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Abstract: The effects of biofertilizers on the growth, yielding, and nutritional status of apple trees (in comparison 
with the standard mineral fertilization) was evaluated in 3-years experiment (2018–2020). The experiment included 
the following treatments: (i) Super Fos Dar, (ii) Polifoska 6, (iii) Super Fos Dar + fungi (Aspergillus niger, Purpureo-
cillium lilacinum), (iv) Urea enriched with fungi, (v) Urea dose reduced to 60% enriched with fungi, (vi) Super Fos 
Dar + bacteria applied on their own to the soil (Bacillus sp., Bacillus amyloliquefaciens, Paenibacillus polymyxa), 
(vii) Super Fos Dar enriched with bacteria, (viii) Super Fos Dar 60% enriched with bacteria, (ix) Polifoska 6 enriched 
with bacteria, (x) Polifoska 6 60% enriched with bacteria. The application of mineral fertilizers (even in reduced 
doses) enriched with beneficial microorganisms enhanced the growth of apple trees. The most abundant flowering 
was recorded when fertilization (with Super Fos Dar) was supplemented with beneficial microorganisms applied 
to the soil. No significant differences in plant yielding were noted (due to damages caused by spring frosts), but the 
highest fruit weight was recorded in the case of the trees fertilized with microbiologically enriched Super Fos Dar. 
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Due to  its economic importance, apple cultiva-
tion has a  significant impact on  the development 
of  Polish agriculture. Poland is  the number one 
producer of apples in Europe and the third in the 
world (GUS 2017). In  2019, apple orchards ac-
counted for 72.3% of the fruit tree cultivation area, 
and apples accounted for 78.8% of the fruit harvest 

in orchards in Poland. The World apple production 
has increased from 17.05 to  89.33 million tonnes 
during the period 1961–2016, showing a  rapid 
growth of global apple consumption (FAO 2018). 

In the past years, very intensive fruit-growing 
systems have been developed in  all fruit-growing 
centres. Such a method of farming requires appli-
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cation of excessive amounts of chemical fertilizers, 
pesticides and herbicides, which could be harmful 
to  soil microorganisms, human beings, animals, 
and the entire natural environment (Boy, Arcad 
2013; Mosa et  al. 2016; Garima 2019). In  recent 
years, farmers’ awareness of the need to limit the use 
of chemicals in crop production has been growing 
(Sas Paszt et al. 2011). A high level of mineral ferti-
lization does not only increase production costs but 
is also a potential cause of eutrophication and pol-
lution of the soil environment, drinking water and 
air (Boy, Arcad 2013). Modern agriculture is  still 
looking for environmentally friendly fertilizers. The 
availability of traditional means of agricultural pro-
duction, such as  farmyard manure and composts, 
is  being reduced. One of  the proposed solutions 
in the area of environmental and human health pro-
tection is the implementation of natural plant culti-
vation technologies and plant fertilization through 
the use of biofertilizers (Khan et al. 2009). Products 
of this type exert a positive influence on the growth 
and yield of  arable crops, as well as on soil fauna, 
including the development of arbuscular mycorrhi-
zal fungi and filamentous fungi (Kuwada et al. 2005; 
Smith, Read 2008). Mineral fertilizers and beneficial 
microorganisms can be added to the soil separately 
or in combination as biofertilizers. 

Results of  numerous experiments have revealed 
that biofertilizers enriched with arbuscular my-
corrhizal fungi and filamentous fungi produce 
stimulating effects on  the growth and reproduc-
tion of  various plant species (Santhos et  al. 2018; 
Sas Paszt et  al. 2019). Beneficial microorganisms 
assist the roots in absorbing minerals from the soil 
and strengthen plant physiology (Mahdi et al. 2010; 
Garima 2019). Microorganisms play a  vital role 
in maintaining long-term soil fertility and sustain-
ability by  fixing atmospheric nitrogen, mobilizing 
fixed macro- and micro-nutrients, or by converting 
insoluble P in the soil into forms available to plants 
(Mahdi et al. 2010).

Knowledge of  mineral nutrition, due to  its ex-
pressiveness, is of great importance when recom-
mending a certain amount of fertilizers. Leaf analy-
sis is  a  good way to  enable diagnosis of  potential 
insufficiency or  excess and offers the possibility 
of determining the nutritional status of crops and 
correcting deficiencies, if necessary (Montañés, 
Heras 1991). The assessment of the mineral nutri-
tional status of  plants is  based on  comparing the 
nutrient concentration in plant tissues with refer-

ence concentrations obtained from a  population 
with an optimal nutrition status.

