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Abstract: The development of good agricultural practices related to nutrient management and fertilization is 
important given the increase of greenhouse gas emissions and the pollution of underground waters and rivers 
by unabsorbed nitrates and phosphates. Microorganisms from the Rhizobium, Bacillus, Azotobacter, and 
Azospirillum improve the supply of nutrients in the soil through natural processes of nitrogen fixation, phosphorus 
and potassium uptake, and production of plant hormones. In this study, an experiment with common bean 
seeds of the cultivar “Obraztsov Chiflik 12” treated before sowing with selected strains of rhizobacteria from 
the genus Rhizobium and Bacillus was conducted under the conditions of Haplic Vertisol (HV) and Alluvial-
meadow (AM) soil types. The strains and their combinations were evaluated in terms of their effectiveness on 
the diversity and activity of microorganisms in the soil. The levels of macroelements in the soil and plant biomass 
were measured. The influence of bacterial inoculation on biometric indicators for improving plant growth 
was monitored. The results demonstrated the positive effect of pre-sowing seed treatment of common bean 
with a fresh bacterial suspension of the selected rhizobacterial strains, applied individually or in combination. 
The effect of the given bacterial inoculant is strongly related to the type of soil. Taken together, the combined 
agrochemical, microbiological, and biometric data indicate that the selected rhizobacterial strains have potential 
as biofertilizers/biostimulants to improve common bean cultivation and substitute the mineral fertilization under 
suitable soil conditions.
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INTRODUCTION

One of the main sources of pollution on a glob-
al scale is the over-application of mineral fertil-
izers in agriculture. Their use is responsible for 
the negative effects associated with structural 
degradation of the soil, reduced fertility, accumu-

lation of heavy metals, and pollution of surface 
and groundwater (Ma et al. 2024). The increase in 
greenhouse gases is another negative aspect of the 
nitrogen fertilizers application. The ecological ap-
proaches of replicement of synthetic preparations, 
chemical fertilizers and pesticides with biofertil-
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izers and biological control agents could improve 
the sustainability of agroecosystems (Kundan, 
2015; Oleńska et al. 2020).

Phaseolus vulgaris (common bean) is a tra-
ditional crop in Bulgaria. It is one of the repre-
sentatives of legumes with high nutritional value. 
Common beans exceed the cereals by 2 to 3 times 
in protein content. The common bean is rich in 
fibers, minerals, and starch and is superior to rice 
in vitamin content (de Almeida Costa et al. 2006).

Phaseolus vulgaris enter into symbiotic re-
lationships with soil microorganisms, which al-
lows plants to assimilate atmospheric nitrogen. It 
is defined as a non-specific host because enters 
into symbiosis with different strains of microor-
ganisms, which is the reason for the weak level of 
nitrogen fixations (Martínez-Romero, 2003). The 
selection and application of effective rhizobacte-
ria is the way for compensation of that phenom-
enon.

Plant growth-promoting rhizobacteria (PGPR) 
include representatives of the symbiotic gen-
era Rhizobium and nonsymbiotic Pseudomonas, 
Bacillus, Azospirillum, Azotobacter, Klebsiella, 
Enterobacter, and Xanthomonas (Zhang et al., 
2024). They interact with plant roots, stimulat-
ing nutrient uptake through multiple mechanisms 
such as nitrogen fixation, phosphorus and potas-
sium uptake, and the production of plant hor-
mones, which leads to the stimulation of crop 
growth (da Cunha et al., 2024, Li et al., 2024). 
On the other hand, there are publications demon-
strating the synergetic positive effect of the ap-
plication of Rhizobium bacteria and other PGPR 
on nodulation level, nitrogen assimilation and 
yield of several legume crops, including Phase-
olus vulgaris (Abd El and Azeem, 2022). It has 
been found that the application of PGPR provides 
a longer-lasting positive impact on soil fertility 
compared to untreated (Adesemoye et al., 2009; 
Bertola et al., 2019; Ullah et al., 2019a; Murgese 
et al., 2020; Fasusi et al., 2021).

In our study related to the genetic identifica-
tion of rhizobacterial strains isolated from le-
gumes, including Phaseolus vulgaris, high genet-
ic similarity to the genus Rhizobium – strain 64.1, 
and to the genus Bacillus – strains 65.2 and 66.2 

was found (Metodieva et al., 2026). The effective-
ness of strains 64.1, 65.2 and 66.2 isolated from 
Phaseolus vulgaris was tested under field condi-
tions in the region of western Bulgaria (Meto-
dieva et al., 2026). The aim of the present study 
was to determine the effectiveness of 64.1, 65.2 
and 66.2 strains by individual or combined ap-
plication under the conditions of two soil types: 
Haplic Vertisol and Alluvial – meadow. The in-
fluence of soil and inoculant type on microbio-
logical and biometric indicators related to plant 
growth was monitored.

