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EFFECT OF MICROBIOLOGICALLY ENRICHED FERTILIZERS ON THE YIELDING
OF STRAWBERRY PLANTS UNDER FIELD CONDITIONS
IN THE SECOND YEAR OF PLANTATION

Summary

The experiment was established in the spring of 2018 in the Experimental Orchard of the Research Institute of Horticulture
in Dgbrowice (Central Poland) and was carried out on strawberry plants of the cultivar ‘Marmolada’. The experiment in-
cluded the following experimental combinations: 1. Control — no fertilization; 2. Standard NPK fertilization (control);
3. Application of only the fungi Aspergillus niger and Purpureocillium lilacinum; 4. Application of only the bacteria Bacil-
lus sp., Bacillus amyloliquefaciens and Paenibacillus polymyxa; 5. Standard NPK + fungi; 6. Standard NPK + bacteria;
7. Polifoska 6, 100% + bacteria; 8. Urea 100% + fungi; 9. Polifoska 6, 100%; 10. Super Fos Dar 40 innovative fertilizer,
100% + bacteria; 11. Urea 60% + fungi; 12. Polifoska 6, 60% + bacteria; 13. Super Fos Dar 40 60% + bacteria. The aim
of this study is to assess the impact of fertilization with innovative mineral fertilizers enriched with bacteria and filamentous
fungi on the fruiting of two-year-old strawberry plants under open-field conditions. In the second year of the study, the
number of inflorescences and flowers, the intensity of the green colour of the leaves, the yielding of the plants, and the qual-
ity of the fruit were determined. The measurements showed that the strawberry plants fertilized with the microbiologically
enriched standard NPK fertilizer and those fertilized with a 60% dose of microbiologically enriched Polifoska 6 formed a
greater number of inflorescences and flowers than the plants without fertilization. The leaves of the strawberry plants ferti-
lized with Super Fos Dar 40 in full dose and with Polifoska 6, both microbiologically enriched, had a more intensely green
colour than the control plants. The largest number of fruit was collected from the plants fertilized with the standard NPK
fertilizer microbiologically enriched with the filamentous fungi. The increase in yield in this combination was as much as
123.1% in relation to the control. Comparatively high yields were also produced by the strawberry plants after the applica-
tion of Bacillus bacteria and when fertilized with the microbiologically enriched NPK fertilizer. The largest fruits were
those in the combinations where standard fertilization with the microbiologically enriched NPK fertilizer was used. The
type and method of fertilizing the plants did not have a significant effect on the physicochemical properties of the fruit, such
as pH, soluble-solids content, firmness and acidity.
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WPLYW NAWOZOW WZBOGACONYCH MIKROBIOLOGICZNIE NA PLONOWANIE
ROSLIN TRUSKAWKI W WARUNKACH POLOWYCH
W DRUGIM ROKU PROWADZENIA PLANTACJI

