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The negative effects of more extreme pH conditions (soil acidity and alkalinity) are increasingly challenging crop production. Managing acidity and alkalinity in soils has been achieved through techniques such as the use of lime, afforestation, tillage, and addition of organic matter. The use of microbes to address this challenge is new and could increase agroecosystem sustainability while helping plants survive more extreme acidity and alkalinity, among other stresses. Use of plant growth promoting microbes (PGPM) has recently gained attention as these microbes afford plants several benefits, including nutrient acquisition and stress tolerance, both biotic and abiotic. Several methods of microbe application have been developed, all intended to maximize the benefits of plant-microbial interactions. The current study assessed the potential of changing microbial culture pH during production, followed by removal of cells to produce supernatant that enhances plant growth, specifically under acidity and alkalinity stresses. The study included L. helveticus. (EL2006H) and B. subtilis (EB2004S) which were cultured at three pH levels (5, 7, and 8) incubated for 24–48 h then centrifuged at 12 000 g to remove the cells. The cell-free supernatants obtained were used for seed germination and early seedling growth assays. The results indicated significant increase in seed germination rate, for both corn and tomato, compared to experimental controls. Supernatants produced at pH 5, for both strains, had greater effect than those produced at pHs 7 and 8. Similarly, the positive effect of these supernatants was observed in seedling growth as increased root length and volume. Their results indicate that there is potential in stressing microbes below or above optimum pH (~7) to induce production and excretion of favorable materials into the growth medium, as was evident in this study. To the best of our knowledge this would be the first attempt to look at this pH change to increase potential benefits related to plant growth promotion by microbes. It was interesting to learn that using the CFS of microbes cultured at pH 5 increased germination rate and seedling growth. These results provide an initial indication that support broadened research into PGPM under pH stressed conditions.
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INTRODUCTION

Worldwide the effects of soil acidity and alkalinity are increasingly challenging crop production and the plant science community attempting to improve yields (Liu et al., 2019). Nearly 3% of the global geographic area is dominated by saline-sodic soils (Singh et al., 2016) and about 30% of ice free land in the world is acidic (Mehmood et al., 2017). In America alone acidic soils cover about 40% of potential arable land (Von Uexküll and Mutert, 1995; Ngoune Tandzi et al., 2018), putting pressure on crop production management, productivity and sustainability. Dealing with abiotic stresses requires short- and long-term interventions. Acidity and alkalinity impact crop production; various severe effects are seen in plant root system damage and the resulting imbalance of nutrient availability from soil (Sapre et al., 2018). Acidity and alkalinity can be corrected by deploying techniques such as the use of lime, afforestation, tillage and addition of organic matter (OM) in soil (Machado and Serralheiro, 2017).

The use of microbes has been reported to assist plant survival and robustness at various levels of alkalinity and acidity, among other stresses they face (Backer et al., 2018). The use of plant growth promoting microbes (PGPM) has gained scientific attention during the past decade, as these microbes afford plants a range of benefits. The major contributions of microbes to plants include their ability to assist in plant nutrient acquisition (Sashidhar and Podile, 2010; Kalayu, 2019), stress tolerance both abiotic (Pandey et al., 2012; Msimbira and Smith, 2020) and biotic (Takishita, 2018; Mahmood et al., 2019). Microbes achieve these benefits to plants through various mechanisms. To find these beneficial strains, one generally begins by screening for their performance in terms of a particular aspect of plant-microbe interaction. With knowledge improvement and development, combination of several microbial strains, to form a consortium is possible, and leads to broad-spectrum effects of these technologies when deployed. Furthermore, it has been shown that these microbes, whether applied singly or as a consortium, produce specific compounds which are directly or indirectly beneficial to plants (Antar et al., 2021).

