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Abstract: Plant growth-promoting bacteria (PGPB) or plant probiotic bacteria (PPB) are 

represented by diverse bacterial species that enhance plant growth or promote plant 

health, improving the nutrient acquisition, phytohormones synthesis or modulating the 

systemic resistance in biotic and abiotic environmental stresses conditions. The most 

efficient Gram-positive strains that promote plant growth belong to the genus Bacillus, 

but high phytase activity has also been reported for strains from Brevibacterium, Sarcina, 

Paenibacillus, Corynebacterium and Micrococcus genera (Jorquera et al. 2008). Other 

strains, including Bacillus spp. and Paenibacillus macerans could release phosphorus 

from rock sediments through the secretion of organic acids. The following study aims to 

evaluate the plant growth promoting properties of some bacterial strains isolated from 

plant microbiota and human microbiota, using sunflower germinated seeds, genotype 

BT017/44, in order to establishes their hypothetical probiotic characteristics. 
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Introduction 

Plant growth–promoting microorganisms are mainly soil- and rhizosphere-

derived organisms that are able to colonize significantly the plant roots and exhibit a 

positive effect on the plant growth under certain environmental and soil conditions 

(Abhilash et al. 2016). A wide range of microorganisms found in the rhizosphere are 

able to produce substances that regulate plant growth and development. Bacterial and 

fungal production of phytohormones such as auxins and cytokinins can affect cell 

proliferation in the shoot leading to tumoral growth as in the case of Agrobacterium 

tumefaciens or Ustilago maydis infection, or modify root system architecture by 

overproduction of lateral roots and root hairs with a subsequent increase of nutrient and 

water uptake (Aloni et al. 2006). All these microbial properties that promote plant 

growth (phytostimulation, nutrient mobilization, biocontrol of plant pathogens and 

abiotic stresses protection) define the term “Plant Probiotic” (Berlec 2012). 

Microorganisms influence the plant growth by manipulating plant regulatory 

pathways, by the production of phytohormones, small molecules or volatile compounds, 

which may act directly or indirectly to activate plant immunity or regulate plant growth 

and morphogenesis (Ortíz-Castro et al. 2009). On the other hand, plants produce a wide 

range of organic compounds including sugars, organic acids and vitamins, which can be 
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used as nutrients or signals by microbial populations. The most efficient Gram-positive 

strains that promote plant growth belong to the genus Bacillus, but high phytase activity 

has also been reported for strains from Brevibacterium, Sarcina, Paenibacillus, 

Corynebacterium and Micrococcus genera (Jorquera et al. 2008). Other strains, 

including Bacillus spp. and Paenibacillus macerans could release phosphorus from rock 

sediments through the secretion of organic acids. Bacillus mucilaginosus promotes 

growth of tobacco by dissolving potassium from feldspar and phosphorus from calcium 

phosphate; introduction of the phyA gene of Aspergillus fumigatus resulted in a 

transgenic strain NKTS-3 with increased soil-improving properties and a superior PGP 

effect (Liu et al. 2006). 

On the other hand, research study revealed that Pseudomonas, Streptomyces, 

Bacillus, Paenibacillus, Enterobacter, Pantoea, Burkholderia and Paraburkholderia 

species have important antipathogenic roles, with grate potential to be used as plant 

diseases suppressors (Gómez et al. 2017, Durán et al. 2018). Induced Systemic 

Resistance (ISR) is one of the mechanisms that explain the role of plant microbiota in 

the resistance against various pathogenic threats (Pieterse et al. 2014). The ISR 

phenomenon has been firstly described for bacteria of the genus Pseudomonas and 

subsequently, for other plant growth-promoting bacteria (PGPR) belonging to Bacillus 

and Serratia genus and plant growth-promoting fungi (PGPF) of the genus 

Trichoderma, Fusarium, Serendipita and AMF (Harman et al. 2004, Jung et al. 2012, 

Pieterse et al. 2014). The normal microbiota seems to play a very important role in plant 

immune system education, reacting promptly and effectively in pathogen stress 

conditions. Those, ISR activate the defence responses only after the plant contact with 

the pathogen, allowing plants to silently alert their immune system until a challenge by 

pathogens or insects occurs (Pieterse et al. 2014, Martinez-Medina et al. 2016). 