Streszczenie

Doswiadczenie zatozono wiosng 2018 roku w Sadzie Doswiadczalnym Instytutu Ogrodnictwa w Dgbrowicach (k. Skiernie-
wic) i prowadzono je na roslinach truskawki odmiany ‘Marmolada’. Doswiadczenie objeto nastepujgce kombinacje:
1. Kontrola — bez nawozenia; 2. Standardowe nawozenie NPK (kontrola); 3. Aplikacja grzybow strzgpkowych Aspergillus
niger i Purpureocillium lilacinum; 4. Aplikacja bakterii Bacillus sp., Bacillus amyloliquefaciens i Paenibacillus polymyxa.
5. Standardowe nawozenie NPK + grzyby; 6. Standardowe nawozenie NPK + bakterie; 7. Polifoska 6, 100% ~+ bakterie;
8. Mocznik 100% + grzyby; 9. Polifoska 6, 100%; 10. Super Fos Dar 40, 100% + bakterie; 11. Mocznik 60% + grzyby;
12. Polifoska 6, 60% + bakterie; 13. Super Fos Dar 40 60% + bakterie. Celem pracy byta ocena wptywu innowacyjnych
nawozow wzbogaconych mikrobiologicznie o bakterie i grzyby strzepkowe na owocowanie dwuletnich roslin truskawki
w warunkach polowych. W drugim roku prowadzenia badan okreslono liczbe kwiatostanow i kwiatow, natezenie zielonej
barwy lisci, plonowanie roslin i jakos¢ owocow. Pomiary wykazaly, ze rosliny truskawki nawozone standardowo nawozami
NPK wzbogaconymi mikrobiologicznie oraz nawozone 60% dawkq Polifoski 6 wzbogaconej mikrobiologicznie uformowaty
wigkszq liczbe kwiatostanow i kwiatow niz rosliny bez nawozenia. Liscie roslin truskawki nawozone nawozem Super Fos
Dar 40 w petnej dawce oraz Polifoskq 6 wzbogaconych mikrobiologicznie mialy bardziej intensywne zielone liscie niz rosli-
ny kontrolne. Najwigcej owocow zebrano z roslin nawozonych standardowo nawozami NPK wzbogaconymi mikrobiologicz-
nie o grzyby strzgpkowe. Przyrost plonu w tej kombinacji wyniost az 123,1% w odniesieniu do kontroli. Bardzo dobrze plo-
nowaly takze truskawki po zastosowaniu bakterii z rodzaju Bacillus oraz nawO0zone standardowo nawozami NPK wzboga-
conymi mikrobiologicznie. Najlepiej wyrastaly owoce w kombinacjach, gdzie zastosowano standardowe nawozenie nawo-
zami NPK wzbogaconymi mikrobiologicznie. Rodzaj i sposob nawozenia roslin nie mial istotnego wplywu na fizykoche-
miczne wlasciwosci owocow, takie jak: pH, poziom ekstraktu, jedrnos¢ i kwasowosc.

Stowa kluczowe: nawozenie, pozyteczne mikroorganizmy, plonowanie roslin, jakos¢ owocow, Fragaria * ananassa
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1. Introduction

According to global trends, farmers are becoming more
and more aware of the need to reduce the use of chemicals,
mainly mineral fertilizers, in agricultural production. Due to
the harmfulness of the excessive use of chemicals in plant
production, there is a need to replace them with organic
products that are safer for the environment and human
health [1, 2, 3]. One of the methods to reduce the amount of
fertilizers used is to increase their effectiveness by taking
advantage of beneficial microorganisms, such as filamen-
tous and arbuscular fungi (AMF) and bacteria that are re-
sponsible for improving the growth and physiological con-
dition of plants. Such microorganisms are also recommend-
ed to protect plants against diseases and pests, and to im-
prove soil quality [4, 5, 6, 7, 8].

The use of mineral fertilizers in high doses additionally in-
creases the cost of plant production and is the cause of eu-
trophication of surface and ground waters, degradation and
pollution of the soil environment, drinking water and air [9].
An alternative to this approach is the implementation of mod-
ern plant cultivation technologies, especially fertilization,
based on bio-fertilizers and soil conditioners derived from nat-
ural raw materials [4, 7, 8, 10, 11, 12, 13, 14, 15, 16]. Products
of this kind have a positive effect on the growth and yielding
of crop plants [17, 18, 19]. Recent scientific reports indicate
that the use of fertilizers enriched with beneficial bacterial and
fungal strains increases the effectiveness of such fertilizers in
plant cultivation [4, 20, 21, 22]. Soil microorganisms strength-
en the physiological condition of plants and also increase their
resistance to biotic and abiotic environmental stresses [23, 24,
25, 26]. For example, it has been found that beneficial bacteria
of the genus Bacillus, producing the auxin 1AA and solubiliz-
ing phosphorus compounds, had a positive effect on the num-
ber, length and dry weight of roots, and also on the number of
leaves and the length of petioles of strawberry plants [27].

Environmentally friendly fertilizers that will replace in-
creasingly difficult to obtain farmyard manure and com-
posts of plant origin are being sought for intensive agricul-
ture, large-area farms in particular, but also for organic
farms [1,11]. One of the innovative solutions is to enrich
mineral and organic fertilizers and composts, as well as lig-
uid plant growth stimulants, with consortia of beneficial
microorganisms [7, 8, 28, 29, 30]. The use of native fila-
mentous fungi and beneficial strains of bacteria in new bi-
oproducts introduced on the market provides plants with
better living conditions and promotes mineral nutrition of
plants [31]. Taking advantage of such microorganisms in
agriculture can lead to a significant reduction in the use of
high doses of chemical products generally considered harm-
ful to the environment [3, 7, 8, 32, 33, 34, 35].