MATERIALS AND METHODS

Pot experiment 
In the spring of 2024, an experiment was con-

ducted in the vegetation house of the Institute 
of Soil Science, Agrotechnology and Plant Pro-
tection „Nikola Pushkarov“ (ISSAPP). Two soil 
types, Alluvial-meadow (AM) and Haplic Verti-
sol (HV), were used. Ten varieties of treatment 
were applied and described in Table 1. For the 
soil treatment in variant № 2, a mineral fertiliz-
er (Terra Life, NPK -15-15-15) was applied. Re-
spectively, in variant № 10 the soil was mixed in 
a ratio of 1/1 with biohumus (biofertilizer from 
red Californian earthworm without additives). 
For the treatments № 6, 7, 8, and 9, the strain’s 
culture was mixed equally. All bacterial cultures 
were with a concentration of 108 CFU. 

Table 1. Variants of treatment application 
Variant Treatment description
1 Control (no inoculation, no fertilization)
2 NPK (15–15–15), soil application
3 Strain 64.1 (Rhizobium sp.), seed inoculation
4 Strain 65.2 (Bacillus sp.), seed inoculation
5 Strain 66.2 (Bacillus sp.), seed inoculation
6 64.1 + 65.2 + 66.2, seed co-inoculation
7 64.1 + 65.2, seed co-inoculation
8 65.2 + 66.2, seed co-inoculation
9 64.1 + 66.2, seed co-inoculation
10 Biohumus, soil application (1:1, v/v)
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The experiment was conducted under natural 
photoperiodic conditions, without additional artifi-
cial light, at uncontrolled but close to outdoor tem-
peratures. Soil moisture was maintained at 60% by 
regular watering. Plastic pots with a volume of 3 L 
were used, containing approximately 2.8 kg of air-
dry soil. The total number of pots was 120 (10 treat-
ment variants × 6 pots per variant × 2 soil types). 
Three to four seeds of the common bean variety 
“Obraztsov Chiflik 12” were sown in each pot, and 
after germination the plants were reduced to three 
evenly developed plants per pot (total of approxi-
mately 360 plants). Before sowing, the seeds were 
inoculated with fresh (overnight) bacterial culture 
from the strains 64.1, 65.2, and 66.2. The common 
bean cultivar “Obrazcov Chiflik - 12”, used for our 
experiment, was developed by the Institute of Ag-
riculture and Seed Science, Ruse, and passes excel-
lent taste, good digestibility, and an average yield 
of 174 kg/da. 

Microbiological and morphological 
indicators

During the period of active flowering (phase 
R6), ten individual plants per variant were moni-
tored for the parameters root length and num-
ber of nodules. At the end of vegetation (phase 
R9), the parameters plant height and dry weight 
of aboveground biomass were measured as well. 
Microbiological activity was assessed during 
both growth phases of plants. The counting of the 
main groups of soil microorganisms - bacteria 
using mineral nitrogen; ammonifying; nitrify-
ing; mineral N utilizing bacteria; spore-forming 
bacteria; actinomycetes; and microscopic fungi 
was conducted (Grudeva et al., 2006). The results 
are presented as the number of colony-forming 
units (CFU) contained in 1g of dry soil. The pro-
duction of CO2 was determined titrimetrically by 
Alef and Nannipieri, 1998. Determination of the 
amount of microbial biomass C was assessed by 
Anderson-Domsch 1978.

Agrochemical soil analyses
Soil samples were collected before sowing, 

during active flowering and after harvesting. 
The following agrochemical analyses were per-

formed: content of mineral nitrogen (NH4 and 
NO3) (Bremner, 1965, 1996); content of mobile 
phosphorus and potassium - calorimetrically, ac-
cording to (Ivanov, 1984); content of organic car-
bon, according to the modified method of Tyurin 
(Kononova, 1963); pH - potentiometrically in 
KCI (Arinushkina, 1962).

Macronutrient content in dry aboveground 
biomass

The macronutrient content in plant biomass 
(leaves and stems) was carried out during R6 and 
R9 phases. The following parameters were moni-
tored: N content, according to Kjeldahl (Bremner 
et al., 1996); content of K and P– according to 
EPA - Method 3052.

