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SUMMARY 

 

Assessing the ability of 26 bacteria isolated from heavy metal-contaminated soils to produce 1-

aminocyclopropane-1-carboxylate (ACC) deaminase validates their vital role in reducing heavy metal 

stress conditions. Eight of the 26 bacterial isolates showed positive results for ACC deaminase 

production. Isolate #11 had the highest enzyme activity by producing α-ketobutyrate (102 µM/mg 

protein/h). Additionally, ACC deaminase-producing, root-colonizing, non-pathogenic bacteria with a 

variety of advantageous properties were choices, including Bacillus licheniformis 10 (#10), 

Pseudomonas aeruginosa 18 (#18), Enterobacter ludwigii 11Uz (#11), and Enterobacter cloacae Uz_5 

(#5). Treating wheat cultivar ‘Chillaki’ seeds with suspension #11 revealed a remarkable improvement 

in seed germination and growth strength (22%) under metal stress conditions. Plants grown under 

severe metal stress bore suspension #11 treatment, and the results showed a considerable 

improvement in plant growth metrics and total chlorophyll content compared with the control 

treatment. Additionally, in wheat seeds, the proline, catalase, and SOD activity rose by treating them 

with Enterobacter ludwigii 11Uz suspension. The results supported using ACC deaminase-producing 

Enterobacter ludwigii 11Uz (#11) for stress reduction by demonstrating that it can protect wheat 

plants from heavy metal stress via its antioxidant system. 

 

Keywords: Local bacteria, wheat seeds, metal stress conditions, ACC deaminase, Enterobacter 

ludwigii, resistance, proline, SOD, CAT, germination ratio, growth strength 

 

Key findings: ACC deaminase synthesizing bacteria with plant-growth stimulating properties showed 

the highest resistance to Ni and Cd cations. Select bacteria successfully investigated the morphometric 

characteristics and chlorophyll content of wheat plants grown under Ni and Cd stress conditions. 

Bacteria were notable for mitigating Ni and Cd stress conditions. 
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INTRODUCTION 

 

In the present era, one of the most critical 

problems for today's society is the heavy metal 

pollution caused by rapid urbanization and 

industrialization. Past studies described the 

distribution and type of heavy metals in soils of 

the Almalyk mining and smelting industrial 

area (Kodirov and Shukurov, 2009; Shukurov 

et al., 2014). Since heavy metals are non-

decomposing into nontoxic substances, the 

complete removal of such metals is an 

effective solution to combat them (Bian et al., 

2021; He et al., 2022). Therefore, in the 

ecosystem, metal pollution leads to 

contamination of food sources and eventually 

reaches the human food chain. 

 Considerable hazardous effects 

interlinked with heavy metals and metalloids, 

including Cr, Mn, Co, Ni, Cu, Zn, Cd, Sn, Hg, 

Pb, and other minor metals. Cadmium belongs 

to group I carcinogens and is the most toxic 

environmental pollutant for human and animal 

life. Its high solubility in water increases its 

mobility in the soil ecosystem. Through the 

cycle of nutrients, it passes from the soil to 

plants and causes severe problems in human 

health (Liu et al., 2024) . Nickel (Ni) reduces 

seed germination, root and shoot growth, 

biomass accumulation, and total yield. In 

addition, Ni toxicity causes chlorosis and 

necrosis, inhibiting various physiological 

processes (photosynthesis, transpiration) and 

causing oxidation in plants. Examples of 

harmful effects of Ni on human health include 

allergic dermatitis, reproductive toxicity, and 

respiratory distress. 

 The grave pollution of agricultural 

fields constantly increased with heavy metals 

due to the overuse of mineral fertilizers, 

increasing crop cultivation intensity, and 

expanding cultivated areas. In such a situation, 

soil microorganisms, with ACC deaminase 

enzyme activity, break down ACC into α-

ketobutyrate and ammonia, helping reduce 

ethylene production, which inhibits plant 

growth. As a result, it becomes easier for 

plants to adapt to stressful conditions and 

survive better with enhanced growth and 

productivity (Kang et al., 2019). 