The root system of plants, especially its morphological
features, is also modified by various abiotic and biotic fac-
tors [7, 8, 36]. Numerous research studies have shown that
colonization of the root system by AM fungi can change its
morphological structure, including the size of the roots,
their topographic arrangement, as well as their surface area
and volume [7, 8, 16, 32, 37]. The presence of beneficial
microorganisms in the soil also alleviates the impact of ad-
verse environmental factors acting on the plant [3, 23].

Currently, there are not many experiments assessing the
impact of the application of microbiologically enriched
mineral fertilizers on the yielding of strawberry plants. Al-
so, there are not many research results on the effectiveness
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of the application to the soil of beneficial microorganisms
without additional mineral fertilization in the cultivation of
strawberry plants. The development of new, environmental-
ly friendly technologies requires conducting research on the
application of microbiologically enriched mineral fertilizers
and the impact of such treatments on strawberry fruit yield
and fruit quality. The aim of this study is to assess the im-
pact of fertilization with innovative mineral fertilizers en-
riched with bacteria and filamentous fungi on the fruiting of
two-year-old strawberry plants under open-field conditions.

Research hypothesis: Innovative microbiologically en-
riched fertilizers favourably affect the yielding of strawberry
plants in comparison with the control treatment without fertili-
zation and with NPK fertilization

2. Materials and methods

The experiment was established in the spring of 2018 in
the Experimental Orchard of the Research Institute of Horti-
culture in Dgbrowice (Central Poland, 51° 91 41 88 N, 20° 11
13 89 E, 145 m a.s.l.) and will run for three consecutive years.
The subject of the research are strawberry plants of the cultivar
‘Marmolada’ (synonym ‘Onebor’). Frigo A+ plantlets (15-18
mm) were planted in early May on a podzolic soil underlaid by
sandy loam, rated as soil quality class 3b. The soil pH was
slightly acidic at pH 6.2 (in KCI), and the average humus con-
tent of the soil was 1.2%. The levels of minerals in the soil,
including macro elements, was 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; Na - 4.35; Zn — 3.7 mg/1000 g.

Thermal and humidity conditions: the average tempera-
ture in the individual months of the 2019 season was: April
10°C, May 13°C, June 22°C, July 19°C, August 20°C, Sep-
tember 14°C, October 10°C; the average relative humidity
in those months was — April 50%, May 60%, June 50%, Ju-
ly 60%, August 50%, September 55%, October 60%; sun-
shine hours — monthly totals: April 257, May 194, June
386, July 242, August 274, September 163, October 141
(https://meteoblue.com/pl/pogoda/).

On a single plot of 3 m in length, 12 plants were plant-
ed. The distances between the plants in a row were 0.25 m
and between the rows 1 m. The experiment was established
in a random block design in three replications. Each exper-
imental combination was represented by 36 plants.

The experiment included the following experimental
combinations:

1. Control (no treatment) — unfertilized podzolic soil (min-
eral composition given above).

2. Control — standard NPK soil fertilization: 12 g of Super
Fos Dar 40 granulated fertilizer, 50 g of potassium salt and
35 g of Urea were used on an individual plot. Urea in the
amount of 12 g per plot was also applied in mid-summer.

3. Beneficial soil fungi in the amount of 5.25 g per plot
were applied along the rows, thoroughly mixing them with
the soil. The mixture of beneficial soil fungi contained two
species: Aspergillus niger and Purpureocillium lilacinum .
4. Beneficial bacteria applied along the rows for each plot,
3.83 g, thoroughly mixing them with the soil. The mixture
of beneficial bacteria contained three strains of Bacillus
(Bacillus sp., Bacillus amyloliquefaciens and Paenibacillus
polymyxa).

5. Standard NPK fertilization as in point 2 with the benefi-
cial soil fungi listed in point 3.

6. Standard NPK fertilization as in point 2 and the beneficial

.Journal of Research and Applications in Agricultural Engineering” 2020, Vol. 65(1)



bacteria applied to the soil as in point 4.

