Journal of Horticultural Research 2021, vol. 29(1): 35-46
DOI: 10.2478/johr-2021-0005

§ sciendo

INFLUENCE OF MICROBIOLOGICALLY ENRICHED MINERAL FERTILIZERS
ON SELECTED GROUPS OF MICROORGANISMS
IN THE RHIZOSPHERE OF STRAWBERRY PLANTS

Lidia SAS-PASZT, Urszula SMOLINSKA", Beata KOWALSKA, Magdalena SZCZECH, Anna LISEK,
Pawet TRZCINSKI, Stawomir GEUSZEK, Krzysztof GORNIK, Edyta DERKOWSKA, Beata SUMOROK

National Institute of Horticultural Research
Konstytucji 3 Maja 1/3, 96-100 Skierniewice, Poland

Received: August 2020; Accepted: March 2021

ABSTRACT

In recent years, the use of bio-fertilizers enriched with specially selected microorganisms has been
used more and more often. The beneficial effects of bio-fertilizers enriched with consortia of microorgan-
isms on strawberry plants have been reported previously. The purpose of the research was to determine the
effect of bio-fertilizers containing selected fungal and bacterial strains on the microorganisms living in the
rhizosphere of strawberry plants. In the experiments described in this paper, synthetic mineral fertilizers
were enriched with selected microorganisms. The fertilizer urea was enriched with the fungi Aspergillus
niger and Purpureocillium lilacinum, while the fertilizers Polifoska 6 and Super Fos Dar 40 with strains of
the bacteria Bacillus sp., Bacillus amyloliguefaciens, and Paenibacillus polymyxa. Bacteria and fungi be-
longing to these species can exert a positive effect on the growth of many plants. The results obtained in
this study showed that the application of fertilizers enriched with microorganisms had different effects on
the analyzed populations of soil microorganisms in the rhizosphere of strawberry plants. There were evi-
dences of both, an adverse effect of the applied fertilizer and/or microorganisms, but more often, the bene-
ficial effect was found on the abundance of the microorganisms in the rhizosphere of the strawberry. The
most effective for the population of Pseudomonas bacteria was application of urea and fungi and Polifoska
and bacteria. The highest number of phosphorus utilizing bacteria B was scored in the treatments containing
NPK, NPK + fungi and urea 60% + fungi. The application of NPK + fungi and urea 100% + fungi as well
as Super Fos Dar with bacteria was most beneficial for population of actinomycetes.
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INTRODUCTION

Strawberry fruit, because of their high taste
qualities and valuable nutritional properties, is very
popular among consumers. In Poland, about 50,000
hectares are under the strawberry cultivation. The
implementation of integrated production (IP) meth-
ods in strawberry cultivation has reduced the use of
synthetic fertilizers and plant protection prepara-
tions (Donmez et al. 2011). One of the methods that
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helps to achieve this goal is the use of bio-fertilizers
enriched with specially selected microorganisms
(Derkowska et al. 2015; Itelima et al. 2018;
Todeschini et al. 2018; Sas-Paszt et al. 2019). In ad-
dition to the environmental benefits of this method,
the use of plant growth-promoting microorganisms
(PGPM), e.g., Bacillus cereus KI-2, can have a ben-
eficial effect on the yield of strawberry fruit and, de-
pending on the cultivar, on the sugar content in them
(Kurokura et al. 2017).
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The great importance of soil microorganisms
for plant growth, especially of the species inhabit-
ing the root zone, is well known. In a “healthy” soil,
there are diverse, dynamically balanced communi-
ties of microorganisms. The bacteria and fungi
play an extremely important role in terms of plant
health because of, among other things, their antag-
onistic properties toward pathogens and their role
in stimulating plant growth, inducing systemic re-
sistance, and facilitating the absorption of ele-
ments essential for plant life (Adesemoye et al.
2009; Ghorbanpour et al. 2018).

In recent years, the dominant trend is to use
consortia of microorganisms, instead of individual
strains (Nuti & Giovanetti 2015; Sekar et al. 2016;
Bradacova et al. 2018; Woo & Pepe 2018). Re-
searchers work on the assumption that in very dif-
ferent and changing soil conditions, the use of
a variety of microorganisms increases their chance
to be effective. The use of native isolates exhibit-
ing different modes of action seems to be the most
effective approach.

