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A B S T R A C T   

Microbes are a worthwhile organism of the earth that could be formulated as consortium which 
can be utilized as biofertilizers. Consortium-based bioinoculants or biofertilizers are superior to 
single strain-based inoculants for sustainable agricultural productivity and increased micro-
nutrient content in yield. The aim of present study was to evaluate the effect of different com-
binations of beneficial bacteria that are more effective than single-based bioinoculants. The 
current work focuses on the isolation of rhizospheric microorganisms from various cereals and 
pseudocereal crops and the development of a single inoculum as well as a bacterial consortium 
which were evaluated on wheat crop. A total 214 rhizospheric bacteria were sorted out and, 
screened for mineral solubilizing attributes i.e., phosphorus, potassium, zinc and selenium solu-
bilization. Among all the bacterial isolates, four potential strains exhibiting P, K, Zn and Se- 
solubilizing attributes were identified with the help of 16S rRNA gene sequencing as Rahnella 
aquatilis EU-A3Rb1, Erwinia aphidicola EU-A2RNL1, Brevibacillus brevis EU-C3SK2, and Bacillus 
mycoides EU-WRSe4, respectively. The identified strains formulated as a consortium which were 
found to improve the plant growth and physiological parameters in comparison to single culture 
inoculants and control. To the best of our knowledge, the present investigation is the first report 
that has developed the consortium from bacterial strains Rahnella aquatilis EU-A3Rb1, Erwinia 
aphidicola EU-A2RNL1, Brevibacillus brevis EU-C3SK2, and Bacillus mycoides EU-WRSe4. A 
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combination of bacterial strains could be used as liquid inoculants for cereal crops growing in 
mountainous regions.   

1. Introduction 

Wheat (Triticum aestivum L.) is the second most significant cereal crop in India, which is essential for the food and nutritional 
security of the country. Approximately 55% of the world population depends on crop of wheat for about 20% of calories consumption. 
It is the pivotal food grain and staple food crop of the North Indian people which is mostly consumed as breads. Wheat is an important 
source of carbohydrates, proteins, vitamins and minerals [1]. Wheat is a significant component of the diet due to thier agronomic 
adaptability, ease of grain storage and effortlessness of grain into flour conversion, which makes wheat edible, digestible, engaging, 
tasty and satisfying food. Three different types of wheat are grown in India due to the country’s varying environmental circumstances 
and populations eating pattern (bread, durum and dicoccum). Out of them, bread wheat makes up approximately 95% of the overall 
production, while durum wheat contributes 0.4% and dicoccum wheat close is to 1%. 

In India, wheat crop is grown in six diverse agro-climatic zones and its production varies according to nutrient status in soil and 
fertilizers use. The use of fertilizers is most essential factor to produce wheat and it requires higher quantity of chemical fertilizers of 
nitrogen, phosphorus and potassium [2]. Inadequate supply of fertilizers can result in stunted growth and reduced yield. On the other 
hand, excessive application over threshold levels can have negative effects on plant growth which may results in reduced crop pro-
duction [3]. The use of chemical fertilizers also harms human health and causes methemoglobinemia and damages the respiratory and 
vascular system in children; therefore, there is an increasing demand for sustainable approaches worldwide. Therefore, the search for 
sustainable solutions to reduce the negative consequences of intensive farming practices is a more difficult challenge. Hence, re-
searchers worldwide are looking for alternate non-harmful fertilizer sources such as biofertilizers that can maintain the fertility of soils 
[4], and improve growth of plant and agricultural yield [5]. 

Microbes play essential function in both aquatic and terrestrial habitats. They colonize the rhizosphere and entire part of the plants 
(endophytic and phyllospheric region). These microbes enhance the plant growth using direct and indirect mechanismsincluding 
nitrogen fixation; solubilization of phosphorus, potassium, zinc and selenium; production of siderophores, phytohormones, ammonia, 
hydrogen cyanide, and hydrolytic enzymes (chitinase, amylase, and protease); and reduction of ethylene content [6]. Microbes in-
creases and improves the plant nutrient availability, and reduce the requirement of agro-chemicals [7]. Nitrogen fixing and mineral (P, 
K, Zn and Se) solubilizing bacteria used as bioinoculants are important for the plant nourishment as they enhance minerals absorbance 
of the plants [8,9]. 

Biofertilizers when added to soil, seeds or plants, the microbes colonize the rhizosphere or interior parts of the plants and stimulate 
plant growth by increasing the supply of nutrients to the host plant [10]. Bioinoculants are prepared using single or multiple mineral 
solubilizing and other plant growth prompting (PGP) microbial cultures. The microbial consortium is a better bioinoculants than single 
microbial bioinoculants as it covers a diverse set of PGP mechanisms of plant growth promotion [11,12]. In a report, consortium of 
Bacillus megaterium, Arthrobacter chlorophenolicus and Enterobacter sp. was found to promote the growth of wheat by increasing the 
height of plant, yield, weight of the plant, and N and P uptake [13]. In another report, microbial consortium of Bradyrhizobium 
japonicum and B. diazoefficiens were inoculated on soybean as a result found to promote the growth of soybean dry weight of root and 
shoot, seed weight, and grain yield [14]. In the present study, the beneficial rhizospheric microbes were isolated from cereal crops and 
screened for mineral solubilizing and other growth promoting characteristics and developed as microbial consortium which further 
evaluated on wheat. 

2. Materials and methods 

2.1. Sampling, isolation, and characterization of rhizospheric bacteria 

The rhizospheric soil samples were collected from diverse cereals and pseudocereal crops i.e., amaranth, buckwheat, goatgrass, 
maize, millets, and wheat from the foothills of the Shivalik’s, Himachal Pradesh. A total of 9 samples were collected separately in a 
clean plastic bag and stored at 4 ◦C temperature until isolation. Using serial dilution plating technique, the culturable rhizospheric 
bacteria on various selective and non-selective growth media such as nutrient agar media, tryptic soy agar, King’s B agar, T3A agar, and 
ammonium mineral salt (AMS) were isolated [15,16]. The isolated strains were morphologically characterized and further the samples 
were purified (on respective growth media) and preserved on nutrient agar slants and in glycerol stock (25%). 

2.2. Screening of bacteria for mineral solubilizing attributes 

The isolated microbes were screened for P, K, Zn and Se solubilizing attributes. The qualitative and quantitative estimation of 
phosphorus solubilization of bacterial samples were done as per the method described by Pikovskaya [17], and Murphy, Riley [18] 
respectively. The zinc solubilization of microbes were qualitatively and quantitatively determined using Fasim et al. [19] and Francis 
et al. [20] methods, respectively. The K and Se-solubilizing microbes were qualitatively determined by Hu et al. [21], and Ruan-
chaiman et al. [22], respectively. 
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2.3. Identification of selected mineral solubilizing bacterial isolates 

The bacteria were selected based on different mineral solubilizing attributes and they were molecularly identified by genomic DNA 
isolation, followed by 16S rRNA gene amplification. The genomic DNA (gDNA) of the selected efficient bacterial strains were isolated 
as per the method described by Yadav et al. [23]. Subsequently, isolated genomic DNA of bacterial isolates were then subjected to 16S 
rRNA gene amplification using pA and pH primers to obtain fragment (nearly 1540-bp). The purification of amplified PCR products 
using QIA quick purification kit (Qiagen) was done and samples were sent for sequencing to SciGenom lab Ltd., Kochi, Kerala. The 
identification of bacteria was determined using BLASTn program. The partial 16S rRNA gene sequences were submitted to NCBI 
GenBank and accession numbers were assigned. 

