
 

 

 

INTRODUCTION 

 

Zinc is an important micronutrient for human beings, animals 

as well as crops. Zn is an important component of different 

enzymes catalyzing many metabolic reactions in plants. The 

essential processes of life in plants are influenced by Zn, such 

as (a) nitrogen metabolism i.e. nitrogen and protein uptake 

quality; (b) photosynthesis i.e. synthesis of chlorophyll and 

carbon anhydrase activity (c) resistance against biotic and 

abiotic stresses i.e. resistant against oxidative damage 

(Alloway, 2004). Zinc also plays a significant role in plant 

resistance against diseases, photosynthesis, cell membrane 

integrity, protein synthesis, pollen formation (Gurmani et al., 

2012) and enhances the level of antioxidant enzymes and 

chlorophyll within plant tissues (Sbartai et al., 2011). 

Moreover, Zn is critical as a co-factor for the activity of more 

than 300 enzymes (Mccall et al., 2000). In addition, Zn is 

required for the production of phytohormones such as absicic 

acid, auxin, gibberellins and cytokinins and its deficiency 

results in an impairment of growth of plant cells. Therefore, 

Zn deficiency in plants seriously affects various vital 

processes occurring within plants (Imran et al., 2014; Younas 

et al., 2014). 

Pakistani soils are generally alkaline and calcareous in nature 

and are more prone to Zn deficiency, because these soils are 

intrinsically low in available Zn (Tinker and Lauchli, 1984). 

In Indo-gagnetic plains 50-70% agricultural soils are Zn 

deficient (Alloway, 2008). Moreover, in these soils Zn also 

precipitates or sorbs in unavailable forms 

(Khoshgoftarmanesh et al., 2004). Zinc deficiency also 

becomes a major problem due to salt stress in arid and semi- 

arid regions of Pakistan. It is assumed the most common 

deficient element of alkaline calcareous soils (Rashid and 

Ryan, 2008).  Factors contributing in the unavailability of Zn 

in Pakistani soils are clayey, alkaline and calcareous nature of 

soils (Tahir et al., 1991), high pH, high CaCO3 contents, 

organic matter and phosphate (Kapoor et al., 2002). Zn 

deficiency also significantly affects the root system including 

poor development of roots (Fageria, 2004).  

Inorganic fertilizers are recommended as good source of Zn 

but they are quickly fixed on soil medium, causing poor 

availability to plants (Zia et al., 2000). The application of zinc 

sulfate (ZnSO4) in the form of fertilizer might decrease Zn 

deficiency and increase plant yield. However the soil applied 

ZnSO4 transformed into different insoluble forms depending 

on the type of soil and entirely become unavailable in the 

environment within seven days of application (Rattan and 

Shukla, 1991). In calcareous soils, up to 90% of applied Zn 

fertilizer is adsorbed on soil colloids and precipitated (Saeed 

and Fox, 1977). Within 7 days of application customary 

application of inorganic zinc partially caters the plant need as 

96–99% of applied Zn is converted into different insoluble 

forms depending upon the soil types and physicochemical 

reactions (Saravanan et al., 2004). 

There are many techniques through which we can enhance the 

fertilizer use efficiency of ZnO, because it has more amount 

of Zn as compared to ZnSO4. The solubility of ZnO can be 
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Zinc (Zn) is an important micronutrient and its adequate supply is considered indispensable for growth, development and 

normal functioning of plants. Recent reports reveal that more than 70% of Pakistani soils are Zn deficient. ZnSO4, containing 

33% Zn, is commonly used, but only 4-8% of the total applied Zn is available to plants while remaining gets fixed into soil. 

Contrarily, zinc oxide is a cheaper and insoluble source which contains 80% Zn. However, zinc solubilizing bacteria could be 

used to solubilize insoluble sources of zinc (ZnO). Keeping in view the above stated problem, the present study was conducted 

for isolation, screening, identification and characterization of efficient zinc solubilizing bacteria for improving growth of 

maize. Several bacteria were isolated from rhizosphere of maize through dilution plate technique. The selected bacterial 

isolates, capable of solubilizing ZnO, were further screened for their plant growth promoting activity under axenic conditions. 