Every year, millions of tons of synthetic ferti-
lizers are applied into the soil, of which a significant
part, not used by plants, penetrates to ground and
surface waters, or the atmosphere, thus polluting the
natural environment. Making use of properly se-
lected microorganisms helps to reduce the amounts
of applied synthetic fertilizers (Adesemoye et al.
2009). Indeed, it has been found that in some cases,
the application of microorganisms increases the ef-
fectiveness of the fertilizers used (Cakmake1 2019).
The beneficial effects of bio-fertilizers based on or-
ganic substances enriched with consortia of micro-
organisms on strawberry plants have been reported
by Derkowska et al. (2015). They showed that the
fertilizers containing consortia of microorganisms
(e.g., Micosat F) had a positive effect on the num-
bers of bacteria and fungi in the rhizosphere of
strawberry plants in greenhouse experiment, in com-
parison with control (without fertilization) and con-
trol + NPK. In recent years, intensive research has
been conducted on the interaction between plants
and soil and the microorganisms living in it. This is
necessary for bio-fertilizers to be effectively used in
modern agriculture (Singh et al. 2011; Ishaq 2017).

Relatively little research has been done to de-
termine the impact of the beneficial microorgan-
isms on the effectiveness of mineral fertilizer use
(Bargaz et al. 2018). Apart from their main role,
which is the decomposition of organic matter and
the release of biogenic elements such as carbon,
nitrogen and phosphorus into the environment,
microorganisms help plants to absorb scarce (un-
der certain conditions) elements, e.g., phosphorus
or iron. Many different groups of bacteria, e.g.,
Pseudomonas, Bacillus, or Streptomyces, are able
to transform sparingly insoluble forms of phos-
phorus compounds into forms readily available to
plants by producing organic and inorganic acids
and enzymes (phosphatases) (Bargaz et al. 2018).
Therefore, in many bio-fertilizers, one of the most
commonly included groups of microorganisms are
phosphate-solubilizing bacteria (PSB). It has also
been observed that the simultaneous application of
phosphorus-containing fertilizers and a consor-
tium of microorganisms, containing e.g., Bacillus
subtilis, had a synergistic effect on plant growth
(Duarah et al. 2011; Kaur & Reddy 2015; Bargaz
et al. 2018).

Among the bacterial isolates used to enrich
the fertilizers was the spore-forming Bacillus am-
yloliquefaciens. It was found that isolates belong-
ing to this species were able to colonize roots, in-
crease plant yields, and produce toxic compounds
that helped to control pathogens (Borriss 2011;
Chowdhury et al. 2015; Ishag 2017. Seema et al.
(2018) have observed that inoculation of straw-
berry roots with Bacillus licheniformis had a posi-
tive effect on the vegetative growth of this plant.
In the experiments presented in that work, an iso-
late of Paenibacillus polymyxa was also used. As
reported by Yi et al. (2019), bacteria of this species,
because of their ability to form a biofilm, can have
protective properties against plant pathogens.

Another microorganism investigated in our
experiment was Aspergillus niger. Yin et al. (2015)
found that this fungus, used together with Penicil-
lium oxalicum, had a positive influence on the bio-
mass of maize plants by dissolving phosphorus
compounds. The observed effect was caused, inter
alia, by the increased production of organic acids,
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such as acetic, citric, lactic, formic, and succinic
acids, by the applied fungi. Yadav et al. (2011) had
observed that A. niger BHUASO1 efficiently dis-
solved calcium phosphate. This strain also pro-
duced indole-3-acetic acid (IAA), a plant hormone
from the auxin group. Another fungus used in the
experiments described in that work was Pur-
pureocillium lilacinum (Nagachandrabose 2020).
Although this fungus was mainly used to control
parasitic nematodes, it became evident that it also
had properties stimulating the growth of many
plants, including tomato, bean, cotton, and banana
(Lan et al. 2017).

