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Abstract  
 
The current scientific work presents a review of the role of Methylobacterium symbioticum not only as a tool for 
increasing agricultural yields but also as a strategic ally in transitioning to a greener and more sustainable agricultural 
model. Methylobacterium symbioticum is a symbiotic bacterium known for its ability to utilize single-carbon compounds, 
especially methanol, as a source of carbon and energy. In the context of modern agriculture, the use of beneficial 
microorganisms has become an essential component for enhancing sustainability and productivity. Among these, 
Methylobacterium symbioticum stands out as a symbiotic bacterium with significant potential for improving plant health 
and their adaptation to environmental stress. This bacterium has the capability to colonize plants and form symbiotic 
relationships, thereby contributing to increased nutrient use efficiency, stimulating growth and development, and 
enhancing plant tolerance to adverse conditions. It stimulates the physiological processes of the host plant by synthesizing 
phytohormones, such as auxins, and by producing enzymes that contribute to increased stress resistance. 
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INTRODUCTION  

 
The use of beneficial bacteria for agriculture is a 
growing area of interest in sustainable crop 
production (Campobenedetto et al., 2020). With 
pressures rising for more production with less 
environmental impact, the agricultural sector is 
turning to biological solutions that can augment 
or even replace traditional chemical inputs         
(Kloepper & Schroth, 1978; Chițu et al., 2024; 
Sitnicki et al., 2024). Bacteria associated with 
plants and those found in soil are some of those 
that have demonstrated significant potential in 
plant growth promotion, nutrient enhancement, 
and soil structure and fertility improvement 
(Saharan & Nehra, 2011; Pandey et al., 2012; 
Hurek et al., 2002). 
Moreover, the use of bacterial inoculants aligns 
with current efforts to reduce dependency on 
synthetic fertilizers and plant protection 
products, whose long-term use has been 
associated with soil degradation, biodiversity 
loss, and groundwater contamination. By 
enhancing natural soil microbial communities 
and promoting nutrient cycling, beneficial 
bacteria offer a promising alternative that 
supports both crop productivity and 

environmental resilience. Recent advances in 
microbiome research, genomics, and 
bioformulation technologies have further 
expanded the possibilities for practical 
applications of bacteria in agriculture. However, 
successful implementation depends on factors 
such as strain selection, soil type, crop species, 
and environmental conditions. As such, 
continued interdisciplinary research is needed to 
optimize the use of microbial inoculants under 
field conditions and to integrate them effectively 
into modern farming systems (Amaresan et al., 
2020; Butta et al., 2023). This article reviews the 
current understanding of the role of beneficial 
bacteria in agriculture, focusing on 
Methylobacterium symbioticum. 
Bacteria from the Methylobacterium genus (Patt 
et al., 1976) are classified under the class 
Alphaproteobacteria and are Gram-negative 
bacteria characterized by a pink pigmentation 
due to carotenoid synthesis (Van et al., 2003), 
primarily xanthophylls. These bacteria have a 
bacillus shape, are strictly aerobic, and can grow 
by utilizing single-carbon (C1) compounds such 
as methanol or methylamine (Toyama et al., 
1998; Konovalova et al., 2007). 
Methylobacterium spp. can occupy various 
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habitats, including soil, water, leaf surfaces, root 
nodules, seeds, and air (Tani et al., 2012a; 
Wellner et al., 2012), having been detected in 
more than 70 plant species (Omer et al., 2004). 
In the context of modern agriculture, the use of 
beneficial microorganisms has become an 
essential component in increasing sustainability 
and productivity. Among these, 
Methylobacterium symbioticum is a symbiotic 
bacterial species with significant potential for 
improving plant health and enhancing 
adaptation to environmental stresses. This 
bacterium has the ability to colonize plants and 
form symbiotic relationships that contribute to 
increased nutrient use efficiency, stimulation of 
growth, and enhanced plant tolerance to adverse 
conditions (Szparaga et al., 2019). 
While traditional fertilizers and plant protection 
products  provide immediate effects, they often 
come with long-term ecological and economic 
risks. In contrast, Methylobacterium symbioticum 
and other symbiotic bacteria contribute to the 
development of a sustainable agricultural model 
by providing ecological solutions that support 
plants naturally, without negative effects on 
ecosystems. Methylobacterium symbioticum has 
been studied and reported to have the ability to 
produce phytohormones and other bioactive 
compounds that not only stimulate plant growth 
but also enhance resistance to pathogens and 
abiotic stresses such as drought or nutrient-poor 
soils (Green & Ardley, 2018; Zhang et al., 
2024). 
This paper examines the role of 
Methylobacterium symbioticum in agriculture, 
focusing on the mechanisms through which this 
bacterium supports plants and its potential 
agronomic applications. Additionally, the 
ecological and economic benefits of using this 
bacterium in sustainable agriculture will be 
explored, along with the challenges and 
perspectives for its integration into large-scale 
agricultural practices. Thus, Methylobacterium 
symbioticum stands out not only as a tool for 
increasing agricultural yields but also as a 
strategic ally in the transition toward a greener 
and more sustainable agricultural model. 
 
