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ABSTRACT

Numerous studies have reported elevated quantities of cadmium and nickel in soil, resulting in reduced plant growth,
particularly in biomass, chlorophyll content, and photosynthetic traits due to their hazardous nature. Therefore, it is
crucial to enhance plant resistance to heavy metal stress and reduce the toxicity of cadmium and nickel. In this study,
several bacterial strains were isolated from heavymetal-contaminated soil to investigate their potential role in facilitating
detrimental consequences of heavy metal stress. The capacity of the isolates to increase plant production under heavy
metal stress and minimal inhibitory concentration was evaluated after the isolates were identified at the species level.
Classic microbiological and molecular-genetic identification revealed that isolates #5, #18, and #11 were classified
as Enterobacter cloacae Uz_5, Pseudomonas aeruginosa 18, and Enterobacter ludwigii 11Uz, respectively. P. aeruginosa 18
produced auxin in 4, 4.8, and 5.3 times greater than the control. In contrast, E.ludwigii 11Uz, Bacillus licheniformis 10, and
Bacillus simplex 8 produced auxin equivalent to the control at various Cd cation amounts (2.4, 4.1, and 8.2 mg/l). During
the 14th day of growth, at a Ni concentration of 191.4 mg/l, Enterobacter ludwigii 11 produced 81 mg/l of EPS, 1.2 times
higher than the control. Bacillus atrophaeus 4 and Enterobacter ludwigii 11Uz produced 25-28 mg/l and 6.12 mg/l of EPS
on days 7 and 14 of culture, respectively, at Cd2+ cation concentrations of 8.2 and 24.6 mg/l. These microorganisms
demonstrate promising potential for bioremediation of heavy metal-polluted soils by reducing Ni2+ and Cd2+ toxicity
and increasing the production of phytohormones and exopolysaccharides under heavy metal stress conditions.

Keywords: Cadmium, Exopolysaccharide, Minimal Inhibitory Concentration, Nickel, Phytohormone

Introduction

Anthropogenic activities, technological advances,
and mining activities have led to global heavy metal
(HM) pollution, with cadmium (Cd) and nickel (Ni)
cations becoming the predominant pollutants1. The
World Health Organization (WHO) has reported nat-

ural nickel concentrations in agricultural soil ranging
from 15 to 30 mg/kg and cadmium from 0.01 to
0.7 mg/kg1,2. Elevated levels of heavy metals can
harm photosystems, affect nitrogen metabolism, and
induce plant necrosis, chlorosis, and senescence3,4.
Cd and Ni stress can also change chloroplast morphol-
ogy by inhibiting chlorophyll production5. The toxic
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effects of Cd and Ni on plants often suppress iron,
manganese, copper, and zinc utilization, resulting in
nutrient deficiency6. To mitigate oxidative damage
caused by these metals, it is crucial to create ef-
ficient control solutions with antioxidant defense7.
Plants rely on beneficial soil microbes to support
their growth, including those that facilitate biologi-
cal nitrogen fixation, organic acid production, gate
hormones, phytohormones, and aminocyclopropane-
1-carboxylate deaminase activity8–10. Under heavy
metal stress, the biochemical and physiological mech-
anisms of soil bacteria can be used to improve
plant development and nutrient absorption while also
increasing plant hormone synthesis and exopolysac-
charide production, suggesting potential future ap-
plications11. Exopolysaccharide (EPS) production is
the primary mechanism bacteria use to remove in-
organic contaminants and reduce stress conditions.
Composite and soluble EPS are the two types of EPS
produced. Although bound EPS is strongly associated
with bacterial cells, soluble EPS has been detected
in the aqueous phase. The different types of EPS in-
clude microbial membranes, encapsulating polymers,
soluble macromolecules, colloidal layers, and mucus.
EPS bacteria typically contain polysaccharides, lipids,
proteins, and nucleic acids. The unique chemistry of
polystyrene helps reduce environmental stress condi-
tions12.
This study is aimed to isolate and identify bacte-

ria from soil with high tolerance for heavy metal
accumulation, determine their minimal inhibitory
concentrations, and investigate how these bacteria
produce phytohormones and exopolysaccharides that
promote plant growth, development, and adaptation
to stressors.

Materials and methods

Exclusion of heavy metal-resistant bacterial isolates

A prior investigation assessed the resilience and
viability of more than 50 newly isolated strains from
heavy metal-contaminated soils in the Samarkand
and Kashkadarya regions to diverse HMs cations. The
resistant new bacterial strains to HMs were gauged on
a peptone agar medium (PAM) fortified with various
amounts of Ni and Cd salts. Different concentrations
of HM were used in the PAM to grow the bacterial
isolates. Supplementary heavy metal salts (CdCl2 and
NiSO4 × 7H2O) were incorporated at concentrations
of 4.1 mg/l, 8.2mg/l, and 24.6 mg/l and 95.7 mg/l,
191.4 mg/l and 574.2 mg/l. Different concentrations
of these salts are 5, 10, and 30 times higher than the
allowable quantity of elements Ni and Cd in the soils
of Uzbekistan. Allowable quantity of element Cd in

soil is 0.5 mg/kg, and for element Ni is 4 mg/kg.
Therefore, varying quantities of salts containing Ni
and Cd were used. A control medium that lacked
metal ions was used. The strains were cultured for
two days at 28°C, and the titers were compared with
the control to evaluate the efficacy of cultivation.