7. Polifoska 6 in a 100% dose, including three strains of bacte-
ria of the genera Bacillus and Paenibacillus, which had been
incorporated into the fertilizer during the formation of gran-
ules. For each plot, Polifoska 6 was used in the amount of 26
g; Urea in the amount of 30 g was applied once before plant-
ing, and the second time in the amount of 20 g in mid-summer;
potassium salt was used in the amount of 33 g.

8. Urea in a 100% dose enriched with strains of filamentous
fungi of the species and quantitative composition as in point
3. For each plot, 50 g of potassium salt, 35 g of Urea, and
12 g of Super Fos Dar 40 fertilizer were used. Urea in the
amount of 20 g was also applied in mid-summer.

9. Polifoska 6 in a 100% dose. 26 g of Polifoska 6, 33 g of po-
tassium salt, and 30 g of Urea were used per one plot. Urea in
the amount of 20 g was also used in mid-summer.

10. Super Fos Dar 40 in a 100% dose enriched with three
strains of Bacillus and Paenibacillus bacteria was applied in
the amount of 3.83 g per plot. In addition, before planting the
plants, the soil was fertilized with 50 g of potassium salt, 12 g
of Super Fos Dar 40 fertilizer, and Urea — 35 g, 20 g in mid-
summer.

11. Urea in a 60% dose enriched with strains of filamentous
fungi of the species and quantitative composition as in point
3. For each plot before planting the plants, 30 g of potassium
salt, 20 g of Urea and 7 g of Super Fos Dar 40 were used Urea
in the amount of 12 g was also applied in midsummer.

12. Polifoska 6 in a 60% dose enriched with three strains of
bacteria of the genera Bacillus and Paenibacillus was used
in the same way as in point 9. 14 g of Polifoska 6, 30 g of
potassium salt and 18 g of urea were used for each plot.
Urea in the amount of 12 g was also used in mid-summer.
13. Super Fos Dar 40 in a 60% dose enriched with three
Bacillus and Paenibacillus bacterial strains was used in the
same way as in point 12. 7 g of Super Fos Dar 40, 30 g of
potassium salt and 20 g of urea were used per plot. Urea in
the amount of 12 g was also used in mid-summer.

During the growing season, the weeds on the experi-
mental plots were removed by hand. During periods of wa-
ter deficit, the plantation was drip irrigated in accordance
with the indications of tensiometers. In the first year after
planting, the inflorescences were systematically removed so
that the fruit would not inhibit the growth of the young
plants. The influence on the growth of strawberry plants of
the microbiologically enriched fertilizers and microorgan-
isms applied to the soil on their own was assessed on the
basis of the number of inflorescences and flowers, as well
as fruit yield, fruit quality and the physical and chemical
properties of the fruit. Intensity of the green colour of
leaves was also assessed.

2.1. Measurements and observations made
2.1.1. Assessment of flowering intensity

Plants from each plot were assessed for flowering intensity
three times at the end of May / beginning of June at 5-day in-
tervals until the end of fruiting, in terms of the number of inflo-
rescences and flowers on them. The results are given as aver-
age numbers for each fertilization combination.

2.1.2. Assessment of fruit yield and mean fruit weight,

and measurements of the green colour of leaves
Strawberry fruits from each plot were harvested four

times at intervals of 4-5 days. Each time, the following pa-

rameters were determined for individual plots:
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— number of fruits collected,

— weight of the fruits in grams (mean fruit weight was cal-
culated by dividing the total fruit weight by the number of
fruits),

— intensity of the green colour of the leaves was determined
with a SPAD 502 meter using a sample of 5 leaves taken
from two plants in each replication. The final result for each
fertilization combination was based on 30 measurements.

2.1.3. Determination of physico-chemical parameters of
strawberry fruits

Soluble solids content was determined using a Mettler
Toledo type RE50 refractometer. The measurements were
carried out in triplicate on samples obtained after grinding
10 fruits taken at random from each replication. The results
were expressed in °Brix.

