
 

 

 

INTRODUCTION 

 

Rice is the 2nd most important staple food and cereal grain 

after wheat in Pakistan (Pakistan Economics Survey,2018-

2019) and more than 3 billion people in the world consume it 

as their staple food (Salvatierra-Rojas et al., 2017). It is a good 

source of carbohydrates and consists of protein, fat, fiber and 

sugar contents. Its grains also contain vitamin E, vitamin B, 

riboflavin, folate, niacin, thiamine, and pantothenic acid along 

with important minerals like calcium, iron, magnesium, 

phosphorous, potassium, manganese and zinc (USDA, 2016). 

Zinc is an important micronutrient that is essential not only 

for the proper functioning and for optimum growth of crop 

plants but for human and microorganisms throughout their 

life cycle (Shaikh and Saraf, 2017). In plants, it is required to 

produce phytohormones, chlorophyll and starch synthesis 

(Rehman et al., 2018), metabolism and oxidation of 

carbohydrates and nitrogen, protein synthesis, 

photosynthesis, resistance against stress and diseases, and 

pollen formation (Cakmak, 2008; Gurmani et al., 2012). 

Plants are the source of entrance of zinc in humans so its 

deficiency in plants leads to the deficiency in humans that is 

harmful for vital body organs (Devi et al., 2014). 

Zn deficiency is ranked as 4th important micronutrient 

deficient in human (Zhang et al., 2011) and affected the 

approximately two billion people in the world (Devi et al., 

2014). In Pakistan, about 40% of women and children are 

suffering from zinc deficiency (GOP, 2009). Globally, its 

deficiency caused the 18% malaria, 16% respiratory disorder 

and 10% diarrhea with 800,000 deaths in a year (WHO, 

2012). Pakistani soils are approximately 70% zinc deficient 

due to the alkaline and calcareous nature, low organic matter, 

and high pH and calcium carbonate contents in the soil (Imran 

et al., 2014; Hussain et al., 2018).  

Zinc solubilizing bacteria (ZSB) solubilize the insoluble zinc 

compounds in soil so it becomes available for plant uptake 

(Mumtaz et al., 2017). Rhizobacteria produce several organic 

acids (Fasim et al., 2002; Saravanan et al., 2007) that can 

decrease the soil pH and increase Zn availability (Havlin et 

al., 2005). Rhizobacteria also secrete the chelating ligands, 

vitamins, amino acids that have been reported to solubilize Zn 

from insoluble forms available in soil (Saravanan et al., 

2004). Zinc solubilizing strains from different rhizobacterial 

genera like Bacillus (Mumtaz et al., 2017, 2018), 

Pseodomonas (Bapiri et al., 2012), Gluconacetobacter 

(Intorne et al., 2009), Burkholderia and Serratia (Dinesh et 

al., 2015) have been reported. Mumtaz et al. (2017) reported 

that thirteen isolates out of seventy were able to solubilize 

zinc under in vivo studies in plate assay.  
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Zinc solubilizing rhizobacteria make available the insoluble indigenous zinc compounds in soil thus can improve plant growth. 

Current study was conducted to isolate (labelled as AN1, AN2……...AN75) and screen the rhizobacterial strains having zinc 

solubilizing ability, from rice rhizosphere. These zinc solubilizing rhizobacteria were further screened for their potential of 

exopolysaccharides and indole-3-acetic acid production. The selected rhizobacterial isolates were also screened under axenic 

conditions for their ability to improve growth of rice seedlings. The isolates AN24, AN30, AN31 and AN35 showed the best 

results to improve germination, growth, and vigor index of rice seedlings. These isolates also improved the soil bacterial 

population and root colonization. The compatible assay showed that only 33% combinations of the selected strains were 

compatible. The compatible combinations were evaluated for their combined effect on rice seedlings in second jar trial. Results 

indicated that combinations AN24 with AN31, AN30 with AN31 and AN30 with AN35 were better to stimulate growth of rice 

seedlings as compared to others. These isolates were identified as Bacillus megaterium strain AN24, Bacillus aryabhattai strain 

AN30, Bacillus megaterium strain AN31 and Bacillus megaterium strain AN35 through 16S rRNA sequencing. The 

biochemical characterization of these strains showed that all these strains were Gram positive, solubilized the insoluble 

phosphate, hydrolyzed the starch, and can produce siderophores. Therefore, the study provides a strong base for developing 

biofertilizer from Bacillus strains having ability to solubilize indigenous zinc oxide through multifarious plant growth 

promoting traits. 

Keywords: Bacillus, zinc solubilization, rice, growth promotion, insoluble source. 



Naseer, Ahmad, Hussain & Jamil 

 1058 

In addition to solubilize zinc, rhizobacterial strains also have 

the ability to fix nitrogen (El-Sayed et al., 2014), solubilize 

phosphorous, produce different enzymes such as catalase, 

oxidase, urease, protease, lipase, chitinase and lipase along 

with production of siderophores, exopolysaccharides and 

phytohormones (Imran et al., 2014; Mumtaz et al., 2017). 

These bacteria have also been reported to have antagonistic 

ability against pathogenic fungi like Sclerotinia clerotiorum 

and Fusarium oxysporum, and nematodes species 

Meloidogyne incognita (El-Sayed et al., 2014). 

The inoculation with ZSB can improve the zinc contents, 

shoot growth, and panicle emergence index in rice crop (Tariq 

et al., 2007). In another study, Shakeel et al. (2015) 

documented that inoculation with zinc solubilizing 

rhizobacterial strains caused improvement in chlorophyll 

contents, growth parameters, grain and straw yield, and zinc 

translocation in several varieties of rice. The sole and 

combined inoculation of zinc solubilizing Burkholderia strain 

BC and Acinetobacter strain AB and Acinetobacter strain AX 

improved the number of yield and yield components, total 

zinc uptake pot-1, straw and grain yield in rice (Vaid et al., 

2014). The zinc solubilizing Acinetobacter strain AGM3 and 

AGM9 have also been reported to improve growth of rice 

plants (Gandhi and Muralidharan, 2016). Hussain et al. 

(2015) and Mumtaz et al. (2018) observed that zinc 

solubilizing Bacillus sp. significantly improved the 

chlorophyll contents, transpiration rate, photosynthetic rate, 

stomatal conductance, along with improvement in growth 

parameters of maize seedlings. 

The concentration of micronutrients like Zn and Fe in rice 

grains is low as compared to other cereals like maize and 

wheat (USDA, 2016). Rice being staple food with low Zn 

concentration cannot fulfill daily recommended dose of vital 

micronutrient thus leads to its deficiency. Current study was 

planned to isolate, screen and identify the zinc solubilizing 

rhizobacterial strains and their effect as sole and in combined 

form on rice growth under controlled conditions. 

 

MATERIAL AND METHODS 

 

Isolation of rhizobacteria: For the isolation of rhizobacteria, 

rhizosphere soil samples with rice roots were collected from 

different rice growing areas of tehsil Ahmadpur and Yazman, 

and research area of University College of Agriculture and 

Environmental Science, the Islamia University of 

Bahawalpur, 63100-Pakistan. The samples were brought in 

laboratory and air dried for five to seven days. After that, 

rhizosphere soil was separated from the roots and suspension 

was prepared by using the dilution plate technique (Wollum, 

1982). The suspension (1 mL) of each soil sample was spread 

on petri plates having sterilized DF (Dworkin and Foster) 

minimal medium modified with ZnO (0.1%) instead of 

soluble Zn source. After purification, cultures were stored at 

low temperature in glycerol for further experimentation.  