Some of the already studied compounds released by PGPM include phytohormones, LCOs and bacteriocins (Gray et al., 2006; Smith et al., 2015). Given the current understanding, there is a need to identify specific compounds responsible for assisting plants confronted with specific stresses by taking a more holistic approach, one favoring production of the beneficial compounds from a particular microbe. The use of microbial cell-free supernatants (CFS) is another emerging and potentially important field, as reviewed by Pellegrini et al. (2020), that could optimize the PGPM harnessed benefits. CFSs contain a range of compounds and are obtained through a range of methods, including mechanical separation by centrifugation. Compounds released by microbes in CFSs reported to have plants growth promotion activity include but not limited to Indole-3-acetic acid (IAA) (Yahalom et al., 1990; El-Khawas and Adachi, 1999; Molla et al., 2001; Idris et al., 2004; Morel et al., 2015; Tallapragada et al., 2015; Posada et al., 2016), Extracellular Proteins (EP) (Buensanteai et al., 2008; Buensateai et al., 2013), Lipopeptides (LP) (Buensanteai et al., 2008), Lipo-Chitin oligosaccharides (LCO) (Kidaj et al., 2012; Meena et al., 2012; Moretti et al., 2020), Indole-3-lactic acid (ILA) and gibberellins (GA) (Molla et al., 2001), L-lactic acid (LLA) (Rodríguez-Morgado et al., 2017; Caballero et al., 2020), Indolic compounds (Rondina et al., 2020), Siderophores (Dimkpa et al., 2009; Posada et al., 2016), Flavonoids and tryptophan (Trp) (Berquó Marks et al., 2013; Morel et al., 2015), and Peptides and amino acids (AA) (Caballero et al., 2020).

Review of the published literature indicates clearly that most research has focused on culturing microbes under the most optimal conditions (pH included) then evaluating their efficacy on stressed plants. To broaden the so-far-acquired knowledge regarding plant-microbe interaction, the present study was conducted to delve into the individual microbial strains of a plant growth promoting consortium currently marketed by EVL company. This is the first report documenting the effects of cell-free supernatants from microbial strains, produced at a range of pHs, on seed germination and early seedling growth of tomato and corn.



MATERIALS AND METHODS


Preparation of CFS

The individual two microbial strains out of five constituting the biostimulant consortium from EVL Inc., stored in glycerol stocks, were used for this study. The stocks were stored at −80°C; a loopful was added into 50 mL fresh sterile M13 or MRS medium broth, contained in 250 mL flasks. The cultures were then incubated for 24–48 h at 30 or 37°C in an orbital shaker at 120 rpm (except for the Lactobacillus stain which does not require agitation) after which suitable dilution was carried out to obtain ~108 CFU at the required turbidity, measured as optical density (OD) at 600 nm. The pH tolerance screening for growth was conducted prior to the start of plant effect experiments (Table 1). Based on initial screening three pHs (5, 7, & 8) were selected for testing on seed germination and seedling growth. Microbial strains were then grown at these pHs after which cells were removed by centrifugation at 12,000 g and the cell free aliquots were used at various concentration as treatments in seed germination and seedling growth bioassays.


Table 1. Growth response at different pH levels for the studied microbial strains: +, growth and –, No growth.
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Seed Germination Assay

Vigorous sorted seeds of corn (Zea mays L. var 25M75) and tomato (Solanum lycopersicum L. var. Beefsteak) were used in the study. The germination was 95 and 98% for corn and tomato, respectively. Seeds were surface sterilized to avoid fungal contamination using 70% ethyl alcohol for 2 min, then washed with 3.5% NaOCl for 5 min. Seeds were then thoroughly rinsed 5 times with deionized water. Surface sterilized seeds were germinated inside petri dishes (sterile 100 ×15 mm polystyrene Petri dishes) lined with filter paper (Fisherbrand™ - P8 Grade, Pittsburgh, US). Each petri dish received 10 seeds for corn and 20 for tomato. The treatment solutions were then prepared using deionized water and cell-free supernatant (CFS) with concentrations of 1, 0.4, 0.2, and 0.1% (v/v). The respective broth medium concentrations were used as a positive control while deionized water was used as a negative control. The filter paper of each Petri dish was then wetted with 5 and 4 mL of each concentration of the CFSs of corn and tomato, respectively.

Petri dishes were then sealed using parafilm to avoid water loss, which would hinder the normal process of germination. Petri dishes were arranged in a completely randomized design (CRD) with three replicates of each treatment in a germination cabinet set at 25°C with a relative humidity of 70% and 24 h darkness. Only two *microbial strains (Table 1) were selected as showed effect on seed germination assay with corn and tomato after screening (data not shown). In all experiments seeds were considered germinated when their radicle was about 2 mm long; data were collected at 24, 30, 42, and 54 h for corn and 48, 60, 72, and 84 h for tomato. The experiments were each repeated twice.