A very important objective of studies as-
sessing the effectiveness of biological prepara-
tions is to determine their impact not only on cul-
tivated plants, but also on native microorganisms
living in the soil. It is particularly important to in-
vestigate whether the use of a given bio-fertilizer
stimulates the development of beneficial (or ad-
verse) microorganisms that may be of special im-
portance in the cultivation of perennial plants. Soil
microorganisms are considered good indicators of
soil quality because they respond quickly to
changes in the environment, and changes in their
abundance and activity are considered an early
signal of a deterioration or improvement in the soil
quality (Brzezinska 2009). In the present work, the
impact of mineral fertilizers enriched with micro-
organisms was determined by methods involving
the plating of soil suspensions onto selective me-
dia. Although molecular studies clearly show that
these methods allow the isolation of only a small
part of soil microorganisms, it has been found that
the result representing the population size of “cul-
tivable microorganisms” is correlated with the en-
zymatic and respiratory activity of soil microor-
ganisms and is a reflection of active and poten-
tially active groups of microorganisms (Blagodat-
skaya & Kuzyakov 2013). It has also been found
that these microorganisms, because of their signif-
icant participation in the circulation of elements,
rapid growth, and considerable size, are responsi-
ble for 80-90% of the bacterial biomass in the soil
(Olsen & Bakken 1987).

The purpose of the research presented here
was to determine the impact of mineral fertilizers
containing selected microorganisms on the popu-
lations of microorganisms living in the rhizo-
sphere of strawberry plants.

MATERIALS AND METHODS

The experiment was performed in 2018-2019
in the SGGW Experimental Field in Skierniewice.
Strawberry plants were grown in stoneware pots
(0.40 m in diameter, 1.20 m in height), containing
approximately 120 liters of a podsolic soil with
a pH of 6.2 and organic matter content of approxi-
mately 1.2%. The stoneware pots were buried in
the open field. Three strawberry plants vegeta-
tively propagated cultivar ‘Marmolada’ were
planted in each stoneware pot. Correct soil mois-
ture was maintained by drip irrigation. The straw-
berry plants were grown in 13 fertilization combi-
nations, with three stoneware pots per combination.
Three commercial fertilizers were used in this ex-
periment: 1) Polifoska 6 — 6% nitrogen in NHa
form; 20% phosphorus (P20s); 30% potassium
(K20); 7% sulfur trioxide (SOs); 2) Super Fos Dar
40 (SFD) — 40% phosphorus pentoxide (P2Os) sol-
uble in mineral acids and 25% P,Os soluble in neu-
tral citrate solution and water; 10% calcium oxide
(Ca0O); microelements (Cu, Ca, Fe, Mn, Zn);
3) urea — 46% nitrogen (N) in amide form.

Fungi (Aspergillus niger, Purpureocillium
lilacinum) and bacteria (Bacillus sp., Bacillus am-
yloliquefaciens, Paenibacillus polymyxa) strains
were obtained from the collection of Microbiology
and Rhizosphere Department, the National Insti-
tute of Horticultural Research, Skierniewice. They
were kept frozen in glycerol at —80 °C until use.
To prepare inoculum, bacteria were grown on
maltodextrin medium. In the treatments enriched
with bacteria, 3.82 g of overgrown substrate of
concentration 1-2 x 108 cfu-g* were applied per
one stoneware pots. The fungal inoculum was pro-
duced on the rice and corn meal medium, prepared
in the proportion 1: 8 (in 2018) and 1 : 10 (in 2019).
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The selected strains of fungi were applied at
a dose of 5.25 g of overgrown substrate per one
stoneware pots, at a propagule concentration: 2—3
x 108 cfu-g* (in 2018) and 1 x 107 cfu-g* (in 2019).
All the treatments are listed in Table 1.

Soil samples for microbiological analyses
were collected from the rhizosphere of strawberry
plants in September 2018 and 2019. Soil was
taken from each stoneware pot individually using
a 1.5 cm diameter, 20 cm long, soil sampling stick,
which was driven into the soil in 3-4 places as
close as possible to the plant’s stem (and roots).
Then, the collected soil with small root fragments
was emptied out into a plastic bag. The samples
were stored in a cold at 5 °C for about 24 hours.
Before microbiological analyses, the soil was
thoroughly mixed, ground in a mortar, and four
10 g portions were weighed out. Three of them
were poured into flasks containing 100 ml of sa-
line solution with glass balls each, the fourth 10-
gram amount was placed in a thermostat and dried
at 104 °C for 24 hours. The soil in the flasks was
shaken on a shaker for 20 min., and then was
plated (100 pl suspension per dish) directly onto
the previously prepared selective media.