In the plant organ, microbial composition is influenced by a range of biotic and 

abiotic factors. But, some studies demonstrated that during the growth of some plants in 

the field, bacterial communities change in the rhizosphere but they did not change in 

bulk soil, suggesting that, for the rhizosphere associate bacterial communities, the 

variation is more influenced by plant growth than by environmental factors (Sugiyama 

et al. 2014). Studying the black soybean yields that grown in a mountainous region, 

Sugiyama et al (2017) observed that the plants were regressed with any symptoms of 

pathogen infection. This was explained by the differences between the rhizosphere 

bacterial communities at each farm and those of bulk soil, with the dominance of 

Bradyrhizobium spp. and Bacillus spp. (Sugiyama
 
et al. 2017, Matsumoto & Yoshikawa 

2010, Sugiyama 2019). 

All the beneficial associations presented by now conducted us to the following 

study which aims to evaluate the plant growth promoting properties of some bacterial 

strains isolated from plant microbiota and human microbiota, using sunflower 

germinated seeds, genotype BT017/44, in order to establishes their hypothetical 

probiotic characteristics. 

 

Material and methods 

The sunflower germinated seeds, genotype BT017/44 were obtained by 

germinating the seeds in a Petri dish on well-moistened filter paper in the dark. After 72 

hours, 10 seedlings with the same developmental characteristics (vigour, height) were 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6992662/#B91
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6992662/#B107
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6992662/#B172
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6992662/#B172
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6992662/#B136
https://www.sciencedirect.com/topics/engineering/mountainous-region
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selected for further bacterial plant growth promoting experiments. For this, the 

following bacterial strains were selected: Bacillus simplex, Bacillus megaterium and 

Bacillus cereus strains (isolated from rhizosphere samples) and Lactobacillus 

rhamnosus 9MRS (isolated from new-born faeces). In order to obtain cell suspensions 

with standard density McFarland 0.5 (corresponding with 1.5×10
8 

CFU/ml), in sterile 

physiological water, all the bacterial strains were cultivated on specific growth media: 

nutrient agar (for Bacillus strains) and Man-Rogosa-Sharp agar (MRS) (for 

Lactobacillus strain). 

Knop’s solution is a nutrient solution used in the experiments, containing 

definite proportions of calcium nitrate, potassium nitrate, magnesium sulphate, 

monobasic potassium phosphate, and potassium chloride dissolved in water. 

For the plant growth promoting study, 3 different experimental versions were 

used (Fig. 1): version 1 – plant growth control, with sunflower germinated seeds 

genotype BT017/44 in triplicate, cultivated in Knop’s solution; version 2 – sunflower 

germinated seeds genotype BT017/44 in triplicate, cultivated in Knop’s solution and 5% 

of Bacillus sp. standard suspension (0.5 McFarland) (Bacillus simplex:Bacillus 

megaterium:Bacillus cereus = 1:1:1) added in day 1 and day 7; version 3 – sunflower 

germinated seeds genotype BT017/44 in triplicate cultivated in Knop’s solution and 5% 

of Lb. rhamnosus 9MRS standard suspension (0.5 Mc Farland) also added in day 1 and 

day 7.  

All the sunflower seedlings were kept in normal conditions of temperature and 

light, for 14 days and during and after this period, the plant growth was evaluated by 

measuring the hypocotyl and epicotyl line (stem development), by establishing the 

number of developed leaves, by evaluating the pigment synthesis (chlorophyll a, 

chlorophyll b, carotenoids).  

To determine the content of chlorophyll pigments and carotenoids in the leaves, 

0.2 g of fresh material (leaves) were weighed and placed in a mortar, adding of quartz 

sand and a knife tip (equal parts mixture) of CaCO3 and MgCO3 to prevent the 

transformation of chlorophylls into pheophytins. After adding 2-3 ml of 100% acetone, 

the material was well triturated for a few minutes and the resulted liquid was filtered. 

What remained in the mortar was triturated again with another 2-3 ml of acetone and 

then passed again over the filter. The operation was repeated several times until the 

plant material remained colourless. The filtrates were poured into a 50 ml graduated 

flask and the content of the flask was made up to the mark with 100% acetone. The 

extract thus obtained was introduced into a CECIL spectrophotometer cuvette, and as a 

control the 100% acetone solution was used. The CECIL spectrophotometer determined 

the absorbance of the extract at 470 nm, 644.8 nm and 661.6 nm. 

The amount of pigments in the test sample is calculated using the formulas. Total 

chlorophyll represents the sum of the two chlorophylls (a + b). 

Ca = 11.24A661.6 – 2.04A644.8 

Cb = 20.13A644.8 – 4.19A661.6 

Pc = (1000A470 – 1.90Ca 63.14Cb)/214 

Also, all the sunflower seedlings were morpho-anatomical evaluated using the 

microscopically analysis of stem and leaf in cross sections and of roots in apical view. 