Early Seedling Growth Assay
 
Corn Seedling Growth Assay

Seeds were held in petri dishes until they had germinated (average radicle length of 2 cm, ~4 days after sowing) then transferred into magenta jars containing 50 mL of half strength Hoagland solution (Table 2). Magenta jars, containing deionized water adjusted to pH 7, were used as negative controls, while those which contained only culture medium without CFS were used as positive controls. At each pH level cell-free supernatant concentration was selected based on effect on seed germination and seedling growth effect during screening. The selected concentrations for B. subtilis EB2004S CFS was 1% (v/v) for all the pHs. The selected concentration for L. helveticus. were 0.4% for pH 5 and 1% for pH 7. One fully germinated seed was placed into each jar, ensuring the radicle was touching the solution after suspending it on mesh fixed in the jar.


Table 2. Hoagland nutrient solution composition (macro and micronutrients) for seedling growth experiment, half of the concentration was applied during the experiment.
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All magenta jars were then transferred to a growth chamber set at the maximum photosynthetically active radiation of 300 μmol m−2 s−1, for 14/10 h of light/darkness and temperatures of 25/20 ± 3°C, day/night. The experiment was organized following a CRD with four replicates of each treatment. Seedlings were allowed to grow in magenta jars for 14 days then destructively harvested. Variables measured after harvesting included seedling shoot height and whole seedling dry weight (WSDW), and individual seedling total roots scanned using an EPSON-Expression 11000XL scanner then analyzed for root length and volume, using WinRHIZO™ Pro software.



Tomato Seedling Growth Assay

Seeds were germinated in petri dishes until they had an average radicle length of 1.5 cm (~7 days after sowing) then they were transferred into seedling trays filled with 100 g of perlite. Seedling trays were then transferred to a growth chamber set at maximum photosynthetically active radiation (1,000 μmol m−2 s−1), for 14/10 h of light/darkness and temperatures of 25/20 ± 3°C, day/night. For the first 10 days the seedlings were watered using half strength Hoagland solution (10 mL per watering) at pH 7, alternating with water every other day. On the eleventh day seedlings were subjected to half strength hoagland solution at pH 5, 7 or 8, diluted to one of the concentrations of the CFSs while others remained as controls. Seedlings were left to grow in trays for another 11 days and then destructively harvested. Variables measured after harvesting included seedling shoot height and whole seedling dry weight (WSDW), and individual seedling total roots scanned using an EPSON-Expression 11000XL scanner then analyzed for root length and volume using WinRHIZO™ Pro software.




Data Analysis

To detect the differences between treatments for seedling growth experimental data were subjected to analysis of variance (ANOVA) using SAS® OnDemand for Academics. Where the program found treatment means to be different, they were separated using the Fisher least significant difference (LSD) at p ≤ 0.05.




RESULTS AND DISCUSSION


Seed Germination
 
Effect of EB2004S and EL2006H CFS on Corn Seed Germination

There were no significant differences in germination of corn seeds across all treatments at the first 30 h after incubation (Figure 1). The tested CFS had significant effects on corn seed germination at 42 h (Figure 1). The effect of CFS from EB2004S at pH 5 showed greater influence on corn germination at the lowest concentration (0.1% v/v) as observed at pH 5 (Figure 1). Significant increases in cumulative corn seed germination were also detected for 0.4 and 1% (v/v) concentrations of CFS from pH7 for EB2004S (Figure 1). The un-inoculated (positive) control and those without CFS culture medium (negative) controls had the lowest germination rates, except for at pH 7 from EL2006H (Figure 1). Except for the CFS obtained from pH5 of EB2004S, positive controls had lower germination percentages at 42 h than the respective 1% CFS concentration. The performance of the CFSs at pH 8 at 1% (v/v) was significantly higher for corn seed germination at 42 h (Figure 1) than the control medium. While treating corn seeds with CFSs caused increased germination, it was still lower for CFSs from pH 8 than the effect obtained from those at pH 5 and 7 at 42 h. There was no statistically significant difference (p ≤ 0.05) in corn germination at 54 h among the treatments and controls of the experiment.


