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ABSTRACT 
Plant growth-promoting rhizobacteria (PGPR) that can tolerate heavy metals, provide the basis for 

microbial inoculums showing heavy metals tolerance properties. This study was aimed to detect the 

heavy metal resistance genes in plant-growth-promoting Pseudomonas spp. isolated from many 

agricultural fields. The collected isolates were screened for their plant growth-promoting (PGP) traits, 

hydrolytic enzymes, Siderophore, ammonia, and indole-3-acetic acid (IAA). Then, subjected to 

concentrations of CuSO4, CdCl2, and ZnCl2 to determine the minimum inhibitory concentration 

(MIC). The DNA was extracted from the selected isolates then PCR test was achieved to detect copA, 

copB, and czcA genes, responsible for heavy metal resistance. Seventy Pseudomonas spp. isolates were 

obtained; 41 (58.57%), 6 (8.57%), and 15 (21.42%) isolate produced protease, cellulase, and pectinase, 

respectively. The isolates were positive for siderophore and ammonia production. However, 68 

(97.14%) isolates have produced indole-3-acetic acid. Eight isolates were selected and identified as 

Pseudomonas aeruginosa using the Vitek 2 compact system. The isolates' resistance to heavy metals 

differed significantly. The isolate B49 had a higher resistance to CuSO4 (MIC = 3200 µg/ml) and ZnCl2 

(MIC = 2600 µg/ml), while the isolate B66 recorded a higher resistance to CdCl2 (MIC = 1000 µg/ml).   

copB, and czcA genes were detected in the eight P. aeruginosa isolates, while copA gene was detected in 

seven, except B69. 

Keywords: plant growth promoting rhizobacteria (PGPR), P. aeruginosa, copA, copB and czcA. 

 
 السجاد والسالم                                                                                   370-361(:1(55: 2024 -مجلة العلوم الزراعية العراقية

 المعزولة محليًا .PSEUDOMONAS SPPالكشف عن الجينات المسؤولة عن مقاومة المعادن الثقيلة في 
 السجاد ماجد سامي                       هتاف عبد الملك احمد السالم

     أستاذ               باحث                                                              
  قسم التقنيات الاحيائية، كلية العلوم، جامعة بغداد

لمستخلصا  
( التي يمكنها تحمل المعادن الثقيلة،توفر الأساس للقاح ميكروبي يظهر خصائص تحمل PGPRان بكتيريا الجذور المعززة لنمو النبات )

المعادن الثقيلة. هدفت هذه الدراسة إلى تقييم صفات تعزيز نمو النبات والكشف عن الجينات المقاومة للمعادن الثقيلة لبكتريا 
Pseudomonas  sppرفة خصائصها المعززة لنمو النباتلات التي تم جمعها لمعالعز  غربلةتم  .. والتي عزلت من عدة حقول زراعية: 

التركيز  لتحديد ZnCl2و  CdCl2و  CuSO4 تراكيز منلـ ثم عرضت. الخليكاندول حامض و الأمونيا و  السايدروفورو الحالة الإنزيمات 
 (PCRتفاعل البلمرة المتسلسل ) اختبار يجر امن العزلات المختارة ثم ( DNA). تم استخلاص الحمض النووي (MIC) المثبط الادنى

 Pseudomonas spp. : 41 عزلة نيسبع. تم الحصول على    czcAو  copBو  copA مقاومة المعادن الثقيلة للكشف عن جينات
 السايدروفورإيجابية لإنتاج  هاجميعو ،  بالترتيبالسليليز والبكتينيز و بروتيز لل عزلة منتجة٪( 21.42) 15 و٪( 8.57) 6 و٪( 58.57)

نظام الفايتك،  باستعمالثمانية عزلات  وتشخيص تم اختيار .(IAA) الخليكمض اح إندولانتجت ٪( عزلة 97.14) 68 في حينوالأمونيا. 
كبريتات مقاومة أعلى لـ B49كان للعزلة و  معنوياً،. اختلفت مقاومة العزلات للمعادن الثقيلة Pseudomonas aeruginosaأنها  وتبين

 مقاومة أعلى B66، بينما سجلت العزلة ( مايكروغرام/مل MIC =2600كلوريد الزنك )و  ( /ملمايكروغرام MIC =3200النحاس )
، الثمانية P. aeruginosaفي عزلات  czcAو  copBجينات ال الكشف عن وجود. تم (مايكروغرام/مل MIC =1000لكلوريد الكادميوم )

  .B69 العزلة ، باستثناءفقطفي سبعة عزلات  copAجين ال وجدبينما 
 .czcAو  P. aeruginosa   ،copA ، copB ،(PGPR)ريا الجذور المعززة لنمو النبات الكلمات المفتاحية: بكت
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INTRODUCTION 

Microorganisms in the rhizospheric soil range 

from beneficial to pathogens.  The beneficial 

bacteria such as Pseudomonas spp. and 

Bacillus spp. have shown a potential role in 

improving plant growth through nutrient 

provide and producing many biological control 

agents to face the disease-causing 

microorganisms (10, 42). Pseudomonas 

species represent essential PGPR (Plant 

growth-promoting rhizobacteria) that increase 

crop yield through direct and indirect methods. 

PGPR have several processes for controlling 

plant pathogens and they also compete with 

phytopathogens for resources and space (14, 

38). Pseudomonas spp. is ubiquitous bacteria 

with various applications because they exhibit 

a many of diverse traits in different 

environments, was utilized as a biocontrol 

agent, plant growth promoter, source of 

antibiotics and efficient bioremediation strains. 

Plant growth-promoting systems traditionally 

grouped direct and indirect processes (13). 

Heavy metals, such as Zn, Cd, Ni, Cu, Pb, Cr 

and Hg, are a common problem in agricultural 

soil fields, and it is frequently caused by 

industrial processes located nearby (9, 20). 

