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ABSTRACT 

The article presents the results of research on the occurrence of beneficial groups of microorganisms 

in the rhizosphere of carrot, parsley and potato plants after the application of: (1) a commercial product 

EmFarma Plus (Probiotics Polska), (2) a consortium called Skierniewickie Microorganisms (MS) (contain-

ing three strains of Klebsiella oxytoca, Pseudomonas fluorescens, Pseudomonas sp.), and (3) Consortium 

MS together with EmFarma Plus. The study estimated the populations of microscopic fungi and bacteria, 

including the groups of microorganisms considered to be beneficial, i.e., spore-forming bacteria, fluores-

cent bacteria of the genus Pseudomonas, diazotrophs and actinomycetes. Applications of Consortium MS 

and, to a lesser extent, the preparation EmFarma Plus together with Consortium MS resulted in a significant 

increase in the total population of diazotrophs isolated from the rhizosphere soil of the vegetable species 

included in the study. There was no significant impact of the application of EmFarma Plus on the population 

size of the analyzed groups of microorganisms in the rhizosphere soil. 
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INTRODUCTION 

 

Microorganisms play a significant role in soil 

and in agriculture, as they contribute to improve-

ment of soil fertility by releasing nutrients into the 

soil through decomposition of organic matter, che-

lation/solubilization of inorganic compounds, and 

by fixation of nitrogen from the atmosphere. An-

other important role of soil microorganisms is their 

ability to affect plant growth and yielding. Some 

groups of microorganisms, like diazotrophs, fluo-

rescent Pseudomonas, Bacillus spp. or Streptomy-

ces spp., can have a positive influence on plant 

health and growth. The positive influence can be di-

vided into two main effects: an increase in nutrient 

uptake by chelation/solubilization of elements or by 

sharing fixed nitrogen, and by a reduction of popu-

lation sizes of soil-borne plant pathogens in the soil 

through competition for nutrients and living space, 

and/or antibiosis. Competition between microor-

ganisms is the main factor limiting the occurrence 

of soil-borne pathogens, and is much stronger in 

soils with richer and more complex microbial diver-

sity (Kennedy et al. 2005; Beatty & Jensen 2002, 

Garrett 1970; Marschner 2012). 

The use in agriculture of microorganisms that 

can increase the nutrition of plants and/or reduce the 

populations of pathogens in the environment can 

translate into increased crop yields while reducing 

mineral fertilization rates and the use of chemical 

plant protection products, and in some cases, com-

pletely replacing them (Keel et al. 1992; 

Kozyrovska et al. 1996; Canbolat et al. 2006). 

Commercial preparations that have in their 

composition microorganisms for stimulating 

growth (Plant Growth Promoting Microorganisms – 

PGPM) contain one or more strains of beneficial 

bacteria or fungi. Preparations that contain more 
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than one beneficial strain are relatively rare because 

of the possibility of competition between the micro-

organisms in the soil, in the product, or during stor-

age. On the other hand, preparations containing 

a wider range of suitably selected beneficial micro-

organisms can be more effective due to the syner-

gistic action of the microorganisms or a greater 

range of their beneficial activity (Bashan 1998; do 

Vale Barreto Figueiredo et al. 2010). 

The aim of the study was to evaluate the effect 

of preparations containing live microorganisms and 

organic fertilization on the size of populations of 

microscopic fungi and beneficial groups of bacteria 

in the rhizosphere soil of carrot, parsley and potato 

plants. The beneficial groups of bacteria were se-

lected due to their important role in the soil: enhanc-

ing nutrient uptake by plants (i.e., fluorescent pseu-

domonads, diazotrophs), suppression of growth of 

pathogenic fungi (i.e., spore-forming bacteria, acti-

nomycetes), and decomposition of organic matter 

(i.e., actinomycetes, spore-forming bacteria). 