The overall bacterial population was deter-
mined on 1/10 strength tryptone soya agar (TSA).
The number of Pseudomonas bacteria was deter-
mined on the Gould’s medium (Gould et al. 1985),
while the number of Pseudomonas secreting fluo-
rescent dyes also on the same medium but under
UV light. Populations of fungi were assessed on
the Rose-Bengal Chloramphenicol Agar commer-
cial medium (BTL). Spore-forming bacteria with
the ability to dissolve calcium phosphate were an-
alyzed on the Pikovskaya medium (Pikovskaya
1948). The colonies of bacteria exhibiting these
properties were divided into two groups, depend-
ing on the size of the “halo” zone. Phosphate-solu-
bilizing bacteria (PSB) A — the number of bacterial
colonies forming clear translucent “halo” zones
that form when calcium phosphate is dissolved.

PSB B — the number of all bacterial colonies that
can grow on the Pikovskaya medium. Included
here were also bacteria with poor calcium phos-
phate-solubilizing ability. The number of actino-
mycetes was determined on colloidal chitin agar
(Hsu & Lockwood 1975). The results illustrating
the populations of these bacteria are presented as
follows: actinomycetes A — the number of colo-
nies of actinomycetes forming a distinct “halo”,
resulting from the decomposition of chitin; acti-
nomycetes B — colonies that did not form a dis-
tinct “halo”, but exhibited morphological fea-
tures like actinomycetes. This distinction was
caused by an attempt to avoid the error caused
by the difficulty of assessing the size of degraded
chitin zone. It also allowed to include actinomy-
cetes whose intensity of chitin decomposition
was low.

The obtained results were analyzed statisti-
cally by means of analysis of variance for univari-
ate experiments. The Newman—Keuls test in the
statistical program Statistica 13.1 was used to as-
sess differences between means.

RESULTS

Analysis of the results showed that enriching
the soil with the mineral fertilizers and/or selected
microorganisms increased in some cases the num-
ber of different groups of microorganisms in the
rhizosphere of strawberry plants comparing with
the treatments without their addition. An influence
was largely dependent on the year of study. In both
years of study, the addition of NPK decreased total
number of bacteria and number of P. fluorescens
but increased total number of Pseudomonas and in
2019 number of P. fluorescens (Table 2). Applica-
tion of fungi as a sole slightly decreased the num-
ber of bacteria. Fungi given in a combination
with mineral fertilizer did differently. The high-
est number of total Pseudomonas bacteria was
counted when urea was added together with fungi.
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Effect of bacteria application mostly increased
the number of total and Pseudomonas bacteria.
Addition of bacteria together with Polifoska and
Super Fos Dar 40 (SFD) in some treatment in-
creased greatly bacteria number (for example, total
Pseudomonas in 2018 and 2019 as well as P. fluo-
rescens in 2019). In 2018, the overall population of
bacteria in the soil taken from the rhizosphere of
strawberry plants was positively affected by ferti-
lization with urea 60% + fungi and Polifoska 6

60% + bacteria (Table 2). The numbers of bacteria
of the genus Pseudomonas did not differ statisti-
cally between the combinations although combi-
nation of fungi with urea and Polifoska with bac-
teria instantly stimulated bacteria population (Ta-
ble 2). The highest number of P. fluorescens in
2018 was counted in the treatments where fungi
with mineral fertilizers were applied. In 2019,
their number was stimulated by NPK given as sin-
gle and SFD given with bacteria (Table 2).