These metals are hard to remove from the 

environment, differ from many pollutants that 

can be decomposed biologically or chemically 

and are ultimately undegradable, so their 

harmful effects last longer (3, 6).  Bacteria 

have evolved numerous resistance mechanisms 

to cope with heavy metal stress. Several 

resistance mechanisms involve heavy metal, 

complexation, sequestration, metal conversion 

to a less hazardous species, and direct metal 

efflux out of the cell. Metals crossing the 

bacterial cell may interact in many ways based 

on their chemical properties and concentration. 

When exposed to high levels, cells usually 

respond by expressing unique systems of 

resistance (P-type ATPases, CDF (cation 

diffusion facilitator transporters), resistance-

nodulation-cell division) RND(efflux pumps, 

metallothioneins)(35). Heavy metal resistance 
responsible genes copA, copB, and czcA were 

found in gram-negative bacteria such as 

Pseudomonas syringae, Pseudomonas putida, 

Pseudomonas aeruginosa, Acinetobacter 

baumannii, and Xanthomonas spp. CopA is a 

P-type ATPase found in the periplasmic 

membrane, and CopB is a copper-binding 

protein in the outer membrane that protects 

against copper. The czcA gene is a member of 

the Resistance Nodulation-Division (RND) 

family found in the periplasm that serves as a 

metal efflux pump protein for Cd and Zn (16, 

23, 29). The objective of the current study was 

to evaluate Pseudomonas spp. isolates as plant 

growth promoters and heavy metals resistant 

and detect the presence of genes responsible 

for their resistance to Cu, Cd, and Zn. 

MATERIALS AND METHODS 

Samples collection 

This study involved four agricultural fields of 

Karbala, Baghdad, Hilla City, and the College 

of Agriculture (Iraq), from October 2020 to 

January 2021. The soils samples were 

collected from various types of rhizospheric 

soils of different plants, Banana (Musa spp.), 

Bean (Phaseolus vulgaris), Alfalfa (Medicago 

sativa), Wheat (Triticum aestivum), Barley 

(Hordeum vulgare), Jerusalem artichoke 

(Helianthus tuberosus), Okra (Abelmoschus 

esculentus), Conocarpus (Conocarpus spp.), 

Mint (Mentha spp.), Corn (Zea mays), Barley 

(Hordeum vulgare), Wheat (Triticum 

aestivum), Sunflower (Helianthus annuus), 

and Jerusalem artichoke (Helianthus 

tuberosus).  

Isolation of Pseudomonas spp. 

Serial dilutions were prepared from different 

plants' rhizosphere. 1 g of soil was added to a 

test tube was contained 9 ml of H2O (0.85% 

NaCl), mixed thoroughly, and left to stand 

before they formed successive serial dilutions. 

A 100 µl of each 10
-4

, 10
-5

, and 10
-6

 dilution 

was spread on the surface of three agar media: 

King's B, Pseudomonas isolation agar (PIA), 

and Cetrimide agar, then incubated at 28°C for 

48 h and re-cultured on the same media. 

Different colonies were purified in 

MacConkey agar medium and subjected to 

biochemical tests. 

Extracellular enzymes production 

Protease production was tested using skimmed 

milk agar, 28 g skimmed milk powder, 1 g 

Dextrose, 5 g Tryptone, 2.5 g Yeast extract, 

and 15 g Agar (g L-1). The isolates that 

formed clear zones, positive results, around the 

colony were recorded after 24h of incubation 

at 28°C (15). The test of cellulase production 

was done using minimal medium, 2 g tryptone, 
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4 g Na2HPO4, 4 g KH2SO4, 10 g CMC, 0.2 g 

MgCl2, 0.004 g FeSO4, 0.001 g CaCl2, 20 g 

agar (g L
-1

), combined with 1% carboxymethyl 

cellulose (CMC). After six days of incubation 

at 28°C, the plate was treated for 15 minutes 

with 0.1 % Congo red dye, followed by a 1 M 

NaCl solution. Clear yellow zones 

development indicates a positive result for 

cellulase production (19). Pectinase production 

was tested by combining pectin with M9 

medium, 1 g (NH4)2SO4, 1 g Dextrose, 10 g 

pectin, 0.5 g sodium citrate, 1.2 g yeast 

extract, 20 g agar (g L
-1

). The formation of a 

clear zone when plates flooded with Lugol's 

iodine solution for 10 minutes after three days 

of incubation at 28°C denotes the isolate's 

ability to produce pectinase (32). 

Ammonia and siderophore production 

The bacterial isolates were inoculated in 10 ml 

peptone water for ammonia synthesis. After 

48-72 h of incubation at 28 °C, the culture was 

centrifuged, and the supernatant loaded with 1 

ml of freshly prepared Nessler's reagent, the 

positive test results a brown-yellow colour 

(34). Siderophore production was determined 

on a nutrient agar (NA) supplemented with 

chelating 2,2-Bipyridyl solution (2 mg L
-1

), 

which filtered in NA at 45°C The growth of 

isolates signalled a positive test (31). 

Indole acetic acid (IAA) production 

IAA production was determined using 

Erlenmeyer flasks containing 50 ml of 

Nutrient broth medium (NB) with 0.2% (v/v) 

L- tryptophan. Flasks were inoculated with 2% 

of bacterial growth (0.5 O. D; 1 × 10
8
 CFU 

mlˉ¹) and subjected to 120 rpm in a shaker 

incubator at 28°C for 48 h. 10 ml of growth 

sample was pipetted from each flask and 

centrifuged for 15 min at 10000 rpm.  The 

supernatant was mixed with twice the volume 

of Salkowski'sr reagent (1 ml of 0.5M FeCl3 

and 49 ml of 35% HCIO4) and re-incubated for 

30 min at 25°C in a dark place, then estimated 

calorimetrically at 530 nm (12). 

