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ABSTRACT 

 
In this study, five isolates of Rhizobium bacteria were isolated from several different agricultural regions of Nineveh 

Governorate. The five isolates showed their ability to dilute gelatin, as well as a positive result of the growth test on a triglyceride 

medium and iron showed their ability to produce catalase and urease enzyme, and the results of the molecular diagnosis showed 

The isolates are identical and in varying proportions to the standard isolates recorded in the GenBank, and the biological 

activity of silver nanoparticles showed a clear antagonistic effect on the growth of rhizobium bacteria, where the first 

concentration (250) was the least effect, while the third concentration (750) had the highest effect ratio. 
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I. INTRODUCTION 
 

Rhizobium bacteria belong to the Rhizobiaceae 

family, which includes several genera, including 

Rhizobium, Ensifer, and Shinella. Rhizobium bacteria 

were classified, depending on the nutrient medium, into 

slow-growing bacteria, as this section produces alkali 

and needs 3-5 days for growth, and the average 

multiplication of these bacteria ranges between 6-7 

hours, while the second section is called fast-growing 

rhizobium bacteria, and this section produces acids that 

lead to an increase in turbidity in the medium in which it 

grows The average doubling of this group ranges 

between 2-4 hours (Chhetri et al., 2019). Rhizobium 

bacteria are found in the rhizosphere, that is, around the 

roots of leguminous plants. Through their presence in 

this region, they infect plants in the root hairs, and 

infection often occurs through the existing cracks. On 

the surface of the roots of leguminous plants, and as a 

result of the entry of rhizobium bacteria into the apex of 

the root hair, distortions will occur in the root hair and 

the formation of what is known as an infection thread 

(Oldroyd et al., 2011) the Rhizobium bacteria invade 

neighboring cells, then the pericycle and cortex cells 

begin to divide leading to the formation of root nodes 

(Roy et al., 2020). 

Root nodules are created by the secretion of the 

roots of leguminous plants, a mixture of chemical 

compounds, including Flavonoides, Isoflavonoides, and 

other stimuli, which are chemical signals that attract 

Rhizobia. Root nodules are divided into limited nodules 

and unlimited nodules depending on the plant host and 

the type of nodule formed in it (Andrews and Andrews, 

2017). 

Rhizobium bacteria stimulate plant growth 

through the biological fixation of nitrogen, dissolution of 

phosphates and production of plant hormones (Andrews 

and Andrews, 2017). Capacity (Gu and Milton, 2020), 

that the principle of the biological nitrogen fixation 

process is the reduction of atmospheric nitrogen N2 to 

ammonia NH3 in the presence of the enzyme 

Nitrogenase (Yang et al., 2018). 

The genome of rhizobium bacteria is large and 

multi-part consisting of a circular chromosome and a set 

of plasmids (Mazur et al., 2011). The genes responsible 

for symbiotic interactions with legumes such as knot 
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formation and nitrogen fixation are (nif_fix) genes, 

which are carried by large symbiotic plasmids or 

incorporated into the chromosome as a symbiotic island 

(Pérez Carrascal et al., 2016) and the symbiotic plasmid 

(pSym) range in size from 150 kbp to 400 kbp (Unger et 

al., 1985). 

There are several techniques for diagnosing 

rhizobium bacteria, the most important of which is the 

polymerase chain reaction (PCR) technique (Graham, 

2008). The basis for the work of this technology depends 

on the manufacture of many copies of DNA pieces using 

a thermal polymerization device, which works to raise 

the temperature between 55_98, which leads to the 

separation of the DNA strands into two single strands 

(Rahman, 2013), where the PCR reactions made an 

important revolution in diagnosing Microorganisms by 

distinguishing between close members of the species up 

to the strain level based on distinct genetic 

characteristics, which have high reliability and more 

sensitivity compared to other traditional methods 

(Baginsky, 2014). 

Nanotechnology includes the study of 

applications using materials whose dimensions do not 

exceed 100 nanometers and are called nanoparticles 

(Madkour, 2019). The importance of nanoparticles is due 

to the large ratio of surface area to volume, and this 

characteristic increases the attachment of other objects to 

it (Pérez Carrascal, 2016) and silver nanoparticles 

AgNPs are considered one of the most important 

elements in nanoscience, due to their medical, electrical 

and chemical properties, as they are used in burns and 

wounds (Alaqad and Saleh, 2016) and a study proved 

that silver nanoparticles AgNPs have harmful effects on 

the formation of bacterial nodules and nitrogen fixation 

inside a plant soybeans (Alla et al., 2016). 

 

II. MATERIALS AND METHODS 
 

2.1 Media, reagents and dyes: 

2.1.1 Ready culture media: 

Muller Hinton medium, Tripple Sugar Iron 

Agar medium, and Gelatin Agar medium were prepared 

according to the manufacturer's instructions. 