The leaves and stems have been cross cut, in the median zone of lamina and of stems 

internodes from the median zone of the stems. Sections have been processed in 
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accordance with the standard stages of the double staining technique (Iodine green and 

Carmin Alum). 

The microscope analysis of the slides has been performed in normal lights, with 

an optical microscope of DOCUVAL type. Microphotographs have been carried out, on 

the same microscope, using a Nikon D90 digital camera. 

 

Results and discussion 

Plant commensal bacteria could represent a rich source of bacteria beneficial to 

plants, alternatively termed plant probiotics (Berlec 2012). Beneficial microbiota can 

compete with pathogens for space and nutrients or produce microbicide agents and 

thereby improve plant health (Francis et al. 2010). In the present study, the measuring of 

some parameters of sunflower plants, after growth stimulation with Bacillus sp. (version 2) 

and Lb. rhamnosus strains (version 3) cell suspension, allowed us to establish the 

probiotic potential of some strains from isolated plant and human microbiota.  

In this purpose, the bacterial strains isolated from commensal microbiota of 

some rare plants from natural habitat, and new-born faeces were inoculated to the host 

plant represented by sunflower germinated seeds, genotype BT017/44 (Fig. 1). We 

hypothesized that bacterial strains that are recruited by all host species could provide 

important functions to host plants revealed in the stem, leaves and roots development, 

and also pigment synthesis. 

Evaluation of plant growth promoting properties of selected bacteria strains was 

achieved by establishing the number of developed leaves, epicotyls and hypocotyls 

dimensions (cm) (Fig. 2), evaluation of the pigment synthesis (chlorophyll a, 

chlorophyll b, carotenoids) (Fig. 3), evaluation of the plant morphology of stem, leaf 

and root sections. As the graphical representation demonstrated (Fig. 2, 3), all evaluated 

parameters showed higher values after stimulation compared to control samples. The 

association of the three Bacillus sp. strains (version 2) seems to generate taller plants, 

will Lactobacillus rhamnosus (version 3) stimulated the epicotyls development, leaves 

number (Fig. 2) and chlorophyll synthesis (Fig. 4). 

The microscopically investigations of plant tissues morphology, showed that the 

treatment of the sunflower germinated seeds with Bacillus sp. (version 2) and Lb. 

rhamnosus suspensions (version 3) has induced the formation of a more robust stem 

with a secondary structure and well-represented mechanical tissues (the sclerenchyma) 

(Fig. 4). For the leaves, the treatment induced the elongation of the palisade cells (Fig. 

5). These cells have a densely cellular content (perhaps more chloroplasts). These 

aspects underline that the treatment influence the morphogenesis process of the plant 

stem and leave tissues. 

On the other hand, the same treatment of the sunflower germinated seeds with 

Bacillus sp. and Lb. rhamnosus suspensions, modified root system architecture by 

overproduction of lateral roots and root hairs with a subsequent increase of nutrient and 

water uptake. All these effects seem to orchestrate the plant growth and development, 

influencing the plant architecture (Fig. 6). Those, the inoculation with key microbiota 

members can improve plant traits, with grate benefits for further field cultures and 

future agro-management practices. 

The researches in the field of beneficial microorganisms revealed that plant 

probiotic bacteria strains can promote plant growth by secreting the microbial small 
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secondary metabolites (as hormone-like plant growth regulators), or by the production 

proteins that enable microbes to modulate the signalling of plant defence hormones to 

successfully colonize plant tissues (Stringlis et al. 2018, Manganiello et al. 2018). Also, 

in their study, Flores‐Félix et al. (2015) used the term ‘plant probiotic’ to describe the 

root colonizer Phyllobacterium strain which improves strawberry plant growth and 

increases vitamin C content in the fruits.  

 

Conclusions 

For many decades, microbial species naturally associated with plants have been 

shown to play fundamental roles in plants’ growth, development, and health. According 

to most of the studies conducted, the effect of growth-promoting bacteria on plant 

growth and development has been positive and can be a good alternative to chemical 

fertilizers. In Romania, we found no experimental data regarding the plant probiotic 

products. Our study showed that the probiotic strains that we used in the experiments 

seems to orchestrate the plant growth and development, influencing the plant 

architecture and morphogenesis process. Further study is needed to elucidate underlying 

mechanism of growth and quality improvement of plant growth by probiotic bacteria. 
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Fig. 1. Representative images of the plant growth in different experimental conditions
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Fig. 2. Graphic representation of the parameters for the plant growth and development 

evaluation 

 

 

 
Fig. 3. Graphic representation of the chlorophyll synthesis after plant growth 

stimulation 
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