 Furthermore, the phytohormone auxin 

can trigger the transcription of the ACC 

synthase enzyme, produced by soil 

microorganisms after pairing with the indole-3-

acetic acid (auxin) produced by plant tissues. 

Therefore, using microorganisms that generate 

auxin phytohormones and ACC deaminase 

enzyme activity is crucial for reducing the 

quantity of ethylene and promoting plant 

growth during the bioremediation of heavy 

metal-contaminated soils (Nascimento et al., 

2019). The findings of Kang et al. (2019) 

enunciated that tomato plants' resistance to 

salt stress received enhancement from the 

Leclercia adecarboxylata (MO1) strain, which 

generates ACC deaminase and indole-3-acetic 

acid. 

 Wheat plant is an essential food 

product in Uzbekistan. Toxic pollutants, such 

as heavy metals, can significantly affect plant 

and human health throughout the entire food 

chain. Wheat seeds with accumulated heavy 

metals can harm the cardiovascular and 

respiratory systems, and pollutants, such as Pb 

and Cd, can hurt the nervous system and 

kidney functions (An et al., 2020; Yang et al., 

2021). In the presented investigations, the 

ACC deaminase enzyme activities’ qualitative 

and quantitative assessment ensures the 

adaptation of plants to toxic conditions under 

heavy metal influences with different 

concentrations of Ni2+ and Cd2+. Therefore, the 

promising study aimed to investigate the 

mechanisms of selected bacteria to prevent 

heavy metal stress conditions and increase 

plant productivity.  

 

 

MATERIALS AND METHODS 

 

Description of the study sites 

 

This study proceeded in Southwest Uzbekistan, 

Samarkand Region (Pastdargom district - 

39°41′11.0″N 66°48′19.8″E) and Kashkadarya 

Region (Dehkanobod district - 38°20′36.1″N 

66°26′45.3″E). These areas have a typical hot 

climate, with an average annual temperature 

of roughly 28.4 °C and 200 mm of 

mailto:https://www.google.com/maps/place/39%C2%B041'11.0%22N+66%C2%B048'19.8%22E/@39.6863889,66.8055,17z/data=!3m1!4b1!4m4!3m3!8m2!3d39.6863889!4d66.8055?entry=ttu
mailto:https://www.google.com/maps/place/38%C2%B020'36.1%22N+66%C2%B026'45.3%22E/@38.3433653,66.4433364,17z/data=!3m1!4b1!4m4!3m3!8m2!3d38.3433611!4d66.4459167?entry=ttu
mailto:https://www.google.com/maps/place/38%C2%B020'36.1%22N+66%C2%B026'45.3%22E/@38.3433653,66.4433364,17z/data=!3m1!4b1!4m4!3m3!8m2!3d38.3433611!4d66.4459167?entry=ttu
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precipitation. Based on the USDA soil 

taxonomy, the soil at this study’s sites is in the 

serozem category. They have 14.23 g kg-1 of 

soil organic matter (SOM), 2.31 g kg-1 of total 

nitrogen (TN), 0.74 g kg-1 of total phosphorus 

(TP), 36.67 mg kg-1 of available phosphorus 

(AP), 0.42 g kg-1 of available potassium (AK), 

and a pH of 5.81. 

 

Bacterial isolates in soil samples 

 

The collection of 24 heavy metal-contaminated 

soil samples came from Samarkand, 

Pastdargom District, and Kashkadarya, 

Dehqonabad District, Uzbekistan, and 

remained in sterile paper bags at 40 °C until 

further additional study. The soil samples came 

from around areas with large factories 

producing chemical fertilizers with heavy metal 

contaminations found in the Samarkand and 

Kashkadarya regions. Brief random 5 cm 

diameter soil samples, taken from 15 to 30 cm 

depth, continued to mix as one composite 

sample. Collected soil samples in sterilized 

paper bags totaled 24, then packed in an 

icebox and delivered to the laboratory. The 

samples’ serial dilution up to 107 times had 

each diluted soil sample independently 

inoculated on a meat peptone agar (MPA) 

medium in the Petri dishes. Then, the samples 

sustained incubation for 24 h at 37 °C. Every 

distinct colony in Petri dishes became a pure, 

sub-cultured one given a unique name.  