[image: Figure 1]
FIGURE 1. Cumulative seed germination for corn seeds treated with solutions of EB2004S CFS (A) obtained from pH 5 (5H2OCONT ~ Negative control, 5M13CONT ~ Positive control, 51EB2004S ~ 1%, 52EB2004S ~ 0.4%, 53EB2004S ~ 0.2% and 54EB2004S ~ 0.1%), pH7(7H2OCONT ~ Negative control, 7M13CONT ~ Positive control, 71EB2004S ~ 1%, 72EB2004S ~ 0.4%, 73EB2004S ~ 0.2% and 74EB2004S ~ 0.1%), and pH8 (8H2OCONT ~ Negative control, 8M13CONT ~ Positive control, 81EB2004S ~ 1%, 82EB2004S ~ 0.4%, 83EB2004S ~ 0.2% and 84EB2004S ~ 0.1%) and EL2006H CFS (B) obtained from pH 5 (5H2OCONT ~ Negative control, 5MRSCONT ~ Positive control, 51EL200H ~ 1%, 52EL2006H ~ 0.4%, 53EL2006H ~ 0.2% and 54EL2006H ~ 0.1%), pH7(7H2OCONT ~ Negative control, 7MRSCONT ~ Positive control, 71EL200H ~ 1%, 72EL2006H ~ 0.4%, 73EL200H ~ 0.2% and 74EL200H ~ 0.1%), and pH8 (8H2OCONT ~ Negative control, 8MRSCONT ~ Positive control, 81EL2006H~ 1%, 82EL2006H ~ 0.4%, 83EL2006H ~ 0.2% and 84EL2006H ~ 0.1%). All data for (A,B) were recorded at three time points 30 h (i), 42 h (ii), and 54 h (iii). Values are expressed as germination % means. Means, sharing the same letters are not significantly (p = 0.05, LSD) different among treatments.


Corn seed germination was greater for EL2006H CFS obtained at pH 5 than the medium control at the first 30 h after incubation (Figure 1). Treating tomato seeds with CFS obtained from pH 7 and 8 did not cause any significant cumulative increase in germination.




Effect of EB2004S and EL2006H CFS on Tomato Seed Germination

The tested CFS from pH 5, at all evaluated concentrations, slowed tomato seed germination both for EB2004S and EL2006H (Figures 2, 3B). The CFSs obtained from EB2004S had no effect on germination of tomato seeds. The same results were obtained for EL2006H CFS obtained from pH 7.


[image: Figure 2]
FIGURE 2. Cumulative seed germination for tomato seeds treated with solutions of EB2004S CFS (A) obtained from pH 5 (5H2OCONT ~ Negative control, 5M13CONT ~ Positive control, 51EB2004S ~ 1%, 52EB2004S ~ 0.4%, 53EB2004S ~ 0.2% and 54EB2004S ~ 0.1%), pH7(7H2OCONT ~ Negative control, 7M13CONT ~ Positive control, 71EB2004S ~ 1%, 72EB2004S ~ 0.4%, 73EB2004S ~ 0.2% and 74EB2004S ~ 0.1%), and pH8 (8H2OCONT ~ Negative control, 8M13CONT ~ Positive control, 81EB2004S ~ 1%, 82EB2004S ~ 0.4%, 83EB2004S ~ 0.2% and 84EB2004S ~ 0.1%) and EL2006H CFS (B) obtained from pH 5 (5H2OCONT ~ Negative control, 5MRSCONT ~ Positive control, 51EL200H ~ 1%, 52EL2006H ~ 0.4%, 53EL2006H ~ 0.2% and 54EL2006H ~ 0.1%), pH7(7H2OCONT ~ Negative control, 7MRSCONT ~ Positive control, 71EL200H ~ 1%, 72EL2006H ~ 0.4%, 73EL200H ~ 0.2% and 74EL200H ~ 0.1%), and pH8 (8H2OCONT ~ Negative control, 8MRSCONT ~ Positive control, 81EL2006H~ 1%, 82EL2006H ~ 0.4%, 83EL2006H ~ 0.2% and 84EL2006H ~ 0.1%). All data for (A,B) were recorded at four time points 48 h (i), 60 h (ii), 72 h (iii), and 84 h (iv). Values are expressed as germination % means. Means, sharing the same letters are not significantly (p = 0.05, LSD) different among treatments.
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FIGURE 3. Some of the screening of CFS done before being selected as treatment concentrations for the seedling experiment. For Lactobacillus helveticus. CFS obtained from pH 5 tested as seen on (A,B) for corn and tomato, respectively, while CFS obtained from pH 7 is in (C).





