
 

INTERNATIONAL JOURNAL OF AGRICULTURE & BIOLOGY 

ISSN Print: 1560–8530; ISSN Online: 1814–9596 

21–0484/2022/27–1–8–18 

DOI: 10.17957/IJAB/15.1893 

http://www.fspublishers.org 
 

Full Length Article 
 

To cite this paper: Bilal Y, M Shahid, F Mahmood, T Shahzad, S Hussain (2022). Characterization of rhizospheric Bacillus strains SG36 and SG42 for 

decolorization of reactive yellow 2 dye and Vigna radiata growth promotion in dye contaminated soil Intl J Agric Biol 27:8‒18 

 

Characterization of Rhizospheric Bacillus Strains SG36 and SG42 for 

Decolorization of Reactive Yellow 2 Dye and Vigna radiata Growth 

Promotion in Dye Contaminated Soil 
 

Yasir Bilal1, Muhammad Shahid2, Faisal Mahmood1, Tanvir Shahzad1 and Sabir Hussain1* 
1Department of Environmental Sciences & Engineering, Government College University Faisalabad, Pakistan 
2Department of Bioinformatics & Biotechnology, Government College University Faisalabad, Pakistan 
*For correspondence: sabirghani@gmail.com 

Received 21 April 2021; Accepted 10 June 2021; Published 30 January 2022 

 

Abstract 
 

Contamination of agricultural soils with textile wastewaters loaded with synthetic dyes is one of the emerging issues because 

the presence of dyes in the soils not only affects the biological characteristics of the soils but also the germination and 

productivity of agricultural crops. The present study reports the characterization of two multifunctional bacterial strains Bacillus 

sp. SG36 and Bacillus sp. SG42, which have the potential not to promote the growth of plants in soil under stress due to reactive 

yellow 2 (RY2) dye but also the capability to cope with this dye through its decolorization. The strains were isolated from a 

rhizospheric soil repeatedly contaminated with colored textile wastewaters. Both the strains had optimal RY2 decolorization 

potential at slightly alkaline pH (7.5) and even in the presence of significant amount of NaCl (50 g L-1) in the medium. The 

strains harbor the phosphorus solubilization and indole acetic acid production potentials in concurrence with decolorization of 

RY2. In a pot experiment, the strains SG36 and SG42 were found to significantly promote the growth (Shoot/root length, 

shoot/root fresh weight) of mung bean (Vigna radiate) in non-contaminated and RY2 contaminated soils in parallel with RY2 

decolorization in the soil. © 2022 Friends Science Publishers 
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Introduction 
 

Among the most water consuming industries, textile industry 

is one of them. For manufacturing of one kilogram textile 

product, approximately 125 to 150 L water is used. But with 

this large use of water, it also produces large amount of 

wastewaters, which are often loaded with synthetic dyes and 

metal ions with different concentrations depending on type of 

dye molecule (Cervantes and Dos Santos 2011; Imran et al. 

2015). The effluents originating from dyeing units of textile 

industries have been reported to harbor the dye 

concentrations ranging from 10 to 250 mg L-1 (Imran et al. 

2015; O'Neill et al. 2017). According to Pierce (1994), 

maximum reported concentration of dyes is 1500 mg/L. 

Annually about 280,000 tons of dyes are released in textile 

effluents worldwide out of which a major portion is 

contributed by the azo dyes (Jin et al. 2007; Imran et al. 

2015). Among all the classes of synthetic dyes, azo dyes are 

an important class (Imran et al. 2015). Azo dyes are ring 

structured aromatic compounds and their structures have one 

or more than one azo groups (-N≡N-) (Tripathi and 

Srivastava 2011). These dyes have been used in various 

industrial processes including the textile dyeing. Azo dyes 

comprise about 80% of the total synthetic dyes and their 

annual production has been reported as high as 7 × 105 tons 

(Fu and Viraraghavan 2001; Chacko and Subramaniam 

2011). Due to its availability in variety of colors and brighter 

than other dyes that can easily be used with minimum 

consumption of energy, these dyes are used in more amount 

(Shah et al. 2014). 

Unbound azo dyes are released into environment along 

with the wastewater, which contaminate the soil and water 

resources (Hasanbeigi and Price 2015; Imran et al. 2015). In 

water resources, they produce unpleasant odor and reduce the 

light penetration in water bodies which results in reduction of 

photosynthesis by hydrophytes (Roy et al. 2010; Imran et al. 

2015; Imran et al. 2019). Many azo dyes inhibit the transfer 

of oxygen and increase the chemical oxygen demand (COD) 

(Lade et al. 2012; Imran et al. 2015). Some dyes and their 

compounds also affect the animals and human beings 

because they are not only carcinogenic and mutagenic but 

also cause different other diseases (Carneiro et al. 2010; 

Garzón‐Zúñiga et al. 2011; Imran et al. 2015). Few scientists 

have stated that, due to water shortage, the wastewaters are 

used to irrigate fodder agricultural fields, which results into 

deposition of dyes in the soils (Imran et al. 2015; Ahmed et 
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al. 2016). Due to their persistent nature, dyes concentrations 

as high as 456 mg kg-1 have been reported in the soils (Imran 

et al. 2015). In agricultural soils, the dyes not only change the 

nutritional and biological properties of soils including the 

microbial communities and enzymatic activities but also 

affect the plants by reducing the germination and biomass 

production in plants (Saratale et al. 2009; Ayed et al. 2011; 

Imran et al. 2016). As the existence of these persistent dyes 

in agricultural fields might be one of the threats for the future 

food security, there is need to devise the strategies for 

remediation of such dyes contaminated soils. 