2.4. Development of microbial consortium 

The selected four bacterial isolates i.e. EU-A3Rb1 (P-solubilizer), and EU-A2RNL1 (K-solubilizer), EU-C3SK2 (Zn-solubilizers), EU- 
WRSe4 (Se-solubilizer), were used to develop microbial consortiums. The selected efficient bacterial isolates were assessed for their 
compatibility by the plate cross streak method as describe earlier Kaur et al. [24]. On freshly prepared nutrient agar media, cross 
streaking was performed. Strain EU-C3SK2 was firstly seeded on the NA plate after that, EU-A3Rb1, EU-A2RNL1, EU-C3SK2 and 
EU-WRSe4, were streaked perpendicularly to make a square with colonies in the center and permitted to grown at 30 ◦C for 24 h. After 
the incubation period of 24 h, plates were examined for the presence of zones of inhibition at the crossing of the paired strains. The 
compatible strains were then subjected to inoculums preparation, the selected strains were grown in nutrient broth for 30 ◦C for 24 h. 
Afterwards, colony-forming units (CFU) were calculated as 1.85×107 CFU mL− 1 (EU-A3Rb1), 2.92×107 CFU mL− 1 (EU-A2RNL1), 
3.95×107 CFU mL− 1 (EU-C3SK2), and 3.68×107 CFU mL− 1 (EU-WRSe4). The selected potential liquid inoculums of bacterial culture 
were mixed in ratio (1:1). 

2.5. Evaluation and validation of microbial consortium 

Four potential strains with P, K, Zn and Se solubilization attributes were evaluated singly and in combination on wheat cultivar 
UNNAT PBW-343 in an open field and greenhouse conditions in which seeds were bacterized 1–2 h prior to sowing. In open field 
conditions, the experiment was carried out in 6.0 × 1.5 m2 plot in which randomize block design was followed. Under greenhouse 
condition, the experiment was carried out in 30 cm × 30 cm × 26 cm plastic pots filled with non-sterile soil (4 Kg) and in every pot four 
plants were maintained with 6 cm space. All the pots were spaced appropriately to avoid cross contamination. The experiment was 
carried out with a total of fourteen treatments in open field conditions and twelve treatments in green house conditions and each 
experiment was carried out in triplicates. After 30 days microbial consortium and cultures were sprayed with the help of spray bottle in 
each plant. 

2.6. Determination of plant growth and physiological parameters 

To determine the plant’s growth parameters, plant samples from greenhouse (after 90 days of sowing) and open field conditions (45 
and 90 days of sowing) were uprooted in triplicates from each treatment. The plant growth characters i.e., length of shoot/root, and 
weight of fresh/dry plants were measured. Data was recorded in triplicates. The growth and physiological parameters were determined 
using the following formula: % increase = final value–starting value/starting value × 100, in which the “final value (consortium 
treatment) - stating value without inoculation (control) and also calculated in fold. 

2.6.1. Chlorophyll and carotenoids content 
For the determination of photosynthetic pigment (chlorophyll) and carotenoids content of the wheat, fresh leaves of wheat plant 

were homogenized in 80% acetone and centrifuged (10 min; 8000 g). Supernatant was used for the determining the content of 
chlorophyll, and carotenoids by taking absorbance at 645 nm and 663 nm, and 470 nm, respectively. The content of chlorophyll and 
carotenoids was calculated by applying the equations described by Lichtenthaler [25].  

Chl a (mg g− 1 FW) = 12.25 × A663− 2.79 × A645                                                                                                                           

Chl b (mg g− 1 FW) = 21.50 × A645− 5.10 × A663                                                                                                                           

Carotenoids = 1000 × A470–1.82 × Ca – 85.02 × Cb /198                                                                                                              

2.6.2. Total soluble sugar 
According to the protocol of Irigoyen et al. [26], wheat plant leaf samples were pulverized in 95% ethanol and reacted with 

Anthrone reagent to determine total soluble sugar content. Afterwards, sample was put in water bath and kept at 100 ◦C for 10 min, 
and the step was followed by its cooling at room temperature. At 625 nm, the absorbance for the total sugar content was measured, and 
the quantity was given in μg g− 1. 
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2.6.3. Total phenolic content 
The modified Folin–Ciocaltu method was used to determine the total phenol concentration of the different extracts [27]. An aliquot 

of 0.5 mL of each extract 1 mg mL− 1 was mixed with 2.5 mL Folin- Ciocalteu reagent (previously diluted with distilled water 1:10 v/v) 
and 2 mL (75% w/v) of sodium carbonate (Na2CO3). Falcon tubes were vortexed for 15 sec and allowed to settle down at room 
temperature for 30 min for development of purple color. The absorbance of total phenolic content was measured by the using spec-
trophotometer (ILB-360 UV-VIS Double Beam Spectrophotometer) at 765 nm. Gallic acid was used as the standard. In order to plot the 
calibration curve, standard of gallic acid was used. Gallic acid equivalent (μg GAE g− 1), which is a typical reference compound, was 
used to express total phenol values. The experiment was carried out in triplicate, and mean SD values were used to express the results. 

2.6.4. Total flavonoids content 
Total flavonoid content was measured according to the method described by Patel et al. [27]. One milliliter of aliquots and 1 mg 

mL− 1 of leaves extract sample was taken and 4 mL of distilled water and 0.3 mL of 5% sodium nitrite solution was added into each. 
After incubation period of 5 min at room temperature, 0.3 mL of 10% aluminum chloride was added. After 6 min of incubation, 2 mL of 
1 M sodium hydroxide was added. Finally, the volume was made up to 10 mL with distilled water and mixed thoroughly. The 
absorbance was taken at 510 nm in spectrophotometer. The blank was implemented using deionized distilled water. The standard was 
quercetin. The tests on the samples were done in triplicates. Using standard quercetin, the calibration curve was visualized. The data of 
total flavonoids were expressed as μg QE/g− 1. 

2.7. Statistical analysis 

To determine the degree of significance between values, the collected data were statistically examined using Student’s t-test. To 
compare means, the test of least significant difference (LSD) was used [28]. To evaluate significant differences between different 
treatments, it was decided to look for significant differences that have a P value less than and critical difference (CD) at a 5% and 1% 
probability level. The standard error and LSD were calculated. 

3. Results 

3.1. Sampling, isolation, and characterization of rhizospheric bacteria 

A total of 214 rhizospheric bacteria were sorted out from diverse cereal crops. The population of rhizospheric bacterial isolates 
varied from 3.90×106 CFU g− 1 to 9.85×107 CFU g− 1. The greatest bacterial diversity was supported by nutrient agar medium (NA) for 
rhizospheric samples and least population was supported by AMS. 