Titratable acidity was determined in accordance with
the Polish standard PN-90/A-75101/04 using a Mettler To-
ledo type DL 58 titrator. The measurements were carried
out in triplicate on samples obtained after grinding 10 fruits
taken at random from each replication. The results were ex-
pressed in g/100 g in terms of citric acid.

Active acidity (pH) was measured with a Mettler Toledo
type DL 58 titrator. The measurements were carried out in
triplicate on the same fruits that were used to measure ti-
tratable acidity and soluble solids content.

Fruit firmness was expressed as the force needed to
pierce the skin of the fruit with a ©@3.2 mm flat plunger
moving at a speed of 50 mm/min. The measurements were
carried out using an Instron 4303 testing machine (Instron
Ltd., High Wycombe, England) equipped with a 10 N
measuring head. The measurements were performed on a
sample of 15 fruits from each replication, on the side sur-
face corresponding to the largest diameter. The results are
expressed in Newtons (N).

2.1.4. Statistical analysis

The results were statistically analyzed using one-way
analysis of variance with the Tukey test, a = 0.05, using the
statistical program Statistica 13.1. Data not significantly
different from each other are marked with the same letters.

2.1.5. Characteristics of Super Fos Dar 40 fertilizer,
Polifoska 6 and Urea

Super Fos Dar 40 belongs to the group of the most
concentrated phosphate fertilizers. It contains 40% P,0s —
phosphorus pentoxide soluble in mineral acids; 25% P.0Os
soluble in neutral citrate solution and water; 10% CaO —
calcium oxide soluble in water, and microelements (Co, Cu,
Fe, Mn, Zn), which are a valuable addition derived from
natural phosphates that improves the assimilation of other
ingredients.

Polifoska 6 is a granulated fertilizer containing 6% ni-
trogen (N) in ammonium form, 20% phosphorus (P20s),
30% potassium (K20) in the form of a potassium salt, and
7% water-soluble sulphur trioxide (SOs) in the form of sul-
phate.

Urea is a granulated fertilizer from the group of nitro-
gen fertilizers, containing 46% N in amide form.

3. Results

The open-field experiment on strawberry plants showed
that the type and method of fertilization had an impact on
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the number of inflorescences and flowers produced by the
plants, as well as on the chlorophyll content in their leaves
(Table 1). The strawberry plants fertilized with the micro-
biologically enriched standard NPK fertilizer and those fer-
tilized with a 60% dose of microbiologically enriched
Polifoska 6 produced a greater number of inflorescences
and flowers than the plants in the control combination
(without fertilization). A similar effect was obtained by fer-
tilizing strawberry plants with microbiologically enriched
Super Fos Dar 40 fertilizer at a concentration of 100%. The
results obtained in this respect, however, did not differ sig-
nificantly from those for the combination where standard
NPK mineral fertilization was applied. The leaves of the
strawberry plants fertilized with the microbiologically en-
riched Super Fos Dar 40 fertilizer in full dose and micro-
biologically enriched Polifoska 6 had a more intense green
colour than those of the control plants, which is evidence of
a good supply of nitrogen to them.

The lowest-yielding strawberry plants were those in the
control combination (without fertilization). The highest
number of fruits were collected from the plants fertilized
with the microbiologically enriched NPK fertilizer. The in-
crease in yield in that combination was as much as 123.1%
(Table 2). Very good yields were also obtained from the
strawberry plants fertilized with Bacillus bacteria and those
fertilized with the microbiologically enriched standard NPK
fertilizer. In comparison with the control combination
(without fertilization), the use of microbiologically enriched
Polifoska 6 and Super Fos Dar 40 fertilizers in doses re-
duced to 60% had a negligible effect on fruit yield. The
strawberry plants subjected to fertilization with microbio-
logically enriched Polifoska 6 at a concentration of 100%,
microbiologically enriched Urea at 100%, and also Polifos-
ka 6 at 100% or Super Fos Dar 40 at 100%, both microbio-

logically enriched, yielded better than the plants in the con-
trol combination, but not as well as those fertilized with the
microbiologically enriched standard NPK fertilizer.