Some additional biotic activities are performed by 

many microbial populations such as promotion of the growth 

and yield of agricultural crops (Shahid et al. 2015; Akram et 

al. 2016). These plant growth promoting rhizobacteria 

(PGPR) enhance the phosphate solubilization, production of 

different plant growth promoting compounds (auxin, 

cytokinins, gibberellins, abcisic acid and ethylene) and ACC 

deaminase activity etc., which resultantly increase the plant 

growth (Shahid et al. 2012; Shahid et al. 2015; Akram et al. 

2016; Syed-Ab-Rahman et al. 2019). Among different 

groups of microbes which play role in improvement of plant 

growth, phosphate solubilizing etc., are amongst those groups 

which are widely studied due to their ability to increase the 

bioavailability of phosphorus (P) in soil (Baig et al. 2014; 

Shahid et al. 2015; Syed-Ab-Rahman et al. 2019). These 

PSM enhance bioavailable soil P by different mechanisms 

like synthesis of different organic acids, microbial 

respiration, proton extrusion and phosphatase activity 

(Jorquera et al. 2008). Despite that various PGPRs have been 

isolated and characterized for improvement of growth and 

yield of different agricultural crops (Shahid et al. 2015; 

Akram et al. 2016; Syed-Ab-Rahman et al. 2019; Maqsood 

et al. 2021). However, during the recent years, some of the 

studies have reported few multifunctional PGPRs which not 

only improve the plant growth characteristics but also have 

concurrent potential to cope with different types of 

contaminants in the soil (Dwivedi et al. 2011; Mahmood et 

al. 2017; Maqbool et al. 2018; Kotoky et al. 2019). Dwivedi 

et al. (2011) reported a bacterial strain Pseudomonas 

aeruginosa JS11, which harbored the capability not only to 

degrade a herbicide, isoproturon, but also harbored the 

biocontrol and plant growth promoting characteristics. 

Likewise, Mahmood et al. (2017) isolated a Bacillus sp. SR-

2-1/1 harboring the plant growth promoting traits along with 

concurrent capability to decolorize different azo dyes. 

Likewise, Kotoky et al. (2019) reported a bacterial strain 

Serratia marcescens S2I7, which was found to resist the 

cadmium (Cd) in the soil and improve the germination and 

growth of rice in a (Cd) contaminated soil. One of the key 

advantages of such multifunctional PGPRs is that they can be 

exploited not only to promote the growth of the agricultural 

crops in contaminated soils but also to cope with the stress by 

removing or degrading the contaminants in such soils. 

Contamination of agricultural soils with synthetic dyes 

due to irrigation with different types of wastewaters is one of 

the threats for the growth and yield of agricultural crops as 

well as sustainable food security. One of the ways to cope 

with this threat might be the exploitation of such microbial 

bioresources, which have the plant growth promoting 

potential in such contaminated soils as well as the concurrent 

ability to remediate the dyes. Hence, this research was 

conducted for isolation and characterization of 

multifunctional bacterial strains that have capacity to 

biodecolorize different azo dyes and also have the plant 

growth promoting characteristics under stress due to dyes. 

 

Materials and Methods 
 

Chemicals and media 

 

The reagents and chemicals which were used in this study, 

were of analytical grade and procured from Sigma Aldrich. 

General characteristics and molecular formula of the dyes are 

presented (described) in Table 1. Mineral salt medium 

(MSM) was used for the bacterial isolation with the capability 

of decolorization of reactive yellow-2 (RY2) and other dyes. 

MSM contained MgSO4.7H2O (0.5 g L-1), NaCl (50.0 g L-1), 

CaCl2. 2H2O (0.1 g L-1), KH2PO4 (1.0 g L-1), yeast extract 

(4.0 g L-1), Na2HPO4 (1.0 g L-1), and agar (15.0 g L-1 in case 

of solid medium). For the determination of metal tolerance of 

bacterial strains, nutrient agar (NA) medium was used. If 

there was need to maintain the pH of the solution, then 

standard NaOH or HCl were used. 

 

Isolation of dye decoloring bacteria 

 

Dye decolorizing bacteria was isolated from a textile 

wastewater contaminated rhizospheric soil using MSM 

spiked with 150 mg L-1 of RY2 dye. For this purpose, 1.0 g 

of the contaminated rhizospheric soil was added in 19 mL of 

the MSM spiked with RY2 in a test tube. The inoculated test 

tube was tightly capped and incubated under static condition 

in dark at 25°C along with an un-inoculated control without 

the soil. The samples were taken from each tube after regular 

intervals of time and centrifuged (6000 rpm for 10 min). The 

supernatant was used to analyze the decolorization at 404 nm 

through a UV-Visible Spectrophotometer (Stalwart STA-

8200 UV/VIS) and the formula used for the estimation of 

decolorization (%) is mentioned below: 
 

Decolorization (%) = 
𝑋−𝑌

𝑋
× 100 

 

Where X is the absorbance reading of uninoculated control 

and Y is the absorbance reading of inoculated sample. 

When the initially added dye was decolorized by more 

than 50% then 1.0 mL from this culture was further 

inoculated in 19 mL of fresh MSM spiked with RY2, 

incubated under similar condition and decolorization was 

monitored as already described above. After repeating the 

process of enrichment for five times, 10-3 to 10-6 dilutions of 

the final enriched culture were spread on MSM agar media 
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plates. After four days, 55 fast growing colonies having 

relatively varying growth pattern were picked and purified 

through repeated streaking on MSM agar media plates. The 

purified 55 isolates were tested for their potential to solubilize 

phosphorus on NBRIP agar media plates as already described 

by Baig et al. (2014). These isolates having the potential for 

P solubilization were suspended in MSM separately, allowed 

to grow under shaking (125 rpm) for 24 h and then their 

optical density (OD600) was maintained at 0.5. One mL from 

each of the freshly prepared cultures of the P solubilizing 

isolates was separately inoculated in 9.0 mL of MSM spiked 

with 150 mg L-1 of YR2 to obtain optical density (OD600) of 

0.05, tightly sealed and incubated at 25°C under static 

conditions. After 24 h, decolorization of RY2 by each isolate 

was determined using UV-Visible spectrophotometer 

analysis as already described above. Out of these isolates, two 

isolates SG36 and SG42 showing the maximum RY2 

decolorization (%) were chosen for further study. The purity 

of the isolates SG36 and SG42 was verified through repeated 

streaking on MSM agar plates. The cultures of SG36 and 

SG42 were preserved at 4°C as well as -20°C (Glycerol 

stocks) for further experiments. 