Identification methods of heavy metal-resistant

isolates

Bacteria isolates with strong resistance to nickel
and cadmium were identified by observing their
morphological-biochemical features first (using the
Biochemical Reagent Kit from Hi-Media). Through
inoculation in a complicated Gissa medium, the
isolates’ rate of carbohydrate hydrolysis was as-
certained. During the fermentation of one of the
carbohydrates, acidification of the medium occurs
with a change in the color of the medium from
blue-green to yellow-green or yellow, as well as the
formation of gas in the form of bubbles on its surface.
The medium’s color and gas production won’t be seen
if the microbes fail to hydrolyze the appropriate car-
bohydrates as they grow. According to the Marmur
approach, the DNA of certain bacteria was extracted.
Polymerase Chain Reaction (PCR) was performed on
isolated DNA using universal primers 27 F and 1492R
for the 16S rRNA gene13. To ascertain the degree of
similarity between various bacteria, a phylogenetic
tree was drawn using the 16S rRNA gene sequence
accessible in the NCBI database.

Bacterial minimal inhibitory concentrations (MIC)

determination

Nutrient-reduced peptone agar medium supple-
mented with 1-7 mM concentrations of NiSO4 x 7H2O
and CdCl2 was used to determine the MIC of bacteria
in relation to Ni and Cd. A part of a known culture
colony growing on the agar surface was taken, and
this culture was placed in a microtube filled with 1 ml
of sterile water. The bacterial suspensions were then
cultivated in a nutrient medium with heavy metal
concentrations of 1 to 7 mM, and the control media
did not add HM. Petri plates covered with parafilm
were incubated at 30°C. After being monitored for 24,
48, and 72 hours, the bacterial growth was contrasted
with the control group14.

Analysis of auxin and gibberellin production at

various HM ion concentrations

The study utilized peptone broth with varying con-
centrations of heavy metals (NiSO4 x 10H2O and
CdCl2) ranging from 57.3 mg/l to 191.4 mg/l and
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from 2.44 mg/l to 8.2 mg/l, and bacterial cultures
were incubated for 3-7 days and 14 days. To prepare
Salkowski’s reagent, the biomass cultures were cen-
trifuged for 30 minutes at 6000 rpm, and the reagent
was made with 50 ml of 35% HClO4 and 1 ml from
0.5 M FeCl3. The presence of a pink tint suggested
the formation of indole-3-acetic acid (IAA), which
was measured at 530 nm using a spectrophotometer
after 30 minutes. Calibration curves were constructed
with standard IAA values (Sigma) to estimate IAA
concentrations using methods described by Ahmad
and Usmonkulova15. The study also employed a spec-
troscopic method developed by Berrios et al. (2014)
to measure gibberellin biosynthesis in bacteria after
3, 7, and 14 days.

Observing the ability of bacteria to synthesize

exopolysaccharide

After 3, 7, and 9 days of growing, the strain was
harvested from the appropriate medium by centrifug-
ing for 30 minutes at 6000 rpm. The biomass was
separated from the broth, and the remaining broth
was precipitated by adding ethanol. The residue was
kept at 4 °C for 24 hours and then collected and dried
in a dry box by evaporating the residual ethanol. Ulti-
mately, the weight of dried biomass was determined
and compared with the control group, as reported by
Sardari16.

Statistical analysis

The experiments were carried out in triplicate, and
the mean and standard deviation (S.D.) were used to
express the results. A significance level of P<0.05
was considered statistically significant. The collected
data were analyzed using ANOVA, and a t-test was
performed to obtain the t-values, P-values, and orig-
inality interval. Statistical analysis was performed
using the Statistical Package for the Social Sciences
(SPSS) (version 12.0, SPSS Inc., Chicago, IL).

Results and discussion

Isolation of bacteria with a high level of metal

resistance

The concentration of heavy metals and their effect
on bacterial growth were determined by counting
the number of colonies grown on an agar surface.
The data indicated that the type and amount of HM
present influenced the growth of bacteria. After 24
hours, highly resistant bacterial colonies were ob-
served, which were more abundant than the control
group Table 1. Based on the result, six samples were
identified as having a high content of Ni2+ and Cd2+:
samples #5, #8, #10, #11, #16, and #18. Although
the viability of bacteria was observed in all tested
isolates at low concentrations of Cd and Ni, only
resistant isolates formed colonies at high concentra-
tions of HMs. Specifically, it was found that only #5,
#11, and #18 isolates grow and form colonies at a
concentration of 574.2 mg/l, which is 30 times higher
than the allowable quantity of Ni2+. #5, #8, #10,
#11, #16, and #18 isolates were observed to form
colonies in nutritive medium containing 24.6 mg/l of
Cd2+, and they were recorded as isolates with high
viability and resistance to Cd2+. In particular, it was
observed that the number of cells of isolates #11 and
#18 at 574.2 mg/l Ni2+ concentration (from 1.6 · 108