2.1.2 Prohibited culture media: 

2.1.2.1 Yeast Extract Manitil Medium (YEM): It was 

prepared according to the method (Lakzian et al., 2002). 

2.1.2.2 Urea Test: It was prepared according to the 

method (Tille, 2017). 

2.1.2.3 Catalace Reagent: It was prepared according to 

the method (Tariq et al., 2017). 

2.1.2.4 Gram stain: It consists of 4 solutions 

(MacFaddin, 2000). 

2.3 Isolation of rhizobium bacteria from the root 

nodules of leguminous: 

Leguminous plants, including cowpeas, beans, 

alfalfa, and broad beans, were collected from several 

agricultural regions in different parts of Nineveh 

governorate, including Al-Rashidiyah, Hawi Al-

Yarmjah, Al-Fadeliyah, and Al-Shamsiyat. They were 

isolated in the following way. To remove traces of 

alcohol, then immersed in sodium hypochlorite NaOCI 

solution for 15 minutes and then washed with distilled 

water several times to remove traces of NaOCI. After 

ensuring the efficiency of sterilization, the root nodules 

were ground with 1 ml of physiological solution using a 

glass lube and 0.1 ml of this bacterial suspension was 

spread on YEM solid medium. The dishes were 

incubated in the incubator at 28°C for 48_72 hours 

(Vincent, 1970). 

2.4 Biochemical tests for rhizobial bacteria: 

Tests were conducted according to (Cappuccino 

and Sherman, 2014). 

2.4.1 Gram stain test: 

This test is carried out by preparing a clean and 

sterile glass slide, by adding (1-2) drops of distilled 

water to the slide, then transferring a young and pure 

colony of bacteria to the glass slide, mixing it with water 

drops, and passing it over the flame three times in order 

to fix the smear, after which several Drops of crystal 

violet dye for one minute, then the slide was washed 

with distilled water, then an ethanol alcohol solution was 

added at a concentration of (95%) for half a minute, then 

washed with distilled water, then Safranin dye was 

added for one minute, and then washed with distilled 

water. They were dried on filter paper and examined 

under a light microscope under an oil lens (1000x). A 

positive result is indicated by the appearance of 

rhizobium bacteria cells in red. 

2.4.2 Growth of triple sugar iron agar test: 

This test is carried out by inoculating a 

triglyceride and iron medium with a young colony of 

rhizobium bacteria and incubated at a temperature of (28 

± 2) ° C for (48) hours. The positive result is indicated 

by the change in the color of the medium to yellow. 

2.4.3 Gelatin liquification test: 

This test is carried out by inoculating test tubes 

containing gelatin agar with young colonies of 

Rhizobium bacteria using an inoculation needle, and the 

tubes are incubated at a temperature of (28 ± 2) ° C for 

(48) hours, and the positive result is indicated by the 

liquefaction of gelatin due to the production of 

gelatinase After placing it in the refrigerator for half an 

hour at a temperature of (4) ° C. 

2.4.4 Catalase test: 

This test is carried out by placing a young 

colony of rhizobium bacteria on a clean glass slide and 

adding 1_2 drops of hydrogen peroxide H2O2 solution 

at a concentration of (3%) to it. Toxic hydrogen peroxide 

H2O2 to H2O and O2 and thus leads to the liberation of 

oxygen gas. 

2.4.5 Urease test: 

This test is conducted by inoculating the 

medium of urea acres placed in test tubes in the form of 

habitats with young colonies of Rhizobium bacteria, and 

the habitats were incubated at a temperature of (28 ± 2) 

°C per hour. The positive result is indicated by a change 
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in the color of the medium from yellow to pink as an 

indication of the ability of bacteria to produce urease, 

convert urea into ammonia, and raise the pH of the 

medium in terms of changing the color of the indicator, 

phenol red. 

2.5 Molecular diagnosis of Rhizobium bacteria using 

PCR technique: 

The DNA was extracted from the bacteria based 

on the analysis kit prepared by Geneaid company, and 

the next stage was the preparation of the agarose gel and 

the electrophoresis process of the DNA, and then the 

PCR technique was performed by mixing the DNA 

sample and the special primer for each gene with the 

components of the master-mix Where the initiator that 

was used in the technique is Forward and Revers, then 

the molecular diagnosis of Rhizobium bacteria was 

carried out and the nucleotide sequences of the 16rRNA 

region were determined based on the DNA Sequencing 

technique (Rahman et al., 2013) 

2.6 The effect of nanoparticles on rhizobial bacteria by 

agar disk fuge: 

Three concentrations were prepared, namely 

250,500,750 mg/l, by suspending the nanoparticles used 

in this research (AgNPs, TiO2NPs, NiONPs) with sterile 

distilled water and placing them in an ultrasonic device 

for 10 minutes (Fan et al., 2014), and the tablets were 

prepared Using an office paper punch, then No. 1 

Whatman filter papers were perforated, and the tablets 

were placed in a tightly closed glass vial in order to 

sterilize them with an autoclave and kept until use. 