Identification of bacterial isolates 

Bacterial isolates were identified using the 

Vitek 2 compact system. The activated 

isolates, on MacConkey ager at 28°C for 24 

hours, were used to prepare bacterial 

suspension by transferring to 3 ml of sterile 

saline. The turbidity was fixed at 0.5 OD using 

the McFarland standard. The kit was added for 

each tube and incubated for 18 hours in the 

device.  

MIC determination  
The bacterial isolates were subjected to 

CuSO4, CdCl2, and ZnCl2 on Mueller-Hinton 

agar plate by a gradient concentration of heavy 

metals. The concentration level of heavy 

metals was started at 100 μg/ml and increased 

by 50 μg/ml, except for the HgCl2 increased by 

10 μg/ml, plates then incubated for 48 h at 

28°C. MIC was determined on the plate 

medium when there was no visible growth (1) 

DNA Extraction 

DNA from the selected isolates were extracted 

using the ABIOpureTM Total DNA kit 

(ABIOpure, USA), according to the company 

protocol. A Quantus Fluorometer was used to 

quantify the nucleic acid concentration to 

detect the integrity of DNA for downstream 

applications. For DNA measurement, one μl of 

DNA was added to 199 μl of diluted 

QuantyFlour Dye and incubated at room 

temperature for five minutes. 

Detection of heavy metal resistance genes 

PCR test was used to detect heavy metal 

resistance genes using specific primers (Table 

1) for amplifying the region 475bp  

364bp and 206bp of copA, copB, and czcA, 

respectively. The PCR reaction was carried out 

in a 20μl volume, which was composed of 

10μl master mix, 1μl forward primer, 1μl 

reverse primer, 2μl DNA template, and 6μl of 

nuclease-free water. The program used was 

illustrated in the Table 2. The PCR products 

were analysed on the agarose gel 

electrophoresis (1.5%, w/v), formed from 1X 

TAE buffer with 1μl of ethidium bromide 

(10mg/ml). The wells were loaded with PCR 

products (10μl), then powered at 100v/mAmp 

for 75 minutes. After that, the stained bands 

were displayed under the UV 

Transilluminator.
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Table 1. Primers of heavy metals resistances genes. 
Gene Primer sequence 5ʹ→3ʹ Annealing 

temperature 

Product size  

copA F 

R 

CGGTCTCTACGAATACCGCTTCAA 

GAAATAGCTCATTGCCGAGGCGTT 

 

55°C 

 

475bp 

copB F 

R 

TTCCTGCTCGACCAGTTGGAATAC 

GGTTGGTCAACAGGATGTCGTACT 

 

58°C 

 

364bp 

czcA F 

R 

GTTCACCTTGCTCTTCGCCATGTT 

ACAGGTTGCGGATGAAGGAGATCA 

 

56°C 

 

206bp 

Table 2. PCR program for amplification heavy metals gene of Pseudomonas aeruginosa. 
Steps Temperature  Time (m:s) Number of Cycle 

Initial Denaturation 95°C 05:00 1 

Denaturation 95°C 00:30  

 

30 
Annealing copA 

Annealing copB 

Annealing czcA 

55°C 

58°C 

56°C 

00:30 

00:30 

00:30 

Extension 72°C 00:30 

Final extension 72°C 07:00 1 

Hold 10°C 10:00 

Statistical analysis 

The data were statistically analyzed using 

ANOVA by the Statistical Analysis System 

program to compare the means of triplicate 

samples with the least significant difference 

(LSD) values (36). 

RESULTS AND DISCUSSION  

Isolation of Pseudomonas spp. 

Bacterial isolates were gained from different 

rhizospheric soils, and characterized 

depending on morphological, cultural, and 

biochemical characteristics. The isolates were 

positive for oxidase, catalase tests, Simon 

citrate, and motile, while negative for Gram 

stain, indole, Voges-Proskauer, methyl red 

and starch hydrolysis. Accordingly, seventy 

isolates were mostly referred to Pseudomonas 

spp. (15). 

Hydrolytic enzymes production 

The result in Table 3 shows that the seventy 

isolates, 41 (58.57%) produced protease 

enzyme on the skimmed milk agar, with a 

zone varying between 2 and 14 mm. The 

highest was B50 (14 mm), followed by B55 

(12 mm), while B32, B47, and B69, showed 

10 mm in diameter. Only four (5.71%) 

isolates can produce cellulase in the CMC 

agar medium. The clear zone varies between 

3 and 23 mm, the higher strain was B66 (23 

mm) followed by B69 (20 mm) and B61 (13 

mm). In addition, 15 (21.42%) isolates were 

pectinase producers in the M9 minimal 

medium. The zone of pectinase varied 

between (6-20 mm). B7 strain was the higher 

(20 mm), followed by B48 and B66 (15mm). 

Lytic enzymes can inhibit the growth or 

suppression of phytopathogens by degrading 

the fungal cell walls. Chitin and fibrils of 

glucan are incorporated into the protein 

matrix, that's why proteases play an essential 

role in fungus cell wall destruction (22). 