± 0,04 to 1.1 · 109 ± 0,03; from 9.6 · 107± 0,04 to
3.1 · 108±0,02) and isolates #8 and #16 at 24.6 mg/l
Cd2+ concentration were 10 times higher than the
control (from 2.4 · 108± 0,04 to 2.52 · 109± 0,03;

from 4 · 108± 0,02 to 1.34 · 109±0,04).

Results of classic microbiological and molecular

genetic identification of bacterial isolates

Bacterial isolate one was initially characterized
based on its morphology, physicochemical properties,
and resistance to cadmium and nickel. Isolates 4, 5, 8,
10, 11, 16, and 18 were analyzed. Colonies of isolates

Table 1. Different Ni2+ and Cd2+ cation concentrations and the number of microorganisms isolated under control.

The quantity of cells of strains with various concentrations The quantity of cells of strains with
Isolates of NiSO4 × 7H2O, mg/l various concentrations of CdCl2, mg/l

0 95,7 191,4 574,2 4,1 8,2 24,6

#4 4.5 · 108 ± 0,01 6.9 · 107 ± 0,01 3.7 · 108 ± 0,02 0 3.28 · 109 ± 0,02 3.12 · 109 0
#5 1.6 · 108 ± 0,03 4.9 · 107 ± 0,03 2.3 · 107 ± 0,04 1.4 · 107 ± 0,01 1.80 · 108 ± 0,01 5.08 · 108 ± 0,05 3.24 · 108 ± 0,02
#11 1.6 · 108 ± 0,04 1 · 108 ± 0,02 3.4 · 109 ± 0,03 1.1 · 109 ± 0,03 7.5 · 109 ± 0,01 1.0 · 109 ± 0,05 5.4 · 108 ± 0,04
#10 4 · 109 ± 0,05 4.7 · 109 ± 0,03 3.5 · 109 ± 0,03 0 8.5 · 108 ± 0,02 9.1 · 108 ± 0,02 7.7 · 108 ± 0,04
#3 1.4 · 107 ± 0,05 5.7 · 108 ± 0,05 3.2 · 108 ± 0,01 0 3.4 · 108 ± 0,04 5.0 · 108 ± 0,01 0
#15 1.2 · 106 ± 0,02 1.4 · 107 ± 0,03 4.1 · 108 0 2.1 · 108 ± 0,02 2.8 · 108 ± 0,05 0
#8 2.4 · 108 ± 0,04 1.5 · 109 ± 0,01 1.1 · 108 ± 0,03 0 4.88 · 109 ± 0,04 3.48 · 109 ± 0,05 2.52 · 109 ± 0,03
#16 4 · 108 ± 0,04 4.7 · 109 ± 0,02 3.5 · 109 ± 0,02 0 1.02 · 109 ± 0,01 1.51 · 109 ± 0,01 1.34 · 109 ± 0,04
#18 9.6 · 107 ± 0,04 1.3 · 108 ± 0,04 1.4 · 108 ± 0,03 3.1 · 108 ± 0,02 2.72 · 109 ± 0,03 1.07 · 109 ± 0,02 9.1 · 108 ± 0,01
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4, 5, and 18 were round, creamy, and smooth, while
isolate 1 had a round shape with soft edges. #8 and
#4 had wavy and smooth edges, respectively, and
their cell sizes ranged from 2.8-3.2 × 1.6-2.5 µm and
0.4-1.0 × 1.0 µm, respectively. #18 had a cell size of
0-3.0 × 2.5-5.0 µm.
#8 colony had a smooth, shiny surface with slightly

raised flat edges, and their size ranged from 1-5 mm.
All isolates were identified as Gram-positive, rod-
shaped, aerobic, motile, and spore-forming bacteria
Fig. 1.
The colonymorphology of isolate no. 10 exhibited a

dry, wrinkled, creamy surface with a wavy edge and
an irregular shape. The bacterial cells were bacilli,
Gram-positive, facultative anaerobes, and sporangia.
The 11th isolated colony appeared spherical, beige,

transparent, and shiny, with a slightly raised edge and
a thickened center. The colony size ranged from 1-
3 mm. The cells observed were small, gram-negative
rods measuring 0.6-1.0 × 1.2-3.0 µm.
Isolate four developed sizable flat beige colonies