Statistical analysis
The effect of different treatments on the pa-

rameters investigated was assessed by applying 
ANOVA: single factor (Microsoft, Excel 10). The 
comparison of the mean values (from 10 individ-
ual plants) ± SE was calculated. Differences were 
considered statistically significant at the level of 
p < 0.05.

RESULTS AND DISCUSSION

1. Agrochemical analyses
The agrochemical analyses conducted before 

sowing showed that the soil type Haplic Vertisol 
has an acidic pH reaction, while the soil type Al-
luvial-meadow has a neutral pH. The measured 
content of organic C, nitrogen and potassium was 
higher in the HV soil type, while the amount of 
phosphorus was more than two times higher in 
AM soil in comparison with HV. 

At the end of the growing season, an increase 
in the content of total nitrogen compared to the 
control in the AM soil type after the applica-
tion of the three strains (variant 6) as well as the 
combination of strains 64.1 and 65.2 was detect-
ed (Table 2). The content of phosphorus and po-
tassium, as well as the organic carbon, was also 
higher in variant 6 in the same soil type. The 
increased content of phosphorus after treatment 
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with strain 66.2 confirmed our data obtained un-
der the same soil type in field conditions (Meto-
dieva et al., 2026). At the conditions of HV soil 
type, the single application of strain 66.2 also 

showed a positive effect on the total nitrogen and 
phosphorus contents. It was interesting to note 
that the nitrogen content is higher in comparison 
to the control and variants NPK and biohumus in 

Table 2. Agrochemical analyses of Alluvial-meadow soil

Variants
рН ∑ N-NH

4
+NO

3
P

2
O

5
K

2
O Organic 

carbon

H2O KCl mg/kg mg/100g %
Before sowing

7,0 6,2 10,12 17 36 2,12
End of vegetation

1.	 Control 6,9 6 10,4 21,8 17,8 1,93
2.	 NPK 6,8 5,9 17,3 27,3 25,9 2,2
3.	 64.1 6,9 5,9 9,8 20,4 20,3 1,94
4.	 65.2 7 5 9,2 20,3 19,3 1,71
5.	 66.2 7,1 6 9,2 22,6 21,6 1,76
6.	 64.1+ 65.2 + 66.2 7 6,1 13,8 24,1 26,3 2,32
7.	 64.1 + 65.2 6,9 6,2 12,7 21,6 23,2 2,2
8.	 65.2 + 66.2 7,1 6 10,4 22,3 22 1,9
9.	 64.1 + 66.2 7 6 10,9 23,8 25,1 2,08
10.	 Biohumus 7,2 6,3 19 71,8 71,6 3,44

Table 3. Agrochemical analyses of Haplic Vertisol soil type

Variants
рН ∑ N-NH

4
+NO

3
P

2
O

5
K

2
O Organic 

carbon

H
2
O KCl mg/kg mg/100g %

Before sowing
5,4 5,1 13,36 6,05 41,4 2,99

End of vegetation
1.	 Control 6,5 5,5 19 0,7 36,4 3,01

2.	 NPK 6,4 5,3 12,7 2 37,9 2,8

3.	 64.1 6,4 5,4 17,9 0,8 23 2,74
4.	 65.2 6,5 5,5 17,3 1,1 23,2 2,96
5.	 66.2 6,6 5,5 23,6 0,9 25,4 2,99
6.	  64.1+ 65.2 + 66.2 6,6 5,5 13,3 0,9 26,6 2,8

7.	 64.1 + 65.2 6,6 5,5 13,3 1,2 22,7 2,9
8.	  65.2 + 66.2 6,8 5,7 13,8 0,6 23,8 2,72
9.	 64.1 + 66.2 6,8 5,7 12,7 0,6 25,4 2,82
10.	 Biohumus 6,7 5,7 17,9 4,95 53,7 6,3
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HV soil after application of strain 66.2 (Table 3). 
The values of phosphorus obtained by us in the 
control pots with the HV soil type are compa-
rable to those reported by Lоzanova et al. 2021.

2. Number of the soil microorganisms 
The numbers of bacteria groups and micro-

scopic fungi measured in all variants, including 
the control, show that soil type AM in combina-
tion with common bean growing is more favor-

able for their development in comparison with 
soil type HV (Tables 4 and 5). 