Table 1. The list of treatments (dose of fertilizers per one stoneware)

Treat-
ment Treatments Mineral fertilizers Microorganisms
no.
1 control 0 0
NPK (12 g Super Fos Dar 40, 50 g
2 control + NPK potassium salt, 359g urea before 0

planting and 12 g in midsummer)

3 control + fungi 0 Fungi (A. niger and P. lilacinum)
control + NPK +
4 . NPK (asin 2 Fungi (as above
fungi (asin2) gi ( )
5 ureal00% + fungi  NPK, except urea in midsummer, 20 g  Fungi (as above)
. NPK f lanting, 2 .
6 urea 60% + fungi ' exc_ept urea before planting, 20 g Fungi (as above)
and 12 g in midsummer
7 control + bacteria 0 Bacteria (Bacillus sp., B. amylo!lquefauens,
P. polymyxa added before planting)
trol + NPK + . .
8 contro . NPK (asin 2) Bacteria (as above)
bacteria
Polifoska 6 100% + Polifoska 6, 26 g, 33 g potassium sal_t, Bacteria (as above, incorporated into the
9 . 30 g urea before planting and 20 g in . . .
bacteria . fertilizer during production of granules)
midsummer
Polifoska 6 100% + . Bacteria (as above but added to the soil
10 . asin9 .
bacteria* before planting)
Polifoska 6 60% + Polifoska 6 decreased to 14 g _and urea _ _
11 . decreased to 18 g before planting, 30 g Bacteria (as in 7)
bacteria .
potassium salt
Super Fos Dar 40 . . .
12 100% + bacteria NPK (asin 2) Bacteria (asin 7)
NPK (as in 2 but Super Fos Dar 40
Fos Dar 4 i . .
13 Super Fos Dar 40 decreased to 7@, potassium salt Bacteria (as in 7)

60% + bacteria

decreased to 30 g and urea decreased to
20 g before planting
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Table 2. Isolation of bacteria from soil of strawberry rhizosphere

Bacteria  Pseudomonas Pseudomonas Bacteria  Pseudomonas Pseudomonas
Treat- Treatments total count  total count  fluorescens  total count  total count  fluorescens
ment (cfux10%g  (cfux10®g  (cfux10%g  (cfux10%g (cfux10%g  (cfux10%g
no. DW-ofsoil) DW-ofsoil) DWZofsoil) DWZofsoil) DW-?ofsoil) DWW of soil)
2018 2019
1 control 392+74ab  594+268a 274+101a 13.6+3.7¢ 139+23b 11.6+18¢
2 control + NPK 309+22ab 765+148a 13.7+39a 71+x1.1e 699+23a 603+2.1a
+ Fungi
3 control + fungi 284+6,3ab 427+14.1a 20.6+100a 109+0.0e¢ 90+19b 83+x16¢
4 control + NPK + fungi 72+1.5b 61.2+203a 789+1.6a 84+0.1e 429+29ab 204+1.0c
5 urea 100% + fungi 43.8+136ab 1624+580a 784+32.0a 10.1+02¢ 419+5.1ab 324+54bc
6 urea 60% + fungi 61.7+153a 129.6+322a 77.7+244a 540+0.6b 50.1+11.9ab 263+12c
+ Bacteria
7 control + bacteria 39.7+10.1ab 1009+39.5a 542+187a 326+6.6d 354+1.8ab 122+29c
8 control + NPK + bacteria 18.2+0.7b 726+299a 488+144a 74+08e 285+6.1ab 229=x5.¢
Polifoska 6 100%
9 . 25.1+6.7ab 172.6+549a 243+29a 693x102a 41.6+t83ab 34.6+7.7bc
+ bacteria
Polifoska 6 100%
10 . 369+53ab 803+312a 32.0+03a 31.6%x12cd 493+172ab 154+t1.6¢
+ bacteria*
Polifoska 6 60%
11 . 61.5+23a 1382+41.5a 472+16.1a 7.7+02e¢ 54.6+14.8ab 40.0=+7.5abc
+ bacteria
Super Fos Dar 40 100%
. 342+145ab 792+309a 544+197a 212+0.5de 663+18.1a 56.6+17.1ab
+ bacteria
Super Fos Dar 40 60%
2098+29ab 929+233a 396+122a 435+1.0c 38.1=+11.5ab 19.7+8.0¢

+ bacteria

Values marked with the same letter in the columns do not differ significantly according to the Newman—Keuls test (p = 0.05)

Population of actinomycetes A and B was in
both years greater in comparison with control in the
treatment, where sole NPK was added (Table 3).
The number of both types of actinomycetes in-
creased further in the treatment where both NPK
and fungi were applied. The highest number of acti-
nomyecetes in 2018 was in the treatment where sole
bacteria were applied, but this result was not re-
peated in 2019. The population of actinomycetes B
increased in 2019 where bacteria with SFD were
added together with bacteria.