 

MATERIAL AND METHODS 

 

The experiment was conducted in 2015 and 

2016, on the EM AGRO PLUS Agri-Horticultural 

Farm in the Łódź province. The vegetable plants in-

cluded in the experiment were carrot (Daucus 

carota) ‘Laguna’, parsley (Petroselinum crispum) 

‘Atika’, and potato (Solanum tuberosum) ‘Vineta’. 

The field experiment was set up in a randomized de-

sign with four plots per plant species, with an area 

of 0.025 ha for each parsley plot and 0.1 ha for each 

carrot and potato plot. The seeds of carrot and pars-

ley were sown at a rate of 750,000–800,000 seeds 

per hectare, and the potato tubers were planted at 

a rate of 40,000–44,000 per hectare. In the autumns 

of 2014 and 2015, the soil of the experimental field 

was fertilized with cattle manure (at 30 t·ha-1) and 

chicken manure (at 20 t·ha-1). In 2015 and in 2016, 

before the seeds or potato tubers were planted, in the 

part of the field allocated for experimental combi-

nations 2–5, the following preparations were ap-

plied before sowing: EmFarma Plus (Probiotics Pol-

ska) at 10 dm3·ha-1, and humic acids HumiAgra 

(AgraPlant) at 1 kg·ha-1. During the emergence of 

plants (80–90% germination), preparation AmiAgra 

(AgraPlant) containing amino acids was applied at 

200 g·ha-1. After the plants had formed leaves, or-

ganic nitrogen fertilizer Azocor (Fomet) (N – 

10.5%, P – 1.5%, K – 1.5%, C – 82%) was applied 

at 350 kg·ha-1. When the plants had reached the 

height of 15–20 cm, natural fertilizer Mikroplan 

Universal Max (Olimax) at 2 dm3·ha-1 and amino 

acids AmiAgra (Agra Plant) at 100 g·ha-1 were ap-

plied 3 times at 10-day intervals. 

The chemical properties of the soils were de-

termined in April 2015, at the start of the first year 

of the study, before the seeds or potato tubers were 

planted (Table 1). The bulk soil samples were col-

lected according to the general rules for the sam-

pling and transport of soil for analysis. Briefly: ara-

ble soil samples were collected with a soil sampler 

from a depth of 0–20 cm from twenty randomly se-

lected sites. The thus prepared soil was treated with 

the microbiological preparations, 5 times at monthly 

intervals, from April to August during 2015 and 

2016, using an agricultural sprayer adapted for veg-

etable crops. 

The experiment included the following experi-

mental combinations: 

1. Untreated plants – plants growing in the soil with 

the addition of manure only, watered with water 

in the amount of 5 × 400 dm3·ha-1. 

2. Control – plants growing in the soil with the ad-

dition of manure and organic fertilizers, watered 

with water in the amount of 5 × 400 dm3·ha-1. 

3. EmFarma Plus (Probiotics Polska) – plants 

growing in the soil with the addition of manure 

and organic fertilizers and sprayed with 10% so-

lution of EmFarma Plus in the amount of 5 × 

400 dm3·ha-1 (according to the manufacturer’s 

recommendations). According to the producer, 

the preparation contains the following species: 

Bacillus subtilis var. natto, Bifidobacterium spp. 

(B. animalis, B. longum), Lactobacillus spp. 

(L. acidophilus, L. casei, L. delbrueckii ssp. bul-

garicus, L. fermentum, L. plantarum), Lactococ-

cus lactis ssp. lactis, Rhodopseudomonas spp. 

(R. palustris, R. sphaeroides), Streptococcus 

thermophilus, Saccharomyces cerevisiae (min. 

population size: 107 cfu·ml-1). 

4. Consortium MS – plants growing in the soil with 

the addition of manure and organic fertilizers 
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and sprayed with a consortium of Skierniewickie 

Microorganisms (MS) consisting of bacteria iso-

lated and selected in the Rhizosphere Laboratory 

of the Research Institute of Horticulture in Ski-

erniewice: Pseudomonas sp. SYMBIO BANK 

strain Pi22B, Pseudomonas fluorescens SYM-

BIO BANK strain Pi25C, Klebsiella oxytoca 

SYMBIO BANK strain NAzot2; applied by 

spraying with an aqueous solution of these bac-

teria in the amount of 5 × 400 dm3·ha-1. The con-

centration of the bacteria in the solution was 

1.5 × 107 cfu·ml-1. 