 

Identification of the isolates SG36 and SG42 

 

The sequences of 16 S rRNA of SG36 and SG42 were 

amplified by using the protocol described by Hussain et al. 

(2013). These amplified products were sequenced by 

Macrogen (Seoul, Korea). After sequencing, these 

sequences of SG36 and SG42 were compared with 

known nucleotide sequences in BlastN library. The 

construction of phylogenetic tree and processing of data 

by neighbor joining method was done as described by 

Hussain et al. (2013). These sequences were deposited in the 

GeneBank under accession numbers MW931776 (SG36) and 

MW931777 (SG42). 

 

Physiological characterization of the strains SG36 and 

SG42 

 

Decolorization of various dyes by the strains SG36 and 

SG42: The capacity of strains SG36 and SG42 to decolorize 

the various azo dyes i.e., RR-120, RY-2, DB-19, RO-16, RB-

5, DR-28, BD-71 and DY-50 was tested in MSM. For this 

purpose, the cells of the strains SG36 and SG42 were 

harvested from their respective cultures grown in MSM 

media. Three sets of freshly prepared MSM test tubes spiked 

with 150 mg L-1 of each azo dye was prepared separately. 

One set of the tubes was inoculated with the strain SG36 to 

develop an optical density (OD600) value of 0.05. The second 

set of the tubes was inoculated with the strain SG42 to 

develop an optical density (OD600) value of 0.05. The third 

set was control without any inoculation. The triplicate 

experiment was incubated at 30°C in dark under static 

conditions. Over the incubation periods of 48 and 96 h, the 

samples were taken from each tube and centrifuged at 6000 

rpm for 5 min. The supernatants of all dyes were analyzed 

through UV-Visible spectrophotometer at their respective 

wavelengths (λmax) given in Table 1 and decolorization (%) 

of each dye was calculated. 

Decolorization of RY2 by the strains SG36 and SG42 at 

different pH values: Reactive yellow 2 decolorization 

efficiency of the strains SG36 and SG42 was determined at 

different pH levels (5.5–9.5). Different pH levels of the MS 

media were adjusted by using standard HCl or NaOH. The 

cells of the strains SG36 and SG42 were harvested in the 

same way as already described in previous sections and 

inoculated in MSM containing RY2 (150 mg L-1) at different 

pH values. The experiment was incubated under similar 

conditions and aliquots were collected for RY2 

decolorization at different time intervals over the incubation. 

Decolorization (%) of RY2 was estimated by analyzing it 

through UV-Visible Spectrophotometer as described above. 

Over 24 h of incubation, the aliquots were also collected for 

estimation of growth of the strains SG36 and SG42. For this 

purpose, the samples were taken from each tube and 

centrifuged (6000 rpm for 5 min), the pellets were washed 

thrice with distilled water and re-suspended in equal volume 

of the distilled water. The growth (OD600) was monitored by 

taking the absorbance of the suspended cells at 600 nm. This 

data were used to find out the correlation between the growth 

(OD600) of the strains with their respective RY2 

decolorization (%) values over 24 h incubation. 

Decolorization of RY2 by the strains in the presence of 

different NaCl concentrations: Reactive yellow 2 

decolorization efficiency of the strains SG36 and SG42 was 

also estimated in the presence of different levels (0, 10, 20, 

50, 100 and 150 g L-1) of NaCl in the MS medium. The cells 

of the strains SG36 and SG42 were harvested in the same way 

as already described in previous sections and inoculated in 

MS media containing RY2 (150 mg L-1) along with different 

levels (0, 10, 20, 50, 100 and 150 g L-1) of NaCl. The 

experiment was incubated under similar conditions and 

aliquots were collected for RY2 decolorization at different 

time intervals over the incubation period. Decolorization (%) 

of RY2 was estimated by analyzing it through UV-Visible 

Spectrophotometer as already described above. Over 24, 48 

and 72 h of incubation, the aliquots were also collected for 

estimation of growth of the strains SG36 and SG42. For this 

purpose, the aliquot parts were centrifuged (6000 rpm for 5 

minutes), the pellets were washed thrice with distilled water 

and resuspended in equal volume of the distilled water. The 

growth (OD600) was monitored by taking the absorbance of 

the suspended cells at 600 nm. These data were used to find 

the correlation between the growth (OD600) of the strains with 

their respective RY2 decolorization (%) values over 24, 48 

and 72 h incubation. 

Heavy metal tolerance of the strains SG36 and SG42: 

Heavy metal tolerance of the strains SG36 and SG42 was 

estimated in terms of minimum inhibitory concentration 

(MIC) of the metal ions (Cd2+, Ni2+, Pb2+, Zn2+, Cr6+, Co2+) 

for the growth of the strains SG36 and SG42. For estimation 
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of MIC, different levels (1 to 35 mM) of the individual metal 

ions Cd2+, Ni2+, Pb2+, Zn2+, Cr6+, Co2+ were separately spiked 

in nutrient agar media using their respective salts (CdCl2, 

NiCl2.6H2O, Pb(NO3)2, ZnSO4, K2Cr2O7, Co(NO3)2). The 

agar media plates containing different metal ions were 

inoculated separately with the strains SG36 and SG42. The 

inoculated plates were incubated at 28±2°C for 7 days. After 

incubation, the concentration of the individual metal ions 

resulting in inhibition of the growth of the strains SG36 and 

SG42 was considered as MIC. 
 