(0.3-1.0 cm in diameter) when cultivated on bovine
peptone agar with 1% glucose. Gram-positive, rod-
shaped cells of 0.8–1.5 µm in size produce central
endospores Fig. 1. The colony edges are wavy, while
the folds in the center are almost flat. After three to
four days of incubation on a nutrient-rich medium,
the colonies secrete a dark pigment.
The colonies of strain #16 were rounded and col-

ored, with an enlarged and smooth surface, soft
edges, and large volume. The short rods are gram-
negative, measuring from 0.5 to 1.0 × 1.5 to 5.0 µm.
The rod-shaped cells are gram-positive, measuring
0.5-1.5 µm in size, and form spores. On the other
hand, the colonies of no. 18 were greenish-yellow
and produced a pigment that matched the substrate’s
color. They were spherical, flat, shiny, and smooth,
measuring 0.1 to 0.5 mm. Isolate #5 exhibited round,
pale colonies with flat edges and a raised, soft, shiny
surface. The diameter of its colonies ranged from
0.2 to 0.6 mm. Its cells were gram-negative, short
rod-shaped, unicellular, bicellular, and short chains
measuring 0.4–1.1 × 1.1–3.0 µm.
Biochemical tests were performed on the bacterial

isolates with those mentioned above morphologi-
cal and cultural characteristics. According to the
data presented in Table 2, all isolates demonstrated
positive catalase activity. The results showed that
isolates #16 and #10 could hydrolyze starch, while
isolates #5, #11, and #8 do not have starch hy-
drolyzing activity. Isolates #16, #10, #11, #18,
and #4 were recorded as isolates that have posi-
tive gelatinase activity and isolates #5 and #8 were
recorded as isolates that have negative gelatinase
activity.

Isolates that showed high resistance to high con-
centrations of Ni2+ and Cd2+ were identified
with the molecular-genetic method. The molecular
identification results confirmed the morphological,
microscopic, and biochemical identification results.
According to the results, isolates #5, #11, and #18
were found to be Enterobacter cloacae, Enterobacter
ludwigii, and Pseudomonas aeruginosa, respectively.
The 16S rRNA nucleotide sequences of identified
strains were submitted to GenBank from NCBI, USA,
and registered with accession number: Pseudomonas
aeruginosa 18 (OQ932917.1); Enterobacter ludwigii
11UZ (OQ932957.1) and Enterobacter cloacae UZ_5
(OQ932923.1) were registered.
A phylogenetic tree of the 16S rRNA genes of the

isolates sequenced using MEGA-64 was constructed
Fig. 2.

Bacterial minimal inhibitory concentration

The investigation of the minimal inhibitory
concentration of bacteria for Ni2+ was carried
out on the fourth day of culture. All bacterial species
studied, notably Enterobacter ludwigii 11Uz, Bacillus
licheniformis10, Bacillus atrophaeus 4, Enterobacter
cloacae Uz_5, and Bacillus subtilis, continued to grow
even after 48 hours and demonstrated growth at one
mM Ni concentration. After 4th day of cultivation, the
MIC value for Ni was two mM in the Pseudomonas
aeruginosa18 strain and 3 mM in Enterobacter
ludwigii11Uz and Enterobacter cloacae Uz_5 strains.
The MIC value of other resistant strains against Ni
was discovered to be 1 mM. Within 24 to 72 hours,
the MIC of active strains was ascertained for various
Cd concentrations. Based on the data obtained,
only two bacterial cultures, Enterobacter ludwigii
11Uz and Bacillus simplex 8, showed growth after
24 hours of incubation at 1 mM Cd concentration.
Bacterial cultures of Bacillus megaterium 16, Bacillus
licheniformis10, Enterobacter ludwigii 11Uz, and
Enterobacter cloacae Uz_5 were able to grow and
reproduce in Cd concentrations ranging from 1 to
2 mM. The appearance of growth was observed
within 3 days. During the fourth day of growth,
Pseudomonas aeruginosa 18 exhibited up to 4 mM for
Cd2+. Additionally, a strain of Bacillus licheniformis10
demonstrated a high MIC of 2 mM for Cd2+ cation.

Analysis of the production of auxin and gibberellin

Soil bacteria produce exopolysaccharides, phyto-
hormones such as auxins, cytokines, gibberellins, and
other metabolites crucial for plant development, nu-
trition, and biotic and abiotic stress tolerance. The
concentration of Cd2+ and Ni2+ in soil negatively
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Fig. 1. (A) The overall appearance of the colony. (B) Magnified view of the colony. (C) Microscopic view of cell (magnification 10 × 100): 1-

Isolate #5; 2- Isolate #18; 3- Isolate #11; 4- Isolate #4; 5- Isolate #8; 6- Isolate #10.
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Fig. 1. Continued.

Table 2. Bacterial biochemical properties attributing to an extreme tolerance to high Ni2+ and Cd2+ cation concentrations.