Out of ten bacterial isolates, AZ6 was found best strain on the basis of maximum zinc solubilization potential and growth 

promotion of maize. The selected bacterium was identified as Bacillus sp. AZ6 (Accession # KT221633). Bacillus sp. AZ6 

had different growth promoting attributes and also ability to produce organic acids.  
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increased by using nano technology, coating technique and 

zinc solubilizing bacteria (Bremner and Douglas, 1971).  

Generally PGPR solubilize the nutrients through 

acidification, release of organic acids, chelation and by 

exchange reactions (Chang et al., 2005). Reduction in pH and 

availability of micronutrients in soil is very much sensitive to 

soil. A little change in soil pH may have a great impact on 

micronutrient mobility/solubility in soil. It has been reported 

that availability of Zn decreases 100 times with one unit 

increase in pH (Havlin et al., 2005). Thus by decreasing the 

pH of alkaline soil, bioavailable fraction of Zn can be 

enhanced to an appreciable level. Rhizosphere microflora has 

been reported to lower the soil pH to a good extent (Wu et al., 

2006), which may occur due to secretion of some organic 

acids and protons extrusion (Fasim et al., 2002). Among 

microbes, both bacteria and fungi have shown terrific ability 

to improve plant Zn availability in the rhizosphere and also 

enhance zinc in plant parts (Subramanian et al., 2009). 

Pseudomonas aeruginosa has a potential to solubilize ZnO in 

liquid medium (Fasim et al., 2002). Bacterial inoculation has 

also ability to increase bioavailable Zn in rhizosphere soil 

(Whiting et al., 2001) and improves plant Zn content (Whiting 

et al., 2001; Biari et al., 2008).  

PGPR produced siderophores (Saravanan et al., 2011), the 

derivatives of gluconic acids, e.g., 2- ketogluconic acid 

(Fasim et al., 2002), 5-ketogluconic acid (Saravanan et al., 

2007), and different other organic acids for the mobilization 

of Zn and iron (Tariq et al., 2007).  These bacteria can be used 

to solubilize insoluble sources of Zn such as ZnO and ZnCO3 

because most of the soils are rich in Zn contents but less in 

soluble Zn. Bacillus and Pseudomonas spp. have much 

potential to solubilize these sources in soil system for taking 

economically efficient Zn (Saravanan, 2003). The 

rhizosphere microorganism may benefit plants through 

different mechanisms including mobilization of nutrients, 

also acts as a biocontrol agent (Khalid et al., 2009). Plant 

growth promoting rhizobacteria (PGPR) have achieved 

worldwide fame for their agricultural benefits. These are the 

potential trend for the future research as well as tools for 

sustainable agriculture (Podile and Kishore, 2006). For the 

evaluation of zinc solubilizing bacteria maize has been 

selected because it is an important cereal crop of the world 

known as king of the crops.  

Microbes are potential alternate that could cater plant zinc 

requirement by solubilizing the insoluble source of zinc 

(ZnO) and complex zinc in soil. Several genera of 

rhizobacteria belonging to Pseudomonas spp. and Bacillus 

spp. are reported to solubilize zinc. Keeping in view the above 

comprehensive facts the present study is planned with the 

objectives to isolate, screen, characterize and identify the zinc 

solubilizing bacteria. In this study we reported the zinc 

solubilizing ability to enhance the growth of maize seedling 

in axenic condition. 

 

MATERIALS AND METHODS  

 

Laboratory and growth room experiments were conducted in 

the Environmental Sciences Laboratory, Institute of Soil & 

Environmental Sciences University of Agriculture, 

Faisalabad for isolation, screening and characterization of 

novel zinc solubilizing bacteria for enhancing growth of 

maize. 

Isolation of zinc solubilizing bacteria: Zinc solubilizing 

bacteria were isolated from the rhizosphere of the maize by 

using dilution plate technique on nutrient agar medium. 

Isolates were purified by repeated streaking on Bunt and 

Rovira medium (Bunt & Rovira, 1955). Bacterial colonies 

with prolific growth were selected, purified and preserved in 

glycerol at -80°C. 

Zinc solubilizing potential of isolated bacteria: An 

incubation study was conducted to evaluate the zinc 

solubilizing potential of isolated bacteria with ZnO. The 

solubilization potential of bacteria was assessed both 

qualitatively and quantitatively under in vitro conditions 

(Saravanan et al., 2003).  