Screening of rhizobacteria 

Zinc solubilization assay: Seventy-five pure bacterial isolates 

were grown on tris-minimal salt medium amended with 0.1% 

zinc oxide as insoluble zinc source (Fasim et al., 2002). After 

seven days, the isolates showing the clear halo zones around 

colonies were considered as potential solubilizers of insoluble 

zinc. The colony and halo zone diameter were recorded for 

these isolates. Zinc solubilization area (ZSA), zinc 

solubilization efficiency (ZSE) and zinc solubilizing index 

(ZEI) were calculated through their respective formulas as 

described by Sharma et al. (2014). 

Zinc solubilization area= πr2 

 

 
Selected isolates were checked for their effect on pH of the 

growth media. Fifty ml of sterilized tris-minimal salt broth 

was taken in 100 mL conical flasks and inoculated with 

specific bacterial cultures. The un-inoculated control broth 

was taken as control. The flasks were incubated in the shaking 

incubator at 100 revolutions per minute. After two weeks of 

incubation, pH of the un-inoculated control and each of 

bacterial cultures was measured by pH meter. The culture and 

un-inoculated control were centrifuged and filtered. The 

filtrate was injected to atomic absorption spectrophotometer 

(Model 240 FS, Agilent, USA) to determine the quantity of 

solubilized zinc. 

Exopolysaccharides production: The production of 

exopolysaccharides (ESP) by zinc solubilizing bacterial 

isolates was tested by following the method of Muminah et 

al. (2015). Selected zinc solubilizing rhizobacterial isolates 

were inoculated on ATCC (American Type Culture 

Collection) No. 14 medium and incubated at 30 ± 1 °C. The 

isolates showing mucoid growth after forty-eight hours of 

incubation were considered as positive for 

exopolysaccharides production. 

Indole-3-acatic acid (IAA) production: The 

exopolysaccharides producing zinc solubilizing 

rhizobacterial isolates were tested for IAA production by 

following the procedure of Brick et al. (1991). The 48-h old 

bacterial cultures were separately inoculated in DF minimal 

broth with and without L-tryptophan (5% solution) and 

incubated at 30 ± 1 °C for forty-eight hours. Then culture was 

filtered, and 3 mL filtrate was taken. After that 2 mL of 

Salkawoski reagent was added in it. The product was left for 

30 minutes for the development of color. The standard curve 

was prepared through standard solution and auxins production 

was measured at 535nm using spectrophotometer (Cary 60, 

Agilent USA). 

Screening of ZSB for improving growth of rice seedlings: A 

jar trial was conducted under controlled conditions to screen 

the selected ZSB isolates for their efficiency to improve the 

growth of rice seedlings. The broth culture of specific 

Zinc Solubilization efficiency = solubilization diameter x100  

     Growth diameter 
Zinc solubilization index = colony diameter + halo zone diameter  

Colony diameter 
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rhizobacterial isolates was prepared by incubating at 30 ± 1 

°C for 2 days. Plastic jars were filled with soil moisturized by 

using half strength Hoagland solution prepared by using the 

standard recipe as described by Hoagland and Arnon (1950) 

and sterilized for 20 minutes at 121 °C. Rice seeds (variety 

PK 386) were surface sterilized followed by inoculation with 

respective broth culture for 20 minutes. For control, the rice 

seeds were dipped in autoclaved broth lacking bacterial 

culture. Ten seeds were sown in each jar and placed in growth 

room. The germination data were recorded for 7 days and four 

seedlings in each jar were maintained. After 20 days of 

sowing, rice seedlings were harvested to record data regarding 

growth parameters. Seedling vigor index (I) (Abdul-baki and 

Anderson, 1970), seedling vigor index (II) (Hossein and 

Kasra, 2011), and tissue water contents (Black and Pritchard, 

2002) were also calculated. The roots of rice and soil adhering 

rice roots were also collected to check root colonization 

ability of bacterial strains (Simons et al., 1996) and bacterial 

population in rhizosphere (Wollum, 1982). 

Seedling vigor index (I) = Germination percentage x  

[Root length (cm) + Shoot length (cm)] 

Seeding vigor index (II) = Dry weight of seedlings (mg) x 

 Germination percentage 

 
Compatibility assay for zinc solubilizing rhizobacterial 

isolates: The isolates selected were tested for compatibility 

with each other by adopting the procedure of Fukui et al. 

(1994). The rhizobacterial isolates in all possible 

combinations were streaked on modified DF minimal medium 

vertically and horizontally to each other and incubated 30 ± 1 

°C for 72 h. After incubation, the zone of inhibition was 

noted. 

Screening of effective combinations of ZSB isolates for 

improving the growth of rice seedlings: 

A jar trial was conducted to screen the effective combinations 

of selected ZSB isolates for their efficacy to improve the 

growth of rice seedlings under controlled conditions. The 

inoculum was prepared as described above, and rice seeds 

were inoculated with respected mixed (1:1) broth culture for 

20 minutes. For control, the seeds were dipped in sterilized 

broth lacking bacterial culture. Same growth conditions and 

procedures were used as described above. The growth 

parameters were recorded, and calculations were carried out 

as described above. 

Identification of strains: Identification of selected strains 

(AN24, AN30, AN31 and AN35) carried out through 16S 

rRNA gene sequencing. The crude DNA was extracted 

according to the method described by Cheneby et al. (2004) 

following by amplification of 16S rRNA gene in PCR 

machine. The universal primers were used for forward and 

reverse reactions as described by Hussain et al. (2011). The 

sequencing was carried out through commercial service of 

Macrogen (Seoul, Korea). For identification, the partial 

sequences of 16S rRNA gene of strains (AN24, AN30, AN31 

and AN35) were subjected to MEGA 7.0.14 software. The 

blastn search was carried out on NCBI server 

(www.ncbi.nlm.nih.gov/BLAST) for similar sequences. The 

phylogenetic and molecular analyses were performed using 

procedure of Roohi et al. (2012) on MEGA version 7.0.14 

software (Kumar et al., 2016). The neighbor-Joining method 

was used to infer evolutionary history (Saitou and Nei, 1987) 

and evolutionary distances were measured via Maximum 

Composite Likelihood method as described by Tamura et al. 

(2004). 

Characterization for morphological, biochemical and PGP 

attributes of selected strains: Gram staining and colony 

morphology of selected strains AN24, AN30, AN31 and 

AN35 was carried out by using standard method (Vincent, 

1970). The selected rhizobacterial isolates were spot 

inoculated on Pikovskaya’s agar medium (Pikovskaya, 1948) 

for the solubilization of tri-calcium phosphate as an inorganic 

phosphate source. After incubation period, the strains showed 

the clear halo zone around the bacterial colonies were 

considered as positive and measure their colony and halo zone 

diameters. The phosphate solubilization area (PSA), 

phosphate solubilization efficiency (PSE), and phosphate 

solubilization index (PSI) were calculating by using 

respective formulas as reported by Sharma et al. (2014). For 

the quantification of phosphate, rhizobacterial strains were 

inoculated in Pikovskaya’s broth and incubated for 2 weeks. 