5. Consortium MS + EmFarma Plus plants grow-

ing in the soil with the addition of manure and 

organic fertilizers and sprayed with the amount 

of 5 × 400 dm3·ha-1. The applied dose of Em-

Farma Plus was as in combination 2, and the 

concentration of MS was as in combination 3. 

Rhizosphere soil for microbiological analyses 

was collected before the harvest on August 26th, 

2015 and on September 1st, 2016 and subjected to 

microbiological analysis within a week. Briefly: 

roots with a thin layer of soil were delivered to the 

laboratory and placed in a refrigerator. Then, the rhi-

zosphere soil was separated from the roots by gently 

shaking it off and/or scraping using sterile pipette 

tips. For the analysis, the amounts of approximately 

10–20 g of rhizosphere soil were collected. 

 

Table 1. Chemical properties of soils before the seeds or potato tubers were planted (EM AGRO PLUS Agri-Horti-

cultural Farm 2015) 

 

Fertilization combination pH 

Salinity 

(NaCl 

g·dm-3) 

N-NO3 P K Mg Ca Fe Mn Cu Zn B 

Dry 

matter 

(%) 

Organic 

matter 

(%) 

mg × dm-3 of soil   

Carrot plants untreated plants 6.2 0.34 73 130 146 118 828 136.0 18.9 2.08 4.55 1.10 94.5 1.97 

Carrot plants treatments 2-5: control plants, 

EmFarma plus, Consortium MS, Consortium 

MS + EmFarma plus 

6.7 0.31 61 183 130 128 1050 111.0 21.6 2.11 5.19 1.16 94.4 2.01 

Parsley plants untreated plants 7.7 0.56 128 186 98 181 3220 48.2 3.53 1.34 5.78 1.40 92.3 4.74 

Parsley plants treatments 2-5: control plants, 

EmFarma plus, Consortium MS, Consortium 

MS + EmFarma plus 

7.7 0.40 97 216 102 165 2510 51.6 3.86 1.36 5.71 1.30 91.8 4.63 

Potato plants untreated plants 6.8 0.26 53 151 119 108 1020 134 13.9 2.49 7.28 0.88 95.6 1.49 

Potato plants treatments 2-5: control plants, 

EmFarma plus, Consortium MS, Consortium 

MS + EmFarma plus 

6.8 0.24 46 105 100 111 860 139 14.0 2.45 6.10 1.40 95.9 1.44 

 

Estimation of the number of microorganisms 

The rhizosphere soil samples were mixed and sus-

pended in sterile distilled water at a ratio of 1 : 9. 

The suspensions were homogenized with a labora-

tory shaker for 45 minutes at the speed of 150 rates 

per minute. The homogenized suspensions were 

then used to prepare serial decimal dilutions (10-2, 

10-3, 10-4, 10-5, 10-6), which were used to inoculate 

the following culture media, depending on the pa-

rameter to be estimated: the total number of bacteria 

was estimated on 10% tryptic soy agar (TSA) 

(Ghyselinck et al. 2013); total number of filamen-

tous fungi was estimated on Rose Bengal Chloram-

phenicol Agar (Ryckeboer et al. 2003); total number 

of actinomycetes was estimated on colloidal chitin 

agar (Hsu and Lockwood 1975) containing: dry col-

loidal chitin 4 g, K2HPO4 0,7 g, KH2PO4 0.3 g, 

MgSO4 × 5 H2O 0.5 g, FeSO4 × 7 H2O 0.01 g, 

ZnSO4 0.001 g, MnCl2 0.001 g, agar 20 g, tap water 

1000 g, final pH – 8; total number of diazotrophs 

was estimated on Burk’s medium (Kennedy et al. 