Using a cotton swab, the liquid bacterial culture is 

spread on Mueller-Hinton agar medium and the plates 

are left to dry for 10 minutes, then the tablets are placed 

according to the concentrations and a control sample 

saturated with sterile distilled water is placed and the 

plates are placed in the incubator at a temperature of 28 

°C (López-Oviedo et al., 2006). Three replicates were 

made for each treatment. 

2.7 The effect of nanoparticles on rhizobial bacteria by 

turbidity: 

Also, three concentrations were prepared, as 

mentioned in the previous paragraph, and YEM liquid 

medium was prepared and placed in test tubes with an 

amount of 9.8 ml, 0.1 ml of liquid bacterial culture, and 

0.1 ml of nano-solution, and mixed well with the Vortex 

device, and the tubes were placed in the shaking 

incubator Shaker for 48 hours at a temperature of 28 °C, 

after which optical density was measured with a 

spectrophotometer at a wavelength of 600nm, compared 

to a control sample (Paul, 2021). 

 

III. RESULTS AND DISCUSSION 
 

3.1 Isolation of rhizobium bacteria from the root 

nodules of leguminous plants: 

After following the method for isolating and 

purifying the rhizobium bacteria, an isolate was obtained 

from the cowpea plant Vigna unguiculata L. It was given 

the letter HA5 from the Hawi Al-Yarmjah area, and two 

isolates from the bean plant Phaseolus vulgarise L were 

given the letters HA10, HA 13 from the Rashidiya and 

Al-Fadiliya regions, and an isolate from The plant 

Medicago sativa L. was given the letter HA15 from the 

area of sunflowers, and an isolate from the bean plant 

was given the letter HA23 from the area of Hawi Al-

Yarmjah. 

3.2 Biochemical tests for rhizobium bacteria: 

The results of the chemical tests of the five 

isolates, when examined under a microscope, showed 

that they were sticky in shape, pink in color, and mobile. 

They showed a positive result for the catalase test and 

urea analysis to produce the urease enzyme. These five 

isolates also showed that they were positive for the 

growth test on a medium of trisaccharide and iron, and 

positive for the gelatin liquefaction test. These results are 

consistent the findings with Findings of the researcher 

(Bhattacharjee and Banerjee, 2018). 

3.3 Molecular diagnosis of rhizobium bacteria using 

the PCR technique: 

The genomic interaction of the pure DNA 

extracted from the five isolates was carried out using the 

primer of the 16S rRNA gene of the Rhizobium 

bacterium. The results of the analysis using the Blast 

program for sequential analysis of the PCR products 

showed a similarity between the isolate HA5 with the 

standard isolate registered in the International GenBank 

with the number NR. 118339.1, with a rate of up to 98%. 

In light of the observation of the results of the analysis of 

the isolate (HA10) using the DNA Blast site, it showed 

that there is a similarity of up to 80% between the 

sequences of the nitrogenous bases of isolate HA10 with 

the sequences of the nitrogenous bases of the standard 

isolate registered in the Genome Bank with the number 

NR_115801.1 and through Note the results of the 

analysis for isolate (HA13) using the DNA Blast website 

It appeared that there was a great similarity of up to 

100% between the sequences of the nitrogenous bases of 

isolate HA13 with the sequences of the nitrogenous 

bases of the standard isolate registered in the GenBank 

with the number NR_113895.1. The nitrogenous base 

sequences of isolate HA15 with the nitrogenous base 

sequences of the standard isolate registered in GenBank 

with the number KJ128057.1. By observing the results 

of the analysis for isolate (HA23) using the DNA Blast 

website, there was a great similarity of up to 82% 

between the nitrogenous base sequences of isolate HA23 

with the base sequences aureus of the standard isolate 

registered in the GenBank with the number NR-117539. 

3.4 Effect of nanoparticles on rhizobium bacteria by 

disc diffusion method: 

These results showed that there was an 

inhibitory effect towards each of the five isolates, except 

for isolate A15, which was not affected by any 

concentration and was resistant to the influence of 

nanoparticles. Sedimentation is a result of the 

electromagnetic attraction forces resulting from the 
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charges present on its surface, and this led to the 