The pH of the broth culture was observed by pH meter and 

available phosphate contents were measured by adopting the 

procedure described by Ryan et al. (2001). The standard 

protocols were adopted to determine the production of 

catalase (MacFaddin, 1980), oxidase (Steel,1961), urease 

(Shruti et al., 2013), protease (Maurhofe ret al., 1995), lipase 

(Omidvari et al., 2008), esterase (Sierra, 1957), chitinase 

(Ramirez et al., 2004), pectinase, cellulose (Dinesh et al., 

2015), ammonia (Cappuccino and Sherman, 1992), 

siderophores (Louden et al., 2011), hydrogen cyanide (Lorck, 

1948), and starch hydrolysis (De Oliveira et al.,2007).  

Statistical analysis: Data were analyzed statistically using 

complete randomized design (CRD), where applicable, to see 

the significance of results and the significance of treatments 

was checked by least significant difference test (ISD) (Steel 

et al., 1997). 

 

RESULTS 

 

Zinc solubilization assay: The current work was performed 

to isolate and characterize the zinc solubilizing isolates from 

rice rhizosphere for developing biofertilizer. Seventy-five 

rhizobacterial isolates were isolated and coded as AN1-

AN75. Out of total, only 24 isolates coded as AN2, AN8, 

AN15, AN16, AN19, AN20, AN24, AN25, AN30, AN31, 

AN33, AN35, AN38, AN43, AN44, AN48, AN51, AN55, 

AN58, AN64, AN66, AN69, AN71 and AN75 were able to 

Tissue water content (%) = (Fresh weight - Dry weight) x 100 

                                                          Fresh weight 
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solubilize insoluble Zn source. In petri plates assay, the 

maximum colony diameter (8.43 mm) was shown by AN30 

followed by AN31 and AN69. The halo zones around 

colonies ranged from 8.05 mm to 21.3 mm. The highest halo 

zone diameter of 21.3 mm was shown by AN31 followed by 

AN30 and AN24. The maximum Zn solubilization area based 

on halo zone diameter (356.70 mm2) was shown by AN31 

which was statistically non-significant with AN30. The Zn 

solubilization efficiency and Zn solubilization indices 

calculated by colony diameter and halo zone diameter 

revealed that maximum values for both parameters were 

observed by AN31 followed by AN30 and AN35. In 

quantitative assay, with increasing quantity of soluble Zn, the 

pH was decreased. The maximum concentration of soluble Zn 

(30. 23 mg/ L) was observed by AN31 followed by AN30 

(29.1 mg/ L) and AN24 (24.9 mg/ L) which were statistically 

significantly different from each other. The maximum 

decrease in broth pH was resulted by AN31 followed by 

AN30 and AN24 (Table 1). 

Exopolysaccharides production: All the zinc solubilizing 

isolates except AN38, AN43, AN44, AN51, AN66 and AN69 

showed mucoid growth on agar plates and were considered 

positive for exopolysaccharides production (Table 2). 

Indole-3-acetic acid production: The isolates positive for 

exopolysaccharides production were subjected to IAA 

production assay. All the tested rhizobacterial isolates 

produced IAA but the isolates produced more quantity of IAA 

in the presence of 5 % L-tryptophan ranging from 2.81 to 18.1 

mg L-1 as compared to that of without L-tryptophan. Isolate 

AN24 produced the maximum quantity (18.1 mg L-1) that was 

statistically significantly different from other isolates. The 

isolates AN35 and AN31 were the next best, which produced 

16.7 and 15.91 mg IAA L-1, respectively, in the presence of 

L-tryptophan. Without L-tryptophan, the highest amount of 

IAA was produced by AN24followed by AN35 and AN31, 

which were also statistically significantly different from each 

other (Table 2). 

Screening of zinc solubilizing rhizobacteria: Results showed 

that inoculation showed the improvement in germination 

percentage and growth parameters of rice seedlings. 

Inoculation with zinc solubilizing isolates AN24, AN30, 

AN31, AN35 and AN75 showed the 100% germination at day 

7 of sowing. Isolates AN24, AN35 and AN30 caused the 

maximum increase of 33.3, 30.6 and 28.3%, respectively, in 

the shoot length of rice seedlings which was statistically 

significantly better than un-inoculated control. The lowest 

Table 1. Effectiveness of rhizobacterial isolates to solubilize insoluble zinc source (ZnO) during in vitro assay. 

Zinc 

solubilizing 

Isolates 

Colony diameter in 

Zn solubilization 

assay (mm) 

Zn halo zone 

diameter 

(mm) 

Zn 

solubilization 

area (mm2) 

Zn 

solubilization 

efficiency (%) 

Zn 

solubilization 

index 

Zn conc. 

in broth 

(mL/ L) 

pH of 

broth 

AN2 7.18 d-f 8.65 mn 58.98 mn 120.78 m 2.21 m 14.41 op 6.46 ab 

AN8 6.80 fg 12.10 ij 115.04 hi 178.17 e-h 2.78 e-h 17.83 ij 5.61 g 

AN15 7.25 c-f 14.13 cd 156.66 cd 195.31 c 2.95 c 23.68 d 4.36 lm 

AN16 6.93 f 13.25 e-h 137.96 e-g 191.47 cd 2.91 cd 22.38 f 5.37 hi 

AN19 6.98 ef 13.45 d-g 142.27 d-f 193.05 c 2.93 c 22.73 ef 4.90 j 

AN20 7.50 b-f 13.70 d-f 147.74 de 182.86 c-f 2.83 c-f 23.15 d-f 4.62 k 

AN24 7.20 c-f 15.23 b 182.51 b 211.42 b 3.11 b 24.90 c 4.31 l-n 

AN25 6.00 gh 8.05 n 51.11 n 134.99 l 2.35 l 13.85 p 6.59 a 

AN30 8.43 a 20.83 a 340.79 a 247.84 a 3.48 a 29.10 b 4.26 mn 

AN31 8.25 ab 21.30 a 356.69 a 258.44 a 3.58 a 30.23 a 4.11 n 

AN33 7.40 c-f 14.23 cd 158.96 cd 193.14 c 2.93 c 23.48 de 4.39 lm 

AN35 6.75 fg 14.85 bc 173.14 bc 220.77 b 3.21 b 24.63 c 4.34 lm 

AN38 7.00 ef 11.70 j 107.54 ij 167.14 g-j 2.67 h-j 16.90 kl 5.97 ef 

AN43 7.50 b-f 10.25 kl 82.67 kl 136.83 l 2.37 l 15.78 mn 6.23 cd 

AN44 7.28 c-f 10.90 k 93.36 jk 150.73 k 2.51 k 16.40 lm 6.14 de 

AN48 7.50 b-f 11.98 ij 112.72 hi 160.00 i-k 2.60 i-k 17.25 jk 5.83 f 

AN51 5.75 h 9.75 l 74.70 lm 170.33 f-i 2.70 g-i 15.20 no 6.35 bc 

AN55 7.85 a-d 13.05 f-h 133.94 e-g 166.19 h-j 2.66 h-j 19.98 h 5.26 i 

AN58 7.25 c-f 13.50 d-g 143.36 d-f 186.38 c-e 2.86 c-e 22.95 d-f 4.85 j 

AN64 7.75 a-e 13.10 f-h 134.76 e-g 170.63 f-i 2.71 f-i 21.53 g 5.20 i 

AN66 5.58 h 8.95 m 62.92 mn 161.26 i-k 2.61 i-k 14.75 o 6.41 a-c 

AN69 8.00 a-c 12.50 hi 122.73 g-i 157.25 jk 2.57 jk 18.20 i 5.47 gh 

AN71 7.98 a-d 12.75 g-i 127.68 f-h 159.89 i-k 2.60 i-k 19.38 h 5.33 hi 

AN75 7.75 a-e 13.90 de 151.69 de 179.87 d-g 2.80 d-g 23.30 de 4.49 kl 

LSD value 0.8021 0.7876 18.424 12.955 0.1294 0.8278 0.2032 

Means sharing the same letters are statistically not significant at 5% level of probability 
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increase of 4.3% was noted by isolate AN71. The highest 

increase in growth parameters was noted by inoculation with 

isolates AN24. Inoculation also significantly improved the 

seedling vigor index (I) and (II). Isolate AN24 showed the 

maximum increase of 73.6 and 76.4% in seedling vigor index 

(I) and (II), respectively (Table 3). 