2005) containing: K2HPO4 0.64 g, KH2PO4 0.2 g, 

MgSO4 × 7 H2O 0.2 g, NaCl 0.2 g, CaSO4 × 2 H2O 

0.05 g, Na2MoO4 0.001 g, FeSO4 0.003 g, mannitol 

20 g, agar 12 g, distilled water 1000 g; total number 

of fluorescent Pseudomonas bacteria was estimated 

on S1 medium (Gould et al. 1985) containing: su-

crose 10 g, glycerol 12.6 g, casamino acids 5 g, 
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NaHCO3 1 g, MgSO4 × 7 H2O 1 g, K2HPO4 2.3 g, 

SLS 1.2 g, trimethoprim 20 mg, agar 18 g, distilled 

water 1000 g; total number of spore-forming bacte-

ria was estimated by incubating suspensions at 

80 °C for 30 minutes and plating them on 10% tryp-

tic soy agar. 

Plates were incubated for 72 hours at 30 °C (S1 

and Burk’s media), for 10–14 days at 28 °C (10% 

TSA, water agar), and for 5–7 days at 25 °C (Rose 

Bengal Chloramphenicol Agar). When calculating 

the number of microorganisms, only the plates on 

which the number of colonies fell within the range 

30–300 were taken into consideration. The results 

were converted to colony-forming units per 1 gram 

of dry weight of medium (cfu × g-1 DW). In order to 

express the number of microorganisms in terms of 

per 1 g of dry weight, samples of the media were 

dried at 105 °C for 18 hours. 

The microorganism populations were ex-

pressed as logarithms (base 10) of cfu (colony form-

ing units) per gram of dry weight of the soil. The 

results (number of microorganisms) were subjected 

to one way ANOVA using Statistica version 10 

(Statsoft Inc. 2012). Homogenous groups were de-

termined with Tukey’s test for p = 0.05. 

 

RESULTS 

 

Overall impact of microbiological preparations 

on the number of microorganisms in the rhizo-

sphere soil of vegetable plants 

The microbiological preparations had different ef-

fects on the population size of individual groups of 

microorganisms (Table 2). In the first year of the 

study, the use of combined Consortium MS and Em-

Farma Plus caused an increase in the population of 

spore-forming bacteria in the rhizosphere soil, in 

comparison with the control plants (Table 2). The 

use of EmFarma plus resulted in a decrease in the 

total number of bacteria, including diazotrophs. In 

the second year of the study, an increase in the 

spore-forming bacteria was observed in the rhizo-

sphere soil of the plants treated with Consortium 

MS combined with EmFarma Plus, and the popula-

tion of microscopic fungi was increased in the rhi-

zosphere soil of the plants treated with EmFarma 

Plus, in comparison with the rhizosphere of the con-

trol plants (Table 2). 

Effect of microbiological preparations on the 

number of microorganisms in the rhizosphere 

soil of carrot ‘Laguna’ 

In the first year of the study, in comparison with the 

rhizosphere soil of the control plants, there was 

a significant increase in the number of diazotrophs 

after the application of Consortium MS alone and 

Consortium MS together with EmFarma Plus (Ta-

ble 3). After the application of EmFarma Plus alone 

and Consortium MS combined with EmFarma Plus, 

an increase in the population of fluorescent bacteria 

of the genus Pseudomonas was observed, whereas 

application of Consortium MS alone resulted in 

a significant increase in the number of spore-form-

ing bacteria (Table 3). In the second year of the 

study, there was a significant increase in the total 

number of bacteria, including spore-forming bacte-

ria and diazotrophs, in the rhizosphere soil of the 

plants treated with Consortium MS combined with 

EmFarma Plus, and increased populations of diazo-

trophs and fluorescent Pseudomonads in the rhizo-

sphere soil of the plants treated with Consortium 

MS, in comparison with the rhizosphere of the con-

trol plants. The population of microscopic fungi in 

the rhizosphere of the plants treated with EmFarma 

Plus was significantly increased, as compared to the 

rhizosphere of the control plants. The total number 

of actinomycetes decreased in the rhizosphere of 

untreated plants and after the application of Consor-

tium MS, in comparison with the remaining treat-

ments (Table 3). 
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Table 2. Average population size of selected groups of microorganisms in the rhizosphere soil of vegetable plants, 

depending on the fertilization combination (EM AGRO PLUS Agri-Horticultural Farm 2015, 2016) 