difficulty of maintaining the spread of nanoparticles and 

their non-contact with bacteria due to the lack of 

required diffusion, or perhaps another reason is the low 

concentration of nanoparticles in the prepared solutions 

or the shape of the nanoparticles (Khaled et al .,2020) As 

for the rest of the isolates, the effect varied according to 

the concentrations, and in general, the first concentration 

250 was the least effective and the third concentration 

750 was the most effective, as shown in the results in 

Table (1), where it is considered that AgNPs are toxic to 

bacterial cultures and have a superior ability to penetrate 

the plasma membrane of the bacterial cell Where the 

silver nanoparticles work to stick to the surface of the 

bacteria and change the properties of the membrane, 

where the peptidoglycan layer of the rhizobium-negative 

bacteria is a thin layer, and the silver nanoparticles work 

to replace the multiple lipid sugar molecules and 

accumulate inside the membrane by forming pits Which 

causes a significant increase in the permeability of the 

membrane, and the penetration of silver nanoparticles 

into the bacterial cell causes DNA destruction, and the 

dissolution of silver nanoparticles with the liberation of 

antibacterial silver ions. These results converged with 

the results of the researcher (Mohddam et al., 2017). 

 

 

Table 1: Biological activity of silver nanoparticles against Rhizobium bacterial isolates, according to the average 

inhibition zone (mm). 

Isolation name 250 mg/L 500 mg/L 750 mg/L 

HA5 Ensifer fredii bv. fredii 
10.6667 

1.15470 

15.6667 

1.15470 

31.3333 

2.30940 

HA10 R. leguminosarum bv. phaseoli 
8.0000 

1.00000 

14.3333 

1.15470 

24.3333 

1.15470 

HA13 R. leguminosarum bv. phaseoli 
9.0000 

1.00000 

12.3333 

577350. 

29.0000 

1.00000 

HA15 Ensifer meliloti 
.00000 

0.00000 

0.0000 

0.00000 

0.0000 

0.00000 

Rhizobium leguminosarum bv. Viciae HA23 .000000 
19.6667 

.577350 

1.15470 

27.0000 

control group 0.00 0.00 0.00 

 

  
HA5 HA10 

1 

2 
3 

Control 

 

1 

2 3 

Control 
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HA13 HA15 

 

HA23 

Picture 1: show the biological activity of silver nanoparticles AgNPs at three concentrations against rhizobial 

isolates compared to the control medium containing a physiological solution as a negative control. 

 

As for the effect of titanium dioxide 

nanoparticles TiO2NPs as well, the results showed 

different inhibition diameters according to the 

concentrations, as shown in the analysis table (2). The 

third concentration showed the highest inhibition 

diameters relative to the second and first concentrations, 

and all isolates showed an inhibitory effect of TiO2NPs 

except for isolate HA13 R. leguminosarum bv. phaseoli 

for the aforementioned reasons. 

It is noted from Table (2) that the antibacterial 

titanium dioxide nanoparticles increase their 

effectiveness in relation to the large surface area and the 

size of the small nanoparticles, which leads to a high 

penetrating power of the nanomaterials towards the 

Rhizobium bacteria. It is known that the size of the 

nanoparticles is the main factor in the toxic effect, as it 

causes an attack to bacteria due to free radicals, and 

these results converged with the results of the researcher 

(Fenoglio et al., 2009) in the effectiveness of nanoscale 

titanium dioxide against bacteria, and these results also 

agreed with the results of the researcher (Vedam et al., 

2004) In his results, he indicated a decrease or complete 

killing of bacteria whenever the concentration of 

TiO2NPs increased, while these results differed with the 

results of the researcher (Feizi et al., 2012), as he 

indicated in their study that the high concentration led to 

enhanced growth and that the anti-TiO2NPs activity may 

be attributed to Its crystal structure, size, shape, and 

surface area (Azam et al., 2012; Khezerlou et al., 2018) 

and TiO2NPs are widely used due to its strong 

antimicrobial effect (Sirelkhatim et al., 2015). 

 

 

Table 2: Biological activity of TiO2NPs against Rhizobium bacteria isolates, according to the average inhibition zone 

(mm). 

Isolation name 250 mg/L 500 mg/L 750 mg/L 

HA5 Ensifer fredii bv. fredii 
14.33 

1.155 

21.00 

1.000 

23.00 

1.000 

HA10 R. leguminosarum bv. Phaseoli 
13.67 

1.155 

18.67 

1.155 

26.33 

1.155 

1 

2 
3 
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HA13 R. leguminosarum bv. phaseoli 
0.00 

0.000 

0.00 

0.000 

0.00 

0.000 

HA15 Ensifer meliloti 
17.00 

1.732 

22.67 

1.155 

27.00 

1.732 

Rhizobium leguminosarum bv. Viciae HA23 
20.67 

1.155 

25.67 

1.155 

33.33 

2.082 

control group 0.00 0.00 0.00 

 

  

HA5 HA10 

  
HA13 HA15 

 
HA23 

Picture 2: show the biological activity of silver nanoparticles TiO2NPs at three concentrations against rhizobial 

isolates compared to the control medium containing a physiological solution as a negative control. 