Qualitative assay: To check the Zn solubilization ability of 

selected strains, bacteria were subjected to grow on Bunt & 

Rovira media containing 0.1% insoluble zinc compound 

(ZnO) as described by (Bunt and Rovira, 1955). Experiments 

were done in triplicate. Bacterial cultures were spot 

inoculated on the media using a sterile loop full of bacterial 

culture. The Petri plates were incubated at 28±1°C for 5 days 

in dark to observe clear halozone formation around the 

colonies. The holo diameters of colonies were measured. Zinc 

solublization area (cm2) was calculated according to 

Saravanan et al. (2003). 

Area= π r2 

Quantitative assay: Basal broth medium (Bunt and Rovira, 

1955) was prepared, autoclaved at 121 0C and kept in 

incubator at optimal temperature. After inoculation of various 

zinc solubilizing bacterial isolates, flasks were incubated at 

28±1°C for 15 days in shaking incubator. The samples were 

collected on 15th day.  pH of the culture medium was 

recorded after incubation. The aliquot of the medium was 

centrifuged (7000 rpm, 15 minutes) and filtered (0.22 µm). 

For the determination of soluble zinc content the culture 

supernatant was directly inject to atomic absorption 

spectrophotometer. The total amount of solubilized zinc was 

taken by comparing the solubilized Zn of the inoculated 

sample from the corresponding un-inoculated control and 

expressed as µg /mL of Zn culture (Saravanan et al., 2003). 

Total 52 rhizobacterial colonies were selected and from them 

only 14 were positive for zinc solubilization (Qualitative). On 

the basis of halo-zone diameter, solubilizing area, pH 

reduction and zinc solubilizing ability, out of 14 bacterial 

isolates, 10 isolates were selected for further screening of 

bacteria for plant growth promotion activity 
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Growth room experiment: 

Screening of bacteria for plant growth promotion activities 

in growth room: The experiment was conducted in the growth 

room under axenic conditions to screen the bacteria for plant 

growth promotion activities.  Under controlled conditions 10 

different isolates of zinc solubilizing bacteria were used to 

check the effect of bacteria on the maize seedling. Growth and 

physiological parameters were studied. On the basis of growth 

and physiological parameters one effective growth promoting 

bacterial isolate was selected for identification and 

characterization. 

Identification of the selected bacterial isolate: The selected 

bacterial strain was identified through amplification, 

sequencing and bioinformatics analysis of its 16S rRNA gene 

sequence. For this purpose, crude DNA of the selected isolate 

AZ6 was extracted from the cell culture using proteinase K 

treatment (Cheneby et al., 2004). The 16S rRNA sequence 

was amplified in a thermocycler (Eppendorf, USA) using the 

universal primers 27F (50’-AGA GTT TGA TCH TGG CTC 

AG-30’) and 1492R (50’-TAC GGH TAC CTT GTT ACG 

ACT T-30’) as previously described by Hussain et al. (2011). 

The PCR reaction was carried out using 2.5 µL crude DNA as 

a template following the program as already described by 

Hussain et al. (2013). The size of the amplified 16S rRNA was 

confirmed by separating on 1% agarose gel along with 

GeneRuler 1kb DNA (Fermentas). The 16S rRNA PCR 

product was purified using a PCR Purification Kit (Favorgen, 

Taiwan) and sequenced by Macrogen (Seoul, Korea). 16S 

rRNA of AZ6 was compared with the known nucleotide 

sequences using BlastN accessed at 

www.ncbi.nlm.nih.gov/BLAST. The phylogenetic tree was 

constructed by carrying out the multiple alignments using 

ClustalX (Thompson et al., 1997) and processing the data 

using NJ Plot for neighbor joining method (Perriere and 

Gouy, 1996). The partial sequence was submitted in the 

GenBank database under the accession number KT221633. 

Characterization of selected strain: Bacillus sp. AZ6 was 

characterized for various growth promoting traits. Bacillus sp. 

AZ6 was evaluated for their auxins production as indole 

acetic acid (IAA) equivalents in the presence and absence of 

L-tryptophan as described by Sarwar et al. (1992). Auxin 

compounds (IAA-equivalents) were determined by 

spectrophotometer, using Salkowski coloring reagent. ACC-

deaminase activity was accessed by following the method by 

Honma and Shimomura (1978); Penrose and Glick (2003). 