Estimation of plant growth promoting characteristics of 

the strains SG36 and SG42 
 

Estimation of phosphorus solubilization by the strains 

SG36 and SG42: P solubilization potential of SG36 and 

SG42 was estimated qualitatively in Pikovskaya’s agar media 

plates (Pikovskaya 1948). For this purpose, the spot 

inoculation of pure cultures of the strains SG36 and SG-42 

was done on separate Pikovskaya’s agar media plates and 

incubated in dark at 28±2°C (Pikovskaya 1948). P 

solubilizing capability of the strains was estimated by 

formation of halo zones on media. The amount of P 

solubilization by strains was also estimated calorimetrically 

by inoculating the pure cultures of SG36 and SG-42 in 500-

mL Pikovskaya’s broth (150 mg L-1) in Erlenmeyer flasks. 

These flasks were incubated in orbital shaker at 150 rpm, 

28±2°C. A sample possessing 20-mL was harvested and 

centrifuged (13,000 g for 10 min) to collect the supernatant 

from each flask. Phosphomolybdate blue color method was 

used to measure the P solubilization in culture supernatant 

(Murphy and Riley 1962) using spectrophotometer 

(STALWART STA-8200V UV/VIS) at 882 nm. During the 

incubation time, the pH of the medium was also measured 

at different intervals of time. At the end of the incubation, 

decolorization of RY2 was also estimated as described 

above. 

Estimation of IAA production by the strains SG36 and 

SG42: Indole 3-acetic acid production potential of selected 

strain SG36 and SG42 was estimated by procedure 

introduced by Gordon and Weber (1951). Pure cultures of 

SG36 and SG42 were separately inoculated in 100 ml 

nutrient broth spiked with RY2 (150 mg L-1) and containing 

100 mg L-1 tryptophan. These cultures were grownup on an 

orbital shaker (150 rpm) at 28±2°C for 48 h. The cultures 

were harvested by centrifugation at 13000 g for 5 min. 2 mL 

Salkoweski’s reagent was added as a color developing 

reagent in 1 mL cultures of the strain SG36 and SG42 

separately. These samples were kept in dark for development 

of color for 30 mins. The quantity of IAA production was 

measured through spectrophotometer at 540 nm. The 

standard IAA solution (0, 5, 10, 50, 100, 200 or 500 µg mL-

1) were used for standard curve. Over the incubation, the pH 

of the medium was also measured at different intervals of 

time. At the end of the incubation, decolorization of RY2 was 

also estimated as already described above. 

Potential of the strains SG36 and SG42 for plant growth 

promotion of Vigna radiata under RY2 stress: The strains 

SG36 and SG42 were also evaluated for their potential to 

concurrently remove RY2 and promote growth of V. radiata 

in a soil spiked with RY2 (500 mg kg-1). For this purpose, a 

loam soil never contaminated with textile dyes having the pH 

value of 7.85 and electrical conductivity value of 0.49 dS m-

1 was used. The soil was distributed in two parts. A part of the 

soil was spiked with RY2 solution to a final concentration of 

500 mg Kg-1 of RY2 in the soil and homogenized by thorough 

mixing (contaminated soil). The second part of the soil was 

spiked with equal volume of distilled water (non-

contaminated soil). The contaminated soil was further 

divided in three portions. One portion of the contaminated 

soil was inoculated with the strain SG36 to a final estimated 

population of 107 CFU g-1 of soil. Similarly, the second 

portion of the contaminated soil was inoculated with equal 

population of the strain SG42, whereas the third portion was 

left un-inoculated. The non-contaminated soil was also 

divided in three portions and inoculated with the strains SG36 

and SG42 in the same way as already done for the 

contaminated soil. The inoculated contaminated and non-

contaminated soils along with their respective un-inoculated 

controls were put in three replicates of small pots and 

incubated under maintained moisture levels for 10 days 

following a completely randomized design. After 10 days, 

seven seeds of mung bean were sown in each pot which were 

maintained to four plants per pot after the germination. The 

plants were allowed to grow for 30 days and then harvested 

for estimation of their shoot fresh weight (g/plant), shoot 

length (cm), root length (cm), root fresh weight (g/plant). At 

the end of the study, the remaining RY2 was extracted and 

estimated from the soil samples following the protocol 

reported by Imran et al. (2015). 

 

Statistical analysis 

 

The shoot length and shoot weight data were statistically 

analyzed by Tukey’s HSD Test after the analysis of variance 

(ANOVA) at p < 0.05 using Statistix version 8.1. 

 

Results 
 

Isolation and Identification of the strains SG36 and SG42 
 

While estimating the potential of the isolates for RY2 

decolorization it was observed that the decolorization (%) 

of RY2 by these isolates ranged from 2.4% to 95.6% of 

the initially added RY2 after 24 h in comparison to the un-

inoculated control. Over this incubation period, the highest 

decolorization (95.6%) of RY2 was carried out by the strain 

SG36 followed by the strain SG42 which decolorized 83.2% 

of added RY2 dye. BlastN analysis of 16S rDNA sequences 

indicated that the maximum similarity was shown by the 

strains SG36 and SG42 with the genus Bacillus sp. The 

phylogenetic tree based on neighbor joining method also 
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confirmed that these strains belonged to the Bacillus sp. (Fig. 