The population of filamentous fungi was sig-
nificantly higher in 2018, where sole fungi and
fungi with urea 60% were applied (Table 3).

Population of PSB A was in 2018 higher than
in control, when urea 100% was applied with fungi
and Polifoska 100% with bacteria. In 2019 the
highest population of PSB was observed in the
treatment with urea 60% with fungi. PSB B popu-
lation was slightly stimulated with application of
NPK and fungi, and in 2019, by NPK and urea 60%
with fungi (Table 4).



Influence of microbiologically enriched mineral fertilizers on microorganisms

41

Table 3. Isolation of actinomycetes and filamentous fungi from soil of strawberry rhizosphere

Actinomy- Actinomy-  Filamentous  Actinomy- Actinomy- Filamentous
Treat- cetes A cetes B fungi cetes A cetes B fungi
ment Tl’eatmentS (cfu % 105. Der % 5, -1 < 104 -1 x 5. -1 X 5. -1 X 4. -1
g (cfux10°g DW? (cfu x 10*g DW? (cfu x 10>g DW? (cfu x 10>g DW? (cfu x 10*g DW
no. of soil) of soil) of soil) of soil) of soil) of soil)
2018 2019
1 control 20.0£29b 250+£3.1b 155+3.0¢ 7.7+25d 246 +6.7b 203+ 1.1ab
2 control + NPK 369+132b 50.0+158b 11.7+27c¢c 18.6+09bcd 50.6+12.7ab 22.8+8.8ab
+Fungi
3 control + fungi 12.8+£0.8b 16.1+1.1b 415+01a 143+14bcd 284+1.0ab 18.5+3.5ab
control + NPK
4 funai 543+£65b 683+£100b 37.84+3.7ab 34.8+6.3 abc 52.2+6.1 ab 232+59ab
+ fungi
5 ureal00% +fungi 42.7+10.8b 52.0+151b 30.1+6.8b 52.1+56a 74.6+8.7a 309+8.0a
6 urea60% +fungi 359+142b 508+19.6b 46.7+07a 12.7+14bcd 228+0.3D 8.0+0.3b
+Bacteria
7 control + bacteria  103.9+7.8a 110.7+85a 135+28c¢ 182=+1.1bcd 36.5+0.3ab 7.8+£1.6b
control + NPK
8 . 344+11.7b 425+£13.7b 10.1£23c¢ 11.0+1.7cd 19.0+1.7b 12.1+£1.3ab
+ bacteria
Polifoska 6 100%
9 . 234+6.1b 366+150b 103+19c 385+0.1ab 55.1+0.5ab 22.1+4.5ab
+ bacteria
Polifoska 6 100%
10 . 21.6+4.7b 283+43b 135+£03¢ 189+34bcd 27.6+54ab 93+2.6ab
+ bacteria*
Polifoska 6 60%
11 . 499+160b 553+£15.6b 187+28c¢ 321+3.7abcd 558+15.1ab 154+33ab
+ bacteria
Super Fos Dar 40
12 . 287+59b 332+4.5Db 16.7+£09¢ 36.0+11.4abc 68.1+16.7ab 18.8+4.3ab
100% + bacteria
Super Fos Dar 40
234+1.8b 32.6+0.2b 62+08c 309+12.1abcd 61.7+19.5ab 28.3+0.2ab

60% + bacteria

Values marked with the same letter in the columns do not differ significantly according to the Newman—Keuls test (p = 0.05)

DISCUSSION

The composition and abundance of microor-
ganisms living in the soil is determined by many
factors. One of the most important of these is the
plant species (Klimek et al. 2010; Jankowska &
Swedrzynska 2016; Jacoby et al. 2017). No less
important is the type of soil, especially its acidity,

and abiotic factors, such as soil moisture and
temperature. All these factors, combined with
agrotechnical methods, especially fertilization,
affect soil microorganisms directly and indi-
rectly, determining plant growth and the quantity
and quality of chemical compounds secreted by
the roots into the soil (Ishag 2017), which serve
as nutrition for microorganisms living in the soil.
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Table 4. Isolation of phosphorus bacteria from soil of strawberry rhizosphere