 

Fertilization 

combination 

Population size of groups of microorganisms × log10 (cfu·1 g-1 DW) 

total bacteria  
spore-forming 

bacteria  

fluorescent Pseudo-

monas bacteria 
diazotrophs actinomycetes 

microscopic 

fungi 

2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 

Untreated plants 7.3 ab 7.3 a 6.2 ab 6.2 b 3.8 a 1.4 a 3.6 ab 6.1 a 5.3 a 6.5 a 4.9 a 4.8 ab 

Control plants 7.4 b 7.4 a 6.2 a 6.1 ab 2.8 a 2.3 a 5.2 b 5.9 a 5.5 a 6.6 a 4.9 a 4.7 a 

EmFarma Plus 7.1 a 7.4 a 6.2 a 6.1 a 2.4 a 2.7 a 1.8 a 5.9 a 5.6 a 6.5 a 4.8 a 5.0 b 

Consortium MS 7.2 ab 7.3 a 6.3 ab 6.1 a 2.4 a 3.5 a 5.8 b 6.2 a 5.7 a 6.6 a 4.8 a 4.6 a 

Consortium MS + 

EmFarma Plus 
7.2 ab 7.4 a 6.4 b 6.2 b 3.8 a 2.4 a 5.6 b 6.1 a 5.6 a 6.7 a 4.9 a 4.6 a 

 

Table 3. Population size of selected groups of microorganisms in the rhizosphere soil of carrot plants (EM AGRO 

PLUS Agri-Horticultural Farm 2015, 2016) 

 

Fertilization 

combination 

Population size of groups of microorganisms × log10 (cfu·1 g-1 DW) 

total bacteria  
spore-forming 

bacteria  

fluorescent Pseudo-

monas bacteria 
diazotrophs actinomycetes 

microscopic 

fungi  

2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 

Untreated plants 7.2 b 7.5 b 6.4 b 6.2 b 3.5 bc 0* a 0* a 6.5 b 5.9 a 6.6 a 4.9 a 4.8 b 

Control plants 7.1 ab 7.1 a 6.3 ab 6.2 b 0* a 0* a 5.0 b 6.3 a 5.9 a 6.7 b 4.9 a 4.6 a 

EmFarma Plus 7.1 a 7.2 a 6.3 a 6.0 a 3.3 b 0* a 0* a 6.5 ab 5.9 a 6.7 b 4.8 a 4.9 b 

Consortium MS 7.2 b 7.1 a 6.5 c 6.0 a 0* a 3.7 b 6.1 c 6.6 b 5.9 a 6.6 a 4.9 a 4.6 a 

Consortium MS + 

EmFarma Plus 
7.1 ab 7.5 b 6.4 b 6.4 c 3.6 c 0* a 5.9 c 6.5 b 5.9 a 6.8 b 4.8 a 4.7 a 

 
Results of microbiological analyses verified with univariate analysis of variance using Statistica 10. Homogenous groups deter-

mined with HSD test for p = 0.05. 

* below detection limit 

 

Effect of microbiological preparations on the 

number of microorganisms in the rhizosphere 

soil of parsley ‘Atika’ 

In the first year of the study, in comparison with 

the rhizosphere soil of the control plants, there was 

a significant increase in the number of diazotrophs 

after the application of Consortium MS (Table 4). 