 

Determination of ACC deaminase activity 

 

Qualitative analysis 

 

For this purpose, culturing 1 μl of pure 

bacterial suspension in Petri dishes had 

Dworkin-Foster (DF) agar supplemented with 

5.0 g/l 1-aminocyclopropane-1-carboxylic acid 

(ACC) as the nitrogen source. Then, the 

samples reached incubation at 30 °C, using the 

DF agar without ACC as a control and 

monitoring for colony formation for 10 days 

(Gupta and Pandey, 2019). Bacterial isolates 

that formed colonies on DF agar supplemented 

with ACC were positive for ACC deaminase 

activity. 

 

Quantitative analysis 

 

The culturing of ACC deaminase-positive 

bacteria in DF broth supplemented with 3 mM 

ACC bore incubation on a shaker (48 h at 37 

°C, 150 min/rotation). Incubated samples 

reached centrifugation in the cold (10,000 rpm 

for 10 min), with the supernatant measured in 

a spectrophotometer at 540 nm. The amount 

of α-ketobutyrate produced by the bacterial 

isolate after ACC degradation depended on the 

α-ketobutyrate standard graph (Pandey et al., 

2013). 

 

Bacterial cells count 

 

Counting the microorganisms commenced in 

the liquid nutritional medium with high 

biomass at various Ni and Cd cations 

concentrations. For the first 24 h, these 

bacteria culturing ensued in peptone broth at 

28 °C. Bacterial suspensions diluted up to 107 

continued culturing on peptone agar with 

concentrations at 5, 10, and 30 times higher 

than the Permissible standard (PS) of NiSO4 × 

7H2O and CdCl2, i.e., 95.7 mg/l and 191.41 

mg/l; 574.23 mg/l and 4.1 mg/l; and 8.2 mg/l 

and 24.6 mg/l and, respectively, and without 

addition (for the control variant). Culture 

growing for 24 h comprised a temperature of 

28 °C. Using the McCready table as a guide 

helped determine the number of 

microorganisms. 

 Determining the total number of 

colony-forming units (CFU) continued by 

counting the number of microorganisms 

formed on the surface of Petri dishes. Following 

the formula by Zvyagintsev (1991) helped 

determine the number of microorganisms in 1 

milliliter of suspension. 

 

a = b × c × g, 

 

Where: 

α = represents the number of cells in milliliters 

of suspension; 

b = is the average number of colonies per 

plate;  

c = is the dilution at which planting happened, 

and  
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g = is the number of drops in milliliters of 

suspension. 

 

Bacterial identification 

 

Following morphological identification, bacteria 

with powerful resistance to nickel and copper, 

non-pathogenic, and positive for ACC 

deaminase production underwent biochemical 

analysis (using the Biochemical Reagent Kit 

from Hi-Media). Via the Marmur approach, the 

DNA extraction of specific bacteria transpired. 

Polymerase Chain Reaction (PCR) proceeded 

on isolated DNA using universal primers 27 F 

(AGAGTTTGATCTGGCTCAG) and 1492R 

(GGTTACCTTGTTACGACTT) for the 16S rRNA 

gene (Singh et al., 2019). Drawing a 

phylogenetic tree using the 16S rRNA gene 

sequence accessible in the NCBI database 

ascertained the degree of similarity between 

various bacteria. 

 

Bacterial isolates ability to promote plant 

development 

 

Bacterial isolates’ ability to promote plant 

growth included indole 3-acetic acid (IAA) 

formation, nitrogen fixation, phosphate 

solubilizing activity, exopolysaccharide forming 

activity, 1-aminocyclopropane-1-carboxylic 

acid (ACC) deaminase activity. These tested in 

vitro for root colonization ability (Badawy et 

al., 2022). 