During the active flowering, ammonify-
ing bacteria and those utilizing N were highly 
abundant by inoculation with a combination of 
64.1 with 65.2 strains in the conditions of AM 
soil type. The combination between strains 64.1 
and 66.2 has a significant effect on actynomicete 
under the same conditions (p=0.004) (Table 4). 
Single application of strain 66.2 has a significant 

Tablе 4. Abundance of soil microorganisms underthe Alluvial-meadow soil type (the significant values are 
bolded) 
Period Active flowering 

 CFU /g 
Alluvial-meadow  Ammonifyining Actynomicetes

Mineral N 
utilizing 
bacteria

Microscopic 
fungi

Spore-forming 
bacteria

Nitrifying 
bacteria

 Dilution 10^5 10^5 10^5 10^3 10^5 10^5
1. Control 29,25ab 8,00c 27,25a 10,00b 3,4a 33,00e
2. NPK 80,00f 8,75d 32,75ab 15,50d 5,00c 29,00d
3. 64.1 43,75cd 6,25b 37,00bc 9,25b 3,00a 25,25c
4. 65.2 41,25c 5,50b 24,25a 17,00e 8,70f 26,00c
5. 66.2 25,25ab 5,00b 25,25a 9,75b 7,17e 42,85g
6. 64.1+ 65.2 + 66.2 33,50c 3,25a 38,00bc 5,25a 3,90b 22,75b
7. 64.1 + 65.2 54,25de 7,25c 50,50d 10,00c 4,85b 30,50d
8. 65.2 + 66.2 13,50a 3,00a 23,50a 12,00c 5,92d 16,25a
9. 64.1 + 66.2 34,75c 9,00d 26,25a 9,75b 4,57b 25,75c
10. Biohumus 63,75e 9,75e 32,00ab 10,25c 3,90b 41,9f
LSD р ≤ 0.05 0 0.0040 0.0450 0,1371 0,0300 0,0005
Period End of vegetation

 CFU /g 
Alluvial-meadow  Ammonifyining Actynomicetes

Mineral N 
utilizing 
bacteria

Microscopic 
fungi

Spore-forming 
bacteria

Nitrifying 
bacteria

 Dilution 10^5 10^5 10^5 10^3 10^5 10^5
1. Control 28ab 5,66a 24,66c 7,00ab 3,93a 49,00c
2. NPK 67,67f 3,67a 17,33ab 12,33dc 4,50b 30,00ab
3. 64.1 28,00ab 5,00a 14,67a 15,67de 5,63c 60,00d
4. 65.2 36,67c 13,67c 41,00e 14,67de 3,80ab 41,33bc
5. 66.2 45,67e 5,00a 31,00d 16,00e 3,66a 61,00d
6. 64.1+ 65.2 + 66.2 32,67ab 6,67b 19,33b 9,33cd 3,93a 38,00bc
7. 64.1 + 65.2 42,33d 4,65a 17,00ab 15,00de 4,20b 52,67cd
8. 65.2 + 66.2 28,33ab 4,00a 11,67a 7,67ab 4,33b 27,00ab
9. 64.1 + 66.2 46,00e 8,00b 30,00d 7,33ab 3,46a 33,67ab
10. Biohumus 23,67a 4,67a 18,67ab 5,00a 2,00a 39,00bc
LSD р ≤ 0.05 0.0051 0.2242 0.0084 0.0000 0.0039 0.0004
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effect on spore-forming bacteria and nitrifying 
bacteria (p=0.03; p=0.0005). At the conditions 
of HV soil type, strain combinations have a sig-
nificant effect on all measured groups except for 
spore-forming bacteria (Table 5). 

At the end of the growing season the group 
of nitrifying bacteria demonstrated an increase 
in the abundance in comparison with the active 
flowering phase. The number of this particular 
group demonstrated significant elevation follow-
ing single application of strains 64.1 and 66.2 and 

the combination of strains 64.1 and 65.2 in the 
AM soil type, (p=0.0004) (Table 4). This result 
could be logically explained with the elevated 
level of total nitrogen measured in AM soil at the 
end of plant growing. Under the soil type HV, the 
combination of strains gives has a significant el-
evation of nitrifying bacteria also (p=0.008) (Ta-
ble 5). 

In the study of Samy Abd El-Malik and Mo-
hamed Abd El-Azeem (2022), the positive corre-
lation between the activity of microorganisms in 

Tablе 5. Abundance of soil microorganisms under the Haplic Vertisol soil type (the significant values are 
bolded) 