Siderophores production was measured following the method 

of Schwn and Neilands (1987).  

Organic acids released by the bacterial isolates were 

measured following the method of Butsat et al. (2009). 

Organic acids (cinamic acid, Ferulic acid, caffeic acid, 

chlorggenic acid, syrirgic acid and gallic acid) were 

determined by HPLC (Shimadzu, Japan) with LC 10AT, UV-

visible and SPD 10 AV,) after running the samples along with 

standards for organic compounds 

 

RESULTS 

 

Zinc solubilizing potential of isolated bacteria: Total 52 

rhizobacterial isolates were selected and from them only 14 

were positive for zinc solubilization. Zinc solubilizing 

potential of bacterial isolates with insoluble source of zinc 

(ZnO) was assessed both qualitatively and quantitatively 

under in vitro conditions. The results of zinc solubilization 

potential of isolated bacteria are given below.  

Table 1. Zinc solubilizing potential of isolated bacteria (quantitative & qualitative). 

Bacterial isolates Qualitative (after 5 days) Quantitative (after 10 days) 

Name of parameter 

with units 

Holozone 

diameter (cm) 

Colony 

diameter (cm) 

Area 

(cm2) 

pH Zinc Concentration 

(Broth media) (μg /mL) 

Control    7.07 ab 2.19 kl 

AZ1 1.27 k 0.28 i 1.27 k 7.03 a 3.63 k 

AZ2 1.73 f 0.39 f 2.35 f 6.73 cd 7.54 ef 

AZ3 1.37 j 0.23 k 1.47 j 7.03 a 3.77 jk 

AZ4 1.43 i 0.26 j 1.61 i 6.93 ab 3.97 ij 

AZ5 1.30 k 0.32 h 1.33 k 6.93 ab 4.23 i 

AZ6 3.13 a 0.97 a 7.69 a 4.93 f 13.55 a 

AZ7 2.33 b 0.46 c 4.26 b 6.87 abc 8.31 d 

AZ8 1.60 h 0.35 g 2.02 h 6.60 d 5.77 h 

AZ9 2.17 c 0.53 b 3.71 c 5.43 e 9.45 b 

AZ10 1.73 f 0.34 g 2.36 f 6.67 d 6.63 g 

AZ11 1.90 d 0.42 de 2.84 d 6.63 d 7.76 e 

AZ12 1.87 e 0.41 e 2.75 e 6.77 bcd 6.66 g 

AZ13 1.93 d 0.42 d 2.91 d 6.93 ab 8.68 c 

AZ14 1.67 g 0.38 f 2.18 g 6.73 cd 7.27 f 

Means sharing the same letter do not differ significantly (P< 0.05). 
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Qualitatively assay: In plate assay, the strains produced a 

clear solubilization halo on Bunt and Revira medium 

amended with insoluble zinc sources i.e. zinc oxide. Most of 

the bacterial isolates solubilized zinc better than control. 

Among the bacterial isolates maximum halo-zone diameter 

was observed in AZ6 (3.13 cm). The strains AZ1, AZ3, AZ4, 

and AZ5 showed minimum zinc solubilization while AZ2, 

AZ6, AZ7, AZ9, and AZ13 showed zinc solubilization 

ranging from 1.73 to 2.33 cm holozone. The maximum colony 

diameter was observed in bacterial isolates AZ2, AZ6, AZ7, 

AZ9 and AZ13. Among the bacterial isolates, maximum 

colony diameter was observed in AZ6 (0.97 cm) as compared 

to all bacterial isolates. The bacterial isolates AZ1, AZ3, AZ4, 

and AZ5 showed minimum colony diameter in plates. 

Solubilizing area was calculated and AZ6 showed maximum 

area as compared to other bacterial isolates. 