 

Bacteria effect on seed germination and 

growth 

 

Growing selected bacterial isolates for three 

days continued in broth with different 

concentrations of Ni and Cd. Wheat cultivar 

‘Chillaki’ seeds were samples for the research. 

One hundred wheat seeds, sorted and treated 

with hydrogen peroxide (H2O2), received 

washing three times in sterilized water. The 

seed soaking began with the bacterial 

supernatant grown in different concentrations 

of heavy metal and only distilled water for the 

control. Then, positioning the seeds for 

growing in the thermostat had the temperature 

set to 26 °C. Counting the number of seeds 

that sprouted on the third day of cultivation 

helped determine the germination energy of 

seeds. The growth capacity of the seeds was 

evident on the seventh day. In this case, the 

determination of the number of seeds that 

formed buds equal to the size of the seed or 

longer ensued (Bakhshandeh et al., 2021). 

 

Determination of osmoprotector-proline 

quantity 

 

Fresh wheat leaves (500 mg) bore crushing 

with aqueous 3% sulfosalicylic acid (10 ml) to 

produce a homogenate for centrifugation. 

Adding cold acetic acid (2 mL) and acid-hydrin 

solution (2 mL) to 2 mL of the supernatant 

advanced the mixture to reach incubation in a 

hot water bath (1 h) and then cooled 

immediately. Toluene (4 mL) was added to the 

reaction mixture, followed by stirring, and then 

incubated in the dark for 20 min. Light 

refraction visualization of the toluene phase 

used a spectrophotometer at the wavelength of 

520 nm (Badawy et al., 2022). 

 

Determination of antioxidant enzymes 

activity 

 

For the protein content determination, half a 

gram of fresh wheat leaf incurred grinding in 

10 mL of 50 mM KH2PO4 buffer (pH 7-8) and 

centrifuging at 10.000 g for 15 min. The 

catalase activity test (CAT) process used H2O2 

as a substrate and potassium phosphate as a 

buffer and measured in a spectrophotometer at 

the wavelength of 240 nm. Combining the 0.4 

ml of riboflavin (60 μM), 1.2 ml of methionine 

(130 mM), 0.6 ml of NBT (750 mM), 3.4 ml of 

phosphate buffer (0.2 M pH-7-8), and 0.3 ml of 

EDTA (10 mM) solution to 0.1 ml of 

supernatant to measure the superoxide 

dismutase activity (SOD). Using this approach, 

adding riboflavin will also make O2, and its 

inclusion initiates the reaction. The prepared 

samples’ incubation took 15 min at 30 °C 

under 15 W fluorescent lamps. The control 

samples remained stored in a dark place. 

Subsequently, its measurement ensued at the 

wavelength of 560 nm in a spectrophotometer, 

with the results expressed as μmol/min/mg of 

protein. The results calculation used the means 

after running the analysis in triplicate. 
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RESULTS 

 

Bacterial isolates and ACC deaminase 

activity 

 

Twenty-six pure bacterial cultures were 

isolated from 24 soil samples and cultivated on 

a DFA medium supplemented with ACC to 

examine the ASA degradation ability. The 

selected bacterial isolates continued growing 

for 10 days on a DFA medium enriched with 

ACC, the substrate of the ACC deaminase 

enzyme, for the bacterial qualitative analysis. 

Bacteria cultivation in a DFA medium without 

ACC served as a control. The ACC deaminase 

enzyme activity in the bacteria was evident by 

observing growth in the nutritional media. 

Based on the qualitative analysis, the ACC 

deaminase activity confirmation was notably 

present in eight of the 26 bacterial isolates. 

The study conducted a bacterial 

quantitative analysis of ACC deaminase 

enzyme activity using M. Murali's method. 

Based on the results, isolates #5, #11, and 

#18 have more ACC deaminase activity than 

other isolates (Figure 1B). Specifically, it was 

apparent that the formation of 96 μM/mg of 

protein/hour of α-ketobutyrate occurred in 

isolate #5 and 102 μM/mg of protein/hour of 

α-ketobutyrate in isolate #11. 