Alsalim (8) reported the production of 

hydrolytic enzymes by Pseudomonas spp. and 

found that all isolates were positive for 

protease and pectinase, while 66.6% of them 

could produce cellulase. Other researchers 

isolated 87 Pseudomonas species from the 

tomato (Lycopersicon esculentum) 

rhizosphere. They reported that only 30, 28, 

and 12 isolates were positive for protease, 

cellulase, and pectinase, respectively. Also 

found that the lytic enzymes in 30 isolates 

have antagonistic activity against the plant 

pathogenic bacterium Ralstonia 

solanacearum (39). Another study isolated 

three Pseudomonas fluorescens isolates from 

the plant rhizosphere, their results showed 

that the three strains were positive for 

protease, while negative for cellulase, 

chitinase, and glucanase (41) 

Siderophore and ammonia production 
In this study, the siderophore test was positive 

for all the isolates (Table 3). The seventy 

isolates revealed a growth on the 2,2 

dipyridyl-containing agar media after 48 

hours of incubation, which could contribute to 

their antifungal activity. The qualitative test 

of ammonia production in peptone water 

revealed that all isolates were positive, the 

colour changed to yellow or brown in peptone 
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water of old culture. In their study, 

Kotasthane et al. (24) mentioned that out of 

twenty-nine only eight isolates produced 

siderophores in the presence of 8-

Hydroxyquinoline (50 mg/l). The eight 

isolates have antagonistic effects against 

Rhizoctonia solani and Sclerotium rolfsii. In 

another study, P. asplenii, P. fluorescens, and 

P. aeruginosa isolates showed a high level of 

inhibition against Rhizoctonia solani, 93.15%, 

88.70%, and 86.85%, respectively, with the 

ability to synthesise siderophore and 

ammonia production ability of all the isolates 

(5).  Agrawal et al. (2) reported that twenty-

four fluorescent Pseudomonas isolates 

subjected to different siderophore assays were 

shown to produce siderophores on an iron-

deficient succinate medium.  

Rana et al. (34) reported that twenty 

Pseudomonas fluorescent isolates, collected 

from apple orchards, were exhibited a positive 

result in ammonia and siderophore synthesis.  

Indole-3-acetic acid (IAA) production 

The amount of indole-3-acetic acid produced 

by Pseudomonas spp. isolates, evaluated 

quantitively in NB broth, was ranged from 

1.20±0.03 to 35.15±0.76 μg/ml (Table 3). 

IAA has a role in the extension, division, and 

differentiation of plant cells. IAA also 

promotes the growth of lateral roots and root 

hairs, which increases nutrient uptake by 

surfaces and may result in higher levels of 

nutrient absorption and dramatically improve 

the plant's shoot length (40). The highest IAA 

producing strain was B49 (35.15±0.76 μg/ml) 

followed by B46 (28.59±0.05 μg/ml) and B4 

(26.98±0.42 μg/ml). Sandilya et al. (37) 

reported that eight Pseudomonas spp. isolates 

derived from castor rhizosphere showed IAA 

production in vitro ranged from 5.19 μg/ml to 

27.84 μg/ml. The strain RTE4 of 

Pseudomonas aeruginosa, isolated from tea 

rhizosphere, was tested by Chopra et al. (13), 

and they found high indole acetic acid 

production (74.54 µg/ml) after seven days of 

incubation. Wadekar and Kagne (40) isolated 

25 Pseudomonas spp. from the rhizosphere of 

soybean. Their results showed the highest 

IAA production, which reached 19.34 µg/ml, 

was by the strain S3 after 48 h of incubation 

on King's B. Akter et al. (5) reported that P. 

asplenii and P. fluorescens isolates collected 

from rice plants were shown to have a 

maximum IAA production reached 51 µg/ml 

and 52 µg/ml, respectively, while P. 

aeruginosa did not produce IAA. Ali et al. (7) 

found maximum IAA production by P. 

aeruginosa (8.95 µg/ml) during testing 12 

bacterial isolates. Two isolates belonging to 

P. aeruginosa (JB and JC) were isolated from 

Solanum melongena and Capsicum annuum 

and synthesised IAA by 15.54 and 23.38 

µg/ml, respectively (30). 

Isolates identification 

Based on the previous data, eight isolates 

(Table 3) were selected and identified by the 

Vitek 2 compact system. The results revealed 

that all belong to Pseudomonas aeruginosa. 

Heavy metals resistance  

The resistance profile to the heavy metals 

CuSO4, CdCl2, and ZnCl2 for eight P. 

aeruginosa isolates, was carried out on 

Mueller-Hinton agar. The results in Table 4 

demonstrate that MIC values to the Copper 

were extending from 800-3200 μg/ml. The 

B49 strain has recorded a higher MIC value 

(3200 μg/ml) which differs significantly from 

other strains, followed by the B46 strain 

(2800 μg/ml). The MIC values for Cadmium 

resistance were ranging from 600-1000 μg/ml 

and the strain B66 recorded a higher MIC 

(1000 μg/ml) differs significantly from other 

strains. The resistance to Zinc, represented in 

the form of MIC values, was extending 

from1050-2600 μg/ml. The strain B46 

recorded the value 2600 μg/ml which differs 

significantly from the other strains. Metals 

resistances were appeared to be 

heterogeneous among P. aeruginosa isolates, 

and B49 has a higher resistance to copper 

sulphate and zinc chloride when compared to 

other bacterial isolates Ghaima et al. (17). 

found that the MIC rates of cadmium have 

been ranging from 600 to 900 mg/l for P. 

aeruginosa that isolated from Al-Dora 

agricultural soil, while the MIC for Copper 

and  Cadmium was 3600 μg/ml for the strain 

KZ5 of Pseudomonas aeruginosa, according 

to Benhalima et al. (11). Akinbowale et al. (4) 

isolated 129 strains of Pseudomonas from 

different Australian farms. The majority of 

the isolates showed 800 μg/ml MIC values for 

Cd and Co,  more values for Cu and Pb (1600 

μg/ml), and the highest for Cr and Pb (3200 



Iraqi Journal of Agricultural Sciences –2024:55(1):361- 370                                        Al-Sajad & Alsalim 

366 

μg/ml), while MIC for Mn was more than 

3200 µg/ml. Pseudomonas aeruginosa 

exhibited a resistance to Pb
2+

 Cu
2+

, Cd
2
, the 

minimum inhibitory concentration ranged 

between 100 and 500 ppm, while it was 

showed no resistance, no growth, in the 

presence of Ag
2+

 and Hg
2+

 (28). Malik and 

Aleem (26) isolated 96 strains of 

Pseudomonas spp. from soils, they noticed 

that most isolates had MIC values up to 3,200 

μg/ml and some up to 1,600 μg/ml, and 

91.6% of them were resistant to Pb
2+

 and 

Cu
2+

, while 62.5% were resistant to Zn
2+

. 