CFU /g
(Haplic Vertisol) Ammonifyining Actynomicetes

Mineral N 
utilizing 
bacteria

Microscopic 
fungi

Spore-forming 
bacteria

Nitrifying 
bacteria

Dilution 10^5 10^5 10^5 10^3 10^5 10^5
1. control 19,50b 4,02a 1,82a 2,16a 6,32e 1,09a
2. NPK 23,57c 8,50d 13,8e 7,16b 1,65b 3,93b
3. 64.1 13,22a 4,55b 9,85d 3,50a 1,10a 1,63a
4. 65.2 11,52a 3,72a 8,00c 3,42a 1,75b 2,16b
5. 66.2 19,20b 4,65b 14,97f 8,32b 1,92b 3,04b
6. 64.1+ 65.2 + 66.2 12,00a 9,25d 4,75b 6,75b 1,67b 17,00c
7. 64.1 + 65.2 37,75d 20,25f 57,25j 10,50b 4,1d 34,75d
8. 65.2 + 66.2 51,5e 8,50d 23,50g 12,00c 2,47c 72,75e
9. 64.1 + 66.2 23,75c 6,50c 16,00f 24,50d 1,02a 19,00c
10. Biohumus 98,75f 13,25e 36,50h 9,75b 2,62c 79,00f
LSD р ≤ 0.05 0 0 0 0 0 0
Period End of vegetation 

CFU /g
(Haplic Vertisol) Ammonifyining Actynomicetes

Mineral N 
utilizing 
bacteria

Microscopic 
fungi

Spore-forming 
bacteria

Nitrifying 
bacteria

Dilution 10^5 10^5 10^5 10^3 10^5 10^5
1. control 21,66c 5,66b 24,66,0a 9,66a 1,66a 35,33c
2. NPK 31,33f 11,00e 25,33c 22,33b 1,00a 72,33g
3. 64.1 15,00a 3,67a 28,66c 11,33a 2,33ab 35,00c
4. 65.2 25,00d 5,33b 19,66b 18,33b 1,00a 30,66b
5. 66.2 16,66a 13,00f 22,00b 7,66a 3,66b 27,33a
6. 64.1+ 65.2 + 66.2 26,66e 6,66c 26,33c 10,33a 2,33ab 38,33e
7. 64.1 + 65.2 18,33b 7,76d 19,67b 7,67a 2,33ab 27,00a
8. 65.2 + 66.2 16,66a 6,00c 19,33b 7,00a 2,00ab 54,00e
9. 64.1 + 66.2 22,66c 11,66e 30,66d 11,33a 2,33ab 36,66d
10. Biohumus 41,00g 7,00d 28,00c 8,33a 2,33ab 41,00f
LSD р ≤ 0.05 0.0 0.0325 0.5772 0.00 0.3691 0.0080
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the soil measured as the number of bacteria and 
dehydrogenase activity, the availability of nutri-
ent reserves in the soil, and the increased yield 
of common beans after combined application of 
Rhizobuim with Pseudomonas fluorescens, Ser-
ratia marcescens, and Micrococcus agilis was 
demonstrated.

3. Microbiological activity
The CO2 production was elevated in all vari-

ants, including the control, measured in AM soil 
type compared to HV (Table 6). This could logi-
cally be associated with the higher number of 
groups of microorganisms recorded in this type 
of soil. During the plant’s active flowering under 
both soil types, we found a statistically signifi-
cant increase in CO2 values measured in all vari-
ants of bacterial inoculation compared to the con-
trol (Table 6). During the same phase, the highest 
CO2 values were measured after treatment with 
strain 65.2 in both soil types (Table 6). The com-
bined application of the strains also significantly 
increased the production of CO2, which was bet-
ter manifested in soil type AM.

At the end of the growing season, the activity 
of microorganisms resulting from elevated CO2 
levels was maintained under both soil types. The 
highest CO2 values were recorded after treatment 
with strain 66.2, as well as with the combination 

of strains 64.1 and 65.2 under the HV type. At the 
AM soil, strain 65.2 showed the best results both 
after individual application and in combination 
with strain 64.1 (Table 6).

The positive effect observed on basal micro-
biological activity was confirmed by the results 
from the induced microbiological response. Dur-
ing both phases, induced microbiological re-
sponses measured for all variants of treatment 
demonstrated a statistically significant increase 
in CO2 production compared to the control under 
both soil types (Table 7). In the study of Petкova 
et al. (2022), the positive correlation between the 
production of CO2 and the numbers of ammoni-
fying bacteria and bacteria utilizing mineral ni-
trogen was demonstrated. The same correlation 
could be found in results obtained by our experi-
ment. 