The present study was conducted to  compare the 
impact of mineral fertilisation (NPK) with the impact 
of  some biofertilizers on  the growth, yielding, fruit 
quality and nutritional status of ‘Sampion’ apple trees.

MATERIAL AND METHODS

The experiment was established in  the spring 
of  2018 in  the Experimental Orchard of  the Na-
tional Institute of  Horticultural Research (Dąbro-
wice, Central Poland, 51°54'51.1''N  20°06'41.0''E 
(51.914188, 20.111389), 145 m a.s.l.) and was run 
for three consecutive years. The subjects of the re-
search were dwarf apple trees of the cultivar ‘Sam-
pion’ grafted on M9 rootstock. They were planted 
in early April on a podzolic soil underlaid by sandy 
loam, rated as soil quality class 3b. At planting time, 
the soil pH was slightly acidic at pH 6.2 (in KCl), 
and the average humus content of the soil was 1.2%. 
The levels of minerals in the soil, including macroe-
lements, were as  follows: P – 7.5, K – 12.4, Mg – 
5.8 mg/100 g, and microelements: B – 2.4, Cu – 4.8, 
Fe – 862, Mn – 75.5, Zn – 3.7 mg/1 000 g. Soil sam-
ples for the analyses were taken from the surface 
layer (0–20  cm) of  herbicide strips, 30  cm from 
a dripper. The reaction (pH) was measured potenti-
ometrically. The available P and K were determined 
using a solution of calcium-lactate (at a pH of 3.6) 
and the available magnesium by means of a solution 
of 0.0125 M Ca-chloride. Available Fe, Mn, Zn, Cu 
and B were determined by  means of  0.03 M ace-
tic acid. K, Mg, Fe, Mn, Cu, Zn and B were deter-
mined by inductively coupled plasma spectroscopy 
(ICP Perkin-Elmer model Optima 2000 DV, Boston, 
USA). Phosphorus was determined using a spectro-
photometer (Cintra 916, GBC, Dandenong, Aus-
tralia) to  quantify the molybdenum blue reaction. 
The details of used soil analysis methods were pre-
sented in the paper by Wójcik and Filipczak (2015).

The trees were spaced 4 m between rows and 2 m 
in the row. The experiment was established in a ran-
dom block design in four replications. Each experi-
mental combination was represented by 12 trees.

The experiment included the following treatments:
1. NPK(SFD) – soil fertilization before planting with 

a dose of 20 g of Super Fos Dar 40 of granulated 
fertilizer, 160 g of potassium salt per plot (12 m2) 
and 55 g of urea applied under each tree (6 m2). 
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2. NPK(P6) – soil fertilization before planting with 
a dose of 40 g of Polifoska 6. Urea, in the amount 
of 48 g, was applied once before planting; potas-
sium salt was used in the amount of 100 g.

3. NPK(SFD) + beneficial fungi – NPK(SFD)+F – 
soil fertilization as in point 1 with the beneficial 
soil fungi on  their own applied in  the amount 
of  5.25  g per plot (by thoroughly mixing them 
with the soil). The mixture of beneficial soil fun-
gi contained two species: Aspergillus niger and 
Purpureocillium lilacinum.

4. NPK(SFD) with urea and fungi – NPK(SFD-U+f ) 
– urea enriched with strains of filamentous fun-
gi (5.25 g) of  the species as  in point 3. For each 
plot before planting, 160 g of potassium salt, 55 g 
of  urea, and 20  g of  Super Fos Dar 40 fertilizer 
were used.

5. NPK(0.6 SFD) with urea and fungi – NPK(SFD-
0.6U+f ) – 60% of  the number 4 dose variant. 
Urea enriched with strains of  filamentous fun-
gi of  the species as  in point 3. Applied to  each 
plot before planting; 96 g of potassium salt, 35 g 
of urea, and 12 g of Super Fos Dar 40.

6. NPK(SFD) + beneficial bacteria – NPK(SFD)+B 
– soil fertilization as in point 1 with the addition 
of  beneficial soil bacteria on  their own applied 
in  the amount of  3.83  g (by thoroughly mixing 
them with the soil). The mixture of  beneficial 
bacteria contained three strains of Bacillus (Ba-
cillus spp., Bacillus amyloliquefaciens and Paeni-
bacillus polymyxa).