Another study by Imron et al. (21) mentioned 

that P. aeruginosa isolated from sanitary 

landfills exhibited MIC values of more than 

20 mg l
− 1

 for Zn, Mg Cd and Pb, using the 

disk diffusion method. 

Table 3. Plant growth traits of Pseudomonas spp. 
No. *Prot 

(mm) 

Cell. 

(mm) 

Pect. 

(mm) 

Sid. NH3 IAA 

(µg/ml) 

No. Pro. 

(mm) 

Cell. 

(mm) 

Pect. 

(mm) 

Sid. NH3 IAA 

(µg/ml) 

B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

B9 

B10 

B11 

B12 

B13 

B14 

B15 

B16 

B17 

B18 

B19 

B20 

B21 

B22 

B23 

B24 

B25 

B26 

B27 

B28 

B29 

B30 

B31 

B32 

B33 

B34 

B35 

- 

- 

- 

- 

- 

- 

9 

2 

4 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2 

- 

6 

- 

8 

8 

9 

8 

- 

- 

- 

- 

- 

10 

- 

8 

9 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20 

- 

8 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10 

- 

- 

- 

6 

- 

- 

- 

- 

- 

- 

- 

- 

- 

13 

+ 

+ 

+ 

+ 

+ 

+ 

++ 

+ 

+ 

+ 

+ 

+ 

++ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

++ 

++ 

+ 

+++ 

+ 

++ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

++ 

++ 

++ 

+ 

++ 

+ 

++ 

++ 

++ 

++ 

++ 

+ 

+ 

+ 

+ 

+ 

+ 

++ 

++ 

++ 

+ 

+ 

+++ 

++ 

++ 

+ 

+ 

+ 

++ 

++ 

++ 

+ 

+ 

12.92 ± 0.17 

9.80 ± 0.08 

8.31 ± 0.19 

26.98 ± 0.42 

9.17 ± 0.12 

12.89 ± 0.15 

14.80 ± 0.89 

16.86± 0.43 

13.47 ± 0.37 

11.79 ± 0.23 

5.77 ± 0.06 

1.76 ± 0.02 

14.12 ± 0.44 

6.47 ± 0.16 

1.20 ± 0.03 

6.95 ± 0.33 

- 

14.5 ± 0.15 

6.77 ± 0.20 

9.54 ± 0.16 

16.11 ± 0.26 

6.51 ± 0.08 

2.53 ± 0.04 

2.17 ± 0.16 

9.82 ± 0.15 

3.60 ± 0.04 

3.89 ± 0.08 

5.74±0.09 

16.90 ± 0.27 

6.45 ± 0.13 

11.53 ± 0.43 

20.06 ± 0.57 

8.55 ± 0.15 

14.91 ± 0.58 

5.76 ± 0.06 
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B43 
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B58 
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B61 
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B70 

8 

4 

8 

- 

7 

- 

- 

5 

8 

- 

8 

10 

8 

6 

14 

9 

8 

9 

- 

12 

7 

- 

8 

6 

9 

9 

5 

8 

6 

8 

9 

4 

6 

10 

8 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

3 

- 

13 

- 

- 

- 

- 

23 

- 

- 

20 

- 

- 

9 

- 

- 

8 

- 

- 

- 

- 

- 

- 

- 

15 

12 

8 

- 

- 

8 

- 

8 

- 

- 

9 

- 

- 

- 

- 

- 

- 

- 

15 

- 

- 

11 

- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

++ 

+ 

++ 

++ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

++ 

++ 

++ 

++ 

++ 

+ 

+ 

+ 

++ 

++ 

+ 

++ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

++ 

++ 

++ 

+++ 

+ 

++ 

++ 

++ 

+ 

+ 

+ 

+ 

+ 

++ 

++ 

++ 

++ 

++ 

++ 

+ 

++ 

++ 

+ 

++ 

+ 

+ 

++ 

+ 

- 

3.36 ± 0.03 

6.68 ± 0.15 

4.79 ± 0.02 

3.61 ± 0.07 

7.94 ± 0.21 

16.40 ± 0.46 

21.68 ± 0.51 

24.21 ± 0.62 

6.8 ± 0.0.05 

28.59 ± 0.05 

3.52 ± 0.24 

4.41± 0.04 

35.15± 0.76 

2.85 ± 0.013 

5.57 ± 0.016 

3.88 ± 0.02 

4.19 ± 0.04 

3.67 ± 0.02 

24.41 ± 0.57 

9.58 ± 0.19 

6.99 ± 0.11 

14.98 ± 0.67 

24.96 ± 0.30 

5.61 ± 0.03 

7.83 ± 0.19 

21.44 ± 0.2 

11.43±0.56 

7.72 ± 0.10 

6.03 ± 0.10 

12.20 ± 0.19 

6.35 ±0.02 

8.32 ± 0.09 

4.59 ± 0.06 

11.57 ± 0.15 

 

LSD value (P≤0.01). 