4. Biometric indicators of plants.
The root length measured by the active flower-

ing was significantly affected following the single 
application of strain 66.2 in both soil types. The 
combination of strains 64.1+65.2 on soil type HV 
also had a significant effect (p=0.045) on this in-
dicator (statistically comparable to that measured 
for strain 66.2) (Table 8). In our previous study, 
a positive effect on the root dry weight was ob-
served in alluvial-meadow soil conditions after 

Table 6. Basal microbiological activity (CO2 production) (the significant values are bolded) 

mg СО
2 
/100g / 24h Haplic Vertisol Alluvial-meadow  

Variants / period Active flowering The end of vegetation Active flowering The end of vegetation
1.	 Control 0,38a 1,16a 1,15a 1,24a
2.	 NPK 0,82bcd 1,8abc 1,59bc 1,93b
3.	 64.1 0,53ab 1,2a 1,54abc 1,68ab
4.	 65.2 1,04cd 1,3a 1,87c 2,03b
5.	 66.2 0,48ab 1,97abc 1,63bc 1,46ab
6.	 64.1+ 65.2 + 66.2 0,58abc 1,34a 1,65bc 1,52ab
7.	 64.1 + 65.2 0,73abc 2,92c 1,54abc 1,91b
8.	 65.2 + 66.2 1,2de 1,65ab 1,67abc 1,53ab
9.	 64.1 + 66.2 0,56ab 1,13a 1,34ab 1,64ab
10.	 Biochumus 1,54e 2,53bc 2,32d 3,01c

LSD р ≤ 0.05 0,0004 0,0424 0,0014 0,0009
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single treatment of common bean seed cultivar 
“Obrazcov chiflik 12” with strains 65.2 and 66.2 
under field conditions (Metodieva et al. 2026). 
Silva et al. (2025) demonstrated a superior effect 
on root growth after co-inoculation with Rhi-
zobium and Azospirillum of different common 
bean cultivars. 

The number of nodules was significantly in-
fluenced by all bacterial treatments, with the ef-
fect being more pronounced under the variants 
applied to soil type AM (p = 0.0007) (Table 8). 
The highest numbers of nodules were observed 

in the combinations of strain 64.1 with strains 
65.2 or 66.2, respectively, on the AM soil type. 
The individual application of strains 66.2 and 
64.1 also resulted in significantly higher nodule 
formation under this soil type (Table 8). In con-
trast, in soil type HV, the individual application 
of strains 66.2 and 64.1 did not increase the nod-
ule number compared to the control (Table 8), 
which could be explained with the low pH and 
phosphorus value measured. However, under the 
HV  soil type, plants inoculated with the combi-
nation of strains 65.2 and 66.2 produced a statis-

Table 7. Induced microbiological response (microbial biomass C content) (the significant values are bolded) 
mg C / 100 g Haplic Vertisol Alluvial-meadow  
Variants / period Active flowering The end of vegetation Active flowering The end of vegetation

1.	 Control 2,53a 1,49a 2,35a 2,29a
2.	 NPK 7,38d 4,12b 5,09b 3,31ab
3.	 64.1 6,2c 7,49de 6,75b 5,54bcde
4.	 65.2 5,9c 5,99cd 7,6b 5,94cde
5.	 66.2 6,15c 7,99d 6,03b 4,04abc
6.	 64.1+ 65.2 + 66.2 3,64b 7,74cd 5,19b 5,88def
7.	 64.1 + 65.2 9,56e 7,87d 5,94b 7,6f
8.	 65.2 + 66.2 7,62d 4,37bc 7,48b 6,5ef
9.	 64.1 + 66.2 7,4d 6,24cd 5,68b 5,71bcd
10.	 Biohumus 7,74d 4,12b 6,93b 5,2bcd

LSD р ≤ 0.05 0 0 0,0159 0,0059

Table 8. Biometric indicators measured during active flowering (the significant values are bolded) 
Soil type Haplic Vertisol Alluvial-meadow 
Variants / parameters Root length (cm) Number of nodules Root length (cm) Number of nodules
1. Control 18,20а 58b 21,0a 57,83a
2. NPK 24,26b 20,67a 21,16ab 78,33bc
3. 64.1 17,75а 60,12b 24,5abc 140,83cd
4. 65.2 27,42c 54b 30,33cd 91bc
5. 66.2 30,66d 57,66b 34,16d 138,33cd
6. 64.1+ 65.2 + 66.2 20,14a 87,28d 22,0ab 161,33de
7. 64.1 + 65.2 32,16d 93,83d 28,0bcd 187,5de
8. 65.2 + 66.2 27,08c 158,33e 22,33ab 85,5bc
9. 64.1 + 66.2 23,83b 75c 26,5abc 180,67de
10. Biohumus 23,8b 88,6c 28,0bcd 119,5c
LSD р ≤ 0.05 0,045 0 0,0053 0,0007
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tically greater number of nodules. Notably, un-
der AM soil conditions, the number of nodules 
formed after most of the tretments exceeded the 
nodules developed following biohumus treatment 
(Variant 10, Table 8). A positive impact on root 
nodule formation, enzyme activity, and growth 
and development of perennial pea after inocula-
tion with Pseudomonas putida, P. fluorescens, 
and Bacillus cereus compared to non-inoculated 
plants was reported by Tilak et al. (2006). Ap-
plication of plant growth-promoting rhizobacte-
ria (PGPR) enhances root system development, 