Bacterial resistance assessment 

 

The presented research used the 

microbiological dilution method to examine the 

titer of microorganisms cultured in nutrient 

media with varying ratios of nickel and 

cadmium. Initially, these bacteria culturing 

materialized for 24 h at 28 °C in Bj-110 liquid 

nutrition medium and peptone broth. Then, 

dilutions up to 107 times before planting them 

in MPA supplemented and not supplemented 

(for control) with 5, 10, and 30 times higher 

concentrations of Ni2+ and Cd2+ cations than 

PS. Cultures grew at 28 °C for 24 h. Bacterial 

isolates with powerful resistance to Ni2+ and 

Cd2+ cations were prominent in the bacterial 

isolates #5, #11, #10, and #18, selecting 

these for further studies for authentication. 

Therefore, these bacterial cultures can grow 

and develop in polluted soils with high Ni2+ and 

Cd2+ cations concentrations. 

 

ACC deaminase impact on plant growth 

 

Selected ACC deaminase-positive bacteria 

underwent qualitative and quantitative 

assessments of their ability to promote plant 

development. Based on the qualitative 

analysis, only four isolates (#5, #11, #10, and 

#18) out of eight were choices for additional 

study because of their durable resistance to 

Cd2+ and Ni2+ cations. 

  
A B 

 

Figure 1. Quantitative analysis of ACC deaminase enzyme activity of bacteria (A); Effect of bacteria 

on seed germination energy and grown capacity (B). 
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Table 1. Patterns of the most potent plant growth-promoting bacterial isolate identification of 

bacteria. 

Isolates 

Phosphate 

mobilization,  

μg mL− 1μg mL− 1 

Root Colonization, 

Ability, log10 CFU/g 

IAA, mL−1μg 

mL− 1 

Exopolysaccharide, 

 mg/l 

Nitrogen 

fixation 

#5 10.53±0.25 6.34±0.15 5.32±0.13 13± 0.16 + 

#11 9.73±0.06 5.53±0.28 5.14±0.22 20±0.22 + 

#18 9.12±0.31 4.92±0.33 4.34±0.37 14± 0.43 + 

#10 8.53±0.02 4.32±0.17 3.78±0.41 16± 0.11 - 

*Note: +: Positive result, -: Negative result. 

 

 

   
A B C 

 

Figure 2. Isolate #11 - a) general view of colony, b) colony, and c) microscopic view of cells. 

 

Three bacterial isolates demonstrated a 

high level of efficacy when tested for their 

capacity to stimulate plant development (Table 

1). The study discovered that in isolates #5, 

#11, and #18, the root colonization ability was 

6.34±0.15, 5.53±0.28, and 4.92±0.33 

log10CFU/gr, and the amount of IAA synthesis 

was 5.32±0.13, 5.14±0.22, and 4.34±0.37 

μg/mL-1, respectively. Furthermore, it was also 

evident that these bacterial isolates revealed 

elevated levels of exopolysaccharide 

production and phosphate mobilization. 

Selected ACC deaminase-positive bacterial 

isolates (#5, #10, #11, #18) were initially set 

apart based on morphological (Figure 2) and 

biochemical characteristics (Table 2). 

The molecular identification confirmed 

the findings based on the morphological, 

microscopic, and biochemical documentation. 

According to the results, isolates #5, #11, and 

#18 emerged as Enterobacter cloacae, 

Enterobacter ludwigii, and Pseudomonas 

aeruginosa, respectively. The research 

submitted the 16S rRNA nucleotide sequence 

of genetically identified strains to the National 

Center for Biotechnology Information (NCBI, 

USA) database and registered Pseudomonas 

aeruginosa 18 (OQ932917.1); Enterobacter 

ludwigii 11UZ (OQ932957.1), and Enterobacter 

cloacae UZ_5 (OQ932923.1). A phylogenetic 

tree construction of the 16S rRNA gene of the 

isolates sequenced used MEGA-64 (Figure 3). 