3.2. Screening of bacteria for mineral solubilizing attributes 

Among 214 isolated bacteria screened for the mineral solubilizing attributes, 48 exhibited the solubilization of P, whereas 23 were 
found as K solubilizers, 29 isolates showed Zn solubilization and 32 showed Se-solubilization attribute. The P-solubilization of forty 
eight isolates ranged from 5.72±0.005 to 194.0±0.05 mg L− 1, and twenty nine isolates showed zinc solubilization in the range 12.01 
±0.05 to 55.6±0.02 mg L− 1. Isolate EU-C3SK2 solubilized highest amount of Zn (55.6±0.02 mg L− 1), whereas strain EU-A2RNL1, and 
EU-WRSe4 was found to be efficient K and Se solubilizer via plate assay method (Table 1). 

3.3. Identification of selected mineral solubilizing bacterial isolates 

The 16S rRNA gene sequencing and BLASTn analysis of four selected efficient strains EU-A3Rb1, EU-A2RNL1, EU-C3SK2, and EU- 
WRSe4 showed <97% similarity with Rahnella aquatilis, Erwinia aphidicola, Brevibacillus brevis, and Bacillus mycoides, respectively. The 
strains EU-A3Rb1 (OM818476), EU-A2RNL1(OM818480), EU-WRSe4 (OP808361), and EU-C3SK2 (OP808362) were deposited at 
ICAR-National Bureau of Agriculturally Important Microorganisms (NBAIM) culture-collection facility, Mau Nath Bhanjan, Uttar 
Pradesh, India. 

Table 1 
Screening of mineral solubilizing microbes of selected bacterial strains.  

Microbes Solubilization Production  

P (mg L− 1) K Zn (mg L− 1) Se Sid HCN NH3 IAA mg/L 

Rahnella aquatilis EU-A3Rb1 194.0±0.05 + + + – + + – 
Erwinia aphidicola EU-A2RNL1 149.5±0.12 +++ + – + + + +

Brevibacillus brevis C3SK2 + + 55.6±0.02 – + – – – 
Bacillus mycoides EU-WRSe4 95.5±0.07 + – + + – – – 

PSB: Rahnella aquatilis EU-A3Rb1; KSB: Erwinia aphidicola EU-A2RNL1; ZnSB: Brevibacillus brevis C3SK2; SSB Bacillus mycoides EU-WRSe4; PSB- 
Phosphorus solubilizing bacteria, K-Potassium solubilizing bacteria, Zn-Zinc solubilizing bacteria, Se-selenium solubilizing bacteria, Sid- 
Siderophores, NH3-Ammonia, HCN-Hydrogen cyanide, IAA-Indole acetic acid. 
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Table 2 
Effect of microbial consortium on wheat under open field conditions after 45 days.  

Treatments Shoot length (cm) Root length (cm) Fresh weight (g) Dry weight (g) Chlorophyll (mg g− 1) Carotenoids (g L− 1) Phenolics (μg g− 1) Flavonoids (μg g− 1) Sugar (μg g− 1) 

MC 82.13j**±0.61 18.23j**±0.84 90.40m**±1.70 10.16l**±0.16 62.46j**±0.43 6.49j±0.70 1.75h**±0.05 7.08j**±0.45 50.63h**±0.94 
PSB 76.50h**±1.19 17.27i**±0.95 82.20l**±1.88 9.33k**±1.36 59.02i*8±0.49 6.13i±0.43 1.39f**±0.02 6.67h*±0.04 33.89e**±0.16 
KSB 77.40i**±1.53 17.20i**±1.21 79.13k**±2.61 8.77j**±0.24 58.04i**±0.35 5.87h ± 0.71 1.28e**±0.03 6.91i*±0.65 35.81f**±0.38 
ZnSB 76.23h**±0.69 16.20h*±1.06 72.83j**±2.72 8.25i**±0.14 58.87i**±1.24 5.60g ± 1.24 1.55g*8±0.04 6.71h*±0.13 43.15g**±0.47 
SSB 76.87h**±1.35 15.37g*±1.44 69.13i**±1.48 8.19i**±0.59 57.93i**±0.11 6.00h ± 0.28 1.29e*±0.02 6.31g*±0.06 33.51e**±0.53 
NPK 100 % 72.80g**±1.42 14.13f±0.45 63.17h**±1.44 7.47h**±0.12 49.26h**±0.39 5.54f±0.16 1.13d**±0.09 6.28g*±0.05 31.70d**±0.96 
NPK 50 % 72.17f**±0.25 13.87f±0.74 61.30g*±2.13 7.18g**±0.01 48.07g**±1.03 5.44f±0.71 1.09d**±0.01 6.14f±0.39 29.11b**±0.35 
Urea 100 % 71.13e**±0.74 13.30e±0.54 57.63f**±0.31 6.40f**±0.09 44.81f**±1.53 5.16e±0.34 1.04c*±0.05 5.95e±0.24 30.40c**±0.60 
Urea 50 % 70.93e**±2.89 12.53d ± 0.86 56.47e**±2.05 6.11e**±0.25 40.98e**±0.45 5.12e±0.48 1.01c*±0.03 5.68d ± 0.01 28.78b**±0.23 
DAP 100 % 70.03e**±2.36 12.13d ± 0.76 54.73d**±1.07 5.92e**±0.54 36.00d**±1.10 4.60d ± 0.45 0.90b ± 0.03 5.72d ± 0.00 29.81c**±0.40 
DAP 50 % 65.00d**±0.62 10.60c±0.45 53.70d*±80.54 5.08d**±0.10 33.22c*±0.59 4.07c±1.04 0.81b ± 0.08 5.45c±0.23 29.39b**±0.07 
K100 % 57.23c*±0.69 10.27c±0.53 45.27c*±2.39 4.40c±0.17 33.19c*±2.77 3.97c±1.88 0.85b ± 0.06 5.40c±0.17 29.74c**±0.59 
K 50 % 54.87b ± 0.29 9.20b ± 0.83 38.90b ± 2.62 3.86b ± 0.63 31.48b ± 0.77 3.11b ± 0.18 0.87b ± 0.03 5.02b ± 0.44 28.51b**±0.55 
Control 47.20a±2.77 8.60a±1.06 28.43a±0.98 2.49a±0.28 27.10a±0.26 2.31a±0.18 0.68a±0.04 4.78a±0.15 22.80a±0.76 
LSD 1.30 0.40 2.20 0.28 1.19 0.15 0.04 0.09 0.90 
SE 4.64 3.13 6.39 1.25 3.07 2.34 0.15 0.80 1.86 
CD 5 % 8.23 5.54 11.32 2.21 5.44 4.14 0.26 1.42 3.30 
CD 1 % 12.31 8.29 16.93 3.31 8.15 6.20 0.40 2.14 4.95 

MC: Rahnella aquatilis EU-A3Rb1, Erwinia aphidicola EU-A2RNL1, Brevibacillus brevis EU-C3SK2, and Bacillus mycoides EU-WRSe4; PSB: R. aquatilis EU-A3Rb1; KSB: E. aphidicola EU-A2RNL1; ZnSB: B. brevis 
EU-C3SK2; SSB: B. mycoides EU-WRSe4. 
[Numerical values are mean ± Standard deviation of mean (SD) of three independent observations]. 
Common superscript code on mean values indicate the non-significant differences among derivatives as based on unpaired Student t-test at p < 0.05. On the other hand, different superscript indicates 
significant differences among lines. 
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Table 3 
Effect of microbial consortium under open field conditions after 90 days.  