Quantitative assay: 

Amount of solubilized zinc (µg zinc/mL): Most of the 

bacterial isolates solubilized zinc but AZ6, AZ13, AZ9, AZ7 

and AZ2 (14, 9, 9, 8 and 4 µg zinc/mL respectively) 

performed better than all other bacterial isolates and control 

treatment (2 µg zinc/mL). Among the bacterial isolates, AZ6 

showed maximum zinc solubilization that was 13.55 µg 

zinc/mL. The bacterial isolates, AZ1, AZ3, AZ4, and AZ5 

showed minimum zinc solubilizing activity as compared to 

other isolates (Table 1). 

pH of culture medium: Decrease in pH of the broth medium 

was observed when inoculated with zinc solubilizing bacterial 

isolates as compared to control. Data regarding pH decrease 

is represented in Table 1. Most of the bacterial strains reduced 

pH of the broth media and solubilized insoluble zinc, but 

maximum pH reduction was observed in response to AZ6. 

The bacterial isolates AZ1, AZ3, AZ4, and AZ5 also showed 

decrease in pH.  

Effective zinc solubilizing bacteria for improving growth 

of maize seedlings (growth room study): Ten effective zinc 

solubilizing bacterial isolates were selected on the basis of 

zinc solubilization potential. The selected isolates were 

further screened for their growth promoting activity under 

axenic conditions. The results imply that the zinc solubilizing 

isolates significantly improved the growth of maize seedlings. 

The results are given below. 

Table 2. Effect of zinc solubilizing bacteria on growth of maize seedlings.  

Parameters Shoot length 

(cm) 

Root length 

(cm) 

Shoot fresh 

biomass (g/plant) 

Root fresh 

biomass (g/plant) 

Shoot dry 

biomass (g/plant) 

Root dry biomass 

(g/plant) 

Control 20.33 i 7.70 i 1.707 i 0.43 h 0.29 f 0.12 h 

AZ2 29.00  cd 10.20 de 1.940 e 0.76 f 0.30 f 0.23 f 

AZ6 32.33 a 12.13 a 2.393 a 1.81 a 0.55 a 0.57 ab 

AZ7 29.33 bc 10.43 cd 1.880 g 0.50 g 0.41 d 0.15 g 

AZ8 26.53 f 8.70 h 1.777 h 0.80 e 0.26 g 0.25 e 

AZ9 28.50 d 9.90 e 2.060 d 1.57 b 0.41 d 0.53 b 

AZ10 27.16 e 9.50 f 2.143 c 1.03 d 0.45 c 0.36 c 

AZ11 28.70 d 10.53 c 2.220 b 0.80 e 0.51 b 0.24 ef 

AZ12 25.50 g 8.43 h 2.013 e 1.54 b 0.36 e 0.55 b 

AZ13 29.76 b 11.33 b 2.037 de 1.09 c 0.40 d 0.36 c 

AZ14 24.66 h 9.13 g 1.967 f 1.01 d 0.34 e 0.32 d 

Means sharing the same letter do not differ significantly (P< 0.05). 

 

Table 3. Effect of zinc solubilizing bacteria on physiology of maize seedlings (growth room study). 

Parameters Photosynthetic rate 

(A) (µmol CO2 m-2 s-1) 

Transpiration rate (E) 

(mmol H2O m-2 s-1) 

Stomatal conductance 

(gs) (mmol m-2 s-1) 

Chlorophyll Content 

(Spade value) 

Control 3.23 g  1.11 i 106.67 i  13.10 j 

AZ2 4.23 f 1.41 g 130.33 b 31.36 b 

AZ6 6.14 a 2.32 ab 135.00 a 35.73 a 

AZ7 5.43 b 1.91 e 126.00 c 27.50 d 

AZ8 4.65 cd 1.20 h 115.67 g 14.63 i 

AZ9 4.40 e 2.03 d 122.67 de 20.23 f 

AZ10 4.26 f 1.53 f 118.00 fg 15.90 gh 

AZ11 4.61 d 2.10 c 125.33 cd 22.56 e 

AZ12 4.20 f 1.18 h 112.33 h 15.43 hi 

AZ13 4.74 c 2.19 b 127.33 c 29.30 c 

AZ14 4.30 ef 1.53 f 120.67 ef 16.76 g 

Means sharing the same letter do not differ significantly (P< 0.05). 
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Growth parameters: The data showed positive effect of most 

of the zinc solubilizing bacteria on growth parameters of 

maize (shoot length, root length, fresh and dry shoot and root 

biomass) as compared to un-inoculated control (Table 2). The 

maximum shoot length was observed by AZ6, AZ13, AZ7 

and AZ2. Bacterial isolates AZ6 increased the shoot length up 

to 59% as compared to un-inoculated control. Root length of 

maize seedling was also improved by most of the zinc 

solubilizing bacteria. It was observed that maximum root 

length showed by AZ6 (12.13 cm) and the minimum was 

observed in un-inoculated control (7.70 cm). Other growth 

parameters like fresh and dry shoot and root biomass were the 

maximum by the strain AZ6 as compared to other bacterial 

isolates. It was also observed that AZ6 was best growth 

promoting strain compared to all other strains. 