 

Table 2. Exopolysaccharides production by zinc 

solubilizing isolates. 

Zinc 

solubilizing 

Isolate 

Exopolysac-

charides 

production 

Indole-3-acetic acid (IAA) 

production (mg L-1) 

Without L-

Tryptophan 

With L-

Tryptophan 

AN2 + 2.10 l 2.81 o 

AN8* + 4.04 jk 4.98 l 

AN15* + 9.10 e 11.50 e 

AN16* + 4.30 ij 5.91 ij 

AN19* + 4.70 h 6.30 h 

AN20* + 4.41 i 6.14 hi 

AN24* + 13.10 a 18.10 a 

AN25 + 2.07 l 2.90 o 

AN30* + 5.50 f 8.10 f 

AN31* + 10.50 c 15.91 c 

AN33* + 5.00 g 6.91 g 

AN35* + 11.40 b 16.70 b 

AN38 - ND ND 

AN43 - ND ND 

AN44 - ND ND 

AN48 + 2.30 l 3.19 n 

AN51 - ND ND 

AN55* + 4.17 ij 5.70 j 

AN58* + 5.11 g 6.70 g 

AN64* + 4.17 ij 5.30 k 

AN66 - ND ND 

AN69 - ND ND 

AN71* + 3.80 k 4.62 m 

AN75* + 9.80 d 12.30 d 

LSD value (p ≤ 0.05) 0.2667 0.2505 
(+) = Positive for exopolysaccharides production, (-) = Negative for 

exopolysaccharides production, ND = not detected; Means sharing 

the same letters are statistically not significant at 5% level of 

probability; (*) = selected for jar trial to test the plant growth 

promoting activity. 

 

The highest increase (37.3%) in root length was noted due to 

inoculation with AN24 followed by AN35 and AN31which 

were statistically significantly better than control. The isolates 

AN24, AN35 and AN31 significantly increased the root fresh 

and dry biomass when compared with un-inoculated control. 

The inoculation with zinc solubilizing isolates gave non-

significant results for improving the root to shoot ratio and 

tissue water contents of rice seedlings in comparison to 

control (Table 4). Bacterial population in the rhizosphere of 

rice seedlings was also higher in case of inoculation with 

AN24 (5.03 × 106 cfu g-1), followed by AN35 (4.91 × 106 cfu 

g-1) and AN31 (4.79 × 106 cfu g-1). The maximum root 

colonization (5.14 × 106 cfu g-1) is shown by isolate AN24 

(Table 4) as observed in root colonization assay. 

Compatibility assay for zinc solubilizing rhizobacterial 

isolates: Results of the compatibility assay showed that less 

than half combinations were compatible with one another. 

Only the combinations AN15-AN24, AN15-AN30, AN15-

AN31, AN20-AN24, AN20-AN30, AN20-AN35, AN24-

AN30, AN24-AN31, AN24-AN35, AN24-AN58, AN30-

AN31, AN30-AN35, AN30-AN58, AN31-AN35 and AN31-

AN75 were compatible with one another as observed by 

consistent growth at intersection of streaking of both strains. 

The remaining combinations showed the zone of inhibition at 

the interception and were considered as incompatible with 

one another. The compatible combinations were selected to 

study the impact of co-inoculation of Zn solubilizing 

rhizobacterial isolates on seedlings growth under axenic 

conditions.  

Screening of effective combinations of ZSB isolates for 

improving the growth of rice seedlings: The plant growth 

promoting ability of selected zinc solubilizing rhizobacterial 

combinations was checked in jar under controlled conditions. 

All the tested combinations showed the ability to promote 

seedling germination percentage and plant growth attributes 

of rice as compared to control however with variable 

efficiency. The combinations AN24-AN31, AN30-AN35 and 

AN30-AN31 were found more competitive in all the 

measured parameters as compared to others. The 100% 

germination percentage was found by inoculation with 

combinations AN24-AN31, AN24-AN35, AN30-AN31 and 

AN30-AN35. The maximum increase of 39.6, 38.8 and 34.4% 

in shoot length due to inoculation with combinations AN24-

AN31, AN30-AN35 and AN30-AN31 was observed. The 

high values for shoot fresh and dry biomass were observed by 

the inoculation with combination AN24-AN31 followed by 

AN30-AN35 and AN30-AN31 which were found statistically 

significantly better than control. The minimum value of 8.9% 

for shoot fresh biomass and 8.5% for shoot dry biomass was 

observed by the combination AN15-AN30. The maximum 

improvement in seedling vigor index (I) (80.6%) and seedling 

vigor index (II) (82%) was found by inoculation with 

combination AN24-AN31 (Table 5). 

The combination AN30-AN35 showed the maximum 

increase (41.9%) in root length followed by AN24-AN31 and 

AN30-AN31 while combination AN20-AN35 showed the 

minimum increase in root length of rice seedlings as 

compared to un-inoculated control. The significant increase 

of 40.7% in root fresh biomass and 41.4% in root dry biomass 

was noted by inoculation with AN30-AN35 followed by 

AN24-AN31 and AN30-AN31. The minimum increase in 

root fresh biomass was expressed by the combination AN20-

AN35 and in root dry biomass, the combination AN20-AN24 
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Table 3. Effect of sole inoculation of zinc solubilizing isolates on germination and growth parameters of rice in jar trial 

under axenic conditions. 

Zinc 

solubilizing 

isolate 

Germination 

percentage 

Shoot length 

(cm) 

Shoot fresh 

biomass (g 

plant-1) 

Shoot dry 

biomass (g 

plant-1) 

Seedling vigor 

index (I) 

Seedling vigor 

index (II) 

Control 77.5 19.35 h 0.0763 i 0.0275 h 1984 j 2129 h 

AN8 85.0 20.33 gh 0.0799 hi 0.0289 g 2312 hi 2454 g 

AN15 97.5 23.00 c-e 0.0915 cd 0.0332cd 3002 cd 3237 bc 

AN16 90.0 20.83 f-h 0.0826 f-h 0.0301 fg 2495 gh 2705 ef 

AN19 95.0 21.80 d-g 0.0856 e-g 0.0310 ef 2757 ef 2943 d 

AN20 92.5 21.53 e-g 0.0862 ef 0.0311 ef 2657 fg 2875 de 

AN24 100.0 25.80 a 0.1032 a 0.0376 a 3445 a 3755 a 

AN30 100.0 24.83 ab 0.0992 ab 0.0363 ab 3323 ab 3630 a 

AN31 100.0 24.63 a-c 0.0983 b 0.0359 b 3305 ab 3585 a 

AN33 97.5 22.68 de 0.0895 c-e 0.0325 cd 2961 c-e 3167 bc 

AN35 100.0 25.28 a 0.1010 ab 0.0369 ab 3378 a 3685 a 

AN55 90.0 20.65 f-h 0.0818 gh 0.0299 fg 2491 gh 2687 ef 

AN58 95.0 22.08 d-f 0.0880 de 0.0320 de 2797 d-f 3040 cd 

AN64 87.5 20.58 f-h 0.0815 gh 0.0296 g 2388 hi 2591 fg 

AN71 82.5 20.18 gh 0.0800 hi 0.0291 g 2232 i 2401 g 

AN75 100.0 23.40 b-d 0.0923 c 0.0337 c 3118 bc 3370 b 

LSD value (p ≤0.05) 1.7330 0.0043 0.0013 231.69 214.01 

Means sharing the same letters are statistically not significant at 5% level of probability (n = 4). 