1). Hence, on the basis of BlastN and the phylogenetic 

analyses, the strains SG36 and SG42 were designated as 

Bacillus sp. SG36 and Bacillus sp. SG42, respectively. 

 

Decolorization of different azo dyes by the strains SG36 

and SG42 

 

During the testing of decolorization of different azo dyes by 

the strain SG36 and SG42, while studying the decolorization 

of various azo dyes by the strains SG36 and SG42, it was 

observed that these strains had the potential to decolorize all 

the selected azo dyes but to variable extents (Table 2). It was 

observed that over 48 h incubation, 92.4, 47.4, 43.5, 91.2, 

51.4, 48.3, 54.6 and 12.1% of the initially added RY-2, RO-

16, RR_120, RB-5, DR-8, DB-19, DB-71 and DY-50, 

respectively, were decolorized by the strain SG36. Over the 

same incubation period (48 h), 89.1, 56.6, 46.2, 38.4, 32.4, 

13.5, 27. and 34.6% of the initially added reactive RY-2, RO-

16, RR-120, RB-5, DR-28, DB-19, DB-71 and DY, 

respectively, were decolorized by the strain SG42. Over 96 h 

incubation period, the strain SG36 carried out the maximum 

decolorization of reactive black 5 (97.3 ± 1.1%) followed by 

the reactive yellow 2 (95.3±1.7%) and the strain SG42 carried 

out the maximum decolorization of reactive yellow 2 

(97.2±1.2%) followed by the reactive black 5 (89.17%) (Table 

2). 

 

Decolorization of RY2 by SG36 and SG42 at different 

pH 

 

The varying pH values were found to affect the RY2 

decolorization as well as the growth of the strains SG36 and 

SG42 (Fig. 2). The efficiency of strain SG36 to decolorize the 

RY2 was significantly affected by the pH. Over 24 h of 

incubation, 32.5, 63.9, 82.9, 78.3 and 37.0% of RY2 was 

decolorized by SG36 at pH 5.5, 6.5, 7.5, 8.5 and 9.5, 

respectively (Fig. 2A). However, over 72 h incubation, ˃ 90% 

RY2 was decolorized by the strain SG36 at pH 6.5, 7.5 and 

8.5. At this incubation time, the strain SG36 decolorized 

Table 1: Characteristics of the synthetic dyes used in this study 

 
Azo dyes Molecular formula Molecular weight Color index number λmax 

Reactive Yellow-2 C25H15Cl3N9Na3O10S3 872.96 18972 404 

Reactive Red-120 C44Cl2H24N14Na6O20S6 1469.98  535 
Reactive Orange-16 C20H17N3Na2O11S3 617.54 17757 494 

Reactive Black-5 C26H21N5Na4O19S6 991.82 20505 597 

Direct red-28 (Congo red) C32H22N6Na2O6S2 696.66 22120 497 
Direct black-19 C34H27N13Na2O7S2 839.77  520 

Direct Blue-71 C40H28N7Na4O13S4 965.94 34140 594 

Direct Yellow-50 C35H24N6Na4O13S4 956.82 29025 390 

 

 
 

Fig. 1: Phylogenetic tree based on Neighbor Joining. The dye decolorizing strains isolated in the present study are shown as 

bold. The bootstrap values great than 900 are shown as black circles  
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82.6% and 85.5% of the initially added RY2 at pH values of 

5.5 and 9.5, respectively (Fig. 2A). Similarly, the pH was also 

found to have a significant effect on decolorization of RY2 

by SG42 (Fig. 2B). Over 24 h incubation, 31.7, 77.3, 85.6, 

64.5 and 27.6% of RY2 was decolorized by SG42 at pH 5.5, 

6.5, 7.5, 8.5 and 9.5, respectively (Fig. 2B). However, over 

72 h incubation, ˃ 90% of RY2 was decolorized by SG42 at 

pH 6.5, 7.5 and 8.5. At this incubation time, the strain SG42 

could decolorize 56.8 and 66.5% of RY2 at pH 5.5 and 9.5, 

respectively (Fig. 2B). Fig. 2C shows the correlation between 

the growth (OD600) of the strains SG36 and SG42 and their 

respective RY2 decolorization (%) at different pH values over 

an incubation period of 24 h. The data based on regression 

correlation clearly showed that the growth as well as the 

decolorization of both strains at different pH values were 

significantly correlated with each other (R2 values ˃ 0.9). 

 

Decolorization of RY2 by SG36 and SG42 in the presence 

of different NaCl contents 

 

Results showed that both the strains have the capacity to 

decolorize RY2 even at 100 g L-1 despite that the presence of 

NaCl was affecting the extent of decolorization. Over 24 h 

incubation, 77.3, 73.1, 54.9, 30.8, 22.7 and 15.9% of RY2 

was decolorized by the strain SG36 in the media containing 

0, 10, 20, 50, 100 and 200 of NaCl g L-1, respectively (Fig. 

3A). However, after 72 h of incubation, ˃ 90% RY2 was 

decolorized by SG36 in the presence of NaCl (50 g L-1) in the 

medium. At this incubation time, the strain SG36 has 

decolorized 46.0 and 20.2% RY2 in the presence of 100 and 

150 g L-1 of NaCl in the medium, respectively (Fig. 3A). Fig. 