Phosphate-solubilizing Phosphate-solubilizing Phosphate-solubilizing Phosphate-solubilizing

E:tt- Treatments bacteria A bacteria B bacteria A bacteria B
(cfux 10*g DW? (cfux 10*g DW? (cfux 10*g DW1 (cfux 10*g DW1
no. : ; ; ;
of soil) of soil) of soil) of soil)
2018 2019
1 control 6.8+ 0.7 bc 513+7.1a 146+ 1.4bc 36.1+£7.5b
2 control + NPK 9.6 1.8 bc 384+08a 28.5+4.5 abc 54.7+10.9 ab
3 control + fungi 53+1.3bc 49.1+184a 18.9+4.3 bed 45.0+9.0 ab
4 C?S;;"I' *NPK+ 13.2+0.8 ab 743+215a 314408 ab 60.1 +3.6 ab
5 urea 100% + fungi 18.6 5.2 ab 56.0+93a 14.8+2.3 be 344+75b
6 urea 60% + fungi 7.0£1.7bc 66.6+139a 352+29a 755+52a
+Bacteria
7  control + bacteria 6.7+0.8 bc 629+7.1a 20.8 £3.2 bed 373+4.8b
g control +NPK+ 7.0£32 be 487432 125+ 1.6d 27842.0b
bacteria
I 0,
g Polifoska6100% + 9.3+2.0bc 493+62a 25.7+ 1.5 abe 524+ 4.7 ab
bacteria
I 0,
1o Polifoskab100%+ oo 522+47a 16.6+43 cd 31.946.7b
bacteria*
1 0,
1y Polifoska660% + 3.0408¢ 645+67a 20.8+2.0 bed 51.9433ab
bacteria
1p SuperFos Dar40 143 +£5.9ab 88.0+27.7a 204 +3.2 bed 46.0 = 13.2 ab
100% + bacteria
13 SuperFosDar40 14.0 £3.7 ab 545+12.6a 17.8 3.9 bed 43.1+12.6 ab

60% + bacteria

Values marked with the same letter in the columns do not differ significantly according to the Newman—Keuls test (p = 0.05)

So, there is a close relationship between the condition
of the plant, the size of the root system, and the in-
tensity of the impact on soil-inhabiting microorgan-
isms (De-la-Pefia & Loyola-Vargas 2014; Jankow-
ska & Swedrzynska 2016; Haldar & Sengupta 2015).

Considerable amounts of mineral fertilizers used
in agriculture are lost due to various physical, chemi-
cal, and biological processes, e.g., leaching, absorption,
volatilization (denitrification), etc. The economic and
environmental damage that these processes cause is
widely known. The use of bio-fertilizers may be useful
to limit the amounts of synthetic mineral fertilizers and
ensure their more effective use. In the experiment
described here, synthetic mineral fertilizers were

enriched with selected microorganisms. Bacteria
and fungi genera used in our experiment can exert
a positive influence on the growth of many plants
(Lan et al. 2017; Ishaq 2017; Yin et al. 2015).

Actually, more and more researchers are pay-
ing attention to increasing the effectiveness of
PGPM by using consortia of microorganisms with
different modes of action. The results obtained in
the present study showed that the application of fer-
tilizers enriched with microorganisms consortia had
different effects on the analyzed populations of soil
microorganisms in the rhizosphere of strawberry
plants. It should be noted, however, that in the most
cases, this effect was positive.
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The beneficial effect of the selected strains of
microorganisms applied to soil can be illustrated
with more than five-fold increase in the abundance
of actinomycetes in the soil in the combination
control + bacteria. In 2018, the addition of fungi
caused a significant increase in the populations of
filamentous fungi in the combinations control and
control + NPK, compared to the combinations with-
out additives. Unfortunately, in 2019, the differ-
ences between the combinations were not statisti-
cally significant.