Characteristics #5 #16 #11 #10 #18 #4 #8

Starch hydrolysis - + - + - - -
Casein hydrolysis - + + - - + +
Tyrosine hydrolysis - - - - - - +
Gelatine hydrolysis - + + + + + -
Sucrose assimilate + - + - + - -
D-mannose Assimilate + - + - + - -
Rhamnose Assimilate + - - - + - -
Lactose generation of acid + - - + + - -
D-glucose generation of
Acid

+ + - + + - -

Catalase + + + + + + +
Oxidase - - - + - -
Citrate disposal + + - + - - +
Nitrate reduction + + - + + + -
Oxygen Facultative Aerobic Facultative Facultative Aerobic Facultative Aerobic
Relationship anaerobic anaerobic anaerobic anaerobic Aerobic

*Note “+” – positive result, “-” – negative result.

affects gibberellin production in plants. However,
Pseudomonas aeruginosa18 and Enterobacter ludwigii
11Uz synthesized high amounts of gibberellin, up
to 390 µg/ml, as shown in Table 3. Pseudomonas
aeruginosa18 produced 390 µg/mL gibberellin on the
seventh day of growth. In contrast, Enterobacter lud-
wigii11 produced 375 µg/mL and 380 µg/mL at a
concentration of 4.2 mg/L of Cd2+ and 95.7 mg/L

of Ni2+, respectively. Bacillus licheniformis10 and En-
terobacter ludwigii 11Uz synthesized more gibberellin
than the control on the seventh day, regardless of the
concentration of Cd2+ and Ni2+. During the fourth
day of growth, the strains Enterobacter cloacae Uz_5
and Bacillus simplex 8 had higher gibberellin con-
centrations than the control, regardless of the heavy
metal concentration.
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Fig. 2. Phylogenetic tree of Enterobacter cloacae Uz_5 (A), Enterobacter ludwigii 11UZ (B).

The results showed that the tested bacterial strains
produced significantly more auxin than the control
group in the presence of HM. The auxin content
synthesized by Enterobacter ludwigii 11Uz, Bacillus
licheniformis 10, and Bacillus simplex 8 was similar to
the control. In contrast, the Pseudomonas aeruginosa
18 strain produced 4, 4.8, and 5.2 times more auxin
than the group under control, depending on the
concentration of Cd2+ cations (2.4, 4.1, and 8.2
mg/these strains). The auxin synthesis increased
during the third day of growth in these strains.
On the seventh day of growth, the Pseudomonas
aeruginosa 18 strain produced more auxin than
the control. On the fourteenth day, the Bacillus
atrophaeus 4 strain produced more auxin in different
Ni2+ cations concentrations in contrast to the group
under control. Additionally, during the third day
of growth at a Ni concentration of 95.7 mg/l, the
Bacillus licheniformis10 strain produced auxin at a
rate 1.6 times greater than the control rate.

Study of exopolysaccharides synthesized by

bacteria under different conditions of heavy metals

The findings suggest that exopolysaccharide (EPS)
production increases as heavy metal concentration
increases. Bacillus strains showed a 1.2-1.4 times

increase in EPS formation under cationic stress. Pseu-
domonas aeruginosa 18 and Enterobacter ludwigii 11Uz
produced more EPS than the control group during
the seventh day of growth. Enterobacter ludwigii11
produced the highest amount of EPS as a reaction
to Ni2+ stress. During the 14th day of growth, at a
Ni concentration of 191.4 mg/l, the strain produced
81 mg/l of EPS, 1.2 times higher than that of the
control group. Bacillus atrophaeus 4 and Enterobacter
ludwigii 11Uz produced 25-28 mg/l and 6.12 mg/L
of EPS on days 7 and 14 of culture, respectively, at
Cd2+ cation concentrations of 8.2 and 24.6 mg/l.
Pseudomonas aeruginosa 18 produced 79 mg/l EPS
during seven days of growth, with a Cd2+ cation
concentration of 24.6 mg/l. Because of the negative
charge on their cell membrane, EPS-producing bac-
teria offer promise as chelating agents for removing
positively charged HM ions. These findings suggest
that EPS production contributes to microbial fitness
and stress resistance17.
Studies have demonstrated the importance of

plant growth-promoting bacteria in improving plant
growth and yields under organic stress18,19. These
bacteria employ various mechanisms, such as en-
zyme production, biological nitrogen fixation, amino
acid synthesis, and changes in nutrient processing,
to enhance nutrient availability in the rhizosphere
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Table 3. Auxin and gibberellin content synthesized by bacteria at various concentrations of heavy metals.