MATERIALS AND METHODS  
 
The working methodology involved the 
selection of currently known information on the 

fixed theme from  academic databases such as 
Google Scholar, PubMed and Web of Science, 
aiming to integrate microbiological, 
physiological and agronomic approaches to 
comprehensively evaluate Methylobacterium 
symbioticum as a plant growth promoting 
bacterium (PGPB) on the one hand and as a 
support for the development of sustainable 
agricultural practices, which reduce dependence 
on synthetic fertilizers, while improving crop 
productivity and soil health, on the other hand. 
 
RESULTS AND DISCUSSIONS  
 
The species Methylobacterium symbioticum, 
from the Methylobacterium genus, has garnered 
considerable attention in recent years due to its 
potential applications in promoting plant growth 
and increasing productivity. Studies have 
demonstrated that this bacterium forms 
symbiotic associations with numerous plant 
species, leading to improved physiological and 
biochemical performance, which is reflected in 
higher crop yields. The mechanisms through 
which Methylobacterium symbioticum exerts its 
beneficial effects include nitrogen fixation, 
phytohormone synthesis, and enhanced nutrient 
absorption processes that are essential for 
sustainable agriculture. 
One of the major advantages of 
Methylobacterium symbioticum is its ability to 
fix atmospheric nitrogen, a vital nutrient for 
plant growth. Research has shown that species 
from the Methylobacterium genus, including M. 
symbioticum, can significantly increase nitrogen 
availability in the rhizosphere, thereby reducing 
the need for synthetic nitrogen-based fertilizers. 
For example, the role of leaf-resident 
Methylobacterium species in nitrogen fixation, a 
process that favors biomass accumulation and 
increased seed production in Jatropha curcas, 
has been highlighted (Madhaiyan et al., 2007). 
These findings are also supported by other 
studies that have observed that, under nitrogen 
stress conditions, plants can intensify their 
symbiotic relationship with Methylobacterium 
symbioticum, leading to improved 
photosynthetic activity and better overall plant 
health (Torres et al., 2024). 
Beyond nitrogen fixation, Methylobacterium 
symbioticum is known for producing 
phytohormones such as auxins and cytokinins, 
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which play a crucial role in regulating plant 
growth and development. The production of 
these hormones has been correlated with 
enhanced root system development and 
increased nutrient uptake efficiency. Other 
studies have reported that foliar application of 
Methylobacterium symbioticum led to higher 
root length density (RLD) and an increase in 
root area density (RAD) in common wheat, 
indicating a positive impact on root architecture 
and function (Valente et al., 2024). Similarly, it 
has been observed that the beneficial effects of 
Methylobacterium spp. on plant growth are 
linked to their ability to produce growth 
regulators, supporting their role in promoting 
plant development through hormonal regulation 
(Senthilkumar et al., 2021). 
The ability of Methylobacterium symbioticum to 
colonize plant tissues is another essential factor 
in manifesting its beneficial effects. 
Colonization efficiency significantly influences 
the extent of growth promotion observed in 
plants. Some studies suggest that efficient 
colonization of plant tissues by 
Methylobacterium species is crucial for 
establishing a symbiotic relationship that 
benefits both the plant and the bacterium (Yim 
et al., 2012). Additionally, the mutualistic 
symbiosis between Methylobacterium species 
and various plant species has been investigated, 
suggesting that this interaction is facilitated by 
methanol emission from plants, which serves as 
a carbon source for the bacteria (Tani et al., 
2012b). This mutualistic relationship not only 
stimulates plant growth but also contributes to 
ecosystem health. 
Moreover, the application of Methylobacterium 
symbioticum as a microbial inoculant has 
demonstrated its potential to reduce agricultural 
production costs. Studies have highlighted the 
potential for using lower amounts of 
Methylobacterium-based inoculants once 
substantial colonization has been achieved, 
thereby reducing expenses associated with 
traditional fertilizer use (Zhang et al., 2024). 
This characteristic is particularly relevant in the 
context of sustainable agriculture, where 
integrating biological inoculants can contribute 
to the development of more environmentally 
friendly farming practices. 
The advantages of Methylobacterium 
symbioticum are not limited to a specific plant 