 

Bacteria to produce ACC deaminase 

 

Based on measuring wheat seed germination 

energy and growth capacity, the selected 

bacteria considerably enhanced the seed 

germination energy and growth potential 

compared with the control treatment (Figure 

1B). For instance, while employing the 

Pseudomonas aeruginosa 18 strain, the seed 

germination energy and growth capacity rose 

by 14% and 18%. In the Enterobacter cloacae 

Uz_5 strain, it increased by 17% and 18%, and 
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Table 2. Morphologic-cultural and physiological-biochemical characteristics of bacteria resistant to 

high concentrations of heavy metal cations. 

Descriptions #5  isolate #11  isolate #18  isolate 

Shape of Colony Circular Circular Circular 

The color Transparent Cream colored Green- yellow 

Margin Entire Entire Entire 

Surface Smooth Smooth  Smooth  

Elevation Convex Umbonate Flat 

Gram staining - - - 

Mobility + + + 

Cell shape Short rod Short rod Short rod 

Optimum pH 7,0-7,2 7,0-7,5 4,5-6,0 

Optimum °C 27 °C–35 °C 28 °C–32 °C 30 °C–37°C 

Hydrolysis of starch - - - 

Hydrolysis of casein - + - 

Hydrolysis of tyrosine - - - 

Hydrolysis of gelatin - + + 

Acid production from D-glucose + - + 

Sucrose + + + 

D-mannose + + + 

Rhamnose - - - 

Acid production from lactose - - - 

Oxygen 

Relationship 

Facultative 

Anaerobic 

Facultative 

Anaerobic 
Aerobic 

Catalase + + + 

Oxidase - - + 

Citrate disposal + + + 

Note: +: Positive result, -: Negative result. 

 

 

        
A                                                                        B 

 

Figure 3. a) Phylogenetic tree of Enterobacter cloacae Uz_5, and b) Enterobacter ludwigii 11UZ. 
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in the Enterobacter ludwigii 11Uz, the growth 

energy and growing capacity enhanced by 

22%, respectively, compared with the control 

treatment. The results further revealed that 

among the three selected bacterial strains, the 

strain Enterobacter ludwigii 11Uz was 

remarkable, with significantly higher potential 

in seed growth parameters than other strains 

and a selection for further studies. 

 

Enterobacter ludwigii 11Uz effect on plant 

growth 

 

From the results, regardless of the different 

levels of heavy metal stress, the vegetative 

growth parameters were significantly higher in 

wheat plants treated with bacterial strain 

Enterobacter ludwigii 11Uz than the control 

plants without the bacterial addition. Plant 

height and fresh and dry biomass of the wheat 

plants treated with Enterobacter ludwigii 11Uz 

improved from 11.3 cm, 0.04 g, and 0.11 g to 

18 cm, 0.09 g, and 0.25 g, and from 13 cm, 

0.15 g, 0.05 g to 18 cm, 0.2 g, 0.07 g, 

respectively (Figure 4AB). 

 

Total chlorophyll content  

 

Total chlorophyll content was significantly 

superior in wheat plants treated with 

Enterobacter ludwigii 11Uz compared with 

untreated plants, regardless of the level of 

heavy metal stress (Figure 4F). Plants grown in 

soils containing high concentrations of CdCl2 

and NiSO4×7H2O showed total chlorophyll 

content of 24.3 and 21.5 mg/l after application 

of bacterial suspension. Meanwhile, control 

plants without bacterial suspension showed the 

lowest total chlorophyll content of 15.6 and 

14.7 mg/l. According to the results, it was 

noteworthy that the chlorophyll content 

increased by 35.8% and 31.6% in the wheat 

plants treated with bacteria grown in the soils 

compared to the respective control plants. 