3.981 

** 

4.077 

** 

3.649 

** 

1.0 

NS 

1.0 

NS 

7.441 ** 

* Prot., Protease (mm); Cell., Cellulase (mm); Pect., Pectinase (mm); Sid., Siderophore.; IAA, Indole-3-acetic acid 

**Siderophore and NH3 : low +, medium ++, high +++;     

Table 4. The MIC of heavy metal in Pseudomonas aeruginosa 
Isolate 

 

CuSO4 

μg/ml 

CdCl2 

μg/ml 

ZnCl2 

μg/ml 

P. aeruginosa  B7 

P. aeruginosa  B25 

P. aeruginosa  B40 

P. aeruginosa  B46 

P. aeruginosa  B49 

P. aeruginosa  B50 

P. aeruginosa  B66 

P. aeruginosa  B69 

1800 

2600 

1600 

2800 

3200 

2200 

2700 

800 

950 

600 

850 

700 

900 

850 

1000 

600 

1050 

1800 

2400 

2250 

2600 

1250 

1850 

1100 

LSD value (P≤0.01). 271.48 84.52  163.87  

Detection of heavy metals resistance gene in 

Pseudomonas aeruginosa 

The eight studied P. aeruginosa isolates were 

subjected to PCR amplification to detect the 

presence of the genes responsible for their 

resistance to Cu, Cd, and Zn, copA, and copB 

genes for Cu and czcA gene for Cd, and Zn. 

The copB and czcA genes were observed in all 

eight isolates, while the copA gene was 

observed in only seven isolates (Figure 1). The 

copA and copB genes’ presence were 

confirmed by many researchers in P. 
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aeruginosa that showed heavy metal 

resistance. Martins et al. (27) isolated two 

tetracycline-resistant strains of P. aeruginosa 

(EW32 and EW33) from a polluted 

environment and detected copA, copB and 

czcA genes presence using PCR. They said that 

treatment of numerous pathogenic bacteria in 

humans and animals can be limited due to the 

exchange of resistance genes between 

environmental and pathogenic bacteria. Their 

study observed that the EW32 strain was 

positive for copA, copB and czcA genes, while 

the EW33 strain was positive only for the czcA 

gene. Pitondo‐ Silva et al. (33) detected the 

occurrence of the genes in sixty-four P. 

aeruginosa that were isolated from different 

crops of five Brazilian regions. Their study 

showed that the most common existence of 

heavy metals resistance genes for copB, copA 

and czcA were 65%, 48% and 46%, 

respectively.  Li et al. (25) mentioned that 

copA and lipoprotein had a role in the 

sequestration and efflux of copper out of the 

cytoplasm and proposed a response model for 

Pseudomonas spp. under higher concentrations 

of copper. They noted the reduction in cell 

size, which leads to reducing the quantity of 

copper bonded around the cell surface, and 

less energy had required to maintain 

themselves during copper stress. 

 
                                       (A)   (B) 

(C) 

Figure 1. (A), (B) and (C) showed amplification products of copA (475bp), copB (364bp) and 

czcA (206bp) of P. aeruginosa isolates in 1X-TAE buffer and 1.5% Agarose gel. 
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CONCLUSION 

Results indicate that several Pseudomonas spp. 

isolated from rhizospheric soil showed many 

plant growth promotion traits. These traits 

were protease, cellulase, pectinase, 

siderophore, ammonia, and IAA production. 

They are offering an alternative fertilizer 

(biofertilizer) and pesticide (biopesticide), as 

they exhibited these traits. Based on this 

study's obtained data, the eight P. aeruginosa 

strains have varied resistance to the examined 

heavy metals, as they showed high MIC values 

of resistance for Cu, Cd, and Zn. The detection 

of copA, copB, and czcA genes, which play a 

role in the efflux pump of heavy metals, 

approved the genes' presence. P. aeruginosa 

can be promising candidates for 

bioremediation of polluted soils.  

REFERENCES  

1. Adekanmbi, A. O., O. O. Adelowo, A. I. 

Okoh, and O. E. Fagade. 2019. Metal-

resistance encoding gene-fingerprints in some 

bacteria isolated from wastewaters of selected 

printeries in Ibadan, South-western Nigeria. 

Journal of Taibah University for Science, 

13(1): 266-273.  

2. Agrawal, T., A. S. Kotasthane, A. Kosharia, 

, R. Kushwah, N. W. Zaidi, and U. S. Singh. 

2017. Crop specific plant growth promoting 

effects of ACCd enzyme and siderophore 

producing and cynogenic fluorescent 

Pseudomonas. 3 Biotech, 7(1): 27. 

3. Ahemad, M. 2019. Remediation of 

metalliferous soils through the heavy metal 

resistant plant growth promoting bacteria: 

paradigms and prospects. Arabian Journal of 

Chemistry, 12(7): 1365-1377. 

4. Akinbowale, O. L., H. Peng, P. Grant, and 

M. D. Barton. 2007. Antibiotic and heavy 

metal resistance in motile aeromonads and 

pseudomonads from rainbow trout 

(Oncorhynchus mykiss) farms in Australia. 

International Journal of Antimicrobial Agents, 

30(2): 177-182. 

5. Akter, S., J. Kadir, A. S. Juraimi and H. M. 

Saud. 2016. In vitro evaluation of 

Pseudomonas bacterial isolates from rice 

phylloplane for biocontrol of Rhizoctonia 

solani and plant growth promoting traits. In 

Journal of Environmental Biology, 37(4): 597.  

6. Al-Aboudi, H. J., Al-Rudainy, A. J. and A. 

A. M. Maktoof. 2022.  Accumulation of lead 

and cadmium in tissue of cyprinus carpio 

collected from  cages of Al-gharraf river/Thi 

qar /Iraq. Iraqi Journal of Agricultural 

Sciences, 53(4), 819-824.                  

https://doi.org/10.36103/ijas.v53i4.1594  

7. Ali, S., S. Hameed, M. Shahid, M. Iqbal, G. 

Lazarovits and A Imran. 2020. Functional 

characterization of potential PGPR exhibiting 

broad-spectrum antifungal activity. 

Microbiological Research, 232, 126389. 