SEEDLING GROWTH


Treatment Screening

The screening of the treatment concentrations was conducted so that the best was chosen, and other concentrations were not retained for further experimentation. To achieve this, data analysis of seed germination was used as the basis to further confirm the effect of the CFS on early seedling growth. Visual effects on roots development (number and length), seedling vigor and leaves appearance and size as seen in some of the selected concentrations used in the seedling growth experiments are provided in Figure 3.


Effect CFSs Obtained From Bacillus subtilis (EB2004S) on Corn and Tomato Seedling Growth

The ANOVA (Table 3) shows increased performance of seedlings treated with 1% (v/v) CFS obtained from EB2004S at pH 5 for root length (93.8 cm) and seedling height (9.1 cm) compared to un-inoculated controls. These results are congruent with those of corn seed germination when the same concentration was used. Similarly, root volume increased for corn seedlings treated with 1% (v/v) CFS from EB2004S at pH 5, compared to the controls (Table 3; Figure 4). Conversely, there was a statistically significant increase in seedling height (5.3 cm) at pH 8 when treated with CFS, compared to controls. Even though WSDW was not statistically different for corn seedlings at pH 5 and 8, it was numerically higher than the controls (Table 3) while a significant increase in WSWS (0.1598 g) occurred at pH 7 by EB2004S, over the controls.


Table 3. Effect of Bacillus subtilis CFS on corn seedling growth variables at pH 5 and 8 grown in a growth chamber.
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FIGURE 4. Visual effect of Bacillus subtilis. CFS on corn seedling growth variables at pH 5 grown in a growth chamber.


Except for seedling root diameter at pH 8, which was significantly increased (p = 0.05), the other variables did not respond to treatments across all pH levels tested (Table 4). Most of treated seedlings had lower variable values than the positive controls.


Table 4. Effect of Bacillus subtilis (EB2004S) CFS on tomato seedling growth variables at pH 5, 7 and 8 when grown in a growth chamber.
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Effect of CFS Obtained From Lactobacillus helveticus (EL2006H) on Corn and Tomato Seedling Growth

Treatment of corn seedlings with CFS did not affect measured growth variables (Table 5), except for root volume, which was slightly increased over the positive control (Table 5).


Table 5. Effect of Lactobacillus helveticus (EL2006H) CFS on corn seedling growth variables at pH 5, 7, and 8 when grown in a growth chamber.
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Treatment with CFS did not affect tomato seedling growth for the measured variables, when compared to positive controls (Table 5; Figure 5). Only root volume was increased slightly, compared to positive controls, while causing small relative increases when compared to the negative control (Table 5).


[image: Figure 5]
FIGURE 5. Visual effect of Lactobacillus helveticus. CFS on tomato seedling growth variables at pH 5 grown in a growth chamber.






DISCUSSION


Seed Germination

Seed germination is a critical step in the progression of plant development, and particularly so for any plant that solely depends on seeds for propagation. Seeds that germinate robustly lead to early establishment of seedlings; as a result final production/yield is heavily impacted by these early plant growth stages (Tian et al., 2014). The present study has demonstrated that the use of CFS from EB2004S and EL2006H increased corn and tomato seed germination. Prior to evaluation of the CFSs, seeds were first germinated under normal conditions, to get the average germination percentages, to confirm the quality of the seed used (corn 95% and tomato 98%). Our study is one of several efforts to increase early plant establishment, particularly at high levels of abiotic stresses such as more extreme soil pHs. Previous studies have used a range of methods to improve seed germination including physical, physiological and biologicals (Afzal et al., 2016); the current study focused on the use of CFSs a derivative of biological seed enhancement applied at various concentrations obtained from pH 5, 7, and 8 to explore the potential of microbes in improving germination.

PGPM suspension are known to enhance tomato seed germination (Widnyana, 2018). Similar studies have been reported for corn such enhancement of seed germination in most plant species. Results from this study (Figures 1, 2) show that CFS increases the rate of seed germination, congruent with a study on CFSs to increase seed germination which was reported for Burkholderia seminalis on tomato (Tallapragada et al., 2015).