1 

2 

3 

1 

2 3 
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2 
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As for the results of the biological activity of 

NiONPs, the isolates were affected by the anti-NiONPs 

activity, except for R. leguminosarum bv. phaseoli 

HA10. The results shown in Table (3) also showed an 

increase in the rate of inhibition of bacterial growth as 

the concentration of NiONPs increased, meaning that the 

third concentration gave the highest inhibition rate 

compared to the first and second concentrations, and this 

effect can be attributed to the nickel ions emitted from 

the NiO nanoparticles, as the ions The liberated cells, in 

turn, may increase the permeability of the membrane and 

promote oxidation, which in turn activates the cell death 

pathway (Kim et al., 2007; Jin et al., 2009), and the 

results of this study converged with the results of the 

researcher's study (Luzala, 2022). 

 

 

Table 3: Biological activity of NiONPs against rhizobium isolates, according to the average inhibition zone (mm). 

Isolation name 250 mg/L 500 mg/L 750 mg/L 

HA5 Ensifer fredii bv. fredii 
12.0000 

1.73205 

15.6667 

1.15470 

19.6667 

577350. 

HA10 R. leguminosarum bv. phaseoli 
0.00 

0.000 

0.00 

0.000 

0.00 

0.000 

HA13 R. leguminosarum bv. phaseoli 
9.0000 

1.73205 

15.3333 

.577350 

21.3333 

1.52753 

HA15 Ensifer meliloti 
12.0000 

1.00000 

15.3333 

.577350 

18.3333 

1.15470 

Rhizobium leguminosarum bv. Viciae HA23 
14.3333 

1.15470 

25.3333 

.577350 

29.0000 

1.00000 

control group 0.00 0.00 0.00 

    

  
HA5  HA10  

  
HA13 HA15 

1 

2 3 

1 

2 3 

1 

2 

3 

1 

2 3 



 

 

143   This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) 

 

ISSN: 2583-4053 

Volume-2 Issue-2 || April 2023 || PP. 136-146 
 

https://doi.org/10.55544/jrasb.2.2.20 

 

Journal for Research in Applied Sciences 

and Biotechnology 

www.jrasb.com 

 
HA23 

Picture 3: show the biological activity of silver nanoparticles NiONPs at three concentrations against rhizobial 

isolates compared to the control medium containing a physiological solution as a negative control. 

 

Through the results that appeared and the 

tables, it was found that the highest rates of inhibition 

were due to the effect of silver nanoparticles, as AgNPs 

are considered the most toxic nanomaterials and have 

antibacterial properties and have a wide spectrum of 

antagonistic activity and a superior ability to penetrate 

the plasma membranes of bacterial cells (Feng et al., 

2013). , and that the high effectiveness of AgNPs may be 

due to two sources, one of them: the silver ions emitted 

from the AgNPs, which seem to have the main effect, 

and the second source is the chemical reactions on the 

surface of silver nanoparticles, including free radicals 

and reactive oxygen species (ROS) that are released 

from surface of AgNPs (Kim et al., 2007). 

3.5 Effect of nanoparticles on Rhizobium bacteria by 

turbidity method: 

Through the results that appeared to us, it was 

found that bacterial growth decreased at the third and 

high concentration of silver nanoparticles, as the 

bacterial cultures did not grow significantly when 

exposed to the nano silver solution, while the bacterial 

cultures (control samples) grew exponentially during the 

same time period and by comparing the effect of nano 

silver on The rhizobial samples in the liquid medium 

show the effect of nanotechnology on bacterial cultures 

directly, where it was found that the effect of 

nanotechnology on bacterial culture is stronger due to 

the ease of the effect of toxic silver ions on bacteria, 

penetration of the plasma membrane and inhibition of 

growth. These results were close to the results of (Paul, 

2021) as shown in the table. (4). 

 

 

Table 4: A table showing the results of the turbidity method of AgNPs against Rhizobium bacteria 

Isolation name control 250 500 750 

HA5 Ensifer fredii bv. fredii 
1.73 

0.002 

6.70 

0.002 

0.59 

0.002 

0.53 

0.002 

HA10 R. leguminosarum bv. phaseoli 
0.001 

1.11 

0.002 

.850 

0.002 

.670 

0.001 

0.45 

HA13 R. leguminosarum bv. phaseoli 
1.71 

0.002 

0.71 

0.002 

0.64 

0.002 

0.63 

0.001 

HA15 Ensifer meliloti 
1.67 

0.002 

0.85 

0.002 

0.71 

0.002 

0.65 

0.001 

Rhizobium leguminosarum bv. Viciae HA23 
1.00 

0.003 

0.67 

0.003 

0.64 

0.002 

0.54 

0.002 

 

1 

2 

3 
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The results of Table (5) also showed that there 

were significant differences between the studied 

treatments, and the upper limit of inhibition was at a 

concentration of 750 mg/L, and the results of turbidity 

for the rhizobia isolates showed that the highest limit of 

turbidity was at a concentration of 250 mg/L. The results 

agreed with the results of study (Burke et al., 2015), as 

the bacteria had a good growth rate in low 

concentrations. 