Treatments Shoot length 
(cm) 

Root length 
(cm) 

Fresh weight 
(g) 

Dry weight (g) Chlorophyll (mg 
g− 1) 

Carotenoids (g 
L− 1) 

Phenolics (μg 
g− 1) 

Flavonoids (μg 
g− 1) 

Sugar (μg 
g− 1) 

No of tillers No of spikes 

MC 132.70l** 
±2.05 

17.53m** 
±0.53 

191.80l** 
±2.66 

62.00m** 
±1.10 

48.21l**±1.25 6.77i±0.39 0.77e**±0.07 9.48g**±0.00 48.31j** 
±1.73 

13.00k** 
±0.82 

8.67n* 
±0.47 

PSB 115.37j** 
±0.81 

15.00j*±1.36 163.73k** 
±1.60 

52.83k** 
±1.64 

43.08k**±1.71 5.66h ± 0.32 0.45c*±0.07 8.02c**±0.08 39.71i** 
±0.06 

12.00j** 
±0.83 

8.33m* 
±0.94 

KSB 112.60i** 
±2.49 

15.53k*±0.90 151.70j** 
±2.43 

55.23l** 
±1.25 

35.31j*±1.41 4.48d ± 0.20 0.41c*±0.07 9.30f**±0.14 38.74h** 
±0.64 

11.3i**±0.47 7.33l*±0.94 

ZnSB 119.73k** 
±1.13 

16.20l**±0.78 120.67h** 
±1.28 

49.37j** 
±0.77 

34.42i*±0.99 5.53g ± 0.60 0.39c*±0.02 9.19f**±0.19 34.89g** 
±0.35 

10.33h** 
±0.47 

7.00k* 
±1.63 

SSB 115.57j** 
±1.64 

15.57k*±0.45 127.80i** 
±0.59 

47.03i** 
±1.08 

34.41i*±1.84 7.16j±1.50 0.55d**±0.02 8.74e*±0.04 39.99i** 
±0.55 

10.33h** 
±0.47 

6.00j±1.41 

NPK 100 % 107.13h** 
±4.35 

14.90i*±0.45 109.27h** 
±2.92 

42.70h** 
±1.91 

31.44g ± 3.49 5.55g ± 0.62 0.41c*±0.03 8.37d**±0.06 34.46g** 
±0.04 

9.00g*±0.82 5.33i±0.47 

NPK 50 % 96.33c±1.16 13.47h ± 0.87 97.93g** 
±1.27 

41.60h** 
±1.91 

30.23f±2.55 5.29f±0.81 0.33b ± 0.03 8.11c**±0.00 33.00f** 
±6.72 

6.72f*±0.00 4.67h ±

1.70 
Urea 100 % 105.43g** 

±0.62 
12.97g ± 0.33 95.53g** 

±2.56 
36.67g** 
±1.80 

33.16h*±2.98 5.87 ± 0.81 0.32b ± 0.01 7.72b**±0.15 30.80d** 
±0.45 

7.67f*±0.47 4.33g ±

0.47 
Urea 50 % 99.90e*±1.12 12.07f±0.54 91.53f**±1.11 30.30f** 

±1.10 
26.90d ± 2.59 4.32c±0.91 0.29b ± 0.03 8.05c**±0.03 30.30d** 

±0.08 
7.00e±0.82 3.67f±0.94 

DAP 100 % 102.40f*±1.02 11.43e±0.82 77.93e** 
±0.76 

27.70e** 
±0.92 

28.55e±1.59 3.64b ± 0.72 0.24a±0.00 7.83b**±0.20 26.29c*±0.64 6.00d ± 0.82 3.00e±0.00 

DAP 50 % 98.07d*±1.56 11.00d ± 0.22 71.30d** 
±0.62 

24.00d*±1.42 24.72c±0.74 4.67e±1.12 0.23a±0.00 8.38d**±0.04 25.76c*±0.34 5.33c±0.47 2.33d ±

0.47 
K100 % 97.03c±1.92 10.50c±0.43 68.30c** 

±1.49 
20.63c±1.89 24.51b ± 0.20 2.84a±0.72 0.25a±0.01 8.41d**±0.46 23.90b*±1.27 5.33c±0.47 2.00c±0.82 

K 50 % 89.97b ± 1.21 10.03b ± 0.52 50.67b*±3.04 14.40b ± 1.63 23.96b ± 0.96 3.68b ± 0.31 0.19a±0.00 8.97e**±0.03 22.50b ± 0.96 4.33b ± 0.47 1.67b ±

0.47 
Control 86.93a±1.19 9.60a±0.45 37.97a±0.95 12.33a±0.81 21.40a±1.28 4.48 ± 0.27 0.18a±0.00 6.69a±0.00 19.89a±0.37 3.00a±0.00 1.33a±0.47 
LSD 1.64 0.33 5.76 2.06 0.68 0.15 0.09 0.21 0.51 0.40 0.18 
SE 5.94 2.31 6.22 5.13 6.30 2.48 0.11 0.38 3.98 2.34 2.99 
CD 5 % 10.53 4.09 11.01 9.09 11.16 5.02 0.19 0.68 7.06 4.14 5.31 
CD % 15.76 6.13 16.48 13.61 16.70 7.52 0.29 1.03 10.56 6.20 7.94 

MC: Rahnella aquatilis EU-A3Rb1, Erwinia aphidicola EU-A2RNL1, Brevibacillus brevis EU-C3SK2, and Bacillus mycoides EU-WRSe4; PSB: R. aquatilis EU-A3Rb1; KSB: E. aphidicola EU-A2RNL1; ZnSB: B. brevis 
EU-C3SK2; SSB: B. mycoides EU-WRSe4. 
[Numerical values are mean ± Standard deviation of mean (SD) of three independent observations]. 
Common superscript code on mean values indicate the non-significant differences among derivatives as based on unpaired Student t-test at p < 0.05. On the other hand, different superscript indicates 
significant differences among lines. 
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3.4. Evaluation and validation of microbial consortium 

The potential mineral solubilizing microbes including P-solubilizer (R. aquatilis EU-A3Rb1), K-solubilizer (E. aphidicola EU- 
A2RNL1), Zn-solubilizer (B. brevis EU-C3SK2), and Se-solubilizer (B. mycoides EU-WRSe4), were evaluated as single inoculation and 
microbial consortium for plant growth promotion of wheat crop. Growth and physiological parameters of the wheat crop were studied 
under in vitro and in vivo conditions. 