7. NPK(SFD) with bacteria – NPK (SFD+b) – 20  g 
of Super Fos Dar 40 enriched with three strains 
of Bacillus bacteria applied in the amount of 3.83 g 
per plot. In addition, before planting the trees, the 
soil was fertilized with 100 g of potassium salt and 
55 g of urea.

8. NPK(0.6SFD) with bacteria – NPK(0.6SDF+b) 
60% of the number 7 dose variant. Super Fos Dar 
enriched with three Bacillus bacterial strains 
was used in  the same way as  in point 7. Before 
planting, 12 g of Super Fos Dar 40, 60 g of potas-
sium salt, and 33 g of urea were applied per plot.

9. NPK(P6) with bacteria – NPK(P6+b) – Polifos-
ka 6 enriched with three strains of Bacillus bac-
teria of the species composition as in point 6. The 
fertilizers were applied before planting in a dose 
of 40 g of Polifoska 6, 100 g of potassium salt, and 
48 g of urea per plot. 

10. NPK(0.6P6) with bacteria – NPK(0.6P6+b) 60% 
of the number 9 dose variant. Polifoska enriched 

with three strains of bacteria of the genus Bacil-
lus as specified in point 6. Before planting, 14 g 
of Polifoska 6, 60 g of potassium salt, and 30 g 
of urea were used for each plot.

Characteristics of  the fertilizers used in  the ex-
periment: 
(i) Polifoska 6 – 6% nitrogen (NH4), 20% phospho-

rus (P2O5); 30% potassium (K2O); 7% sulphur 
trioxide (SO3). 

(ii) Super Fos Dar 40 – 40% phosphorus pentoxide 
(P2O5) soluble in  mineral acids and 25% P2O5 
soluble in  a  neutral citrate solution, 10% cal-
cium oxide (CaO), and microelements (Cu, Ca, 
Fe, Mn, Zn). 

(iii) Urea – 46% nitrogen in the amide form. 
The Urea mineral fertilizer was enriched with 

selected strains of the fungi: Aspergillus niger and 
Purpureocillium lilacinum. Polifoska 6 and Su-
per Fos Dar 40 were enriched with strains of  the 
bacteria: Bacillus spp., Bacillus amyloliquefaciens, 
and Paenibacillus polymyxa. The selected micro-
organism isolates came from the collection of  the 
Department of  Microbiology and Rhizosphere, 
The National Institute of  Horticultural Research, 
Skierniewice, Poland. Dry formulations of the bac-
teria, in which maltodextrin was the carrier, were 
prepared by  the production company Skotan S.A. 
(Czechowice-Dziedzice). The product containing 
conidial spores of  A. niger and P. lilacinum fungi 
was prepared in  the Department of  Microbiology 
and Rhizosphere of the Institute. 

All the treatments were repeated in  the second 
and third year after planting (2019, 2020). In the first 
year of the experiment, the mineral fertilizers were 
applied to the soil surface around trees at planting 
time. The microorganisms (if applied on their own) 
were mixed with the soil in the planting hole. In the 
second and third year, the fertilizers were applied 
to  the soil surface, whereas the microorganisms 
were mixed with the topsoil. The experimental field 
was fitted with concrete poles reinforced in  tree 
rows, with wires stretched between the poles and 
bamboo canes tied to the wires and the trees. Drip 
irrigation was established after planting. The trees 
were irrigated in a dry season from May to Septem-
ber. In the first year, the soil was kept in clean cul-
tivation with rotating mechanical implements from 
the spring to  August, the alleyways were grassed 
down and frequently mowed. From the second 
year, ‘Basta’ herbicide was applied within tree rows 
to control weeds. To control pathogens and pests, 
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pesticides were used according to up-to-date rec-
ommendations for integrated apple production 
(Bryk et  al. 2018). In  the first year after planting, 
the flower buds that appeared on some trees were 
removed so  that the fruit would not inhibit the 
growth of the young plants. No flower or fruit thin-
ning were done in the subsequent years. 

Meteorological data. During the experiment, 
meteorological data was collected by  the weather 
station installed in Dąbrowice (iMETOS, Pessl In-
struments, Austria). The average air temperature 
in  the growing season (April–October) during the 
measurement period was at the level of the 30-year 
average. The highest average temperatures were re-
corded in 2018, with the values 1.97 °C higher than 
the multi-year average, while the lowest values were 
recorded in 2020 (0.52 °C lower than the multi-year 
average). The highest total rainfall was recorded 
in 2020, 176.8 mm higher than the 30-year average. 
The lowest rainfall occurred in 2019, 74.2 mm lower 
than the multi-year average.