The fruits of unfertilized strawberry plants were the
smallest. The use of Urea in a 60% dose and Super Fos Dar
40 at 60%, both microbiologically enriched, did not cause a
significant increase in mean fruit weight in comparison
with the control combination (without fertilization). The
largest strawberry fruits developed in the combinations
where standard, microbiologically enriched NPK fertiliza-
tion was applied — weight gain of 32.6%, and in those with
NPK mineral fertilization alone — weight gain of 26.9%
(Table 2).

The method of fertilization did not affect the physico-
chemical properties of the fruit. All the measurements of
pH, soluble solids, titratable acidity and fruit firmness in
individual combinations were within the statistical error
(Table 3).

4. Discussion

Worldwide surveys indicate that farmers are becoming
more aware of the need to reduce the use of chemical prod-
ucts, including fertilizers, in agricultural production and re-
place them with organic products [1, 2, 3]. Therefore, ef-
forts are being made to employ beneficial microorganisms
for this purpose. Increasing the effectiveness of fertilizers in
stimulating plant growth and improving their fruiting, and
even replacing mineral fertilization can be achieved by us-
ing bacteria and mycorrhizal and filamentous fungi. They
exert a positive effect, like soil conditioners, on the physio-
logical condition of plants, stimulate their growth and yield-
ing, and serve to improve soil quality, as well as protecting
plants against diseases and pests [4, 5, 6, 7, 8].

Table 1. Effect of microbiologically enriched mineral fertilizers on the number of inflorescences and flowers and the chlo-
rophyll content in the leaves of ‘Marmolada’ strawberry plants (IO Experimental Orchard, Dabrowice, 2019)

Tab. 1. Wplyw nawozow mineralnych wzbogaconych mikrobiologicznie na liczbe kwiatostanow i kwiatow oraz zawartos¢
chlorofilu w lisciach roslin truskawki odmiany ‘Marmolada’ (Sad Doswiadczalny 10, Dgbrowice, 2019 r.)

No Treatment Number of inflores- Number of flowers Chlorophyll content in
cences per plant per plant leaves [SPAD]
1 Control (no fertilization) 6.8a 354a 32.4a
2. Control NPK 8.6b 432¢ 32.4a
3. Fungal strains 8.4ab 38.4 ab 34.9ab
4. Bacterial strains 8.3ab 448 cd 36.3ab
5. NPK + fungal strains 8.9b 48.0d 34.5ab
6. NPK + bacterial strains 8.8b 47.8d 35.0ab
7. Polifoska 6 100% + bacterial strains 7.0a 344a 36.2b
8. Urea 100% + fungal strains 8.0ab 42.4b 35.4ab
9. Polifoska 6 100% 7.9ab 42.2b 32.1a
10. Super Fos Dar 40 100% + bacterial strains 85b 436¢ 37.2b
11. Urea 60% + fungal strains 7.4ab 472 cd 35.0ab
12. Polifoska 6 60% + bacterial strains 8.7b 432¢ 33.8ab
13. Super Fos Dar 40 60% + bacterial strains 76ab 39.4 ab 31.6a

* Means marked with the same letters in a column do not differ significantly at o = 0.05.
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Source: own study / Zrédlo: opracowanie wiasne
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Table 2. Effect of microbiologically enriched mineral fertilizers on fruit yield and mean fruit weight of ‘Marmolada’ strawberry

plants (IO Experimental Orchard, Dabrowice, 2019)

Tab. 2. Wplyw nawozow mineralnych wzbogaconych mikrobiologicznie na wielkoS¢ plonu i mase owocow roslin truskawki odmia-

ny ‘Marmolada’ (Sad Doswiadczalny 10, Dgbrowice, 2019 r.)

No Treatment Yield Yield Mean fruit weight Mean fruit weight
[g per 12 plants] [%] [g] [%]
1. Control (no fertilization) 3260 a 100.0 1281a 100.0
2. Control NPK (fertilizer combination) 5370 bd 164.7 16.25 de 126.9
3. Fungal strains 6060 de 185.9 15.85d 123.7
4. Bacterial strains 6966 ef 213.7 15.30 cd 1194
5. NPK + fungal strains 7274 £ 223.1 14.97 be 116.9
6. NPK + bacterial strains 6217 d-f 190.7 16.98 ¢ 132.6
7. Polifoska 6 100% + bacterial strains 4773 be 146.4 15.46 cd 120.7
8. Urea 100% + fungal strains 4804 bc 147.4 15.59 cd 121.7
9. Polifoska 6 100% 4550 b 138.2 1521 cd 118.7
10. Super Fos Dar 40 100% + bacterial strains 4550 b 139.6 14.70 bc 114.8
11. Urea 60% + fungal strains 5941 c-e 182.2 13.87 ab 108.3
12. Polifoska 6 60% + bacterial strains 4375 ab 134.2 14.31b 111.7
13. Super Fos Dar 40 60% + bacterial strains 4398 ab 134.9 13.77 ab 107.5