3B indicates the efficiency of strain SG42 to decolorize the 

RY2 also affected significantly in the presence of NaCl in the 

media. After 24 h of incubation period, 57.1, 44.9, 40.4, 15.6, 

13.2 and 10.7% of the added RY2 was decolorized by SG42 

in the media containing 0, 10, 20, 50, 100 and 200 of NaCl g 

L-1, respectively (Fig. 3B). Over 48 h incubation, 97.1, 89.8, 

85.3, 59.6, 26.7 and 12.1% of RY2 was decolorized by the 

strain SG42 in the media containing 0, 10, 20, 50, 100 and 

200 of NaCl g L-1, respectively (Fig. 3B). However, after 72 

h of incubation, ˃ 90% of the added RY2 concentration was 

decolorized by the strain SG42 in the presence of NaCl (50 g 

L-1) in the medium. At this incubation time, the strain SG42 

decolorized 47.1 and 23.2% RY2 in the presence of 100 and 

150 g L-1 of NaCl in the medium, respectively (Fig. 3B). Fig. 

3C shows the regression correlation between the growth 

(OD600) of the strains SG36 and SG42 and their respective 

RY2 decolorization in the presence of different NaCl levels 

in mineral salt media over an incubation periods of 24, 48 and 

72 h. The figure clearly shows that, at all three incubation 

times, the growth as well as the decolorization of both strains 

at different levels of NaCl were significantly correlated with 

each other (R2 values ˃ 0.9). 
 

Metal tolerance of the strain SG36 and SG42 

 

While studying the metal ions tolerance of the bacterial strain 

SG36 and SG42 in terms of MIC of the metal ions, both the 

strains were observed to have varying levels of tolerance for 

different metal ions (Table 3). According to the results, the 

MIC values of Zn2+, Pb2+, Cd2+, Co2+, Ni2+ and Cr6+ against 

the strain SG36 were observed to be 7.65, 9.66, 8.90, 33.89, 

8.52 and 21.15 mM respectively (Table 3). However, the MIC 

values of Zn2+, Pb2+, Cd2+, Co2+, Ni2+ and Cr6+ against the 

strain SG42 were observed to be 9.94, 4.83, 8.45, 16.94, 9.37 

and 28.85 mM, respectively (Table 3). 

 

Plant growth promoting characteristics of SG36 and 

SG42 

 

Both Bacillus spp. strains SG36 and SG42 indicated a good 

potential for phosphate solubilization (Fig. 4A). Over the 

incubation period (240 h), more than 700 µg mL-1 of P 

solubilization was observed by both of the bacterial strains. 

Over the incubation period, the pH of the media was observed 

to gradually decrease with the pH values of 4.8 and 5.1 in the 

media containing the strains SG36 and SG42, respectively 

(Fig. 4A). Similarly, both the strains were also observed to 

have a good potential for IAA production (Fig. 4B). Over the 

incubation period (168 h), 26.3 and 19.5 µg mL-1 of IAA was 

observed to be produced by the strains SG36 and SG42, 

respectively. Over the incubation period, the pH of the media 

was observed to gradually decrease with the pH values of 5.3 

and 5.4 in the media containing the strains SG36 and SG42, 

respectively (Fig. 4B). In both the experiments, in parallel to 

the P solubilization and IAA production, almost complete 

(˃90%) decolorization of RY2 by both the strains SG36 and 

SG42 was also observed. 

Table 2: Decolorization of different azo-dyes by Bacillus sp. SG36 and Bacillus sp. SG42 

 
Dyes Decolorization (%) 

 SG36  SG42 

 48 h 96 h  48 h 96 h 
Reactive Yellow-2 92.4 ± 3.5 95.3 ± 1.7  89.1 ± 2.1 97.2 ± 1.2 

Reactive Red-120 47.4 ± 2.9 75.4 ± 1.6  56.6 ± 4.1 62.2 ± 2.5 

Reactive Orange-16 43.5 ± 4.6 69.0 ± 2.9  46.2 ± 2.1 55.1 ± 1.3 
Reactive Black-5 91.2 ± 1.2 97.3 ± 1.1  38.4 ± 3.6 89.5 ± 1.7 

Direct Red-28  51.4 ± 2.8 70.2 ± 1.4  32.4 ± 1.9 41.2 ± 2.2 

Direct Black-19 48.3 ± 4.1 68.0 ± 2.3  13.5 ± 2.3 18.9 ± 3.1 
Direct Blue-71 54.6 ± 3.3 73.2 ± 2.5  27.6 ± 3.5 33.4 ± 2.2 

Direct Yellow-50 12.1 ± 2.7 32.1 ± 2.1  34.6 ± 5.1 42.8 ± 1.8 
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Growth of V. radiata in the soil inoculated with strain 

SG36 and SG42 

 

The growth of mung bean plants in terms of root/shoot 

length, root/shoot fresh weight was found to be significantly 

improved by the both the rhizospheric strains in the non-

contaminated as well as RY2 contaminated soils as 

compared to their respective un-inoculated controls (Table 

4). The data shows that the shoot length of mung bean in 

non-contaminated soil was recorded as 41.3 (±3.2) cm which 

was reduced to 31.8 (±1.9) cm in the same soil contaminated 

with RY2 (500 mg L-1). However, inoculation with both the 

strains resulted into a significant improvement in the shoot 

length of the mung bean plants in non-contaminated as well 

as RY2 contaminated soils. The shoot lengths of the mung 

bean plants upon inoculation with the strains SG36 and 

SG42 were observed to be 51.8 (±1.7) cm and 44.7 (±5.3) 

cm in non-contaminated soil and 40.1 (±2.5) cm and 41.8 

(±2.0) cm in RY2 contaminated soil, respectively (Table 4). 