 

Table 5: A table showing the results of the turbidity method of TiO2NPS against rhizobium bacteria 

Isolation name control 250 500 750 

HA5 Ensifer fredii bv. fredii 
1.73 

0.002 

75330. 

001530. 

61470. 

001530. 

51630. 

003790. 

HA10 R. leguminosarum bv. phaseoli 
0.001 

1.11 

86130. 

001150. 

58670. 

001530. 

42130. 

001530. 

HA13 R. leguminosarum bv. phaseoli 
1.71 

0.002 

74370. 

001530. 

64130. 

001530. 

58130. 

001530. 

HA15 Ensifer meliloti 
1.67 

0.002 

71470. 

001530. 

62570. 

002080. 

43600. 

001000. 

Rhizobium leguminosarum bv. Viciae HA23 
1.00 

0.003 

78130. 

001530. 

69630. 

001530. 

53470. 

002520. 

        

As for the results of the turbidity table (6), the 

effect of NiONPs on the rhizobial isolates showed that 

the highest peaks of turbidity were at the first 

concentration of 250 mg/L, and the lowest peaks of 

turbidity, i.e. the highest inhibitory concentration, was at 

the third concentration of 750 mg/L. The results 

converged with the results of the study. where the high 

concentration was the minimum for turbidity (Luzala et 

al., 2022). 

 

Table 6: A table showing the results of the turbidity method of NiONPS against rhizobium bacteria 

Isolation name control 250 500 750 

HA5 Ensifer fredii bv. fredii 
1.73 

0.002 

7940 0. 

001730. 

64300. 

001730. 

55130. 

001530. 

HA10 R. leguminosarum bv. phaseoli 
0.001 

1.11 

78100. 

00173 0. 

64630. 

001530. 

49730. 

002080. 

HA13 R. leguminosarum bv. phaseoli 
1.71 

0.002 

86630. 

002310. 

686 0. 

00100 0. 

61170. 

001530. 

HA15 Ensifer meliloti 
1.67 

0.002 

81200. 

00200 0. 

6917 0. 

000580. 

63170. 

00153 0. 

Rhizobium leguminosarum bv. Viciae HA23 
1.00 

0.003 

83430. 

001530. 

66600. 

00173 0. 

56300. 

01058 0. 

 

3.6 Diagram showing the phylogenetic tree: 
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The evolutionary history was concluded using 

the Neighbor-Joining method (Saitou and Nei,1987). 

The optimal phylogenetic tree is displayed. The 

evolutionary distances were calculated using the 

Maximum Composite Likelihood procedure (Tamura 

and Kumar,2004) and are in the units of the number of 

base substitutions per site. The proportion of sites where 

at least 1 specific base is present in at least 1 sequence 

for each descendent clade is exhibited next to each inner 

node in the phylogenetic tree. This analysis calculation 

involved eleven nucleotide sequences. Codon positions 

included were 1st+2nd+3rd+Noncoding. All vague or 

ambiguous positions were terminated for each sequence 

pair (pairwise omission choice). There were a total of 

1469 positions in the ultimate dataset. 

 

IV. CONCLUSIONS 
 

1. Possibility of obtaining other bacterial isolates. 

2. Experimenting with the effect of other 

nanomaterials. 

3. Studying the effect of nanoparticles on the gene 

expression of bacteria. 

 

REFERENCES 
 

[1] Alaqad, K. and Saleh, T. A. (2016). Gold and 

silver nanoparticles: synthesis methods, characterization 

routes and applications towards drugs, Journal of 

Environ Anal Toxico, l6 (384): 2161- 0525. 

[2] Andrews,M. and Andrews, M.E.(2017) Specificity 

in Legume-Rhizobia Symbioses.Int.J.Mol.Sci.,18(705):1-

39. 

[3] Azam A, Ahmed AS, Oves M, Khan MS, Habib 

SS, Memic A. (2012). Antimicrobial activity of metal 

oxide nanoparticles against gram-positive and gram-

negative bacteria: a comparative study. Int J 

Nanomedicine;7:6003-9. doi: 10.2147/ijn.s35347. 

[4] Baginsky, C.; Brito, B.; Scherson, R.; pertuze, R.; 

Seguel, O.; Canete, A.;Critsian,A.; Johnson,E.W. (2014). 

Genetic diversity of Rhizobium from nodulating beans 

grown in a variety of Mediterranean climate soils of 

Chile. Arch.Microbiol. 197:419-429. 

[5] Bhattacharjee, M., & Banerjee, M. (2018). 