8. Alsalim, H.A.A. 2020. Isolation and 

characterization of phosphate solubilizing 

Pseudomonas species and assess its efficacy as 

plant growth promoter. Biochemical and 

Cellular Archives, 20, 2301-2308. 

9. Aljuboori, F. K., Ibrahim, B. Y., and A. H. 

Mohamed. 2022. Biological control  of the 

complex disease of Rhizoctonia solani and  

Root-Knot nematode Meloidogyne javanica on 

chickpea by Glomus spp. and Pseudomonas 

sp. Iraqi Journal of Agricultural Sciences, 

53(3): 669-676.                   

https://doi.org/10.36103/ijas.v53i3.1577  

10. Al-Salmany, S. W. K. and I. A. Ibrahim. 

2021. Phytoextraction of cadmium and lead 

from a contaminated soils using eucalyptus 

seeding. Iraqi Journal of Agricultural Sciences, 

52(4):   827–810  

https://doi.org/10.36103/ijas.v52i4.1390 

11. Benhalima, L., S. Amri, M. Bensouilah 

and R. Ouzrout. 2020. Heavy metal resistance 

and metallothionein induction in bacteria 

isolated from Seybouse river, Algeria. Appl 

Ecol Environ Res, 18(1): 1721-1737. 

12. Chaiharn, M. and S. Lumyong. 2011. 

Screening and optimization of indole-3-acetic 

acid production and phosphate solubilization 

from rhizobacteria aimed at improving plant 

growth. Current Microbiology, 62(1): 173-

181. 

13. Chopra, A., S. Bobate, P. Rahi, A. 

Banpurkar, P. B. Mazumder and S. Satpute. 

2020. Pseudomonas aeruginosa RTE4: A Tea 

Rhizobacterium With Potential for Plant 

Growth Promotion and Biosurfactant 

Production. In Frontiers in Bioengineering and 

Biotechnology, 8: 861.  

14. David, B. V., G. Chandrasehar and P. N. 

Selvam. 2018. Pseudomonas fluorescens: a 

plant-growth-promoting rhizobacterium 

(PGPR) with potential role in biocontrol of 

pests of crops. In Crop improvement through 

https://doi.org/10.36103/ijas.v53i4.1594
https://doi.org/10.36103/ijas.v53i4.1594
https://doi.org/10.36103/ijas.v53i3.1577
https://doi.org/10.36103/ijas.v53i3.1577
https://doi.org/10.36103/ijas.v52i4.1390


Iraqi Journal of Agricultural Sciences –2024:55(1):361- 370                                        Al-Sajad & Alsalim 

369 

microbial biotechnology. pp: 221-243. 

Elsevier.   

15. Folasade, M. O. and O. A. Joshua. 2008. 

Some properties of extracellular protease from 

Bacillus licheniformis Lbb1-11 isolated from 

‘iru’, A traditionally fermented African locust 

bean condiment. J. Biotechnol. Biochem. 3: 

42-46.  

16. Gallardo-Benavente, C., J. L. Campo-

Giraldo, J. Castro-Severyn, A. Quiroz and J. 

M. Pérez-Donoso. 2021. Genomics Insights 

into Pseudomonas sp. CG01: An Antarctic 

Cadmium-Resistant Strain Capable of 

Biosynthesizing CdS Nanoparticles Using 

Methionine as S-Source. Genes, 12(2): 187.  

17. Ghaima, K. K., A. I. Mohamed, W. Y. Al 

Meshhdany and A. A. Abdulhassan. 2017. 

Resistance and bioadsorption of cadmium by 

Pseudomonas aeruginosa isolated from 

agricultural soil. International Journal of 

Applied Environmental Sciences, 12(9): 1649-

1660.  

18. Holt, J.C.; N.R. Krieg, 1984. Bergeys’ 

Manual of Systemic Bacteriology .4
th

 (ed). 

William and Willkins, Baltimor. London. 9: 

40-97. 

19. Ibrahim, A. M., R. A. Hamouda, N. E.-A. 

El-Naggar and F. M. Al-Shakankery. 2021. 

Bioprocess development for enhanced 

endoglucanase production by newly isolated 

bacteria, purification, characterization and in-

vitro efficacy as anti-biofilm of Pseudomonas 

aeruginosa. Scientific Reports, 11(1): 1-24. 

20. Ikhwan, A. and A. I. Putra. 2021. 

Industrial sludge active bacteria potency test of 

PT surabaya industrial estate rungkut (SIER) 

as a heavy metal bioremediator and 

biofertilizer. IOP conference series: Earth and 

Environmental Science, 752(1): 012005.  

21. Imron, M. F., S. B. Kurniawan and S. R. S. 

Abdullah. 2021. Resistance of bacteria isolated 

from leachate to heavy metals and the removal 

of Hg by Pseudomonas aeruginosa strain FZ-2 

at different salinity levels in a batch 

biosorption system. Sustainable Environment 

Research, 31(1): 1-13.  

22. Jadhav, H. P., S. S. Shaikh and R. Z. 

Sayyed. 2017. Role of Hydrolytic Enzymes of 

Rhizoflora in Biocontrol of fungal 

Phytopathogens: an Overview. Rhizotrophs: 

Plant growth promotion to Bioremediation, 

pp:183-203.  

23. Jeanvoine, A., A. Meunier, H. Puja, X. 

Bertrand, B. Valot and D Hocquet. 2019. 

Contamination of a hospital plumbing system 

by persister cells of a copper-tolerant high-risk 

clone of Pseudomonas aeruginosa. Water 

Research, 157: 579-586.  

24. Kotasthane, A. S., T. Agrawal, N. W. Zaidi 

and U. S. Singh. 2017. Identification of 

siderophore producing and cynogenic 

fluorescent Pseudomonas and a simple 

confrontation assay to identify potential bio-

control agent for collar rot of chickpea. 3 

Biotech, 7(2): 1-8. 