Auxin content, mg/ml Gibberellin content, mg/ml

Strains Heavy metals mg/l 3rd day 7th day 14th day 3rd day 7th day 14th day

Pseudomonas aeruginosa 18 Control 136 ± 0,2 75 ± 0,23 195 ± 0,4 155 ± 0,3 375 ± 0,18 233 ± 0,24
Cd2+ 2,4 556 ± 0,25 176 ± 0,41 172 ± 0,33 157 ± 0,5 262 ± 0,29 282 ± 0,28
Cd2+ 4,1 656 ± 0,45 122 ± 0,24 95 ± 0,31 151 ± 0,2 266 ± 0,31 250 ± 0,21
Cd2+ 8,2 724 ± 0,13 125 ± 0,34 273 ± 0,19 365 ± 0,35 250 ± 0,22 271 ± 0,46
Ni2+ 57.3 150 ± 0,18 165 ± 0,32 35 ± 0,24 168 ± 0,5 300 ± 0,37 233 ± 0,14
Ni2+ 95,7 156 ± 0,24 85 ± 0,29 36 ± 0,15 192 ± 0,42 390 ± 0,26 268 ± 0,36
Ni2+ 191,4 127 ± 0,41 83 ± 0,43 34 ± 0,21 138 ± 0,49 332 ± 0,25 228 ± 0,27

Bacillus atropheus 4 Control 180 ± 0,11 73 ± 0,2 38 ± 0,15 222 ± 0,43 300 ± 0,39 258 ± 0,13
Cd2+ 2,4 151 ± 0,21 76 ± 0,22 33 ± 0,14 235 ± 0,27 292 ± 0,29 225 ± 0,23
Cd2+ 4,1 127 ± 0,15 125 ± 0,34 65 ± 0,46 212 ± 0,22 302 ± 0,33 193 ± 0,45
Cd2+ 8,2 296 ± 0,31 156 ± 0,16 238 ± 0,19 235 ± 0,31 197 ± 0,18 203 ± 0,43
Ni2+ 57.3 215 ± 0,42 124 ± 0,25 139 ± 0,5 282 ± 0,28 380 ± 0,12 230 ± 0,29
Ni2+ 95,7 237 ± 0,38 167 ± 0,21 236 ± 0,41 275 ± 0,24 164 ± 0,17 256 ± 0,21
Ni2+ 191,4 176 ± 0,12 86 ± 0,19 220 ± 0,25 247 ± 0,38 288 ± 0,23 248 ± 0,35

Enterobacter cloacae Uz_5 Control 351 ± 0,41 175 ± 0,27 198 ± 0,36 218 ± 0,21 360 ± 0,29 345 ± 0,45
Cd2+ 2,4 305 ± 0,5 174 ± 0,42 105 ± 0,23 228 ± 0,43 300 ± 0,17 360 ± 0,33
Cd2+ 4,1 234 ± 0,23 255 ± 0,37 136 ± 0,4 226 ± 0,31 282 ± 0,48 267 ± 0,15
Cd2+ 8,2 257 ± 0,17 165 ± 0,22 36 ± 0,2 252 ± 0,47 373 ± 0,32 257 ± 0,22
Ni2+ 57.3 274 ± 0,46 115 ± 0,49 215 ± 0,39 184 ± 0,24 268 ± 0,19 316 ± 0,3
Ni2+ 95,7 267 ± 0,38 124 ± 0,3 85 ± 0,15 236 ± 0,35 293 ± 0,44 203 ± 0,48
Ni2+ 191,4 376 ± 0,26 185 ± 0,25 56 ± 0,47 230 ± 0,28 300 ± 0,18 254 ± 0,34

Bacillus licheniformis (10) Control 231 ± 0,21 125 ± 0,35 31 ± 0,43 319 ± 0,45 183 ± 0,13 210 ± 0,38
Cd2+ 2,4 277 ± 0,3 91 ± 0,22 160 ± 0,11 212 ± 0,49 248 ± 0,33 290 ± 0,15
Cd2+ 4,1 253 ± 0,14 65 ± 0,43 35 ± 0,25 270 ± 0,37 333 ± 0,46 223 ± 0,24
Cd2+ 8,2 476 ± 0,26 83 ± 0,41 93 ± 0,32 385 ± 0,18 238 ± 0,24 242 ± 0,3
Ni2+ 57.3 296 ± 0,31 35 ± 0,1 132 ± 0,29 280 ± 0,12 234 ± 0,41 251 ± 0,11
Ni2+ 95,7 391 ± 0,46 125 ± 0,20 35 ± 0,36 328 ± 0,44 252 ± 0,36 165 ± 0,34
Ni2+ 191,4 173 ± 0,39 135 ± 0,13 56 ± 0,49 290 ± 0,23 300 ± 0,19 256 ± 0,42

Enterobacter ludwigii 11Uz Control 353 ± 0,32 187 ± 0,1 72 ± 0,24 375 ± 0,16 256 ± 0,48 361 ± 0,23
Cd2+ 2,4 370 ± 0,45 305 ± 0,25 195 ± 0,4 382 ± 0,37 372 ± 0,47 355 ± 0,31
Cd2+ 4,1 434 ± 0,13 152 ± 0,35 120 ± 0,28 365 ± 0,22 301 ± 0,14 242 ± 0,15
Cd2+ 8,2 350 ± 0,33 125 ± 0,29 30 ± 0,25 380 ± 0,45 365 ± 0,42 245 ± 0,27
Ni2+ 57.3 318 ± 0,2 122 ± 0,34 40 ± 0,13 377 ± 0,12 290 ± 0,26 352 ± 0,13
Ni2+ 95,7 257 ± 0,46 242 ± 0,17 25 ± 0,21 364 ± 0,18 380 ± 0,38 263 ± 0,4
Ni2+ 191,4 275 ± 0,19 160 ± 0,44 26 ± 0,36 376 ± 0,43 369 ± 0,15 251 ± 0,1