Physiological parameters: The data showed positive effect of 

most of the isolates of zinc solubilizing bacteria on 

physiological parameters (photosynthetic rate, transpiration 

rate, stomatal conductance and chlorophyll contents) of maize 

as compared to un-inoculated control (Table 3). The 

maximum photosynthetic rate was observed in bacterial 

isolate AZ6. Bacterial isolate AZ6 increased the 

photosynthetic rate by 90% more as compared control. It was 

observed that bacterial isolates including AZ6 improved 

physiological parameters of maize. 

Identification of selected strain: The 16S rRNA gene (1354 

bp) amplified from the strain AZ6 was sequenced; the 

sequence was deposited in the GenBank database under the 

accession number KT221633. The BlastN analysis of the 16S 

rRNA amplicon indicated its maximum similarity (912) with 

the bacterial strains belonging to genus Bacillus. In-silico 

analysis of the 16S rRNA of the bacterial strain AZ6 was 

carried out by constructing the phylogenetic tree following 

the neighbor joining method. The bacterial strain AZ6 was 

observed to be phylogenetically positioned in the cluster 

comprising the bacterial strains belonging to the genus 

Bacillus. Following the phylogenetic relationship of the strain 

AZ6 with several Bacillus sp. (Fig. 1), this bacterial isolate 

was named as Bacillus sp. AZ6. The GeneBank accession 

numbers of the strains used for in-silico analysis are given in 

brackets, whereas, bootstrap values greater than 800% are 

marked as black circles.  

Characterization: Selected zinc solubilizing strain (Bacillus 

sp. AZ6) was characterized for IAA (Indole-3-acitic acid) 

production activity, ACC-deaminase activity, siderophores 

production and release of organic acids by the Bacillus sp. 

AZ6. ACC-deaminase activity (Table 4) of the selected zinc 

solubilizing bacteria was 211.34 α-ketobutyrate nmol g-1 

biomass hr-1. Bacteria had ability to produce auxin (as IAA 

equivalents) both in the presence and absence of L-tryptophan 

(Table 4). In the absence of L-tryptophan produced 12.03 μg 

mL-1 auxin. In the presence of L-tryptophan in the growth 

media auxin production was 35.30 μg mL-1.  

The production of low molecular weight, iron chelating 

siderophores by Zn mobilizing bacterial strain was detected 

on blue agar. The solubilizing bacterial strain expressed the 

 
Figure 1. Neighbor-joining phylogenetic analysis resulting from the multiple alignment of 16S rRNA gene sequence 

of Bacillus sp. with those of other bacterial strains found in Gene Bank database. 
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capability to chelate Fe but with various strength. The 

bacterial metabolites extracted by methanol were analyzed by 

HPLC (Shimadzu, Japan) with LC 10AT, UV-visible and 

SPD 10 AV). The chromatograms of bacterial metabolites 

exhibited different patterns (Fig. 2) and many peaks were 

detected. Based on comparison with the standards, we could 

identify some of the compounds in the metabolites Bacillus 

sp. AZ6. Cinamic acid (9.8 mg L-1), Ferulic acid (8.1 mg L-1), 

Caffeic acid (5.9 mg L-1), Chlorggenic acid (5.8 mg L-1), 

Syrirgic acid (3.8 mg L-1), Gallic acid (3.8 mg L-1) were 

present in the metabolites of Bacillus sp. AZ6. 

 

Table 4. Growth promoting characteristics of Bacillus sp. 

AZ6. 

Character   Value 

ACC Deaminase activity 211.34 α-ketobutyrate nmol g-1 

biomass hr-1 

Auxin production 12.03  μg/mL (Without L-

Tryptophan) 

35.30  μg/mL (With L-

Tryptophan) 

Siderophore production +++ 
 

 
Figure 2. Bacterial metabolite profiles, detected by HPLC. 