3.5. Effect of microbial consortium on plant growth of wheat crop under natural conditions 

The combined effect of mineral solubilizing bacteria, R. aquatilis EU-A3Rb1, E. aphidicola EU-A2RNL1, B. brevis EU-C3SK2, and 
B. mycoides EU-WRSe4 was singly and in consortium were inoculated on the wheat crop. The result showed the enhancement of growth 
and physiological parameters in 45 and 90 days (Table 2; Table 3; Figs. 1–4). The bacterial consortium incremented the shoot length of 
wheat plant by 12.8%, 15.4%, 17.2%, 43.5% and 74.0% over the chemical fertilizers NPK 100%, DAP 100%, urea 100%, potash 100% 
and untreated control, respectively, in 45 days. Whereas in 90 days, the treatments incremented the shoot length by 23.8%, 25.8%, 
29.5%, 36.7% and 52.6% over the chemical fertilizers NPK 100%, DAP 100%, urea 100%, potash 100% and untreated plant(control), 
respectively. The wheat plant root length was increased by 1.0, 1.0, 1.1, 1.1 and 2.1 fold as compared with singly inoculated PSB (P- 
solubilizer), KSB (K-solubilizer), ZnSB (Zn solubilizer), SSB (Se solubilizer), and untreated control, respectively in 45 days. Root length 
of wheat plant was also incremented by 1.1, 1.1, 1.0, 1.1 and 1.8 fold as compared with singly inoculated PSB, KSB, ZnSB, SSB, and 
untreated control, respectively in 90 days. Consortium of EU-A3Rb1, EU-A2RNL1, EU-WRSe4, and EU-C3SK2 increased the fresh root 
weight of wheat plant by 1.4, 1.5, 1.6 fold, 1.9 and 3.1 fold over the chemical fertilizers NPK 100%, DAP 100%, urea 100%, potash 
100% and untreated control, respectively, in 45 days. The fresh root weight of wheat plant was incremented by microbial consortium 
up to 1.7-fold, 2.0, 2.4, 2.8 and 5.0 fold over the chemical fertilizers NPK 100%, DAP 100%, urea 100%, potash 100% and untreated 
control, respectively, in 90 days. The dry weight of the wheat plant was incremented by the consortium up to 4.8 and 5.0 fold over the 
untreated control, respectively, in 45 and 90 day. 

The EU-A3Rb1, EU-A2RNL1, EU-WRSe4, and EU-C3SK2 consortium showed highest chlorophyll content up to 1.05, 1.07, 1.06, 
1.07 and 2.3 folds over PSB, KSB, ZnSB, SSB, and untreated control, respectively in 45 days and in 90 days showed up to 1.1, 1.3, 1.4, 
1.4 and 2.2 folds over PSB, KSB, ZnSB, SSB, and untreated control, respectively. Carotenoids content of the wheat plant was enhanced 
by the consortium of EU-A3Rb1, EU-A2RNL1, EU-WRSe4, and EU-C3SK2 (6.49±0.70 g L− 1), over PSB (6.13±0.43 g L− 1), KSB (5.87 
±0.71 g L− 1), ZnSB (5.60±1.24 g L− 1), SSB (6.00±0.28 g L− 1), and un-inoculated control (2.31±0.18 g L− 1) in 45 days. In 90 days, the 
increase in carotenoid content was observed to be highest in consortium (6.77±0.39 g L− 1), over PSB (5.66±0.32 g L− 1), KSB (4.48 
±0.20 g L− 1), ZnSB (5.53±0.60 g L− 1), SSB (7.16±1.50 g L− 1), and un-inoculated control (4.48±0.27 g L− 1). The combined effect of 
bacterial strains EU-A3Rb1, EU-A2RNL1, EU-WRSe4, and EU-C3SK2 was found to enhance the total soluble sugar content by 1.5, 1.6, 
1.6, 1.7 and 2.2 fold over chemical fertilizers NPK 100%, DAP 100%, urea 100%, potash 100% and untreated control, respectively in 
45 days. In 90 days, microbial consortium enhanced the sugar content up to 1.4, 1.5, 1.8, 2.0 and 2.4 fold over chemical fertilizers NPK 
100%, DAP 100%, urea 100%, potash 100% and untreated control. The phenolic content of the wheat plant was incremented over PSB, 
KSB, ZnSB, SSB and untreated control by 1.2,1.3, 1.1, 1.3 and 2.5 fold respectively, in 45 days and in 90 days showed the increment by 
the microbial consortium up to 1.7, 1.8, 1.9, 1.4 and 4.2 folds over PSB, KSB, ZnSB, SSB, and untreated control, respectively. The 
content of flavonoids of wheat plant was incremented by the microbial consortium up to 13.2%, 18.9%, 23.7%, 31.1% and 48.4% over 

Fig. 1. The effect of the microbial consortium developed from strains Rahnella aquatilis EU-A3Rb1, Erwinia aphidicola EU-A2RNL1, Brevibacillus 
brevis EU-C3SK2, and Bacillus mycoides EU-WRSe4 on growth parameters of wheat under in vivo condition after 45 days. EU-A3Rb1 (P-solubilizer), 
and EU-A2RNL1 (K-solubilizer), EU-C3SK2 (Zn-solubilizers), EU-WRSe4 (Se-solubilizer); MC: Microbial consortium; PSB: Phosphorus solubilizing 
bacteria; KSB: Potassium solubilizing bacteria; ZnSB: Zinc solubilizing bacteria; SSB: Selenium solubilizing bacteria; NPK: nitrogen, phosphorus and 
potassium chemical fertilizer; DAP: Di-ammonium phosphate; K: Potash. 
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the chemical fertilizers NPK 100%, DAP 100%, urea 100%, potash 100% and untreated control, respectively in 45 days. In 90 days, 
consortium incremented the flavonoids content of wheat plant by 13.2%, 22.7%, 21.0%, 12.7% and 41.70% over the chemical fer-
tilizers NPK 100%, DAP 100%, urea 100%, potash 100% and untreated control, respectively. 

3.6. Effect of microbial consortium on plant growth of wheat crop under green house conditions 

The greenhouse experiment showed that plants inoculated with a diverse combination of microbial consortia with reduced levels of 
fertilizers were statistically comparable to plants with a recommended dosage of fertilizers. Shoot length of the wheat plant was 
significantly higher by the treatments of microbial consortium up to 5.7%, 18.7%, 29.3% and 36.4% over recommended dosage of 
fertilizers i.e., NPK 100%, urea 100%, DAP 100%, and untreated control, respectively, and differing from other treatments (Table 4; 
Figs. 5 and 6). The root length of wheat plant showed increment up to 14.3%, 16.8%, 22.3%, 17.5% and 70.5% by the consortium of 
bacterial strains as compared to PSB, KSB, ZnSB, SSB and untreated control. The treatment of microbial consortium showed highest 

Fig. 2. The effect of the microbial consortium developed from strains Rahnella aquatilis EU-A3Rb1, Erwinia aphidicola EU-A2RNL1, Brevibacillus 
brevis EU-C3SK2, and Bacillus mycoides EU-WRSe4 on physiological parameters of wheat under in vivo condition after 45 days. EU-A3Rb1 (P-sol-
ubilizer), and EU-A2RNL1 (K-solubilizer), EU-C3SK2 (Zn-solubilizers), EU-WRSe4 (Se-solubilizer); MC: Microbial consortium; PSB: Phosphorus 
solubilizing bacteria; KSB: Potassium solubilizing bacteria; ZnSB: Zinc solubilizing bacteria; SSB: Selenium solubilizing bacteria; NPK: nitrogen, 
phosphorus and potassium chemical fertilizer; DAP: Di-ammonium phosphate; K: Potash. 