Bacillus simplex 8 Control 125 ± 0,5 145 ± 0,11 200 ± 0,45 135 ± 0,21 328 ± 0,13 258 ± 0,26
Cd2+ 2,4 166 ± 0,43 142 ± 0,15 25 ± 0,16 166 ± 0,5 303 ± 0,22 238 ± 0,39
Cd2+ 4,1 146 ± 0,34 155 ± 0,25 33 ± 0,2 208 ± 0,24 304 ± 0,29 282 ± 0,27
Cd2+ 8,2 156 ± 0,1 147 ± 0,33 27 ± 0,27 198 ± 0,26 242 ± 0,26 242 ± 0,4
Ni2+ 57.3 115 ± 0,19 136 ± 0,17 190 ± 0,12 170 ± 0,44 331 ± 0,33 252 ± 0,18
Ni2+ 95,7 71 ± 0,35 84 ± 0,41 132 ± 0,31 155 ± 0,3 318 ± 0,5 228 ± 0,23
Ni2+ 191,4 126 ± 0,14 125 ± 0,28 37 ± 0,25 150 ± 0,28 290 ± 0,15 174 ± 0,48

Values in each column represent the mean ± standard error of three replicates.

and stimulate plant growth. As a result, using bac-
teria has become a crucial strategy in sustainable
agriculture to reduce plant osmotic stress, as high-
lighted by Mowafy20. In heavy metals, bacteria such
as Enterobacter Ludwig 11Uz, Pseudomonas aerug-
inosa 18, and Enterobacter cloacae Uz_5 produce
plant hormones and exopolysaccharides. As noted,
stress-induced plant growth stress21. Stress-induced
hormones such as auxins and gibberellins are also se-
creted by bacteria such as pseudo-alcaligenes, which
have been observed in numerous studies, such as
Bacillus pumilus, as noted in Jha11. As observed in
multiple studies, heavy metal stress in plants can

delay development and nutrient utilization, leading
to adverse effects such as enzyme inhibition17,20.
Furthermore, Cd and Ni stress can affect metabolic

processes and respiration rates, which can overwhelm
the plant’s antioxidant defense mechanisms and exac-
erbate stress, according to Ghori and El-Monem22.
The research findings indicate that increased heavy

metal concentrations decrease bacterial cell count,
and exposure to low nickel and cadmium reduces ex-
opolysaccharide production in bacteria. However, the
maximum development of biofilm and exopolysac-
charide production occurred in bacteria treated with
191.4 mg/l Ni. Moderate nickel concentrations may
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weaken defense mechanisms, reverse membrane po-
larization, and increase cell hydrophilicity, promot-
ing biofilm adhesion and enhancing survival. Bacteria
have developed metal tolerance systems to avoid
cell damage, such as producing or sequestering toxic
metals, taking intracellular ions to neutralize, and
releasing poisonous ions by the drainage system, as
reported by Jayakumar and Wang23,24. Studies show
that bacteria can gather Ni and Cd, and biofilm
cell walls, cell membranes, and extracellular polymer
components can absorb these harmful metals. Bac-
teria produce many EPS to protect themselves from
the abundant concentrations of Ni and Cd, which
leads to increased biomass and production of plant
hormones such as gibberellin, auxin, and exopolysac-
charides. EPS can bind HM, as noted by Zainab17.
Strains of Pseudomonas aeruginosa and Enterobacter
ludwigii durable to significant concentrations of Ni2+

and Cd2+ have been observed to produce auxin, gib-
berellin, and exopolysaccharides on the third and
seventh days of culture. Gibberellins have been found
to mitigate the adverse influences of HM in the soil
by limiting oxidative damage and activating the an-
tioxidant system of plants, as Gong reported25. When
gibberellin was added to young wheat plants, it was
observed to reduce the adverse influences of nickel-
induced oxidative stress on growing, chlorophyll
content, and carbonic anhydrase activity. Notably,
the presence or absence of heavy metals in the growth
medium or the growth conditions did not affect
bacterial production of auxin and gibberellin. EPS-
producing bacteria have been shown to have a higher
tolerance to metals than non-EPS-producing bacteria,
with the latter being more sensitive to Cr (VI) ions,
according to Mohite26. Pseudomonas aeruginosa BU1
and BU2 have been reported to be susceptible to
EPS-mediated metal resistance and tolerance to high
environmental copper levels, as per Mativanan27.
Furthermore, Enterobacter cloacae SUKCr1D exhibited
increased metal tolerance and EPS production when
cultured in media containing various concentrations
of Cr (VI) in 5-50 mg/l and 100 mg/l, according to
Kailasam12. Hence, enhancing EPS production can
significantly improve microbial remediation and re-
duce HM contamination.