 

Bacteria’s role in proline formation 

 

Wheat plants placed in the control and 

bacterial suspension-supplemented soil showed 

an increase in the synthesis of a non-

enzymatic antioxidant - proline, in response to 

increasing heavy metal concentrations (Figure 

4E). Wheat plants cultivated at 57.42 and 

191.4 mg/kg of NiSO4 × 7H2O soil occurred 

with increased proline levels, from 13.6 to 

21.33 μmol/g when treated with Enterobacter 

ludwigii 11Uz, compared with control plants 

where proline level increased from 3.17 to 6.23 

μmol/g grown without bacteria. 

 Similarly, proline synthesis under Cd2+ 

stress was higher in wheat plants treated with 

Enterobacter ludwigii 11Uz than in control 

plants. Specifically, plants grown in soil 

containing 2.4 mg/kg of CdCl2 showed 14.43 

μmol/g, while plants cultivated in soil 

containing 4.2 and 8.4 mg/g of CdCl2 produced 

17.98 and 23.22 μmol/g proline, respectively. 

In wheat plants planted as a control in soils 

without bacterial inoculation, the proline 

contents were 2.93, 2.7, and 2.3 times lower 

than values obtained with bacterial treatments. 

 

Bacteria’s role in synthesis of antioxidant 

enzymes 

 

The synthesis of CAT and SOD was 

considerably better in the wheat leaves when 

plant cultivation was under Ni and Cd stress as 

opposed to non-stressed conditions (Figure 

4CD). Concurrently, wheat plants grown under 

normal and stressful environments showed a 

considerable increase in CAT and SOD enzyme 

activity upon treatment with Enterobacter 

ludwigii 11Uz. The results further revealed that 

in cultivated plants in soils with 4.1 mg/kg of 

CdCl2 added Enterobacter ludwigii 11Uz strain, 

the CAT content increased from 8.2% to 

10.5%; SOD activity increased from 18.4% to 

25.5%. Similarly, CAT and SOD enzyme 

activities increased by 1.12 and 0.76 times in 

bacteriologically treated plants grown with 

191.4 mg/kg NiSO4 × 7H2O compared with the 

control plants. Plants treated with the 

Enterobacter ludwigii 11Uz strain, cultivated in 

soil containing 8.2 mg/kg CdCl2, exhibited the 

highest enzyme activity of 154 (CAT) and 15.4 

(SOD) U min-1mg-1 protein. Applying bacterial 

strain Enterobacter ludwigii 11Uz has 

manifested to protect wheat plants 

considerably from heavy metal stress 

conditions. 
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A B 

 
 

C D 

 
 

E F 

 

Figure 4. Morphometric and biochemical characteristics of plants grown in different concentrations of 

Ni and Cd. Shoot length (A); Wet biomass (B); CAT activity (C); SOD activity (D); Total proline 

content (E); and Total chlorophyll content of wheat plant (F): a-0 mg/kg; b- NiSO4 × 7H2O 57.42 

mg/kg; c- NiSO4 × 7H2O 95.7 mg/kg; d- NiSO4 × 7H2O 191.4 mg/kg; e- 2.4 mg/kg CdCl2; f- 4.2 

mg/kg CdCl2; and g-8.4 mg/kg CdCl2 

 

DISCUSSION 

 

Plant growth-promoting soil bacteria with ACC 

deaminase enzyme activity are essential for 

plants to overcome abiotic stresses and ensure 

their better productivity (Nadeem et al., 2014; 

Tiwari and Yadav, 2019). Through the 

synthesis of enzymes, phytohormones, 

exopolysaccharides, amino acids, mineralizing 

organic phosphate, and modifying nutrient 

permeability, these enhanced the 

bioavailability of nutrients in the rhizosphere 

and hence stimulate plant development (Fouda 

and Sofy, 2022; Rahayu et al., 2023; Zubair et 

al., 2024). Plants can produce and accumulate 

solutes, including glycine, betaine, and proline, 

and lower ethylene levels to reduce the 

formation of reactive oxygen species (ROS). As 
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a result, using soil bacteria was visibly a crucial 

sustainable agriculture technique for lowering 

plants’ osmotic and oxidative stresses (Mowafy 

et al., 2022; Usmonkulova et al., 2022, 2023). 