Measurements
The influence of  the microbiologically enriched 

fertilizers and microorganisms applied to  the soil 
was assessed in the first year on the basis of annual 
shoot growth, trunk diameter, and mineral compo-
sition of leaves. In the second and third year, these 
measurements were repeated, and the records ex-
tended to include: number of flower clusters, yield 
per tree, mean fruit weight, fruit firmness, and per-
centage of soluble solids (TSS).

Assessment of  tree vigour. To  evaluate tree 
growth, the stem diameter and the total length 
of shoot growth produced per tree were measured. 
Trunk diameter was measured 30  cm above the 
ground using a slide calliper. 

Assessment of  fruit quality. To  estimate fruit 
quality samples of  30 fruits from each treatment 
were taken and sorted for mean fruit mass, firm-
ness and soluble solids content (TSS). Flesh firm-
ness was measured with the hand-held penetrom-
eter, TSS with the digital refractometer (PAL-1, 
Atago, Tokyo, Japan).

Assessment of  mineral nutrition. Samples 
of  twenty leaves from the middle part of  shoots 
were selected at random from each replicate in ear-
ly August to  measure leaf mineral content. The 
concentrations of elements (N, P, K, Mg, Ca) in leaf 
tissue were analysed by  the Chemical Laboratory 
of the National Institute of Horticultural Research, 

Skierniewice, Poland. Determination of  the min-
eral content of  plant material was done following 
the process of  mineralization (combustion). Wet 
combustion of  vegetable matter consists in  com-
plete oxidation with liquid oxidants such as  con-
centrated sulphuric acid, nitric acid or  perchloric 
acid, used individually or in various combinations 
and proportions. For the determination of mineral 
content of the solutions obtained by the analytical 
methods mentioned above, measurements were 
carried out using the technique of  atomic emis-
sion spectrometry with excitation in  inductively 
coupled plasma (ICP-OES). The N content in plant 
samples was analysed using the Kjeldahl method 
(Latimer 2012) (the Kjeldahl apparatus Vapodest, 
Königswinter, Germany). All the nutrients were de-
termined in three repetitions.

Data analysis. The results were statistically ana-
lysed using two-way analyses of variance with the 
Duncan test, α = 0.05, using the statistical pro-
gram Statistica 13.1. Due to  the significant influ-
ence of  the years, the analyses were statistically 
conducted separately for each study year. Data not 
significantly different from each other were marked 
with the same letters. 

RESULTS

Tree growth. After planting, the trees took root 
very well. In the first year of cultivation, no differ-
entiation in  the growth (length) of  annual shoots 
was evident in  individual variants of  the experi-
ment (Figure 1). In  2019, the increases in  annual 
shoot growth were already much stronger, but also 
without any significant differentiation between the 
combinations. Significant differences in  this re-
spect were evident in the third year of cultivation, 
in which the average total growth of annual shoots 
of  the trees fertilized with the mixture containing 
Super Fos Dar was almost half of  the average to-
tal annual growth of  the trees fertilized with the 
fertilizers containing Polifoska 6 with the addition 
of bacteria.

Another parameter describing tree growth vig-
our is trunk diameter and the increase in this diam-
eter (Figures 2, 3). As in the case of the total shoot 
growth, the highest increases in  tree trunk diam-
eter were found in  the third year of  cultivation. 
That season saw the strongest growth in trunk di-
ameter of the trees fertilized with reduced (by 40%) 
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Figure 1. Total increase in length of annual shoots in indi-
vidual years of the study
SFD – Super Fos Dar; P6 – Polifoska 6; U – urea; +F/+B – addi-
tion of fungi or bacteria to soil; +f/+b – fertilizer enriched with 
fungi or bacteria; 0.6 – dose reduced to 60%; details in Material 
and Methods
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Figure 2. Increase in tree trunk diameter in individual 
years of the study. 
SFD – Super Fos Dar; P6 – Polifoska 6; U – urea; +F/+B – addi-
tion of fungi or bacteria to soil; +f/+b – fertilizer enriched with 
fungi or bacteria; 0.6 – dose reduced to 60%; details in Material 
and Methods
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doses of microbiologically enriched fertilizers. Af-
ter three years of  cultivation, the thickest trunks 
(measured at  a  height of  30  cm from the graft 
union) were those of  the trees fertilized with re-
duced doses of microbiologically enriched fertiliz-
ers (both Super Fos Dar + bacteria, and Polifoska 6 

+ bacteria) and the trees fertilized with a full dose 
of fertilizer mixture the main component of which 
was Polifoska 6.