In the second year, there were higher populations 

of diazotrophs and microscopic fungi in the rhizo-

sphere soil of the plants treated with EmFarma Plus 

and an increased population of actinomycetes and 

microscopic fungi in the rhizosphere soil of the 

plants treated with Consortium MS combined with 

EmFarma Plus, in comparison with the rhizosphere 

soil of the control plants (Table 4). 

Effect of microbiological preparations on the 

number of microorganisms in the rhizosphere 

soil of potato ‘Vineta’ 

In the first year of the study, in comparison with the 

rhizosphere soil of the control plants, the use of mi-

crobiological preparations decreased the total num-

ber of bacteria, including the populations of fluores-

cent bacteria of the genus Pseudomonas (Table 5). 

After the application of Consortium MS, there was 

a significant increase in the number of actinomy-

cetes, while the rhizosphere of potato plants treated 

with Consortium MS in combination with Em-

Farma Plus was colonized by larger populations of 

spore-forming bacteria and microscopic fungi, 

compared to the rhizosphere of the control plants 
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(Table 5). In the second year of the study, there were 

significantly higher populations of diazotrophs after 

the use of Consortium MS and Consortium MS ap-

plied together with EmFarma Plus, and a higher 

number of microscopic fungi after the use of Em-

Farma Plus, in comparison with the rhizosphere of 

the control plants (Table 5). The use of Consortium 

MS and Consortium MS combined with EmFarma 

Plus significantly decreased the total number of 

bacteria and microscopic fungi in the rhizosphere 

soil, in comparison with the rhizosphere of the con-

trol plants (Table 5). 

 

Table 4. Population size of selected groups of microorganisms in the rhizosphere soil of parsley plants (EM AGRO 

PLUS Agri-Horticultural Farm 2015, 2016) 

 

Fertilization 

combination 

Population size of groups of microorganisms × log10 (cfu·1 g-1 DW) 

total bacteria  
spore-forming 

bacteria  

fluorescent Pseudo-

monas bacteria 
diazotrophs actinomycetes 

microscopic 

fungi 

2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 

Untreated plants 7.2 a 7.3 a 6.2 a 6.3 b 3.5 b 0* a 5.4 c 5.7 c 4.3 a 6.5 ab 4.7 a 5.2 c 

Control plants 7.3 a 7.5 bc 6.2 a 6.0 a 3.5 b 3.2 b 5.2 bc 5.6 bc 4.9 b 6.5 b 4.7 a 4.6 a 

EmFarma Plus 7.3 a 7.5 c 6.2 a 6.1 a 0* a 4.4 b 0* a 5.8 d 5.1 b 6.5 ab 4.7 a 4.8 b 

Consortium MS 7.2 a 7.4 ab 6.3 a 6.0 a 3.7 b 3.5 b 5.7 d 5.5 ab 5.4 c 6.4 a 4.7 a 4.5 a 

Consortium MS + 

EmFarma Plus 
7.3 a 7.5 bc 6.3 a 6.2 a 3.8 b 3.6 b 5.1 b 5.4 a 5.1 bc 6.7 c 4.8 a 4.7 b 

 

Note: see Table 3 

 

Table 5. Population size of selected groups of microorganisms in the rhizosphere soil of potato plants (EM AGRO 

PLUS Agri-Horticultural Farm 2015, 2016) 

 

Fertilization 

combination 

Population size of groups of microorganisms × log10 (cfu·1 g-1 DW) 

total bacteria  
spore-forming 

bacteria  

fluorescent Pseudo-

monas bacteria 
diazotrophs actinomycetes 

microscopic 

fungi 

2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 

Untreated plants 7.7 c 7.2 a 6.1 a 6.2 a 4.6 c 3.3 a 5.5 ab 6.2 c 5.7 a 6.5 a 5.1 c 4.3 a 

Control plants 7.7 c 7.5 b 6.1 a 6.2 a 4.9 c 3.5 a 5.5 ab 5.7 b 5.7 a 6.6 ab 4.9 b 4.8 c 