 HM-tolerant soil bacteria became 

selections for their capacities to stimulate plant 

growth and their resistance to elevated levels 

of Cd and Ni. One has observed that specific 

strains of Pseudomonas aeruginosa, 

Enterobacter ludwigii, and Enterobacter 

cloacae can solubilize poorly soluble phosphate 

salts. The soil contains massive mineral 

phosphorus as insoluble phosphates, which are 

unusable to plants (Pradhan and Sukla, 2006). 

Similar to the bacteria under investigation, 

documentation reported Micrococcus luteus 

and Enterobacter cloacae generate auxins and 

gibberellins and can solubilize phosphorus (Jha 

et al., 2014). 

Cd and Ni stress conditions correlate 

with long-term storage of heavy metals in soil 

and water, significantly detrimental to 

agricultural productivity and human health (Ali 

et al., 2019). The accumulation of HMs in 

agriculture causes relevant damage to plant 

systems, including plant growth impairment 

(Khan et al., 2020), leaf chlorosis (Mohamed, 

2011), and enzyme inhibition (El-Sheshtawy et 

al., 2021). In addition, Cd and Ni stress 

conditions also enhanced ROS generation and 

induced oxidative resistance in plants (Li et al. 

2020). The ROS also adversely affects the 

DNA, chlorophyll, proteins, and membrane 

functions. Plants activate antioxidant systems, 

particularly non-enzymatic molecules (proline 

and carotenoids) and enzymatic substances 

(CAT and SOD), to repair and reduce the 

damage caused by ROS (Maksoud et al., 2022; 

El-Mahdy et al., 2021). 

 In the presented study, growing wheat 

plants continued in soil supplemented with Cd 

(8.2 mg/kg) and Ni (191.4 mg/kg) (without 

and with bacteria). It was apparent that a 

significant reduction in plant growth appeared 

under bacterial untreated Cd and Ni stress 

conditions. These results align with past 

research that showed how hazardous Cd and Ni 

are to several plant species (El-Mahdy et al., 

2021; Mohamed et al., 2021). The results 

showed that microbial inoculation of seeds 

improved the developmental traits of plants in 

heavy metal stress conditions. Microbes can 

boost plant growth and biomass by changing 

the type of metals found in the soil and 

lowering the amount of metals that accumulate 

in plants. Certain soil bacteria can synthesize 

ACC-deaminase, an enzyme that promotes the 

uptake of essential nutrients, such as N, K, and 

P, and enhances plant growth under abiotic 

stress conditions (Al-Haithloul et al., 2022). 

 

 

CONCLUSIONS 

 

The results revealed that the bacterial strain 

Enterobacter ludwigii 11Uz produced the ACC 

deaminase and strengthened wheat's tolerance 

against heavy metal stress conditions. Plant 

growth metrics also indicated improvement by 

bacterial efficacy in enhancing heavy metal 

tolerance and by antioxidant mechanisms, such 

as enzymatic (SOD and CAT) and non-

enzymatic (proline). Soil bacteria, such as 

Enterobacter ludwigii 11Uz, can enhance plant 

biomass and growth and counteract the 

harmful effects of metal wastes. It was due to 

their ability to synthesize active auxin, 

exopolysaccharide, ACC deaminase, and 

secondary metabolites, converting HMs into 

stable complexes. The ASK deaminase breaks 

down 1-aminocyclopropane-1-carboxylate into 

ammonia, reduces the level of ethylene in 

plants, and increases their resistance to stress. 

The EPS synthesized by bacteria strongly binds 

to metals and forms organic metal complexes, 

increasing the resistance of plants to toxic 

metals. As a result, the heavy metals content 

may decline in plants because the 

immobilization of heavy metals by 

microorganisms reduces the mobility of metals 

and the absorption of heavy metals by plants 

and their translocation to roots and stems. 

Therefore, the bacterial strain Enterobacter 

ludwigii 11Uz can be beneficial as the best bio-

inoculant for wheat seeds to mitigate heavy 

metal stress conditions in the future. 
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