Flowering and yielding. The trees bloomed 
for the first time in the second year of cultivation 
(2019). The flowering of  trees on  individual plots 

Table 1. Flowering and fruiting

Treatment
No. of flower clusters (per tree) Yield (kg/tree) Average fruit weight (g)

2019 2020 2019 2020 2019 2020
NPK(SFD) 27.7a 39.50a 4.17a 8.17a 173.0a 171.8ab

NPK(P6) 28.8a 57.25ab 3.67a 9.45a 207.3a 164.3ab

NPK(SFD)+F 31.6a 77.67b 4.46a 11.99a 189.3a 156.0ab

NPK(SFD-U+f ) 28.8a 61.0ab 4.25a 10.69a 199.3a 171.0ab

NPK(SFD-0.6U+f ) 29.7a 50.08ab 3.58a 8.50a 191.0a 168.8ab

NPK(SFD)+B 31. 3a 81.25b 4.4a 11.58a 200.8a 140.3a

NPK(SFD+b) 28.4a 67.89ab 3.39a 11.56a 227.0a 168.3ab

NPK(0.6SFD+b) 30.2a 57.80ab 4.30a 9.79a 201.4a 183.8b

NPK(P6+b) 30.7a 60.92ab 3.54a 10.14a 177.5a 170.0ab

NPK(0.6P6+b) 32.3a 60.17ab 3.79a 10.18a 181.8a 167.3ab

SFD – Super Fos Dar; P6 – Polifoska 6; U – urea; +F/+B – addition of fungi or bacteria to soil; +f/+b – fertilizer enriched 
with fungi or bacteria; 0.6 – dose reduced to 60%; details in Material and Methods; mean values in columns followed 
by different letter(s) are significantly different according to Duncan’s multiple range test at P ≤ 0.05
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Figure 3. Diameter of tree trunks in autumn in individual 
years of the study
SFD – Super Fos Dar; P6 – Polifoska 6; U – urea; +F/+B – addi-
tion of fungi or bacteria to soil; +f/+b – fertilizer enriched with 
fungi or bacteria; 0.6 – dose reduced to 60%; details in Material 
and Methods
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was very uniform (Table 1). There were also no dif-
ferences in  the size and quality of  the yield (Ta-
bles 1, 2). In the following year (2020), the trees fer-
tilized with the mixture containing Super Fos Dar 
produced the least flowers, whereas those that were 
fertilized in the same way, but their soil was inocu-
lated with beneficial fungi or  bacteria, bloomed 
the most profusely. There was no  significant in-
fluence of  the experimental variants on  yield and 
fruit refraction. However, significance of  differ-
ences between means was demonstrated for mean 
fruit weight and fruit firmness. The lowest average 
weight was shown by  the fruits of  the trees ferti-
lized with a mixture of mineral fertilizers contain-
ing Super Fos Dar, the soil was enriched with a nu-
trient solution containing bacteria. In contrast, the 
highest average weight was shown by apples from 
the plots fertilized with a reduced dose of fertiliz-
ers containing biologically enriched Super Fos Dar. 
The highest firmness was shown by apples from the 
trees fertilized with the mixture containing Super 
Fos Dar, whereas significantly lower than that fruit 
firmness was recorded for apples from the trees 
fertilized in  the same way but where the soil was 
enriched with the bacterial inoculum.

Chemical analysis showed high levels of nitrogen 
in the leaves in all the years and variants of the ex-
periment. The significance of  differences between 
the means for individual variants was proved only 
in the first year of the study (Table 3). Significantly 
the highest nitrogen content was found in the leaves 
of the trees fertilized with a mixture containing the 

biofertilizer with bacteria that was based on Super 
Fos Dar. Significantly lower nitrogen levels were 
in  the leaves of  the trees fertilized with a  similar 
dose of  fertilizers containing Super Fos Dar. The 
fertilization variants did not have a  significant ef-
fect on the levels of phosphorus and calcium in ap-
ple tree leaves (Table 3).