 

Table 4. Effect of sole inoculation of zinc solubilizing isolates on root growth, root/ shoot ratio, soil bacterial population 

and root colonization of rice crop in jar trial under axenic conditions. 

Zinc 

solubilizing 

isolate 

Root 

length 

(cm) 

Root fresh 

biomass 

(g plant-1) 

Root dry 

biomass 

(g plant-1) 

Root/ Shoot 

ratio 

Tissue water 

contents (%) 

Soil bacterial 

population 

(× 106 cfu g-1) 

Root 

colonization 

(× 107 cfu g-1) 

Control 6.30 f 0.0124 h 0.0075 f 0.325 a 63.40 a 0.00 m 0.00 l 

AN8 6.93 d-f 0.0132 f-h 0.0082 d-f 0.341 a 63.83 a 2.82 l 3.30 h 

AN15 7.75 c 0.0151 b-d 0.0092 a-d 0.337 a 63.73 a 4.34 e 4.13 e 

AN16 6.90 d-f 0.0135 f-h 0.0081 d-f 0.332 a 63.61 a 3.30 i 2.28 k 

AN19 7.23 c-e 0.0141 d-g 0.0084 d-f 0.332 a 63.84 a 3.78 gh 4.24 de 

AN20 7.25 c-e 0.0139 e-g 0.0085 c-f 0.337 a 63.97 a 3.67 h 3.85 f 

AN24 8.65 a 0.0168 a 0.0102 a 0.335 a 63.62 a 5.03 a 5.14 a 

AN30 8.40 ab 0.0160 a-c 0.0097 a-c 0.326 a 63.41 a 4.71 cd 4.61 c 

AN31 8.43 a 0.0162 ab 0.0098 ab 0.343 a 63.53 a 4.79 bc 4.83 b 

AN33 7.73 c 0.0150 c-e 0.0090 a-e 0.341 a 63.67 a 4.15 f 3.84 f 

AN35 8.50 a 0.0164 a 0.0100 a 0.337 a 63.52 a 4.91 ab 5.01 ab 

AN55 7.03 de 0.0133 f-h 0.0080 d-f 0.341 a 63.51 a 3.18 ij 2.65 j 

AN58 7.38 cd 0.0142 d-f 0.0086 b-f 0.334 a 63.64 a 3.92 g 3.63 g 

AN64 6.73 ef 0.0131 gh 0.0079 ef 0.328 a 63.70 a 2.94 kl 3.16 h 

AN71 6.88 d-f 0.0130 gh 0.0079 ef 0.341 a 63.64 a 3.06 jk 2.97 i 

AN75 7.78 bc 0.0149 c-e 0.0091 a-e 0.332 a 63.49 a 4.57 d 4.36 d 

LSD (p≤0.05) 0.6264 0.0012 0.0013 0.0220 2.0274 0.1664 0.1825 

Means sharing the same letters are statistically not significant at 5% level of probability (n = 4) 
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Table 5. Effect of co-inoculation of zinc solubilizing isolates on germination and growth parameters of rice in jar trial 

under axenic conditions. 

ZSB 

combinations 

Germination 

percentage 

Shoot length 

(cm) 

Shoot fresh 

biomass (g plant-1) 

Shoot dry biomass 

(g plant-1) 

Seedling vigor 

index (I) 

Seedling vigor 

index (II) 

Control 77.5 19.50 i 0.078 h 0.028 i 2016 j 2193 i 

AN15-AN24 95.0 24.55 cd 0.097 cd 0.036 de 3119 de 3368 de 

AN15-AN30 82.5 21.25 h 0.084 g 0.031 h 2362 hi 2534 h 

AN15-AN31 95.0 23.90 de 0.096 d 0.035 e 3027 e 3329 de 

AN20-AN24 85.0 21.90 f-h 0.087 fg 0.032 gh 2484 gh 2678 gh 

AN20-AN30 97.5 22.85 ef 0.091 e 0.033 f 3017 e 3244 e 

AN20-AN35 80.0 21.13 h 0.085 g 0.031 h 2264 i 2472 h 

AN24-AN30 97.5 25.10 c 0.100 c 0.037 c 3268 cd 3587 c 

AN24-AN31 100.0 27.23 a 0.109 a 0.040 a 3640 a 3990 a 

AN24-AN35 100.0 25.23 bc 0.100 c 0.037 cd 3380 bc 3660 bc 

AN24-AN58 87.5 22.10 f-h 0.087 fg 0.032 gh 2591 fg 2775 fg 

AN30-AN31 100.0 26.20 ab 0.105 b 0.039 b 3513 ab 3848 ab 

AN30-AN35 100.0 27.08 a 0.108 ab 0.039 b 3630 a 3960 a 

AN30-AN58 90.0 22.45 fg 0.089 ef 0.031 fg 2714 f 2934 f 

AN31-AN35 97.5 24.45 cd 0.098 cd 0.036 c-e 3229 c-e 3509 cd 

AN31-AN75 82.5 21.60 gh 0.085 g 0.031 h 2381 g-i 2563 gh 

LSD value (p ≤ 0.05) 1.0843 0.0034 0.0013 219.06 215.58 
Means sharing the same letters are statistically not significant at 5% level of probability (n = 4). ZSB = Zinc solubilizing bacteria 

 

Table 6. Effect of co-inoculation of zinc solubilizing isolates on root growth, root/ shoot ratio, soil bacterial population 

and root colonization of rice crop in jar trial under axenic conditions. 

ZSB 

combinations 

Root 

length 

(cm) 

Root fresh 

biomass 

(g plant-1) 

Root dry 

biomass 

(g plant-1) 

Root/ Shoot 

ratio 

Tissue water 

contents 

(%) 

Soil bacterial 

population 

(× 106 cfu g-1) 

Root 

colonization 

(× 107 cfu g-1) 