25. Li, K., R. R. Pidatala and W. Ramakrishna. 

2012. Mutational, proteomic and metabolomic 

analysis of a plant growth promoting copper-

resistant Pseudomonas spp. FEMS 

Microbiology Letters, 335(2): 140-148. 

26. Malik, A., and A Aleem. 2011. Incidence 

of metal and antibiotic resistance in 

Pseudomonas spp. from the river water, 

agricultural soil irrigated with wastewater and 

groundwater. Environmental Monitoring and 

Assessment, 178(1): 293-308. 

27. Martins, V. V., M. O. B. Zanetti, A. 

Pitondo-Silva and E. G. Stehling. 2014. 

Aquatic environments polluted with antibiotics 

and heavy metals: a human health hazard. 

Environmental Science and Pollution 

Research, 21(9): 5873-5878.  

28. Marzban, A., G. Ebrahimipour, M. 

Karkhane, S. Mohseni, A. Moradi and H. 

Alaee. 2011. Study of heavy metal and 

antibiotic resistance on a Pseudomonas 

aeruginosa strain isolated from soils 

contaminated with coal tar. International 

Journal of Biotechnology and Biochemistry, 

7(4): 451-456. 

29. Nanda, M., V. Kumar and D. K Sharma. 

2019. Multimetal tolerance mechanisms in 

bacteria: The resistance strategies acquired by 

bacteria that can be exploited to ‘clean-

up’heavy metal contaminants from water. 

Aquatic toxicology, 212: 1-10.   

30. Parasuraman, P., S. S. Pattnaik, S. Busi, N. 

Marraiki, A. M. Elgorban and A. Syed. 2020. 

Isolation and characterization of plant growth 

promoting rhizobacteria and their biocontrol 

efficacy against phytopathogens of tomato 

(Solanum lycopersicum L.). Plant Biosystems-

An International Journal Dealing with all 

Aspects of Plant Biology, 1-7.   



Iraqi Journal of Agricultural Sciences –2024:55(1):361- 370                                        Al-Sajad & Alsalim 

370 

31. Payne, S.M. 1980. Synthesis and 

utilization of siderophores by Shigella flexneri. 

Journal of Bacteriol., 143(3): 1420-1424. 

32. Pereira, S. I. A., L. Barbosa and P. M. L. 

Castro. 2015. Rhizobacteria isolated from a 

metal-polluted area enhance plant growth in 

zinc and cadmium-contaminated soil. 

International Journal of Environmental 

Science and Technology, 12(7): 2127-2142.  

33. Pitondo‐ Silva, A., G. B. Gonçalves and E. 

G. Stehling. 2016. Heavy metal resistance and 

virulence profile in Pseudomonas aeruginosa 

isolated from Brazilian soils. Apmis, 124(8): 

681-688. 

34. Rana, S., Sharma, R., and M. Kaur. 2020. 

Biocontrol potentialities of native 

Pseudomonas isolates of Himachal Pradesh 

against plant pathogenic fungi Dematophora 

sp., Fusarium sp., Pythium sp. and Sclerotium 

sp. of apple Rhizosphere. 9(5): 1079-1083.  

34. Roosa, S., C. Vander Wauven, G. Billon, 

S. Matthijs, R. Wattiez and D. C. Gillan. 2014. 

The Pseudomonas community in metal-

contaminated sediments as revealed by 

quantitative PCR: a link with metal 

bioavailability. Research in Microbiology, 

165(8): 647-656. 

36. SAS. 2012. Statistical Analysis System, 

User's Guide. Statistical.  Version 9.1
th

 ed. 

SAS. Inst. Inc. Cary. N.C. USA. 

 37. Sandilya, S. P., P. M. Bhuyan, V. 

Nageshappa, D. K. Gogoi and D. Kardong. 

2017. Impact of Pseudomonas aeruginosa 

MAJ PIA03 affecting the growth and 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

phytonutrient production of castor, a primary 

host-plant of Samia ricini. Journal of Soil 

Science and Plant Nutrition, 17(2): 499-514.  

38. Al-Hilfy, I. H. H. 2022. Effect of 

brassinolide on some growth traits and 

biological yield of bread wheat. Iraqi Journal 

of Agricultural Sciences, 53(2): 322-328.       

https://doi.org/10.36103/ijas.v53i2.1539  

39. Suresh, P., S. Vellasamy, K. S. Almaary, 

T. M. Dawoud and Y. B. Elbadawi. 2021. 

Fluorescent pseudomonads (FPs) as a 

potential biocontrol and plant growth 

promoting agent associated with tomato 

rhizosphere. Journal of King Saud University - 

Science, 33(4): 101423.  

40. Wadekar, S. V., and S. R. Kagne. 2020. 

Potential plant growth-promoting properties of 

Pseudomonas spp. isolated from the 

Rhizosphere of the Soybean Plant. Agbir, 

36(4): 60-62. 

41. Wallace, R. L., D. L. Hirkala and L. M. 

Nelson. 2017. Postharvest biological control of 

blue mold of apple by Pseudomonas 

fluorescens during commercial storage and 

potential modes of action. Postharvest Biology 

and Technology, 133: 1-11. 

42. Yasin, B. O. O. Ali and T. S Rashid. 2021. 

Antagonistic activity and plant growth 

promoting rhizobacteria isolated from forest 

plant rhizosphere against Fusarium solani on 

thuja seedlings. Iraqi Journal of Agricultural 

Sciences, 52(6): 1508-1515.            

https://doi.org/10.36103/ijas.v52i6.1492  

https://doi.org/10.36103/ijas.v53i2.1539
https://doi.org/10.36103/ijas.v53i2.1539
https://doi.org/10.36103/ijas.v52i6.1492
https://doi.org/10.36103/ijas.v52i6.1492