In all the years of the study, the potassium content 
of apple leaves was very high (Table 3). The signifi-
cance of differences between the means was proved 
in  the first and third year of  cultivation. In  2018, 
the lowest values of  this component were found 
in the leaves of  the trees fertilized with a mixture 
containing Super Fos Dar without any addition 
of beneficial microorganisms. The use of the mix-
ture with Super Fos Dar enriched with bacteria re-
sulted in a significant increase in the level of potas-
sium in apple leaves. In the third year of the study, 
the lowest potassium content was found in  the 
leaves of  both the trees fertilized with a  full dose 
and those fertilized with a reduced dose of fertiliz-
ers containing microbiologically enriched Super 
Fos Dar. Significantly higher potassium levels were 
found in the leaves of the trees fertilized with mix-
tures containing either Super Fos Dar or Polifoska.

Also, the magnesium content in apple leaves was 
very high (Table 3). The significance of differences 
between the average magnesium levels in the leaves 
was demonstrated only in the first year of the study. 
The lowest concentration of magnesium was found 
in  the leaves of  the trees fertilized with a  mixture 
containing Super Fos Dar and where beneficial bac-

Table 2. Fruit quality parameters

Treatment
Fruit firmness (kgf ) Total soluble solid content (%)

2019 2020 2019 2020
NPK(SFD) 3.69a 4.90c 13.41a 14.59a

NPK(P6) 3.75a 4.55abc 13.48a 13.79a

NPK(SFD)+F 3.61a 4.77bc 13.26a 13.93a

NPK(SFD-U+f ) 3.75a 4.57abc 13.65a 13.69a

NPK(SFD-0.6U+f ) 3.60a 4.31ab 13.03a 13.79a

NPK(SFD)+B 3.63a 4.22a 13.25a 13.42a

NPK(SFD+b) 3.97a 4.53abc 13.36a 13.57a

NPK(0.6SFD+b) 3.56a 4.32ab 12.93a 14.18a

NPK(P6+b) 3.74a 4.6abc 12.90a 13.64a

NPK(0.6P6+b) 3.90a 4.71abc 13.10a 14.34a

SFD – Super Fos Dar; P6 – Polifoska 6; U – urea; +F/+B – addition of fungi or bacteria to soil; +f/+b – fertilizer enriched 
with fungi or bacteria; 0.6 – dose reduced to 60%; details in Material and Methods; mean values in columns followed 
by different letter(s) are significantly different according to Duncan’s multiple range test at P ≤ 0.05
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teria were added to  the soil, whereas the highest 
Mg content was found in the leaves of the trees ferti-
lized with the bio-fertilizer based on Super Fos Dar.

DISCUSSION

Results of many experiments have revealed that 
biofertilizers enriched with filamentous fungi pro-
duce stimulatory effects on the growth and repro-
duction of  several plant species, including apple 
trees (Mahdi et al. 2010; Mosa et al. 2016). In the 
experiment carried out in this study, urea was en-
riched with Aspergillus niger and Purpureocillium 
lilacinum, while the fertilizers Polifoska 6 and 
Super Fos Dar 40 with strains of  Bacillus. Many 
studies have found that isolates belonging to these 
species can colonize plant roots, increase yields 
and, with the ability to produce toxic compounds, 
control pathogens (Yadav et  al. 2011; Yin et  al. 
2015). Soil microorganisms enhance plant growth 
by mobilizing nutrients in the soil, producing nu-
merous plant growth regulators and improving soil 
structure (Mosa et al. 2016; Garima 2019). Benefi-
cial soil microorganisms have an ability to convert 
nutrients from unavailable (insoluble) to available 
forms through biological processes, which in turn 
may limit the negative environmental effects of fre-
quent use of chemical fertilizers (Vessey 2003).

In our study the trees fertilized (with Super Fos 
Dar) with the addition of beneficial fungi or bacteria 
to the soil, bloomed the most intensely (in the third 
year after cultivation). Unfortunately, ground frosts 
damaged some of  the flowers and caused a  reduc-
tion in yield and a very large differences in the fruit-
ing of  individual trees. Due to  this differentiation, 
the statistical analysis did not show any significant 
differences between the mean values of the yield ob-
tained in individual variants of the experiment.