* Means marked with the same letters in a column do not differ significantly at a = 0.05.

Source: own study / Zrédlo: opracowanie wlasne

Table 3. Effect of microbiologically enriched mineral fertilizers on the pH, soluble solids content, titratable acidity and firmness of
‘Marmolada’ strawberry fruit (IO Experimental Orchard, Dabrowice, 2019)

Tab. 3. Wplyw nawozow mineralnych wzbogaconych mikrobiologicznie na odczyn, poziom ekstraktu, kwasowosé¢ miareczkowq
oraz jedrnos¢ owocow truskawki odmiany ‘Marmolada’ (Sad Doswiadczalny 10, Dgbrowice, 2019 r.)

Soluble solids Titratable acidit Firmness
No | Treatment pH [*Brix] [9/100 g] y IN]
1. Control (no fertilization) 3.69a 9.10a 0.76 a 1.65
2. Control NPK (fertilizer combination) 3.78 a 9.14a 0.79 a 1.36
3. Fungal strains 3.82a 8.84 a 0.72a 1.37
4. Bacterial strains 3.8la 9.72 a 0.75a 1.37
5. NPK + fungal strains 3.83a 9.47a 0.74 a 1.48
6. NPK + bacterial strains 3.86 a 10.22 a 0.72 a 1.65a
7. Polifoska 6 100% + bacterial strains 3.82a 9.49a 0.74a 1.37
8. Urea 100% + fungal strains 3.83a 10.34 a 0.81la 1.52
9. Polifoska 6 100% 3.79a 9.20 a 0.71a 1.42
10. | Super Fos Dar 40 100% + bacterial strains 3.78 a 9.73a 0.80 a 1.40
11. | Urea 60% + fungal strains 3.85a 10.11a 0.73 a 1.41
12. | Polifoska 6 60% + bacterial strains 3.85a 9.89 a 0.75a 1.32a
13. Super Fos Dar 40 60% + bacterial strains 3.86a 10.32 0.74 a 1.28a

* Means marked with the same letters in a column do not differ significantly at o = 0.05.

The overall biomass of plants treated with beneficial
microorganisms and the chlorophyll content are also great-
er, although these differences are usually not statistically
significant [38, 39]. Improvements in vegetative growth pa-
rameters of strawberry plants and a higher chlorophyll con-
tent after the application of microorganisms has been ob-
served by Karlidag et al. [40]. Better fruiting of strawberry
plants after the application of microorganisms has been
found by Erdogan et al. [41]. Srivastav et al. [42], in turn,
have reported that in the combinations where strawberry
plants were fertilized with microorganisms and with micro-
biologically enriched organic fertilizers, the results obtained
were a higher number of flowers per plant, earlier flower-
ing, increased number of fruits, and a higher percentage of
fruit setting per plant. In addition, the harvesting period was
longer than for the control combination. The results of our
own research indicate a positive effect of microbiologically
enriched mineral fertilizers in the open-field cultivation of
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strawberry. The plants fertilized with the microbiologically
enriched standard NPK fertilizer and those fertilized with a
60% dose of microbiologically enriched Polifoska 6 pro-
duced a greater number of inflorescences and flowers than
the plants without fertilization. The leaves of the strawberry
plants fertilized with the fertilizer Super Fos Dar 40 in full
dose and with Polifoska 6, both microbiologically enriched,
had leaves of a more intense green colour than the control
plants, which indicates a good supply of nitrogen to them.