Similarly, the inoculation of the strains SG36 and SG42 also 

resulted in improvement of shoot fresh weight in both the 

RY2 contaminated as well as non-contaminated soils. The 

shoot fresh weight of the mung bean plants in non-

contaminated soil was recorded as 4.4 (±0.27) g/plant, which 

was reduced to 3.7 (±0.21) g/plant in the same soil 

contaminated with RY2 (500 mg L-1). The shoot fresh 

weight of the mung bean plants in response to the inoculation 

with the strains SG36 and SG42 was observed to be 5.1 

(±0.25) g/plant and 5.2 (±0.36) g/plant in non-contaminated 

soil and 4.6 (±0.35) g/plant and 4.3 (±0.25) g/plant in RY2 

contaminated soil, respectively (Table 4). The root length of 

mung bean in non-contaminated soil was recorded as 17.1 

(±0.4) cm, which was reduced to 14.7 (±0.9) cm in the RY2 

contaminated soil. However, inoculation with both the 

rhizospheric strains improved root length. The root length of 

the mung bean plants in response to the inoculation with the 

strains SG36 and SG42 were observed to be 19.4 (±1.0) cm 

and 19.4 (±1.4) cm in non-contaminated soil and 16.5 (±1.7) 

cm and 18.1 (±1.3) cm in RY2 contaminated soil, 

respectively (Table 4). The root fresh weight of the mung 

bean plants in non-contaminated soil was recorded to be 2.8 

(±0.16) g/plant which was reduced to 2.1 (±0.14) g/plant in 

the same soil contaminated with RY2 (500 mg L-1). The root 

fresh weight of the mung bean plants in response to the 

inoculation with SG36 and SG42 were observed to be 3.2 

(±0.22) g/plant and 3.4 (±0.34) g/plant in non-contaminated 

soil and 2.9 (±0.26) and 2.9 (±0.19) g/plant in RY2 

contaminated soil, respectively (Table 4). At the end of the 

experiment, 47.6 (±5.9) % of RY2 was found remaining in 

the un-inoculated RY2 contaminated soil (control). 

However, only 11.8 (±2.7) and 14.5 (±3.2) % of RY2 was 

found remaining in the RY2 contaminated soils inoculated 

with the strains SG36 and SG42, respectively (Table 4) 

indicating that more than 80% of the added RY2 dye was 

decolorized in both the cases. 

 

Discussion 
 

Contamination of the agricultural soils with synthetic dyes 

due to the use of different wastewaters for irrigation purpose 

under water scarce conditions is an emerging challenge 

because the dyes affect the biological properties of the soils 

as well as the growth of the crops (Imran et al. 2015). One of 

the ways to overcome this situation is the isolation, 

characterization and application of the bacterial strain which 

have the potential not only to cope with the dyes in soils but 

 
 

Fig. 2: Decolorization of RY2 by Bacillus sp. SG36 (A) and 

by Bacillus sp. SG42 (B) at different pH values. (C) 

Correlation between decolorization (%) of RY2, and the cell 

density of Bacillus sp. SG36 and Bacillus sp. SG42 after 24 

h of incubation 
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also to enhance the growth of plants in soils under stress due  

to dyes. In the present study, two rhizospheric bacterial 

strains SG36 and SG42 belonging to genus Bacillus were 

found to harbor the plant growth promoting (PGP) 

characteristics including P solubilization and indole-3-acetic 

acid (IAA) production in parallel with their potential to 

decolorize RY2 and other dyes. 

Despite that various bacterial strains harbor different 

PGP characteristics including P solubilization and IAA 

production (Shahid et al. 2012; Baig et al. 2014; Shahid et al. 

2015; Akram et al. 2016; Maqsood et al. 2021) as well as for 

decolorization of different dyes (Hussain et al. 2013; Abbas 

et al. 2016; Baig et al. 2019; Imran et al. 2019). However, the 

present study is unique in that it reports two rhizospheric 

bacterial strains SG36 and SG42 which possess PGP 

characteristics together with capability to decolorize dyes. 

Until now there are very limited studies reporting for such 

multifunctional bacterial strains having the dual capabilities 

of plant growth promotion and dyes decolorization 

(Mahmood et al. 2017; Maqbool et al. 2018). Decrease in pH 

during P solubilization and IAA production by the strains 

SG36 and SG42 might be due to the release of low-

molecular-weight organic acids (Zaidi et al. 2006; Dwivedi 

et al. 2011). Hence the isolation of these two Bacillus strains 

will surely serve as a new addition in potential bioresources 

harboring such dual capabilities of plant growth and 

environmental remediation. 

In present study, the optimal pH values for RY2 

decolorization by the strains SG36 and SG42 was found to be 

7.5 with a relatively better decolorization at pH values 

Table 3: Minimum inhibitory concentration (MIC) of different heavy metals against the bacterial strains Bacillus sp. SG36 and 

Bacillus sp. SG42 

 
Metal Source MIC (mM) 

  SG36 SG42 

Zinc (Zn) ZnSO4 7.65 9.94 

Lead (Pb) Pb(NO3)2 9.66 4.83 
Cadmium (Cd) CdCl2 8.90 8.45 

Cobalt (Co) Co(NO3)2 33.89 16.94 

Nickle (Ni) NiCl2.6H2O 8.52 9.37 
Chromium (Cr) K2Cr2O7 21.15 28.85 

 

 
 

Fig. 3: Decolorization of RY2 by Bacillus sp. SG36 (A) and SG42 (C) in the presence of different salt contents, (B) Correlation 

between decolorization (%) of RY2 and the cell density of Bacillus sp. SG36, (D) Correlation between decolorization (%) of and 

RY2 and the cell density of Bacillus sp. SG42 



 

Bilal et al. / Intl J Agric Biol, Vol 27, No 1, 2022 

 16 

ranging from 6.5 to 8.5. This finding is in line with a number 

of previous studies who reported the neutral to slightly 

alkaline pH values as optimal for better decolorization of 

dyes (Chang et al. 2001; Hussain et al. 2013; Maqbool et al. 

2016; Hafeez et al. 2018). pH is an important factor, which 

affects the growth and activity of microbial populations 

including the dyes decolorizing bacterial strains (Chan et al. 