Fruit trees, including apple trees, grow and bear 
fruit best in  areas that have not been used for 
orchards before. A  particular problem for fruit 
growers is  the phenomenon known as the replant 
disease. It  is related to  the deterioration in  plant 
growth and yielding caused by a disturbance in the 
functioning of soil biocenosis (Čatská et al. 1982). 
Previous studies have shown that the replant dis-
ease is caused by a set of biotic and abiotic factors 
present in the soil, including unfavourable for plant 
growth accumulation of  pathogenic and harmful 
microorganisms and phytotoxic compounds, in-Ta
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adequate soil pH and poor soil structure (Hoestra 
1988; Blok, Bollen 1993). 

Numerous studies have shown that increasing the 
number of some groups of microorganisms in the 
soil, e.g. from the genera Pseudomonas or Bacillus, 
may contribute to reducing the effects of this dis-
ease (Utkhede, Smith 2000; Schoor et al. 2009). The 
beneficial effects of Bacillus spp. on plant growth 
and yielding have been demonstrated in several ag-
ricultural crops including wheat, maize, soybean, 
sunflower, common bean, tomato, pepper, potato, 
cucumber, and many others (Aloo et al. 2019).

Regardless of the experimental variant, the level 
of  macroelements in  apple tree leaves was within 
the optimal or high range. The influence of the bac-
teria on  tree growth observed in  the experiment 
could be related not only to  the nutritional status 
of  the trees, but also to  their overcoming the re-
plant disease, which significantly reduces plant 
growth and yielding. Despite the applied crop ro-
tation, ours was yet another apple tree planting 
in such a long period of time, and our earlier study 
showed occurrence of replant problems in the or-
chard (Tryngiel-Gać et al. 2015).

Proper fertilization is  important for plant 
growth, development, and yielding. It  affects the 
extent of flowering and the size, colour, and taste 
of  the fruit. In  addition to  nitrogen, phosphorus 
is a very important element as it affects the growth 
of  roots and the firmness and storability of  fruit. 
Phosphorus has difficulty in penetrating deep into 
the soil; therefore, it  is not easy to  increase its 
amount in  a  growing orchard by  spreading ferti-
lizers on  the surface. Phosphorus and potassium 
fertilizers are not effectively used at  low soil pH. 
Sharma et  al. (2017) studied the bacteria of  the 
genus Pseudomonas inhabiting the roots of  apple 
trees in terms of their ability to dissolve insoluble 
phosphorus compounds. They believe that organic 
compounds secreted by apple roots can stimulate 
the multiplication of  phosphorolytic (fluorescing) 
Pseudomonas bacteria and Bacillus bacteria.

As mentioned earlier, the presence of beneficial 
microorganisms plays an  essential role in  apple 
cultivation. They can, for example, compete for 
nutrients with pathogenic and/or unfavourable 
fungi or  bacteria, and prevent them from multi-
plying. Other mechanisms of action of beneficial 
microorganisms include the induction of defence 
mechanisms against pathogens inside plants, the 
formation of  a  biofilm on  the roots and above-

ground parts of plants, the production of phyto-
hormones, antibiotics and other biocidal com-
pounds, and hyperparasitism (Gupta et  al. 2015; 
Olanrewaju et al. 2017).

In recent years, research has been intensified 
to limit the use of mineral fertilizers (due to environ-
mental costs) and to improve the fertility of arable 
soils through the use of various types of biofertiliz-
ers. Derkowska et al. (2017) have observed that the 
use of Micosat F, a preparation containing microor-
ganisms, has a beneficial effect on the root system 
of apple trees. In the cultivation of ‘Berkutovskoye’ 
apple trees, Kuzin et al. (2020), using half the dose 
of NPK fertilizers (N45P15K60) together with a con-
sortium of microorganisms (Azotobacter chroococ-
cum, Bacillus subtilis, B. megaterium, Trichoderma 
harzianum), obtained an  apple yield of  the same 
amount as  that obtained with the full NPK dose 
(N90P30K120). The positive effect of microorganisms 
applied together with mineral fertilizers in full and 
reduced doses has also been noted in  other culti-
vated species (Zafar-ul-Hye et al. 2015).

CONCLUSION 

The application of mineral fertilizers (even in re-
duced doses) enriched with beneficial microorgan-
isms enhanced the growth of apple trees. 

The most abundant flowering was recorded when 
fertilization (with Super Fos Dar) was supplemented 
with beneficial microorganisms applied to the soil.

No significant differences in plant yielding were 
noted (though spring frosts might have affected 
tree yielding). The highest fruit weight was record-
ed in the case of the trees fertilized with microbio-
logically enriched Super Fos Dar.
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