Fig. 3. The effect of the microbial consortium developed from strains Rahnella aquatilis EU-A3Rb1, Erwinia aphidicola EU-A2RNL1, Brevibacillus 
brevis EU-C3SK2, and Bacillus mycoides EU-WRSe4 on growth parameters of wheat under in vivo condition after 90 days. EU-A3Rb1 (P-solubilizer), 
and EU-A2RNL1 (K-solubilizer), EU-C3SK2 (Zn-solubilizers), EU-WRSe4 (Se-solubilizer); MC: Microbial consortium; PSB: Phosphorus solubilizing 
bacteria; KSB: Potassium solubilizing bacteria; ZnSB: Zinc solubilizing bacteria; SSB: Selenium solubilizing bacteria; NPK: nitrogen, phosphorus and 
potassium chemical fertilizer; DAP: Di-ammonium phosphate; K: Potash. 
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fresh weight of the wheat plant by 1.4, 1.2, 1.4 and, 2.3 fold in comparison to recommended dosage of fertilizers i.e., NPK 100%, urea 
100%, DAP 100%, and untreated control, and other treatments, respectively. The bacterial consortium of the mineral solubilizers i.e., 
PSB, KSB, ZnSB, SSB enhanced the dry biomass of the wheat plant over singly inoculated PSB (1.3 fold), KSB (1.6 fold), ZnSB (1.5 fold), 
SSB (1.1 fold) and un-inoculated control (3.1 fold). 

Chlorophyll content of wheat plant was shown to be incremented by the consortium (33.93±0.36 mg g− 1) over the other treatments 
by 23.65±1.23 mg g− 1 (100% NPK) 20.52 ± 0.49 mg g− 1 (100% urea), 23.40 ± 0.67 mg g− 1 (100% potash), and 14.46 ± 0.82 mg g− 1 

(untreated control). The consortium enhanced carotenoids content in the wheat plant by 2.2 fold over untreated control plant. The 
content of total soluble sugar in wheat plant was incremented by the consortium of mineral solubilizer up to 1.3, 1.5, 1.6 and2.3 folds 
as compared to recommended dosage of fertilizers i.e., NPK 100%, urea 100%, DAP 100%, and untreated plant control, and other 
treatments, respectively. Phenolic content showed the increment by the inoculation of consortium by 1.0 fold (PSB), 1.1 fold (KSB), 1.4 
fold (ZnSB), 1.1 fold (SSB), and 3.9 fold (untreated control). The flavonoids content was increased by 93.1% over untreated controls 
with the application of bacterial consortium. The flavonoids content in the wheat was incremented by the treatment of the consortium. 
Consortium showed higher carotenoid content over the recommended dosage of chemical fertilizers i.e., NPK 100% (8.6%), urea 100% 
(10.6%), DAP 100% (19.0%), and untreated control (69%) and other treatments, respectively. 

4. Discussion 

The world’s population mainly depends on cereal crops, which are grown on more than 734.32 million acres of land. 
Worldwide, a total of 2980.2 million tonnes of cereal crops are produced. These crops include buckwheat, millets crop, maize, rice, 

sorghum, triticale, wheat and other cereals. The average productivity of each cereal crops is usually reduced by several factors. In order 
to increase productivity, advanced farming methods should be combined with balanced and accurate nutrition in cereals. The three 
main mineral fertilizer N, P, and K, are used globally in 192 million tonnes at a cost of approximately US$ 91,238 million [29]. 
Additionally to cost, the use of mineral fertilizers is considered the biggest threat to world sustainability. The concerns about cereal 
crop productivity have increased the potential for the use of microbial consortium as bio-inoculants in a harmonic manner to provide 
and produce appropriate cereal crops yield. 

Microbial inoculation is a time-honored technique for crop improvement, although inoculation of individual strain exhibits un-
predictable results in the field by reason of their poor adaptability of individual inoculants to respond changing ecological conditions. 
Instantaneous studies on plants have shown that microbial consortia, can be used to increase the resilience of bacterial inoculants [30]. 
Consortium may achieve better enhancement in diverse soils having extensive range of temperature, pH, and humidity for activities 
including root colonization, phosphorus solubilization, nitrogen fixation, resistance against plant pathogens, secondary metabolic 
activities, antibiotic, and hormone production [31,32]. Consortium is a more dependable strategy for improving agricultural pro-
duction and healthy plant growth than other methods because microbial strains work well together as consortia and have a range of 
functions without the need for genetic engineering [33,34]. On the other hand, the choosing appropriate combinations screened 
isolates remains a major challenge in the consortium development. 

Under natural circumstances, the liquid bacterial inoculums in the rhizosphere may not be successful in promoting crop growth 
because of a variety of environmental restrictions, such as careless handling that causes cells to be dispersed into the air or 

Fig. 4. The effect of the microbial consortium developed from strains Rahnella aquatilis EU-A3Rb1, Erwinia aphidicola EU-A2RNL1, Brevibacillus 
brevis EU-C3SK2, and Bacillus mycoides EU-WRSe4 on physiological parameters of wheat under in vivo condition after 90 days. EU-A3Rb1 (P-sol-
ubilizer), and EU-A2RNL1 (K-solubilizer), EU-C3SK2 (Zn-solubilizers), EU-WRSe4 (Se-solubilizer); MC: Microbial consortium; PSB: Phosphorus 
solubilizing bacteria; KSB: Potassium solubilizing bacteria; ZnSB: Zinc solubilizing bacteria; SSB: Selenium solubilizing bacteria; NPK: nitrogen, 
phosphorus and potassium chemical fertilizer; DAP: Di-ammonium phosphate; K: Potash. 
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Table 4 
Effect of microbial consortium on wheat under greenhouse after 90 days.  