The results of the experiment are evidence that
the most beneficial effect on soil microorganisms in
the strawberry root zone was produced by the treat-
ment with urea 60% + fungi. For this combination,
significant increases in the size of populations of
bacteria (total counts for 2018 and 2019), actinomy-
cetes (2019), filamentous fungi (2018 and 2019),
and PSB B (2019) were observed. Although the
number of bacteria of the genus Pseudomonas in
this combination was not statistically significant, it
was markedly higher than in control in both years.
Urea 100% + fungi increased populations of fila-
mentous fungi and PSB in 2018. Therefore, it fol-
lows that the use of urea reduced by 40% in combi-
nation with Aspergillus niger and Purpureocillium
lilacinum had a positive effect on the analyzed pop-
ulations of soil microorganisms.

The fertilizer Polifoska 6 60% + bacteria had
a positive effect on total soil bacteria and bacteria of
the genus Pseudomonas; however, the differences
were not significant. The other combinations in
which Polifoska 6 100%, + bacteria were used had
a positive effect on the overall number of bacteria in
2019. Super Fos Dar 40 100% + bacteria increased
almost fivefold the total number of Pseudomonas
bacteria and also fluorescens Pseudomonas com-
pared to control.

The analyses performed in this experiment de-
termined the number of microorganism groups that
have long been recognized as soil quality indicators
because their significance from the point of view of
broadly understood soil fertility is considered to be
extremely important (Garbeva et al. 2004). One of the

analyzed groups are bacteria of the genus Pseudomonas.

They are bacteria that colonize the soil effectively
because they compete strongly for nutrients with
other microorganisms. Some species of Pseudomo-
nas can stimulate plant growth because they have
the ability to produce phytohormones such as auxins,
gibberellins, and cytokinins, a large number of bio-
logically active compounds (including antibiotics,
HCN, lytic enzymes), and is known as a inducer of
systemic resistance (ISR) in plants. Pseudomonas
bacteria have a positive influence on soil structure
because they produce large amounts of sticky poly-
mers that contribute to the aggregation of soil parti-
cles (Pathma et al. 2011; Pociejowska et al. 2014).
The highest numbers of these bacteria, both overall
and of those producing fluorescent dyes, were ob-
served in 2019 in the combinations control NPK and
Super Fos Dar 40 100% + bacteria.

Another group of bacteria commonly found in
the soil are actinomycetes (Lenart-Boron & Banach
2014). They play an important role because of their
ability to break down various chemical compounds
and participation in the mineralization of organic
substances (cellulose, chitin, lignin, and others).
They produce a vast number of antibiotic com-
pounds that have antibacterial and antifungal prop-
erties. The results obtained by analyzing the soil
from strawberry rhizosphere indicate that enrich-
ment of the soil with the selected microorganisms or
treatment with fertilizers enriched with these micro-
organisms had a positive effect on the numbers of
actinomycetes. The lowest populations of these bac-
teria were found in the soil from control, but signif-
icantly higher in control + bacteria. In 2019, most
actinomycetes were found in the soil samples taken
from the combinations with urea 60% + fungi.

One of the important aspects taken into ac-
count in the effective use of microorganisms is se-
lection for those that can improve the condition of
plants by providing them with certain nutrients.
Researchers have long focused their attention on
bacteria with the ability to dissolve insoluble phos-
phorus compounds and transform them into forms
readily available to plants (Kurek & Ozimek 2008;
Wang et al. 2018). These bacteria may be of partic-
ular importance in Poland because acidic soils,
which are prevalent in this country, are conducive
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to the formation of insoluble compounds that re-
duce the pool of mobile (available) phosphorus.
Some bacteria (e.g., Bacillus) found in the soil can
produce significant amounts of organic acids that
dissolve sparingly available forms of phosphorus.
The ability of bacteria to dissolve these compounds
varies greatly because individual species secrete
different organic acids that may affect that process
with varying intensity (Ciopinska & Bezak-Mazur
2018). The results obtained in the study showed
that the use of Polifoska 6 100% + bacteria was the
most beneficial for increasing the number of PSB
in 2018, while in the second year, the highest num-
bers of these bacteria were observed in the combi-
nations urea 60% + fungi.

To conclude, it can be stated that the fertiliz-
ers used in the study had, in some cases, a benefi-
cial influence on microorganisms in the rhizo-
sphere of strawberry plants. This experiment was
conducted in the field conditions, and many differ-
ent factors (biotic and abiotic) may affect obtained
results, so the study requires further investigations.
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