2011; Hussain et al. 2013; Maqbool et al. 2016; Hafeez et al. 

2018). pH affects the dyes decolorization potential of the 

bacterial strain either by affecting their growth and survival 

(Hussain et al. 2013; Anwar et al. 2014; Abbas et al. 2016) 

or by affecting their enzymatic systems involved in 

decolorization of dyes (Johansson et al. 2011; Mahmood et 

al. 2017). It is noteworthy here that the decolorization at 

different pH values were found to be correlated with growth 

at respective pH values which is showing that the pH might 

have affected the growth of the strains resulting into the 

regulation of decolorization activity accordingly. The strains 

SG36 and SG42 were also found to tolerate a high level of 

metal ions as well as NaCl in media during RY2 

decolorization. Both the strains completely (˃ 90%) 

decolorized RY2 even in the presence of 50 g L-1 of NaCl in 

the media though the rate of decolorization was decreased 

over an increase in level of NaCl. The NaCl levels higher than 

50 g L-1 adversely affected the RY2 decolorization by both 

the strains. 

Tolerating high levels of metal ions and salts in the 

media is a beneficial for the dyes decolorizing microbial 

strains to survive in wastewaters because the wastewaters 

originating from different industries including textile and 

tanneries contain considerably high level of metal ions and 

especially the NaCl (Imran et al. 2015). Hence, in order to 

be an effective bioresource for dye decolorization in real 

textile and tanneries wastewaters, the dyes decolorizing 

microbial strains should be tolerance to metal ions and NaCl 

which is a significant feature of the strains SG36 and SG42. 

The salt and metal tolerance has also already been reported 

in a few bacterial strains during decolorization of various 

different dyes (Moutaouakkil et al. 2003; Zilly et al. 2011; 

Hussain et al. 2013; Abbas et al. 2016; Hafeez et al. 2018). 

The adverse effects of very high levels of NaCl (100 and 150 

g L-1) on RY2 decolorization might be due to impact of the 

salts either on the enzymatic machinery of the 

microorganisms or on their growth and survival because the 

organisms may suffer from plasmolysis in such situations 

(Moutaouakkil et al. 2003; Zilly et al. 2011; Abbas et al. 

2016). However, the correlation between the microbial 

populations of SG36 as well as SG42 and their respective 

RY2 decolorization in the presence of different NaCl 

concentrations are an indicator that the presence of salt 

might be affecting the growth resulting into regulation of 

RY2 decolorization accordingly. Nevertheless, there is need 

to understand the processes responsible for dyes 

decolorization in response to varying pH values as well as 

presence of salts and metal ions by targeting the genes and 

Table 4: Decolorization of reactive yellow 2 in soil and growth of V. radiata plants in non-contaminated and RY2 contaminated 

soils 

 
Treatments Remaining dye (%) Growth parameters of V. radiata 

Shoot length (cm) Shoot weight (g/plant) Root length (cm) Root weight (g/plant) 

Non-Contaminated Soil N/A 41.3 ± 3.2 b 4.4 ± 0.27 bcd 17.1 ± 0.4 ab 2.8 ± 0.16 ab 

Non-Contaminated Soil  
bioaugmented with strain SG36 

N/A 51.8 ± 1.7 a 5.1 ± 0.25 ab 19.4 ± 1.0 a 3.2 ± 0.22 a 

Non-Contaminated Soil  

bioaugmented with strain SG42 

N/A 44.7 ± 5.3 ab 5.2 ± 0.36 a 19.5 ± 1.4 a 3.4 ± 0.34 a 

Dye Contaminated Soil 47.6 ± 5.9 a 31.8 ± 1.9 c 3.7 ± 0.21 d 14.7 ± 0.9 b 2.4 ± 0.14 b 

Dye Contaminated Soil  
bioaugmented with strain SG36 

11.8 ± 2.7 b 40.1 ± 2.5 bc 4.6 ± 0.35 abc 16.5 ± 1.7 ab 2.9 ± 0.26 ab 

Dye Contaminated Soil  

bioaugmented with strain SG42 

14.5 ± 3.2 b 41.8 ± 2.0 b 4.3 ± 0.25 cd 18.1 ± 1.3 a 2.9 ± 0.19 ab 

 

 
 

Fig. 4: Plant growth promoting characteristics of the strains 

Bacillus sp. SG36 and Bacillus sp. SG42. Panel-A reflects 

phosphate solubilizing activity by the two strains. Panel-B 

shows indole acetic acid production by the two strains 
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enzymes involved therein. 

The strains SG36 and SG42 showed a good potential to 

promote the growth of mung bean plants in non-

contaminated as well as RY2 contaminated soils. A 

considerable increase in root/shoot length, root/shoot fresh 

weight of mung bean plants was detected in both of the soils 

inoculated with these strains in parallel to RY2 decolorization 

in the soil by both the strains. These data indicated that both 

the strains have a good potential for the promotion of plant 

growth even in the soils due to this dye toxicity while both 

the strains showed a good potential to remediate the soil 

contaminated with this dye. Previously, Maqbool et al. 

(2018) reported a P. aeruginosa strain ZM130 which showed 

a reduction in level of RY2 in the soil along with a 

considerable promotion of maize growth in that soil. The 

increase in growth parameters of the mung bean in RY2 

contaminated soil might be due to the fact that the strains 

might have played their role to alleviate the stress by 

decolorizing the RY2 dye in addition to their plant growth 

promoting features such as P solubilization and IAA 

production. 
 

Conclusion 
 

The strains SG36 and SG42 might be exploited 

contemporaneously as efficient bioresources of 

environmental significance due to their potential to remediate 

the dyes from the textile wastewater contaminated soils 

together with their plant growth promoting potentials. 
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