Treatments Shoot length (cm) Root length (cm) Fresh weight (g) Dry weight (g) Chlorophyll (mg g− 1) Carotenoids (g L− 1) Phenolics (μg g− 1) Flavonoids (μg g− 1) Sugar (μg g− 1) 

MC 53.67j**±1.05 33.37h**±1.70 4.51j*±0.04 1.27j**±0.23 33.93h**±0.36 4.10e±0.52 1.17g**±0.02 6.76j±0.91 54.33l**±0.16 
PSB 50.93h**±1.77 29.17g ± 0.40 4.33i±0.24 0.97h*±0.06 30.19g**±0.77 4.57f±0.43 1.09f**±0.03 6.47i±1.23 51.07k**±0.17 
KSB 49.73g*±0.31 28.57f±1.47 3.97g ± 0.41 0.78e±0.09 26.70f**±10.67 3.90d ± 0.25 1.06f**±0.09 5.82f±0.17 46.04i**±0.38 
ZnSB 51.77i**±0.83 27.27e±1.75 3.32e±0.31 0.83g ± 0.15 26.26f**±0.94 6.12h*±0.27 0.83c**±0.03 4.90b ± 0.12 34.04e**±0.69 
SSB 52.40i**±1.34 28.40f±0.86 4.17h ± 0.47 1.06i*±0.03 24.69e**±0.23 4.45f±0.44 1.05f**±0.03 5.40d ± 0.27 46.41j**±0.89 
NPK 100 % 50.77h**±0.96 22.87c±1.87 3.07d ± 0.68 0.58c±0.02 23.65d**±1.23 5.16g*±0.38 0.97e**±0.01 6.22h ± 0.02 39.19h**±3.08 
NPK 50 % 46.90f*±2.03 21.50b ± 1.22 3.33e±0.31 0.51b ± 0.04 22.91d**±1.07 4.12e±0.90 0.83c**±0.05 5.21c±0.55 36.82g**±0.40 
Urea 100 % 45.20e±2.01 25.80d ± 1.39 3.57f±0.54 0.83g ± 0.09 20.52c*±0.49 3.68c±0.20 0.88d**±0.08 6.11g ± 0.76 35.58f**±2.50 
Urea 50 % 42.77d ± 1.02 22.50c±0.54 2.71c±0.29 0.66d ± 0.05 19.36b*±1.11 3.34b ± 0.74 0.83c**±0.06 5.47d ± 0.55 25.32b ± 0.58 
DAP 100 % 41.50c±0.86 27.27e±1.75 3.17d ± 0.60 0.80f±0.17 23.40d**±0.67 3.81c±0.53 0.97e**±0.01 5.68e±0.59 33.85d*±2.29 
DAP 50 % 40.67b ± 0.40 22.03b ± 0.24 2.30b ± 0.50 0.67d ± 0.02 19.38b*±0.31 3.46b ± 0.42 0.77b**±0.07 5.40d ± 1.01 27.00c±2.11 
Control 39.33a±0.74 19.57a±1.27 1.92a±0.44 0.40a±0.09 14.46a±0.82 2.02a±0.74 0.30a±0.01 4.00a±0.22 22.79a±1.57 
LSD 0.79 0.62 0.13 0.03 0.81 0.15 0.04 0.11 0.08 
SE 3.84 3.97 1.39 0.29 2.50 1.68 0.14 1.84 4.27 
CD 5 % 6.91 7.14 2.50 0.52 4.49 3.02 0.25 3.31 7.66 
CD 1 % 10.45 10.81 3.78 0.80 6.80 4.58 0.39 5.02 11.60 

MC: Rahnella aquatilis EU-A3Rb1, Erwinia aphidicola EU-A2RNL1, Brevibacillus brevis EU-C3SK2, and Bacillus mycoides EU-WRSe4; PSB: R. aquatilis EU-A3Rb1; KSB: E. aphidicola EU-A2RNL1; ZnSB: B. brevis 
EU-C3SK2; SSB: B. mycoides EU-WRSe4. 
[Numerical values are mean ± Standard deviation of mean (SD) of three independent observations]. 
Common superscript code on mean values indicate the non-significant differences among derivatives as based on unpaired Student t-test at p < 0.05. On the other hand, different superscript indicates 
significant differences among line. 
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groundwater and have the short shelf life. Due to these difficulties farmers are using less biofertilizers as compared to alternative 
techniques. Therefore, some materials, known as carriers, have the ability to able the growth of microbes and release in the rhizo-
sphere, which are essential for the booming application of inoculants [35]. Depending on their origin, carriers can be either organic (e. 
g., manure, biogas slurry, crushed corn cobs, charcoal, and peat) or inorganic (e.g., zeolite, perlite, lignite, and talc). The major factors 
to consider are the cost and availability of the carrier. Another important consideration in choosing carriers is the variation between 
the microbial strains that are employed. The average number of carrier G1 cells with positive results is 107 CFU g− 1 [36]. 

In the present study, the consortium of mineral solubilizing rhizospheric bacterial strains Rahnella aquatilis EU-A3Rb1, Erwinia 
aphidicola EU-A2RNL1, Brevibacillus brevis EU-C3SK2, and B. mycoides EU-WRSe4 which was associated wit different cereal crops were 
developed and evaluated for the growth of wheat plants. These microbes have been already reported as rhizopsheric bacteria asso-
ciated with different plants except Erwinia aphidicola. In a report, R. aquatilis CF3 was isolated from the rhizosphere of wheat plant 
[37]. Similarly, R. aquatilis ISL19 from rhizosphere of soybean [38]. In another report, R. aquatilis KSB 39 was reported from the 
rhizospheric soil of paddy and enhance the availability of potassium in the soils [39]. Li et al. [40] reported, R. aquatilis JZ-GX1 from 

Fig. 5. The effect of the microbial consortium developed from strains Rahnella aquatilis EU-A3Rb1, Erwinia aphidicola EU-A2RNL1, Brevibacillus 
brevis EU-C3SK2, and Bacillus mycoides EU-WRSe4 on growth parameters of wheat under in vitro condition after 45 days. EU-A3Rb1 (P-solubilizer), 
and EU-A2RNL1 (K-solubilizer), EU-C3SK2 (Zn-solubilizers), EU-WRSe4 (Se-solubilizer); MC: Microbial consortium; PSB: Phosphorus solubilizing 
bacteria; KSB: Potassium solubilizing bacteria; ZnSB: Zinc solubilizing bacteria; SSB: Selenium solubilizing bacteria; NPK: nitrogen, phosphorus and 
potassium chemical fertilizer; DAP: Di-ammonium phosphate; K: Potash. 

Fig. 6. The effect of the microbial consortium developed from strains Rahnella aquatilis EU-A3Rb1, Erwinia aphidicola EU-A2RNL1, Brevibacillus 
brevis EU-C3SK2, and Bacillus mycoides EU-WRSe4 on physiological parameters of wheat under in vitro condition after 45 days. EU-A3Rb1 (P- 
solubilizer), and EU-A2RNL1 (K-solubilizer), EU-C3SK2 (Zn-solubilizers), EU-WRSe4 (Se-solubilizer); MC: Microbial consortium; PSB: Phosphorus 
solubilizing bacteria; KSB: Potassium solubilizing bacteria; ZnSB: Zinc solubilizing bacteria; SSB: Selenium solubilizing bacteria; NPK: nitrogen, 
phosphorus and potassium chemical fertilizer; DAP: Di-ammonium phosphate; K: Potash. 
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Masson pine rhizosphere soil significantly improved growth of maize seedlings. Earlier, E. aphidicola was reported from the endophytic 
region of Phaseolus vulgaris and Pisum sativum in Spain [41]. Similarly, E. aphidicola reported from endophytic regions of commercial 
bean seeds (Phaseolus vulgaris) [42]. Similarly Kaur et al. [24] reported the Erwinia sp. EU-B2SNL1 from interiors region of wheat plant 
and improved the growth of barley. In a previous study, Erwinia sp. was reported as an endophyte of coastal sand roots of dune plants 
[43]. B. mycoides EU-WRSe4 was sorted out from rhizospheric regions of plants growing in Jaisalmer. In a report, B. mycoides B38V 
isolated from the sunflower rhizosphere [44]. Similarly, Guerrero-Barajas et al. [45] reported the B. mycoides from rhizospheric soil of 
avocado plants. In a study, B. brevis [SVC(II)14] was reported from the rhizosphere of the cotton and firstly reported for its PGP 
potential [46]. Similarly, B. brevis isolated from mangrove sediment soil [47]. 