Control 6.50 j 0.0129 j 0.0081 h 0.333 c 63.16 a 0.00 k 0.00 k 

AN15-AN24 8.28 def 0.0160 def 0.0102 b-e 0.337 bc 63.51 a 4.55 d 4.63 d 

AN15-AN30 7.38 i 0.0143 hi 0.0094 d-g 0.347 ab 63.63 a 3.21 h 3.32 h 

AN15-AN31 8.03 f-h 0.0153 f-h 0.0096 d-g 0.336 c 63.37 a 3.97 f 4.08 f 

AN20-AN24 7.33 i 0.0149 f-i 0.0087 gh 0.334 c 63.84 a 2.72 j 2.80 j 

AN20-AN30 8.13 e-g 0.0161 d-f 0.0098 c-g 0.356 a 63.57 a 4.30 e 4.41 e 

AN20-AN35 7.18 i 0.0139 ij 0.0089 f-h 0.340 bc 63.82 a 2.98 i 3.09 i 

AN24-AN30 8.43 c-f 0.0167 c-e 0.0100 c-f 0.336 c 63.29 a 4.70 cd 4.81 c 

AN24-AN31 9.18 ab 0.0180 ab 0.0114 ab 0.337 bc 63.26 a 5.29 a 5.39 a 

AN24-AN35 8.58 c-e 0.0166 c-e 0.0106 a-d 0.340 bc 63.26 a 4.84 c 4.97 c 

AN24-AN58 7.50 hi 0.0146 g-i 0.0090 f-h 0.339 bc 63.38 a 3.52 g 3.63 g 

AN30-AN31 8.93 a-c 0.0174 a-c 0.0110 a-c 0.341 bc 63.25 a 5.09 b 5.18 b 

AN30-AN35 9.23 a 0.0182 a 0.0115 a 0.341 bc 63.30 a 5.38 a 5.47 a 

AN30-AN58 7.70 g-i 0.0156 e-g 0.0099 c-f 0.343 bc 63.48 a 3.88 f 3.93 f 

AN31-AN35 8.68 b-d 0.0169 b-d 0.0104 a-d 0.355 a 63.27 a 4.86 c 4.90 c 

AN31-AN75 7.23 i 0.0141 h-j 0.0092 e-h 0.334 c 63.53 a 2.59 j 2.67 j 

LSD (p≤0.05) 0.5444 0.0012 0.0012 0.0103 1.6461 0.1694 0.1678 
Means sharing the same letters are statistically not significant at 5% level of probability (n = 4). ZSB = Zinc solubilizing bacteria 

 

showed the minimum effect. The inoculation also improved 

the root to shoot ratio where the maximum value of 0.3555 

was observed when seeds were inoculated with AN20-AN30. 

The value of tissue water contents of rice was also improved 

by inoculation, but the increase was statistically non-

significant with control (Table 6). The high value for the 

bacterial population in the rhizosphere soil and root 

colonization of rice seedlings was observed by inoculation 

with combination AN30-AN35 followed by AN24-AN31 and 

AN30-AN31 (Table 6). 

Identification of zinc solubilizing rhizobacterial strains: The 

results showed that the strains AN24, AN30, AN31, and 

AN35 have 98, 93, 94, and 96% similarities with their 

respective Bacillus strains (Figs. 1, 2, 3 and 4). Following the 
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phylogenetic relationship of the strain AN24 with Bacillus 

megaterium (Fig. 1), AN30 with Bacillus aryabhattai, AN31 

with Bacillus megaterium (Fig. 3) and AN35 with Bacillus 

megaterium(Fig. 4), these bacterial isolates were named as 

Bacillus megaterium strain AN24, Bacillus aryabhattai strain 

AN30, Bacillus megaterium strain AN31 and Bacillus 

megaterium strain AN35, respectively. The resulted 

sequences were deposited in the GenBank database under the 

accession numbers MN005926 (AN24), MN005927 (AN30), 

MN005928 (AN31) and MN005929 (AN35). 

Characterization for morphological, biochemical and PGP 

attributes of selected strains: The selected Zn solubilizing 

strains were grown on DF minimal salt medium for 

determination of their colony morphology. Strains were off-

 
Figure 1. Neighbor-joining phylogenetic tree of Bacillus megaterium strain AN24 (accession #MN005926) with 

closely related bacterial strains in the GenBank database 

 
Figure 2. Neighbor-joining phylogenetic tree of Bacillus aryabhattai strain AN30 (accession #MN005927) with 

closely related bacterial strains in the GenBank database. 

 

 NR 115953.1 Bacillus aryabhattai B8W22 16S ribosomal RNA partial sequence

 NR 043401.1 Bacillus megaterium strain IAM 13418 16S ribosomal RNA partial sequence

 AN24

 NR 117473.1 Bacillus megaterium strain ATCC 14581 16S ribosomal RNA partial sequence

 NR 112636.1 Bacillus megaterium NBRC 15308 ATCC 14581 16S ribosomal RNA partial sequence

 NR 024691.1 Bacillus flexus strain IFO15715 16S ribosomal RNA partial sequence

 NR 118382.1 Bacillus flexus strain SBMP3 16S ribosomal RNA partial sequence

 NR 113800.1 Bacillus flexus strain NBRC 15715 16S ribosomal RNA partial sequence

 NR 158045.1 Bacillus iocasae strain S36 16S ribosomal RNA partial sequence

 NR 108906.1 Bacillus eiseniae strain A1-2 16S ribosomal RNA partial sequence

 NR 146005.1 Bacillus malikii strain NCCP-662 16S ribosomal RNA partial sequence

 NR 132682.1 Bacillus kyonggiensis strain NB22 16S ribosomal RNA partial sequence

 NR 041377.1 Bacillus pocheonensis strain Gsoil 420 16S ribosomal RNA partial sequence

 NR 029002.1 Bacillus drentensis strain IDA1967 16S ribosomal RNA partial sequence

 NR 036766.1 Bacillus bataviensis strain IDA1115 16S ribosomal RNA gene partial sequence

 NR 114093.1 Bacillus bataviensis strain NBRC 102449 16S ribosomal RNA partial sequence

 NR 112636.1 Bacillus megaterium NBRC 15308 ATCC 14581 16S ribosomal RNA partial sequence

 NR 043401.1 Bacillus megaterium strain IAM 13418 16S ribosomal RNA partial sequence

 NR 117473.1 Bacillus megaterium strain ATCC 14581 16S ribosomal RNA partial sequence

 AN30

 NR 115953.1 Bacillus aryabhattai B8W22 16S ribosomal RNA partial sequence

 NR 024691.1 Bacillus flexus strain IFO15715 16S ribosomal RNA partial sequence

 NR 113800.1 Bacillus flexus strain NBRC 15715 16S ribosomal RNA partial sequence

 NR 118382.1 Bacillus flexus strain SBMP3 16S ribosomal RNA partial sequence

 NR 146005.1 Bacillus malikii strain NCCP-662 16S ribosomal RNA partial sequence

 NR 159904.1 Bacillus lacus strain AK74 16S ribosomal RNA partial sequence

 NR 158045.1 Bacillus iocasae strain S36 16S ribosomal RNA partial sequence

 NR 132682.1 Bacillus kyonggiensis strain NB22 16S ribosomal RNA partial sequence

 NR 041377.1 Bacillus pocheonensis strain Gsoil 420 16S ribosomal RNA partial sequence

 NR 146034.1 Bacillus depressus strain BZ1 16S ribosomal RNA partial sequence

 NR 036766.1 Bacillus bataviensis strain IDA1115 16S ribosomal RNA gene partial sequence

 NR 114093.1 Bacillus bataviensis strain NBRC 102449 16S ribosomal RNA partial sequence
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white in color, circular in colony shape, smooth in colony 

surface, opaque in colony transparency, and flat in colony 

elevation (Table 7). 

The biochemical characterizations of zinc solubilizing strains 

are presented in Table 7. All the strains sowed the purple color 

in Gram’s staining test and considered as gram positive. 

Strains expressed the positive result for the catalase by 

making the gas bubbles on slide and negative result for 

oxidase and esterase production. Except AN30, all strains 

were negative for urease activity, lipase, cellulose and 

 
Figure 3. Neighbor-joining phylogenetic tree of Bacillus megaterium strain AN31 (accession #MN005928) with 

closely related bacterial strains in the GenBank database. 