Positive effects of microorganisms on the size of fruits
and their weight, as well as on the amounts of biologically
active substances in them have been found by Kumar et al.
[43] and Morais et al. [44]. The effectiveness of microor-
ganisms and their influence on individual growth and yield
parameters often depend on the inoculation method. Appli-
cation to the soil mainly stimulates root growth, whereas
foliar application increases the growth of the aerial parts
[45]. In our experiment, the lowest-yielding plants were
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those without fertilization, whereas the highest increase in
yield was obtained from the plants fertilized with NPK in
combination with filamentous fungi. Comparatively high
fruit yields were also obtained from the plants fertilized
with Bacillus bacteria and with the microbiologically en-
riched standard NPK fertilizer. The fruits of the strawberry
plants grown without fertilization were the smallest, while
the best-developed were those from the combinations where
standard NPK fertilization together with bacteria was used.
No significant influence of the experimental combinations
on the physico-chemical properties of strawberry fruit was
found.

Many authors are of the opinion that the implementation
of natural plant cultivation technologies and fertilization of
crop plants with bio-fertilizers represent the best alternative
to the use of high doses of mineral fertilizers that increase
plant production costs and pollute the environment is [4, 7,
8, 10, 11, 12, 13, 14, 15, 16, 22, 46]. Bioproducts of this
type have a positive effect on the growth of crop plants,
their yielding, as well as on soil microorganisms and fauna,
including the development of arbuscular mycorrhizal fungi
[17, 18, 19, 47]. Our research on strawberry plants shows
that the use of bioproducts and microbiologically enriched
mineral fertilizers brings benefits and should be more wide-
ly propagated. It is particularly noteworthy that the yielding
of strawberry plants fertilized with microorganisms is im-
proved in relation to the control combination. NPK mineral
fertilization and with Urea, both microbiologically en-
riched, were also effective in this respect. Under the influ-
ence of this method of fertilization, strawberry fruit yields
were about twice as high as those in the control combina-
tion.

Giines et al. [48] have found a beneficial effect of the
bacterium Bacillus FS-3 and the fungus Aspergillus FS9 on
strawberry fruit yield above the values obtained after using
phosphorus fertilizers only. The authors pointed out that the
tested microorganisms could be employed in the cultivation
of strawberry plants to increase the availability of phospho-
rus to them, increase the efficiency of using phosphorus fer-
tilizers and reduce the cost of using them, and to increase
the yielding of strawberry plants. Similarly, Erturk et al.
[49] have observed a positive effect of plant growth-
promoting Rhizobacteria — Bacillus simplex RC19, Paeni-
bacillus plymyxa RCO5, and Bacillus sp. RC23 on the yield-
ing of strawberry plants of the cultivar ‘Fern’. Inoculation
of the bacteria into the roots of the plants increased the fruit
yield per plant (1.98-20.85%), mean fruit weight (3.05—
19.26%), and first quality fruit ratio (10.30-32.05%) in re-
lation to the control.

Generally, the results of our study on the impact of the
use of microorganisms and mineral fertilizers enriched with
them on the yielding of strawberry plants under open-field
conditions are consistent with the observations of the
above-cited authors mainly in the part that concerns fertili-
zation with microbiologically enriched fertilizers. In the
available literature, there are no reports on in-depth re-
search on the effects of introducing microorganisms on
their own directly into the soil on the fruiting of strawberry
plants without additional mineral fertilization. The topics
related to fertilizing strawberry plants with the use of mi-
croorganisms promoting growth and fruiting as well as im-
proving the overall physiological condition of plants require
further research.
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5. Conclusions

Fertilizing strawberry plants with the bacteria and fila-
mentous fungi, and also with the microbiologically en-
riched NPK fertilizer had a beneficial effect on fruit yield.
In these combinations, the yield increased by over 100 per-
cent. Fertilization with the fertilizers Polifoska 6 and Super
Fos Dar 40, both microbiologically enriched, also increased
the yielding of strawberry plants, but to a much lesser ex-
tent than fertilization with the bacteria and filamentous fun-
gi only, and the microbiologically enriched NPK fertilizer.
The fertilization combinations used were found to have an
effect on fruit quality. Strawberry fruit grew best on the
plots where microbiologically enriched standard NPK ferti-
lization was applied. The physico-chemical properties of
the fruit did not change significantly under the influence of
the experimental combinations.
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