In the present study, mineral solubilizing bacteria R. aquatilis EU-A3Rb1, E. aphidicola EU-A2RNL1, B. brevis EU-C3SK2, and 
B. mycoides EU-WRSe4 as beneficial plant growth promoting bacteria exhibiting P, K, Zn and Se solubilization activity. In the study, 
R. aquatilis EU-A3Rb1 was found to show highest solubilization of phosphorus (194.0 ± 0.05 mg L− 1). The rsults showed proximity 
with a report in which R. aquatilis was reported for the solubilization of phosphorus [48]. Similarly, R. aquatilis KM977991 was re-
ported for the solubilization of P [49]. Bechtaoui et al. [50], found that the R. aquatilis PGP13 solubilized P. In presnt study, 
E. aphidicola EU-A2RNL1 was found to be efficient K-solubilizers and B. brevis EU-C3SK2 was able to solubilization of zinc up to 55.6 ±
0.02 mg L− 1. In a report, B. brevis HM590700 was reported for the solubilization of zinc compound i.e., ZnCO3 (10.6 ± 0.16 ppm), ZnO 
(22.4 ± 0.34 ppm), and ZnPO4 (126.6 ± 1.96 ppm) [51]. The present study reported B. mycoides EU-WRSe4 was able to solubilize Se 
on the basis of qualitative analysis. 

In the present research, the microbial consortium was prepared by using different mineral solubilizing bacterial strains i.e., PSB 
(R. aquatilis EU-A3Rb1), KSB (E. aphidicola EU-A2RNL1), ZnSB (B. brevis EU-C3SK2), and SSB (B. mycoides EU-WRSe4) which were 
inoculated on the wheat plant for evaluation. This microbial mixture of mineralizing microbes have not yet reported in any study but 
these bacteria were develped as consortium with other microbes. In a report, microbial consortium was developed using the Serratia 
marcescens 59, Pseudomonas fluorescens 57, Rahnella aquatilis 36 and B. amyloliquefaciens 63 for the inoculation of chickpea plant [52]. 
Similarly, Maciag et al. [53] used five combination of microbial strain of S. plymuthica A294, E. amnigenus A167, Rahnella aquatilis 
H145, S. rubidaea H440, and S. rubidaea H469 used as liquid inoculants on potato. Mahmood et al. [54], developed the microbial 
consortium using B. mycoides, B. cereus, Bacillus sp., Pseudomonas sp., Micrococcus sp., and B. subtilis. In a report, the consortium was 
developed using four different mineral solubilizing bacterial strains, Brevibacillus brevis MS1, B. licheniformis MS3, Micrococcus sp. MS4, 
and Acinetobacter calcoaceticus MS5 and inoculated on Jatropha curcas [55]. Similarly, Vecstaudža et al. [56] reported the consortium 
of B. brevis, Enterobacter sp., and Pseudomonas sp. for the improvement of the growth of barley. 

The present investigation of bacterial consortium showed the enhanced growth of the shoot and root length and fresh/dry weight) 
and physiological parameters (content of chlorophyll, carotenoids, phenolics, flavonoids, and total soluble sugar) of the wheat crop 
over single inoculants, chemicals and control. Another studies have also reported that consortium increases the plant growth and 
physiolgical paramtere more as compare to singel culture, chemical and control. In the plant of Jatropha curcas L. shoot length 
enhancement was reported to be increased by 61.43% over control by the microbial consortium of A. calcoaceticus MS5, B. brevis MS1, 
B. licheniformis MS3, and Micrococcus sp. MS4 [55]. The present study found that the microbial consortium of R. aquatilis EU-A3Rb1, 
E. aphidicola EU-A2RNL1, B. brevis EU-C3SK2, and B. mycoides EU-WRSe4 enhanced the roots length by 2.0 fold. The study revealed 
that consortium of B. siamensis, R. aceris, Pantoea hericii, and B. paramycoides improved the root length 26% and 37% of wheat plant 
[57]. In present investigation microbial consortium of EU-A3Rb1, EU-A2RNL1, EU-C3SK2, and EU-WRSe4 increased the wheat fresh 
weight and dry biomass up to 3.1 and 4.0 folds. The same study have been reported in which Amaranthus plant fresh weight and dry 
biomass was enhanced by 1.2 and 2.0 fold by the microbial consortium of P. gessardi, Bacillus sp., and E. rhapontici [58]. The content of 
chlorophyll and carotenoids has been enhanced by the EU-A3Rb1, EU-A2RNL1, EU-C3SK2, and EU-WRSe4 consortium of wheat plant 
by 2.3and 2.8 fold. Kaur et al. [24], reported the microbial Erwinia sp. EU-B2SNL, Chryseobacterium arthrosphaerae EU-LWNA-37, and 
P. gessardii EU-MRK-19 increasing the content of chlorophyll by 3.6 fold and carotenoid 3.3 fold in barley plant. In the present study, 
the bacterial consortium was reported to increase the phenolic and flavonoids content of 2.5, and 1.4 fold of the wheat plant. The 
similar studies has reported the phenolic and flavonoids content increase by the three compatible microbes including E. persicina 
EU-A3SK3, P. extremorientalis EU-B1RTR1, and Halomonas aquamarina EU-B2RNL2 in chilli plant [59]. In this research, the microbial 
consortium has increased the total soluble sugar content (2.2 fold) of the wheat crop. Similarly Khan et al. [60] reported the total 
soluble sugar content in Sorghum bicolor was increased by 3.61 mg g− 1 over control by the bacterial consortium of B. brevis, B. pumilis, 
and Paenibacillus thiaminolyticus. 

In conclusion, the mineral solubilizing microbes R. aquatilis EU-A3Rb1, E. aphidicola EU-A2RNL1, B. brevis EU-C3SK2, and 
B. mycoides EU-WRSe4 used as consortium enriched the growth of wheat more over single inoculants, chemicals and un-inoculated 
control. In the present time, reduction in chemical fertilizers is emerging to maintain the environment and agriculture. The use of 
bacterial consortium can be a suitable bio-formulation for better crop production. In the forthcoming bacterial consortium can be 
evaluated on different cereal crops. The strains can be genetically modified by genetic engineering for better improvement of crop 
productivity and growth. 
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