Conclusion

As a result of our observational studies, for the first
time, local strains of Pseudomonas aeruginosa 18, En-
terobacter ludwigii 11Uz, and Enterobacter cloacae Uz_5
with high resistance and viability to Ni2+ and Cd2+

cations were isolated from soil samples contaminated

with heavy metals and identified with molecular ge-
netic method. Even under metallic conditions, auxin
synthesized by bacteria reduces the effects of stress
by increasing plant uptake of nutrients and water
and changing the root system’s structure. Gibberellin
alleviates metal toxicity by reducing Cd and Ni uptake
by plants and lipid peroxidation, changing hormonal
balance, and regulating the activities of proteases,
catalase, and peroxidase. EPS synthesized by bac-
teria strongly binds to metals and forms organic
metal complexes, increasing plants’ resistance to toxic
metals. These secondary metabolites are crucial in
reducing stress by converting heavy metals into stable
compounds.
Thus, according to the conducted research and the

obtained results, the microorganisms we observed
have unique abilities to alleviate the stress conditions,
restore productivity in soils contaminated with Ni and
Cd, and increase the yield of plants by ensuring their
adaptability to heavy metals.
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توصيف وتحديد بعض السϻϼت البكتيرية المحلية لتراكم المعادن الثقيلة 
 من التربة الملوثة

 

3، سماتوف نور الدين1، تولكين شوناخونوف2ناصر شكوروف ،1، جولتشيخرا قديروفا1عزيزة عثمانكولوفا
 

 معهد الميكروبيولوجيا التابع Ϸكاديمية العلوم، طشقند، أوزبكستان. 1
 الجيوفيزيائية، جامعة العلوم الجيولوجية، طشقند، أوزبكستان.ومعهد الجيولوجيا   2
 معهد بحوث البيئة وتقنيات الحفاظ على الطبيعة. 3

 

 الكادميوم، النيكل، التركيز المثبط اϷدنى، الهرمون النباتي، السكريات متعددة السكاريد خارج الخلية. :الكلمات المفتاحية

 الخϼصة

أفادت دراسات عديدة بوجود كميات مرتفعة من الكادميوم والنيكل في التربة، مما أدى إلى انخفاض نمو النباتات، وخاصة في الكتلة 
الحيوية ومحتوى الكلوروفيل وسمات التمثيل الضوئي نظرًا لطبيعتها الخطرة. لذلك، من الضروري تعزيز مقاومة النباتات Ϲجهاد 

من سمية الكادميوم والنيكل. في هذه الدراسة، تم عزل عدة سϻϼت بكتيرية من التربة الملوثة بالمعادن الثقيلة  المعادن الثقيلة والحد
للتحقيق في دورها المحتمل في تسهيل العواقب الضارة Ϲجهاد المعادن الثقيلة. تم تقييم قدرة العزϻت على زيادة إنتاج النباتات تحت 

كيز المثبط اϷدنى بعد تحديد العزϻت على مستوى اϷنواع. كشف التحديد الميكروبيولوجي التقليدي والجيني إجهاد المعادن الثقيلة والتر
 Pseudomonas aeruginosa 18و Enterobacter cloacae Uz_5صُنفت على أنها  11و 18و 5الجزيئي أن العزϻت رقم 

مرة أكثر من العينة  5.3و 4.8و 4اϷوكسين بمعدل  P. aeruginosa 18على التوالي. أنتجت  Enterobacter ludwigii 11Uzو
اϷوكسين بما يعادل  Bacillus simplex 8و Bacillus licheniformis 10و E. ludwigii 11Uz. في المقابل، أنتجت القياسية
لرابع عشر من النمو، عند تركيز النيكل ملغم/لتر(. خϼل اليوم ا 8.2و 4.1و 2.4عند كميات مختلفة من كاتيون الكادميوم ) القياسيةالعينة 

 1.2(، أي EPSملغم/لتر من السكريات متعددة السكاريد خارج الخلية ) Enterobacter ludwigii 11 81ملغم/لتر، أنتجت  191.4
 6.12ملغم/لتر و Enterobacter ludwigii 11Uz 25-28و Bacillus atrophaeus 4. أنتجت القياسيةمرة أعلى من العينة 

ملغم/لتر.  24.6و Cd2+ 8.2في اليومين السابع والرابع عشر من الزراعة، على التوالي، عند تركيزات كاتيون  EPSملغم/لتر من 
+ وزيادة Cd2+ وNi2تظُهر هذه الكائنات الدقيقة إمكانات واعدة للمعالجة الحيوية للتربة الملوثة بالمعادن الثقيلة من خϼل تقليل سمية 

 ت النباتية والسكريات متعددة السكاريد خارج الخلية في ظروف إجهاد المعادن الثقيلة.إنتاج الهرمونا
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