 

DISCUSSION 

 

In present study the 52 bacteria were isolated from 

rhizosphere of maize. In plate assay, only 14 bacterial isolates 

showed good potential of zinc solubilizing bacteria from 

insoluble source zinc (ZnO). As the plate assay has some 

limitations, it is not considered as relatively authenticated 

procedure to assess the solubilization and mineralization 

ability of bacteria. Therefore, the bacteria showing good 

potential of zinc solubilizing on agar plate were further tested 

in a broth assay supplemented with ZnO. Similar, studies have 

been conducted by Sarvanan et al. (2003) in which Bacillus 

sp. and Pseudomonas sp. were screened on zinc oxide (ZnO) 

i.e., Zinc solubilizing bacteria isolate to solubilize zinc oxide 

(Di Simine et al., 1998; Saravanan et al., 2007; Sharma et al., 

2014). 

The bacterial isolates capable to solubilize zinc oxide (ZnO) 

were further screened for their plant growth promoting 

activity of maize seedling under axenic conditions. In present 

study different zinc solubilizing bacterial isolates enhanced 

zinc availability to plants.  Results showed that zinc 

solubilizing bacterial isolates significantly improved the 

growth and physiological parameters of maize seedling in a 

growth room experiment. Bacterial isolates increased 

significantly growth and physiological parameters of maize 

plant as compared to un-inoculated control. These finding are 

in agreement with the previous reports that the increase in 

growth of plant might be due to the reason that zinc 

solubilizing bacteria increased the solubilization of nutrients, 

produced different plant growth promoters and siderophores 

that suppressed the pathogens (Kloepper et al., 1989; Arshad 

and Frankenbcrgcr, 1998). Zinc solubilizing bacterial strains 

increased the root length, root hair and surface area, due to 

which the availability of nutrients increased (Biswas et al., 

2000; Adesemoye et al., 2008). According to results AZ6 

improved maximum growth and physiological parameters of 

maize seedling. Maximum growth and physiological 

parameters of maize seedling as compared to all other 

bacterial isolates might be due to AZ6 have more growth 

promoting attributes of AZ6 compared to other strains. 

The selected strain was later identified as Bacillus sp. AZ6. 

Previously it has been reported by Sarvanan et al., 2003 that 

Bacillus sp. has ability to solubilize zinc oxide. The Bacillus 

sp. AZ6.  was characterized for their plant growth promoting 

attributes like auxin production, ACC-deaminase activity, 

siderophores production and organic acid production. Our 

bacterial strain produced IAA, which could be useful while 

interactions with the plants as plant exudates have tryptophan 

that may help the IAA production potential of the bacteria. 

These results are in agreement with earlier reports in which 

IAA producing rhizobacteria were isolated and have 

beneficial impact on plant growth promotion (Ali et al., 

2014). In our study Bacillus sp. AZ6 showed ACC-deaminase 

activity.  ACC-deaminase activity of PGPR help plants to 

withstand stress (biotic and abiotic) by lowering the level of 

the stress hormone ethylene through the activity of enzyme 

ACC-deaminase, which hydrolyses ACC in to α-ketobutarate 

and ammonia instead of ethylene (Arshad et al., 2007). In our 

study the strain expressed siderophore production. 

Siderophores are recognized for making iron (Fe) available to 

the plant and the production of the siderophores by the 

microorganisms can bind iron with high affinity, making the 

iron unavailable for the other microorganisms, and thereby 

limiting their growth. These results are similar with the 

previous results of (Gull and Hafeez 2009; Naureen et al., 

2009). 

The organic acids produced by Bacillus sp. AZ6 were cinamic 

acid, ferulic acid, caffeic acid, chlorggenic acid, syrirgic acid, 

Cinamic
acid
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acid
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acid
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acid
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acid
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acid
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gallic acid. These acids solubilized the insoluble source of 

zinc by lowering pH. The organic acid production by the 

bacteria can directly facilitate the Zn by changing the soil 

colloids surface charge and reducing sorption (Jones, 1998). 

 

Conclusion:  Zinc solubilizing bacterial strain Bacillus sp. 

AZ6 solubilized insoluble source of zinc (ZnO) and had the 

ability to improve growth of maize. 
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