Isolation, Characterization and Medium Optimization of 

Rhizobium Symbiont (S) From Sesbania aculeata 

(Dhaincha). International Journal of Agriculture, 

Environment and Biotechnology, 11(6), 851-861. 

[6] Burke, D. J., Pietrasiak, N., Situ, S. F., Abenojar, 

E. C., Porche, M., Kraj, P., et al. (2015). Iron oxide and 

titanium dioxide nanoparticle effects on plant 

performance and root associated microbes. Int. J. Mol. 

Sci. 16, 23630–23650. doi: 10.3390/ijms161023630. 

[7] Cappuccino, J.G. and Sherman, N. (2014) 

Microbiology a laboratory manual tenth edition. Preson 

education, Inc.P.153-205. 

[8] Chhetri, T.k.; Subedee, B.R. and Pant 

,B.(2019).Isolation Identification and Production of 

Encapsulatted Bradyrhizoium japonicum and Study on 

their Viability.Nep. J. Biotechnol., 7:39-49. 

[9] Fan, R., Huang, Y. C., Grusak, M. A., Huang, C. 

P., & Sherrier, D. J. (2014). Effects of nano-TiO2 on the 

agronomically-relevant Rhizobium–legume 

symbiosis. Science of the Total Environment, 466, 503-

512. 

[10] Feizi H, Rezvani Moghaddam P, Shahtahmassebi 

N, Fotovat A.(2012). Impact of bulk and nanosized 

titanium dioxide (TiO2) on wheat seed germination and 

seedling growth. Biol Trace Elem Res;146:101–6. 

[11] Feng, Y. Z., Cui, X. C., He, S. Y., Dong, G., Chen, 

M., Wang, J. H., et al. (2013). The role of metal 

nanoparticles in influencing arbuscular mycorrhizal 

fungi effects on plant growth. Environ. Sci. Technol. 47, 

9496–9504. doi: 10.1021/es402109n. 

[12] Fenoglio I, Greco G, Livraghi S, Fubini B. 

(2009).Non-UV-induced radical reactions at the surface 

of TiO2 nanoparticles that may trigger toxic responses. 

Chem Eur J;15:4614–21. 

[13] Graham, P.H.(2008). Ecology of the root nodule 

bacteria of legumes. In: Dilworthe. M.J.J., James.S.K., 

Sprent J. I., Newton, W. E. (eds.) NitrogenFixing 

leguminous symbioses. Springer. Dardrecht. The 

Netherlands,.23- 43. 

[14] Gu, W. and Milton, R. D.(2020). Natural and 

engineered electron transfer of nitrogenase. Chem., 2(2): 

322–346. 

[15] Jin T, Sun D, Su JY, Zhang H, Sue HJ. (2009). 

Antimicrobial efficacy of zinc oxide quantum dots 

against Listeria monocytogenes, Salmonella Enteritidis, 

and Escherichia coli O157:H7. J Food Sci.;74(1):M46-

52. doi:10.1111/j.1750- 3841.2008.01013.x. 

[16] Khaled Saif Aldina, Sahar Al-Hariria and Adnan 

Ali-Nizamb, (2020). "Effectiveness of ZnO 

Nanoparticles against the Foodborne Microbial 

Pathogens E. coli and S. aureus" Jordan Journal of 

Chemistry, Volume 15, Number 2, Pages 87-94 

[17] Kim JS, Kuk E, Yu KN, et al.(2007) Antimicrobial 

effects of silver nanoparticles. Nanomedicine.;3(1):95-

101. doi:10.1016/j.nano.2006.12.001. 

[18] Lakzian, A.; Murphy, P.; Turner, A.; Beynon, J.L.; 

Giller, K. Rhizobium leguminosarum bv. viciae 

populations in soils with increasing heavy metal 

contamination: Abundance, plasmid profiles, diversity 

and metal tolerance. Soil. Biol. Biochem. 2002, 34, 519–

529. [CrossRef]. 

[19] Luzala, M. M., Muanga, C. K., Kyana, J., Safari, J. 

B., Zola, E. N., Mbusa, G. V.,... & Memvanga, P. B. 

(2022). A Critical Review of the Antimicrobial and 

Antibiofilm Activities of Green-Synthesized Plant-Based 

Metallic Nanoparticles. Nanomaterials, 12(11), 1841. 

[20] Macfaddin J.F.(2000) Biochemical test for 

identification of medical bacteria 3rd ed the Williams 

and Wilkins. Baltimare: USA 

[21] Madkour, L. H. (2019). Nanoelectronic Materials. 

Advanced Structured Materials.116:7. 

[22] Mazur, A., G. Stasiak, J. Wielbo, A. Kubik-Komar, 



 

 

146   This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) 

 

ISSN: 2583-4053 

Volume-2 Issue-2 || April 2023 || PP. 136-146 
 

https://doi.org/10.55544/jrasb.2.2.20 

 

Journal for Research in Applied Sciences 

and Biotechnology 

www.jrasb.com 

M. Marek-Kozaczuk, and A. Skorupska, (2011) 

Intragenomic diversity of Rhizobium leguminosarum bv. 

trifolii clover nodule isolates. BMC Microbiology,. 