Table 9. Biometric indicators measured at the end of the growing season (the significant values are bolded) 
Soil type Haplic Vertisol Alluvial-meadow

Variants / parameters Plant height (cm) Aboveground dry 
biomass (g) Plant height (cm) Aboveground dry 

biomass (g)
1. Control 65,5ab 1,82ab 69a 2,7a
2. NPK 63abc 4,0d 113,5c 2,54a
3. 64.1 45,33a 1,19a 110bc 3,32a
4. 65.2 31,16a 0,75a 101,33bc 3,9a
5. 66.2 105cd 2,81abc 104bc 5,2a
6. 64.1+ 65.2 + 66.2 87,5de 2,11bcd 104,17bc 2,41a
7. 64.1 + 65.2 140f 4,93cd 91,33abc 2,93a
8. 65.2 + 66.2 85,5bcd 1,57a 86,83ab 2,06a
9. 64.1 + 66.2 67,4bcd 1,38ab 112,5c 3,76a
10. Biohumus 126,8e 6,30e 114,5c 4,02a
LSD р ≤ 0.05 0 0 0,0065 0,453

thereby facilitating more efficient nutrient acqui-
sition and absorption (Bhat et al., 2022; Saghafi et 
al., 2019; Guan et al., 2023). 

At the end of the growing season, plants ex-
hibited superior development under AM soil 
compared with HV soil across all treatments, 
concerning the parameters plant height and 
aboveground dry biomass (Table 9). Most of the 
treatment under the AM soil type demonstrated 
a better response of plant height in comparison to 
the control. Our data show elevation of dry bio-
mass following application of strain 66.2 alone 

Table 10. Macroelements content in plant biomass under Alluvial-meadow soil type 
Alluvial-
meadow /Period Active flowering

Macroelements /
Variants 1 2 3 4 5 6 7 8 9 10

K g/kg 17,67a 16,98a 14,62a 17,10a 17,97a 17,23a 15,52a 18,23a 17,52a 25,08b
N% 2,67ab 3,07c 2,07a 2,70ab 3,00c 2,93c 2,33a 2,50a 2,23ab 1,83a
P g/kg 4,37ab 5,00c 4,35ab 4,36ab 4,90c 4,65ab 3,85a 3,88a 4,30ab 4,70ab
Alluvial-
meadow /  
Period

The end of vegetation

K g/kg 14,9ab 24,15d 12,86a 16,8abc 18,84bc 15,73abc 17,84bc 19,51c 17abc 31,26e
N% 0,93a 2,23f 0,97a 1,60cd 1,63cd 1,03ab 1,17abc 1,53cd 1,47bcd 1,67d
P g/kg 3,55ab 4,60bc 3,05a 4,07ab 3,91ab 3,94ab 4,22b 3,76ab 3,62ab 5,33c
р ≤ 0,0006 (N%); р ≤ 0,0256 (P g/kg)
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Table 11. Macroelements content in plant biomass under Haplic Vertisol soil type 
Haplic Vertisol /
Period Active flowering

Macroelements /
Variants 1 2 3 4 5 6 7 8 9 10

K g/kg 12,88a 13,71ab 15,65ab 15,88ab 15,83ab 13,69ab 16,40ab 15,08ab 16,66ab 17,84b
N % 1,73a 2,20ab 1,90a 2,07ab 2,03ab 2,17ab 2,37ab 2,63b 2,13ab 2,70b
P g/kg 2,00ab 2,17abcd 2,06abc 2,46bcd 1,87a 2,37abcd 2,66d 2,59cd 2,42abcd 3,98e
Haplic Vertisol /
Period The end of vegetation