The CFS from EB2004S cultured at pH 5 positively effected corn seed germination at 42 h (Figure 1). The CFS obtained at pH 5 meaningfully enhanced corn germination, even at the lowest concentration of 0.1% (v/v) (Figure 1). The lowest concentration of CFS applied to corn seeds enhanced germination significantly, in contrast to an 8% (v/v) CFS solution used to affect rice seed germination (El-Khawas and Adachi, 1999).

The study also observed effects, although smaller of the CFSs obtained from pH 7 and 8 on corn and tomato seed germination. This was not expected for CFS from pH 7, but provided insight regarding culturing microbes below or above their optimum pH, or perhaps at stressful levels of some other abiotic stress, to increase potential for benefiting plants, as was the case for seed germination. The most probable explanation for this situation could be that when a microbe is dealing with stress it excretes more material related to adaptation mechanisms (Decho and Gutierrez, 2017), perhaps in the form of beneficial microbe-to-plant signal compounds that increase seed germination rate.



Seedling Growth

Seedling growth, the earliest stage of actual plant establishment, needs to withstand the initial stresses the plant confronts as it grows. The use of products that enhance seedling growth are of great importance as they exert an ultimate effect on final crop performance/production. PGPM have shown to promote seedling growth from both their suspensions (Almaghrabi et al., 2014; Widnyana, 2018) and CFSs (Pellegrini et al., 2020) for both controlled and open field conditions. In the reported work we scanned seedling roots to determine their total length, volume, and average diameter (Tables 3–6) among seedling growth variables. This is the first report of the L. helveticus enhancing seedling growth directly, as opposed to the report by Rodríguez-Morgado et al. (2017), which stimulation of microbial activity in the soil and hence increased soluble phosphates, which increased plant root development. Furthermore, Lactobacillus rhamnosus CFS reported was analyzed whereby LLA was a metabolite responsible for improved soil properties (Rodríguez-Morgado et al., 2017) and LLA, peptides, and AA were responsible for increased microbial growth in the soil (Caballero et al., 2020). Whether the same metabolites are responsible for reported results in this study or not remains to be found out and further test under field conditions.


Table 6. Effect of Lactobacillus helveticus (EL2006H) CFS on tomato seedling growth variables at pH 5, 7, and 8 when grown in a growth chamber.
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Visual inspection of the corn seedlings (Figure 4) indicated that 1% (v/v) CFS from B.s subtilis significantly increased root volume; these findings are consistent with a study on rice seedlings (El-Khawas and Adachi, 1999) which observed increased root length and volume following treatment with PGPM CFS. Moreover, Azospirillum brasilense Ab-V5 and Ab-V6 CFSs application yielded positive results in improving Glycine max root morphology and nodulation (Rondina et al., 2020).

Despite, the positive effects of the CFS on treated corn seedlings (Table 3), there was no statistically significant effect on WSDW, as compared to the positive controls. For tomato, the same treatment provided little to no effect. Most of the B. subtilis CFS seedling treatments did not significantly improve seedling variables regardless of pH level, the exception being root diameter which was increased at pH 8.

These interesting and in some cases apparently contradictory results provide a reason for investigating this hypothesis further under greenhouse conditions and even further under open field conditions. Currently, studies of CFS as biostimulants remain scarce for both greenhouse and open-field condition. Grain yield from Z. mays L. and G. max L. was enhanced by rhizobial CFS metabolites (LCOs, phytohormone and exopolysaccharides) by combined inoculation with Azospirillum sp. and Bradyrhizobium sp. (Marks et al., 2013). Similarly, one recent study by Tewari et al. (2020) has shown more interesting results under field condition that a combined formulation of Bradyrhizobium sp., its CFS and exopolysaccharides, which resulted in increased productivity and nodulation of pigeon peas as opposed to CFS or bacterium inoculum applied alone.




CONCLUSIONS

This study has provided new information on the use of CFSs from PGPM which have been cultured at a range of pHs: 5, 7, and 8. The results indicated both positive and negative effects. Specifically at higher pH the effect of CFSs were not greater than the positive controls for the pH for both germination and seedling growth variables. These findings, due to pH variation, which would affect the properties of these CFSs, or possibly others, requires further research to validate and expand on the discoveries reported here. It would also be of interest to study the chemical composition of the CFSs which caused positive effects. Microbial strains such as the L. helveticus used here are not well-characterized among the PGPM; expanding beyond commonly considered microbes would provide results allowing a broader understanding of bio-stimulation for plant growth associated with PGPM.
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