11(1): p. 123. 

[23] Mohaddam, M. N., Sabzevar, A. H., & Mortazaei, 

Z. (2017). Impact of ZnO and silver nanoparticles on 

legume-sinorhizobium symbiosis. Adv. Stud. Biol, 9, 83-

90. 

[24] Oldroyd, G. E., Murray, J. D., Poole, P. S., & 

Downie, J. A. (2011). The rules of engagement in the 

legume-rhizobial symbiosis. Annual review of 

genetics, 45, 119-144. 

[25] Paul J. Boersma, The University of Western 

Ontario, The Effects of Silv acts of Silver Nanopar er 

Nanoparticles on So ticles on Soybean (Gly ybean 

(Glycine max) cine max) Growth and Nodulation, 

Supervisor: Macfie, Sheila M., The University of 

Western Ontario A thesis submitted in partial fulfillment 

of the requirements for the Master of Science degree in 

Biology © Paul J. Boersma 2021 

[26] Pérez Carrascal, O.M., D. VanInsberghe, S. Juárez, 

M.F. Polz, P. Vinuesa, and V. González, (2016). 

Population genomics of the symbiotic plasmids of 

sympatric nitrogen-fixing Rhizobium species associated 

with Phaseolus vulgaris. Environmental Microbiology, 

18(8): p. 2660-2676. 

[27] Rahman, M.T.; Uddin, M.S.; Sultana, R.; Moue, A. 

and Setu, M. (2013). Polymerase chain reaction (PCR): 

A short review. Anwer Khan Modern Med. College J., 

4(1):30-36. 

[28] Roy.S.; Liu, W.; Nandety, R.S.; Crook, A.; 

Mysore, K.S.; Pislariu, C.I.; Frugoli, J.; Dickstein, R. 

and Udvardi, M.K. (2020) Celebrating 20 Years of 

Genetic Discoveries in Legume Nodulation and 

Symbiotic Nitrogen Fixation.The Plant Cell,32:15-41. 

[29] Saitou N. and Nei M. (1987). The neighbor-joining 

method: A new method for reconstructing phylogenetic 

trees. Molecular Biology and Evolution 4:406-425. 

[30] Sirelkhatim, A., Mahmud, S., Seeni, A., Kaus, N. 

H. M., Ann, L. C., Bakhori, S. K. M.,... & Mohamad, D. 

(2015). Review on zinc oxide nanoparticles: antibacterial 

activity and toxicity mechanism. Nano-micro letters, 

7(3), 219-242. 

[31] Tariq, H; Z, Ahmed, Ma, Awan; A, Samad and S, 

Muhammad. (2017). Isolation, Identification and 

Antibiogram of Pseudomonas aeruginosa From 

Nosocomial Wound Infection In Quetta District. 

International Journal Of Biology, Pharmacy And Allied 

Sciences Ijbpas, Ijbpas, June, 6(6), Pp: 1220-1235. 

[32] Tamura K., Nei M., and Kumar S. (2004). 

Prospects for inferring very large phylogenies by using 

the neighbor-joining method. Proceedings of the 

National Academy of Sciences (USA) 101:11030-11035. 

[33] Tille, P.M. (2017). Baily and Scott’s Diagnostic 

Microbiology. 41thed. Elsevier, Inc. China. 1115pp. 

[34] Unger, L.; Ziegler, S.F.; Huffman, G.A.; Knauf, 

V.C.; Peet, R.; Moore, L.W.; Gordon, M.P. and Nester, 

E.W. (1985) New class of limited-host-range 

Agrobacterium mega-tumor-inducing plasmids lacking 

homology to the transferred DNA of a widehost-range, 

tumor-inducing plasmid. J. Bacteriol.,164(2):723- 730. 

[35] Vedam, V., Haynes, J. G., Kannenberg, E. L., 

Carlson, R. W., & Sherrier, D. J. (2004). A Rhizobium 

leguminosarum lipopolysaccharide lipid-A mutant 

induces nitrogen-fixing nodules with delayed and 

defective bacteroid formation. Molecular plant-microbe 

interactions, 17(3), 283-291. 

[36] Vincent, J. M. (1970). A Manual for the Practical 

Study of the RootNodule Bacteria. I. B. P. Handbook 

No. Blackwell Scientific Publication Ltd., Oxford. U.K. 

[37] Yang, J.; Xie.; Tian, Z.; Dixon, R. and W. Y. 

(2018). Polyprotein strategy for stoichiometric assembly 

of nitrogen fixation components roar synthetic biology. 

pans., 115(36): 8509-5817. 

 

 