K g/kg 11,56ab 11,89ab 10,58a 12,44ab 11,91ab 12,41ab 17,04cd 15,55bc 20,75d 19,45cd
N % 1.27ab 1,23ab 1,03a 1,33ab 1,27ab 1,10a 1,60bc 1,57bc 1,93c 1,90c
P g/kg 1.86ab 3,14d 1,44a 2,05abc 1,51a 1,40a 1,80ab 1,68ab 2,63bcd 3,00cd
р ≤ 0.0002 (K g/kg); р ≤ 0.0016 (N%); р ≤ 0.0185 (P g/kg) 

or in combination with 64.1 at AM soil, but the 
results are not significant (Table 9). Consistent 
with our findings, Filipini et al. (2021) demon-
strated that inoculation with Rhizobium tropici, 
as well as Azospirillum brasilense applied to ei-
ther seeds or leaves, exerted a synergistic effect, 
enhancing plant biomass, nitrogen accumulation, 
seed weight of 100 seeds, and grain yield of com-
mon bean under field conditions. In the study by 
Hadian et al. (2025), the effect of microbial in-
oculation of pea plants with strains of the genus 
Bacillus on crop productivity was demonstrated. 
The authors discussed the potential of this type 
of biofertilization to enhance the sustainability of 
the agricultural systems under different environ-
mental conditions.

5. Macroelement content in plant biomass
Plant biomass collected at phase R6 shows that 

plants were able to accumulate a higher amount 
of nitrogen after seed inoculation with a combi-
nation of the three strains, as well as after the in-
dividual application of strain 66.2 at AM soil in, 
comparison with the control plants (Table 10). In 
HV soil, almost all bacterial treatments resulted 
in a significant accumulation of nitrogen in the 
plant biomass at the same stage (Table 11). At the 
end of the growing season, we observed a general 
trend of decreased total nitrogen and phosphorus 
content compared to the flowering stage across 

all treatments, including the controls under both 
soil types (Tables 10, 11). A statistically signifi-
cant increase in nitrogen content was recorded 
following the application of strains 65.2 and 66.2, 
individually and in combination, under AM soil 
conditions (Table 10). This result coincides with 
the results obtained under the field experiment 
conducted in 2023 on the same soil type (Metodi-
eva et al., 2026). At the end of the growing season 
under HV soil, the highest levels of total nitrogen, 
potassium, and phosphorus were measured after 
the application of combinations 64.1 and 66.2 
(Table 11). One of the effects of plant growth-pro-
moting rhizobacteria (PGPR) is their influence 
on phosphate solubility. It has been established 
that representatives from genera Pseudomonas, 
Bacillus, and Rhizobium can solubilize insoluble 
forms of phosphate. The release of low-molecu-
lar-weight organic acids (such as gluconic acid), 
as well as phosphatases and phytases, degrades 
organic forms of phosphate compounds and acid-
ifies the surrounding environment. These acids 
chelate the cations bound to phosphate (Dhole et 
al., 2023). Hashem et al. (2019) further noted that 
B. subtilis enhances nitrogen uptake, directly in-
fluencing crop growth and development. In the 
paper of Egamberdiyeva and Höflich, 2004, the 
inoculation with PGPR improved the nutrient up-
take by pea and cotton plants under the condi-
tions of semi-arid soil from Uzbekistan.
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CONCLUSION 

This study confirms the efficacy of Rhizobi-
um and Bacillus strains as promising biofertiliz-
ers for common bean (Phaseolus vulgaris L.) cul-
tivation, indicating that the success of microbial 
inoculation is highly dependent on the soil ma-
trix, with distinct patterns emerging across Al-
luvial Meadow (AM) and Haplic Vertisol (HV) 
soil types.

• Nutrient Dynamics and Microbial Activity: 
Inoculation significantly magnified soil total ni-
trogen (TN) levels. In HV soil, the application 
of strain 66.2 resulted in TN concentrations ex-
ceeding those achieved by both NPK and bio-
humus treatments. This nitrogen enrichment fa-
cilitated a corresponding increase in nitrifying 
bacterial populations, particularly in AM soil, 
where levels surpassed conventional mineral 
fertilization.

• Soil Metabolism: All bacterial treatments in-
duced a statistically significant rise in basal and 
substrate-induced respiration (SIR). At the end 
of the vegetative period, SIR values across all in-
oculated variants were consistently higher than 
those in the NPK control, signaling enhanced 
microbial metabolic activity and carbon cycling.

• Plant Phenology and Biomass: Synergis-
tic effects were observed during the flowering 
stage, where the 64.1 + 65.2 consortia (in AM 
soil) and individual applications (in HV soil) 
significantly optimized root architecture and 
nodulation. Ultimately, plants grown in AM 
soil achieved superior height and aboveground 
biomass, correlating with higher nitrogen up-
take in plant tissues.

Taken together, the agrochemical, microbio-
logical, and biometric data indicate that alluvi-
al meadow (AM) soil provides more favorable 
conditions for the alternative cultivation of com-
mon bean when biofertilizers/biostimulants are 
applied. Future studies should evaluate the ap-
plied bacterial inoculation strategies under field 
conditions to confirm their agronomic potential
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