EmFarma Plus 7.0 a 7.4 b 6.1 a 6.1 a 4.0 b 3.8 a 5.4 a 5.5 a 5.7 a 6.4 ab 4.8 a 5.2 d 

Consortium MS 7.3 b 7.2 a 6.1 a 6.2 a 3.3 a 3.4 a 5.5 ab 6.4 d 5.9 b 6.6 ab 4.8 ab 4.6 b 

Consortium MS + 

EmFarma Plus 
7.3 b 7.2 a 6.5 b 6.2 a 3.9 b 3.7 a 5.6 b 6.4 d 5.7 a 6.5 b 5.1 c 4.4 ab 

 

Note: see Table 3 

DISCUSSION 

 

The effectiveness of applied microbial inocula 

to enhance plant growth or to control a population 

of plant pathogens is strictly limited by environmen-

tal and human-dependent factors. One of the most 

significant factors related to effectiveness of using 

microbial preparations is the dosage. Due to the 

economic limitation, the dosage of commercial in-

ocula, depending on the formulation, usually 

amounts to several kilograms or liters per hectare. 

On the other hand, the estimated amount of soil mi-

croorganisms according to different authors varies 

from 0.4 to 15 Mg per hectare (Schaechter 2004; 

Libudzisz et al. 2009). Considering that the amount 

of microbial biomass in commercial preparations is 

below part per thousand of total mass of the product, 

the number of applied microorganisms represents 

a tiny percentage of the overall population of soil 

bacteria and fungi. Other important factors limiting 
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the effectiveness of microbial inocula is the compe-

tition for food sources and living space from micro-

organisms dwelling in the soil (Gunalan & Fournier 

1993; van Elsas et al. 2011), soil moisture and tem-

perature (Borowik & Wyszkowska 2016), pH (van 

Elsas & van Overbeek 1993), availability of nutri-

ents and texture of the soil (van Elsas et al. 1986; 

Acea & Alexander 1988) or used microbial carrier 

(van Dyke & Prosser 2000). Due to the fact that en-

vironmental factors could change between vegeta-

tion seasons, the stable positive effects of applied 

bacteria or fungi in several sequent seasons are sel-

dom. For example, the studies of the impact of Azo-

tobacter species on various plant species was 

widely studied in the Soviet Union and in Egypt be-

tween 1950 and 1970. Although some positive ef-

fects were observed, due to the inconsistency of re-

sults, the practical inoculation of the crops has been 

abandoned (Kennedy et al. 2005). The consortium 

of Skierniewickie Microorganisms used in this ex-

periment had a positive impact on increasing the 

population of diazotrophs in the rhizosphere of car-

rot plants in 2015 and 2016. The number of diazo-

trophs in the rhizosphere of parsley and potato 

plants increased after the use of Consortium MS; 

however, the obtained changes in the population of 

diazotrophs varied depending on the year of the 

study. The observed increase in the population of 

diazotrophs after 30 days from the last application 

of Consortium MS could be connected with the sur-

vival of Klebsiella oxytoca in the rhizosphere. The 

survival rate of transformed cells of Klebsiella oxy-

toca (strain VN13) in the rhizosphere of barley roots 

was estimated by Kozyrovska et al. (1994) and 

ranged from 14 days to more than 4 months. Results 

of the experiments with this species cannot be fully 

compared with others because there are very limited 

data in the literature on the use of this bacterium for 

stimulating the growth of vegetable plants and its 

survivability in the soil. 

Applications of Consortium MS did not in-

crease the number of fluorescent bacteria of the ge-

nus Pseudomonas, which may have been associated 

with different environmental factors. Reports of 

other authors on the survival of bacteria of the genus 

Pseudomonas have shown that their populations can 

be reduced already after 10–14 days after applica-

tion, and can be dependent on, among others, the 

temperature (Loper et al. 1985; Davies & Whitbread 

1989; Schmidt et al. 2004), plant species (Latour et 

al. 1996), or the type of soil (Van Overbeek et al. 

