg−1) and Zn to peat
and cocoa husks (1.08–1.30 mg kg−1) obtained Skupień (2004). Glonek
and Komosa (2006) found similar Fe values (53.9–57.7 mg kg−1) and
higher Mn (107.6–128.0 mg kg−1), which increased slightly in ferti-
lized plants. Mn is an essential element and is bound to a number of
essential enzymes, for example, the activity of superoxide dismutase is
suppressed by low Mn status (Li and Zhou, 2011). Rivera et al. (2015)
concluded that Fe were associated with soils of cultivated sites.
Amounts of these compounds did not vary between cultivated V. cor-
ymbosum leaves. Fruits, regardless of the substrates used, had compar-
able Fe content, higher Cu, while lower Mn and Zn than cultivated and
wild highbush blueberries tested by Dróżdż et al. (2018). Minerals are
dietary requirements in human nutrition and have various physiolo-
gical effects. Highbush blueberry fruit can be a source that will sup-
plement the essential needs of macro and micronutrients for humans.

3.5. Growth and yielding

The tested plants, regardless of the type of substrates, did not show
external symptoms of N deficiency and other nutrients. The leaves were
intensely green and had sprout increments. Only increments of shoots
from bushes that grew in the cocoa husk were small - 15.2 cm
(Table 12). The length of one-year shoots on bushes that grew in saw-
dust and peat was about 60 cm. Yielding of these bushes was also at a
definitely higher level. From the bushes planted flat in peat, 3.15 kg of
fruit were collected. Yielding bushes planted in the cocoa husk did not
exceed 0.53 kg, and the quality of these fruits was also significantly
worse. Their size, determined by mass, was twice as small. 'Brygitta
Blue', cultivated in optimum conditions for this species, produces fruit
with a unit weight of approx. 3 g (Ochmian and Kozos, 2015). Fruits
collected from bushes planted in sawdust and peat weighed from 1.98 g
to 2.31 g, and in the cocoa husk 0.98–1.16 g. The fruit weight exceeding
2 g is accepted by the customer and meets the requirements for high
quality fruit. In Polish conditions, yielding of young bushes at the level
of 2–3 kg from the bush, with the current price of fruit should allow to
obtain a positive economic effect.

4. Conclusions

The studies carried out with the cultivation of highbush blueberries
on a substrate of sawdust, peat and cocoa husks in the mound system
and flat system formed on clayey carbonate soil, under the same

Fig. 1. Dendrogram of cluster analysis for the chemical composition (available
macroelements) of substrates and cultivation system (from the top) and influ-
ence of substrate and growing system on the chemical composition (available
macroelements) of leaves and fruits. The vertical line (linkage distance 177,
125, 0,14) indicate the cut-off used to form the groups.
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Fig. 2. Plot of variables. Location of load vectors towards two principal components.

Table 11
Content of Fe, Mn, Zn, and Cu in leaves and fruit from bushes planted in the tested substrates depending on the cultivation system used (mg 1000 g−1).

leaves

substrates Fe
optimum 60-200c, 43-61e

Mn
optimum 50-350c, 78-266e

Zn
optimum 8-30c, 8-14e

Cu
optimum 5-20c, 2-5e

flat system mound system mean flat system mound system mean flat system mound system mean flat system mound system mean

Sawdust 175b** 162b 169B 268b 115a 192A 27.3b 19.8b 23.6B 18.4b 15.2b 16.8B
Peat 114a 143b 129AB 234b 126a 180A 14.7a 12.5a 13.6A 10.3a 9.8a 10.1A
cocoa husks 83a 94a 89A 187a 135a 161A 12.6a 10.7a 11.7A 12.2a 13.7b 130.AB
Mean 124A 133A 230B 125A 18.2B 14.3A 13.6A 12.9A

fruits

flat system mound system mean flat system mound system mean flat system mound system mean flat system mound system mean

Sawdust 56.7a 71.1b 63.9A 36.5b 30.4b 33.5B 20.4b 14.6b 17.5B 12.3b 10.4a 11.4A
Peat 85.6b 43.3a 64.5A 43.8c 24.6a 34.2B 13.8a 11.9ab 12.9A 9.8a 8.3a 9.1A
cocoa husks 42.5a 40.2a 41.4A 31.1a 22.7a 26.9A 10.8a 8.8a 9.8A 8.6a 9.2a 8.9A
Mean 61.6A 51.5A 37.1B 25.9A 15.0B 11.8A 10.2A 9.3A

*Optimal mineral content of the leaves by cEck (1988) and eGlonek and Komosa (2013).
** for explanation, see Table 4.
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agrotechnical conditions have shown that:

1 The application of acidified water for watering has created a high
pH for peat and sawdust substrates suitable for blueberries.
However, the pH of the cocoa husk substrate was not reduced.

2 After the end of the experiment all the substrates were very rich in
macronutrients and rich in micronutrients. During the mineraliza-
tion of the organic matter of the substrates, the content of available
nutrients was increased. Regardless of the cultivation system, the
level of macro and micro components studied often exceeded the
optimal values for this species, especially in the cocoa husk.

3 Increased accumulation, especially of N-NO3, Mn and Cu, was sup-
ported by the flat system and the increase of K by the mound system.

4 The studied substrates were negative affect the chemical changes of
the soil on which the experiment was established. It was found
lowering of the pH and content of available P in the soil. Substrates
of sawdust and peat influenced the reduction of the content of K, Ca
and Mn, and the substrat from cocoa husk into Fe.

5 A better uptake by the leaves and fruits of macro and micronutrients
resulted from the higher content of these ingredients in substrates,
mainly in flat cultivation.

6 Peat and sawdust, due to their water, air and chemical properties,
can be used in the cultivation of highbush blueberry. The cocoa husk
is not suitable for growing this species.

7 The best growth and yield was characteristic of blueberry bushes
grown in peat, especially in flat system The yielding of bushes
planted in the cocoa husk was several times lower due to the poor
growth of plants.

8 Better grew and yielded bushes resulted when planted in peat in the
flat system, or in sawdust in the mound system.

9 Sawdust and peat affected the soil negatively, mainly decreased pH
and chemical soil contamination. Mound cultivation system has a
negative effect on the soil, especially under sawdust.
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