 
Figure 4. Neighbor-joining phylogenetic tree of Bacillus megaterium strain AN35 (accession #MN005929) with 

closely related bacterial strains in the GenBank database. 

 

 NR 036766.1 Bacillus bataviensis strain IDA1115 16S ribosomal RNA gene partial sequence

 NR 114093.1 Bacillus bataviensis strain NBRC 102449 16S ribosomal RNA partial sequence

 NR 041377.1 Bacillus pocheonensis strain Gsoil 420 16S ribosomal RNA partial sequence

 NR 133029.1 Bacillus massiliogorillae strain G2 16S ribosomal RNA partial sequence

 NR 132682.1 Bacillus kyonggiensis strain NB22 16S ribosomal RNA partial sequence

 NR 158045.1 Bacillus iocasae strain S36 16S ribosomal RNA partial sequence

 NR 146005.1 Bacillus malikii strain NCCP-662 16S ribosomal RNA partial sequence

 NR 159904.1 Bacillus lacus strain AK74 16S ribosomal RNA partial sequence

 NR 024691.1 Bacillus flexus strain IFO15715 16S ribosomal RNA partial sequence

 NR 113800.1 Bacillus flexus strain NBRC 15715 16S ribosomal RNA partial sequence

 NR 118382.1 Bacillus flexus strain SBMP3 16S ribosomal RNA partial sequence

 NR 117473.1 Bacillus megaterium strain ATCC 14581 16S ribosomal RNA partial sequence

 NR 043401.1 Bacillus megaterium strain IAM 13418 16S ribosomal RNA partial sequence

 NR 115953.1 Bacillus aryabhattai B8W22 16S ribosomal RNA partial sequence

 AN31

 NR 112636.1 Bacillus megaterium NBRC 15308 ATCC 14581 16S ribosomal RNA partial sequence

 NR 117473.1 Bacillus megaterium strain ATCC 14581 16S ribosomal RNA partial sequence

 NR 043401.1 Bacillus megaterium strain IAM 13418 16S ribosomal RNA partial sequence

 AN35

 NR 115953.1 Bacillus aryabhattai B8W22 16S ribosomal RNA partial sequence

 NR 112636.1 Bacillus megaterium NBRC 15308 ATCC 14581 16S ribosomal RNA partial sequence

 NR 042619.1 Bacillus isabeliae strain CVS-8 16S ribosomal RNA partial sequence

 NR 024691.1 Bacillus flexus strain IFO15715 16S ribosomal RNA partial sequence

 NR 118382.1 Bacillus flexus strain SBMP3 16S ribosomal RNA partial sequence

 NR 113800.1 Bacillus flexus strain NBRC 15715 16S ribosomal RNA partial sequence

 NR 158045.1 Bacillus iocasae strain S36 16S ribosomal RNA partial sequence

 NR 108906.1 Bacillus eiseniae strain A1-2 16S ribosomal RNA partial sequence

 NR 146005.1 Bacillus malikii strain NCCP-662 16S ribosomal RNA partial sequence

 NR 132682.1 Bacillus kyonggiensis strain NB22 16S ribosomal RNA partial sequence

 NR 041377.1 Bacillus pocheonensis strain Gsoil 420 16S ribosomal RNA partial sequence

 NR 036766.1 Bacillus bataviensis strain IDA1115 16S ribosomal RNA gene partial sequence

 NR 029002.1 Bacillus drentensis strain IDA1967 16S ribosomal RNA partial sequence



Naseer, Ahmad, Hussain & Jamil 

 1066 

hydrogen cyanide production. All the tested strains showed 

positive result for the activity of chitinase by making the 

transparent halo zone around colonies in agar plate assay. All 

strains were positive for protease activity, ammonia 

production and starch hydrolysis. All the tested strains were 

scored positive for siderophores production by observing the 

change in color of the CAS medium. 

All the tested strains solubilized the phosphate by making the 

clear halo zone around the bacterial colonies ranging from 

17.73 mm to 19.3 mm on agar plate amended with Ca3(PO4)2. 

The highest phosphate solubilization area (292.47 mm2) was 

measured by strain AN24 followed by AN35 which were 

statistically similar with each other. Phosphate solubilization 

efficiency ranging from 141.52 to 144.11% and phosphate 

solubilization index ranged from 2.42 to 2.44% were also 

found non-significant with each other. Data from quantitative 

assay for phosphate solubilization showed that isolates were 

also able to solubilize the insoluble phosphate in broth 

ranging from 15.31 to 21.01 mg L-1. The maximum phosphate 

solubilization was observed by Bacillus strain AN24 followed 

by AN35, AN30 and AN31. With increasing the quantity of 

soluble phosphate, all the isolates dropped the pH. The 

highest drop in pH of broth was measured by strain AN24 

followed by AN35, AN30 and AN41 (Table 8). 

 

 

Table 7. Colony morphology of ZSB strains on DF minimal medium after forty-eight hours of incubation period and 

their biochemical characterization. 

Character Zinc solubilizing bacterial strains 

Bacillus megaterium 

strain AN24 

Bacillus aryabhattai 

strain AN30 

Bacillus megaterium 

strain AN31 

Bacillus megaterium 

strain AN35 

Colony color Off-white Off-white Off-white Off-white 

Colony shape Circular Circular Circular Circular 

Colony surface Smooth Smooth Smooth Smooth 

Colony transparency Opaque Opaque Opaque Opaque 

Colony margin Entire Entire Entire Entire 

Colony elevation Flat Flat Flat Flat 

Cell shape Rod Rod Rod Rod 

Gram Staining + + + + 

Catalase activity + + + + 

Oxidase activity - - - - 

Urease activity - + - - 

Protease production + + + + 

Lipase production - + - - 

Esterase production - - - - 

Chitinase production + + + + 

Cellulose production - + - - 

Ammonia production + + + + 

Siderophores production + + + + 

HCN production - + - - 

Starch hydrolysis + + + + 
(+) = Positive, (-) = Negative  

 

Table 8. Effectiveness of Zn solubilizing Bacillus strains to solubilize Ca3(PO4)2duringin vitro assay 

Parameter Zinc solubilizing bacterial strains LSD value 

(p ≤ 0.05) Bacillus 

megaterium 

strain AN24 

Bacillus 

aryabhattai 

strain AN30 

Bacillus 

megaterium 

strain AN31 

Bacillus 

megaterium 

strain AN35 

Colony diameter in plate assay (mm) 13.40 a 12.95 ab 12.53 b 13.03 ab 0.7123 

P halo zone diameter (mm) 19.30 a 18.40 bc 17.73 c 18.65 ab 0.7465 

P solubilization area (mm2) 292.47 a 265.86 bc 246.85 c 273.22 ab 21.468 

P solubilization efficiency (%) 144.11 a 142.09 a 141.52 a 143.28 a 3.5768 

P solubilization index 2.44 a 2.42 a 2.42 a 2.43 a 0.0358 

P concentration in broth (mg L-1) 21.01 a 17.18 c 15.31 d 19.85 b 0.6346 

pH of broth 5.34 b  5.71 a 5.83 a 5.46 b 0.2109 
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Figure 5. Solubilization of ZnO during in vitro assay by 

Bacillus strains after 7 days of incubation. The 

clear halo zone around the colonies indicates the 

ZnO solubilization. 