1995; Latour et al. 1996). Another factor able to af-

fect the number of applied bacteria of the genus 

Pseudomonas may have been competition from 

other microorganisms inhabiting the rhizosphere. 

The impact of competition between microorganisms 

for nutrients and ecological niche on the population 

of microorganisms inhabiting the soil have been 

studied by Elad and Chet (1987), Hibbing et al. 

(2010) and Garrett (1970), among others. 

Combining Consortium MS with the EM prep-

aration did not produce an improvement in the re-

sults compared to the results obtained after the ap-

plication of Consortium MS alone, which allows the 

conclusion that the use of both preparation together 

is ineffective. Research conducted in Poland and 

around the world does not provide conclusive re-

sults on the effect of the preparations based on “Ef-

fective Microorganisms” on the population size and 

activity of microorganisms inhabiting cultivated 

soils (Okorski & Majchrzak 2007; Schenck zu 

Schweinsberg-Mickan & Müller 2009; Mayer et al. 

2010; Wolna-Maruwka et al. 2010; Wolna-Maru-

wka & Gajewski 2011; Kordas & Zbroszczyk 

2012). In the studies by Wolna-Maruwka et al. 

(2010), the use of an EM preparation derived from 

the experimental farm of the University of Life Sci-

ences in Poznań, increased the number of bacteria, 

including actinomycetes, in the soil, with a con-

comitant reduction in the occurrence of mold 

fungi. These data are not in agreement with our re-

sults because these effects were not noticed in our 

studies. However, the differences in the results 

could be explained by the different plant species 

used in our experiment, or by environmental factors, 

like the soil type. 

The results of this study indicate the need for 

further and detailed research, using molecular tech-

niques for detection of applied beneficial microor-

ganisms and on the influence of microbiological 

preparations on the activity of microflora in the rhi-

zosphere soil of crop plants. The observed differ-
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ences in the number of microorganisms in the rhi-

zosphere of carrot, parsley and potato could be con-

nected with biotic factors like different host plants 

and types of root exudates, or abiotic factors includ-

ing chemical properties of the soil (Table 1). Similar 

differences are common and were reported by 

Grayston et al. (1998), Wieland et al. (2001), Innes 

et al. (2004), Batten et al. (2006), Broeckling et al. 

(2008), Nakhro and Dkhar (2010). The effect of or-

ganic fertilization in our experiment on the popula-

tion size of the studied groups of microorganisms 

was small, which was probably related to the high 

abundance in the soil of nutrients from the fertiliza-

tion with manure. The effect of fertilization on in-

creasing the populations of bacteria and fungi in the 

soil is well-known and has been reported many 

times by Edesi et al. (2013), Zhen et al. (2014), 

Tamilselvi et al. (2015) and others. 

The observed differences in analyzed groups of 

microorganisms between seasons of 2015 and 2016 

could be associated with different environmental fac-

tors like the temperature and moisture of the soil. Ac-

cording to the data from the Institute of Meteorology 

and Water Management – National Research Institute 

(http://www.imgw.pl/projekty_programy/klimat/), 

the mean temperature in 2015 was slightly higher 

(20 °C) and the total precipitation was lower (80–

100 mm) in comparison with 2016 (19 °C and 200–

220 mm). Effects of soil temperature and moisture on 

microbial population and activity were studied, for 

example, by Cho et al. (2008) and Mayer et al. (2010). 

 

CONCLUSIONS 

 

1. Application of the consortium of Skierniewickie 

Microorganisms (MS) resulted in an increase in 

the population of diazotrophs in the rhizosphere 

of carrot, parsley and potato plants. 

2. Combined application of the consortium of 

Skierniewickie Microorganisms with the prepa-

ration EmFarma Plus contributed to an increase 

in the population of diazotrophs in the rhizo-

sphere of carrot plants. 

3. The results indicate a lack of synergy in the in-

teraction of Skierniewickie Microorganisms 

with the preparation EmFarma Plus. 
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