 

DISCUSSION 

 

Zinc is an essential micronutrient for all living organisms 

present on the earth, but it is deficient in Pakistani soils due 

to their alkaline and calcareous nature. Zinc deficiency in 

soils causes the deficiency in human being. The ZSB 

solubilize the insoluble zinc present in the soil and make it 

available for plants use and ultimately for human beings. The 

results of our study show that out of 75 bacterial isolates, only 

24 bacterial isolates indicated the zinc solubilizing ability by 

making the clear halo/ solubilization zone of different 

diameter on agar plates. The Bacillus megaterium strain 

AN31 followed by Bacillus aryabhattai strain AN30 and 

Bacillus megaterium strain AN24 showed the maximum halo 

zone diameter. The variation in halo zone diameter in zinc 

solubilization assay was also reported by different scientists 

in previous reports. For example, Dinesh et al. (2018) 

reported that Bacillus megaterium strain ZnSB2 showed the 

zinc solubilization by making the halo zone of 15.33 mm 

diameter in basal medium amended with insoluble Zn source 

(ZnO). Similarly, Mumtaz et al. (2017) isolated seventy 

rhizobacterial isolates from the maize rhizosphere and 

screened them for zinc solubilization. They found that 

Bacillus strain ZM20 showed the maximum halo zone 

diameter of 22 mm in agar plate. Ramesh et al. (2014) also 

observed the transparent halo zone in tris minimal agar plate 

assay by Bacillus aryabhattai strains MDSR7 and MASR14.  

In our study, the maximum Zn solubilization area was 

calculated for Bacillus megaterium strain AN31 which is 

supported by the results of Hussain et al. (2015) who 

documented that strains varied in their ability to solubilize Zn 

with Bacillus sp. strain AZ6 showing the maximum Zn 

solubilization area. Maximum Zn solubilization efficiency 

(258.44%) and solubilization index (3.59) was observed by 

Bacillus megaterium strain AN31, followed by Bacillus 

aryabhattai strain AN30 and Bacillus megaterium strain 

AN35, respectively, which is supported by previous work of 

Mumtaz et al. (2017) who noted the maximum Zn 

solubilization efficiency up to 296% by Bacillus aryabhattai 

strain S10 and Zn solubilization index up to 3.88 by Bacillus 

strain ZM20. Similarly, Ramesh et al. (2014) reported 175% 

zinc solubilization efficiency by Bacillus aryabhattai. In 

present work, the maximum quantity of solubilized Zn in tris 

minimal broth was observed by Bacillus megaterium strain 

AN31 which is in line with research of Dinesh et al. (2018) 

and Javed et al. (2018). The decrease in pH due to inoculation 

with these strains might be due to the organic acids production 

in the broth which leads the pH toward acidity (Javed et al., 

2018; Dinesh et al., 2018). 

In our work, all the ZSB produced the auxins (IAA) with and 

without L-tryptophan. However, bacteria produced the more 

amounts of auxins in the presence of 5 % L-tryptophan as 

compared to absence of L-tryptophan. The increase in the 

production of IAA in the presence of L-tryptophan is due to 

availability of L-tryptophan as precursor of auxins. These 

findings are in line with the work of Ahmad et al. (2013), 

Ramesh et al. (2014), Abaid-Ullah et al. (2015) and Mumtaz 

et al. (2017). Similarly, Javed et al. (2018) also documented 

that rhizobacterial isolates produced more quantity of auxins 

in the presence of L-tryptophan as compared to in the absence 

of L-tryptophan. In our study, all the identified strains 

produced EPS which were helpful in biofilm development, 

root colonization, and protection from hazardous 

environmental (Vanderlinde et al. 2010). Similarly, Mumtaz 

et al. (2017) and Gontia-Mishra et al. (2017) also found that 

zinc solubilizing rhizobacteria produced the 

exopolysaccharides. 

In our study, identified ZSB possessed numerous plant growth 

promoting traits as observed in different bioassays. The 

results of phosphate solubilization assay indicated that all the 

selected Bacillus strains solubilized the insoluble tri-calcium 

phosphate qualitatively as well as quantitatively like the 

findings of Rashid et al. (2004), Bumunang and Babalola 

(2014) and Ahmad et al. (2018). All the strains were gram 

positive and expressed the positive result for protease, 

chitinase, catalase and ammonia production and starch 

hydrolysis. Similar findings have also been documented in 

previous work of Kamboh et al. (2009), Rana et al. (2011) 

and Sharma et al. (2012). In these studies, only Bacillus 

aryabhattai strain AN30 showed the urease, lipase, cellulose 

and hydrogen cyanide production which was in line with the 

results of Mumtaz et al. (2017) who reported the positive 

results for these characters by Bacillus aryabhattai strains 

ZM31 and S10. The positive results for siderophores 
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production were correlated by earlier reports of Hussain et al. 

(2015), Mumtaz et al. (2017) and Dinesh et al. (2018). 

In our work, sole as well as combined inoculation with ZSB 

promoted the growth of rice seedlings. In sole inoculation, the 

maximum increase in most of the parameters was found by 

Bacillus megaterium strain AN24 followed by Bacillus 

megaterium strain AN35, Bacillus aryabhattai strain AN30 

and Bacillus megaterium strain AN31 while in combined 

inoculation, the maximum increase was noted by Bacillus 

megaterium strain AN24 with Bacillus megaterium strain 

AN31, Bacillus aryabhattai strain AN30 with Bacillus 

megaterium strain AN35 and Bacillus aryabhattai strain 

AN30 with Bacillus megaterium strain AN31. The 

improvement in growth of rice seedlings compared with 

control was due to production of enzymes, hormones, 

ammonia and siderophores and solubilization of nutrients by 

rhizobacteria as observed during in vitro studies. Our results 

are in line with those of Jha (2019) who stated that inoculation 

with zinc solubilizing Pseudomonas pseudoalcaligenes and 

Bacillus pumilus enhanced the plant height and dry weight of 

rice. The sole and co-inoculation with zinc solubilizing 

Bacillus subtilis strain ZM63 and Bacillus aryabhattai strain 

S10 improved the shoot dry biomass, root dry biomass, plant 

height and root length of maize and mung bean (Ahmad et al., 

2019). Javed et al. (2018) observed the improvement in plant 

biomass and root length of wheat in response of inoculation 

with zinc solubilizing rhizobacterial strains. Mumtaz et al. 

(2017) also reported that inoculation with ZSB significantly 

improved the shoot and root growth, and total biomass of 

maize seedlings. The increase in plant growth of rice was also 

noted by inoculation with zinc solubilizing Acinetobacter 

strain AGM3 and AGM9 in previous studies (Gandhi and 

Muralidharan, 2016). 

 

Conclusion: It is concluded that Bacillus megaterium strain 

AN24, Bacillus aryabhattai strain AN30, Bacillus 

megaterium strain AN31 and Bacillus megaterium strain 

AN35 solubilized insoluble ZnO in addition to possessing 

multiple PGP traits. The inoculation with these strains alone 

and in combination improved the growth of rice seedlings and 

increased the bacterial population in the rice rhizosphere. 

These multi-trait strains alone as well as in combined form 

can be attractive bio-inoculant for enhancing the growth, 

productivity and nutrient quality of rice under alkaline and 

calcareous soils. So, the study provides a strong base for 

developing biofertilizer from Bacillus strains having ability to 

solubilize indigenous zinc oxide through multifarious plant 

growth promoting traits. These strains can be further studied 

to explain their mechanisms of solubilizing insoluble zinc 

compounds and their effect in promoting the plant growth and 

productivity under natural conditions. 
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