species but can be extended to various 
agricultural crops. Research has shown that 
Methylobacterium can enhance the growth and 
yield of economically valuable crops such as 
strawberries and maize. The effectiveness of 
Methylobacterium symbioticum as a biological 
inoculant for these crops has been particularly 
evident under nitrogen stress conditions, where 
the symbiotic relationship proved highly 
beneficial (Torres et al., 2024). Furthermore, the 
diversity of Methylobacterium species in the 
phylloplane of different crops has been 
documented, indicating a broad potential for 
promoting plant growth across various 
agricultural systems (Cheng et al., 2022). 
Additionally, the role of Methylobacterium 
symbioticum in phytoremediation has become a 
promising research direction. Studies have 
highlighted the potential of Methylobacterium-
enriched Crotalaria pumila seeds in improving 
phytoremediation efforts for soils contaminated 
with heavy metals (Sánchez-López et al., 2018). 
This application not only supports plant growth 
but also contributes to soil health and 
environmental sustainability by facilitating the 
restoration of contaminated lands. 
Research indicates that Methylobacterium 
symbioticum can effectively reduce the need for 
synthetic nitrogen-based fertilizers without 
compromising crop productivity. Studies have 
demonstrated that its application in maize and 
strawberry crops has led to comparable or even 
superior results in terms of growth and yield 
compared to conventional fertilization methods 
(Torres et al., 2024). This aspect is particularly 
relevant in the context of sustainable agriculture, 
where the ecological impact of chemical 
fertilizers is an increasing concern. As a 
biofertilizer, Methylobacterium symbioticum 
not only stimulates plant growth but also 
contributes to soil health by enhancing microbial 
diversity and activity (Valente et al., 2024; 
Torres et al., 2024; Rodrigues et al., 2024). 
Mechanisms of Action of Methylobacterium 
symbioticum 
The mechanisms through which 
Methylobacterium symbioticum exerts its 
beneficial effects are complex and 
multidimensional. One of the fundamental 
mechanisms is the production of phytohormones 
such as auxins and cytokinins, which are 
essential for plant growth and development. 
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These hormones regulate processes such as root 
elongation, nutrient uptake, and stress tolerance, 
thereby improving overall plant health and 
productivity (Senthilkumar et al., 2021; Bogas et 
al., 2016; Grossi et al., 2024). Additionally, 
Methylobacterium species are known for their 
ability to produce indole-3-acetic acid (IAA), a 
type of auxin essential for root architecture and 
function, which significantly enhances plants' 
ability to absorb water and nutrients from the 
soil (Grossi et al., 2024; Kwak et al., 2014). 
Moreover, the ability of Methylobacterium 
symbioticum to fix atmospheric nitrogen 
represents a significant advantage, especially in 
nitrogen-deficient soils. This characteristic 
reduces dependence on chemical nitrogen-based 
fertilizers, which are often associated with 
negative environmental effects such as water 
eutrophication and soil degradation (Torres et 
al., 2024; Rodrigues et al., 2024). 
Integrating Methylobacterium symbioticum into 
agricultural practices can thus contribute to the 
development of more sustainable farming 
systems that maintain high productivity levels 
while minimizing ecological impact. In addition 
to its role in nitrogen fixation and phytohormone 
production, Methylobacterium symbioticum 
improves plant resistance to abiotic stresses such 
as drought and salinity. By modulating 
metabolic pathways associated with stress 
responses and stimulating root growth, this 
bacterium helps plants withstand unfavorable 
environmental conditions, ultimately leading to 
stabilized yields under fluctuating climatic 
conditions (Palberg et al., 2022; Choudhury et 
al., 2023). Its ability to mitigate stress effects is 
particularly important in the context of global 
climate change, which is placing increasing 
pressure on agricultural systems. 
The application of Methylobacterium 
symbioticum is not limited to a single type of 
crop; it has been successfully tested on various 
species, including rice, olive, and potato. For 
example, studies have demonstrated that 
inoculating olive trees with Methylobacterium 
symbioticum resulted in improved growth and 
increased nitrogen fixation efficiency, 
highlighting its versatility as a biofertilizer 
(Rodrigues et al., 2024; Grossi et al., 2020). 
Similarly, in potato cultivation, 
Methylobacterium has been reported to enhance 
phosphorus and nitrogen absorption, further 

reinforcing its role as a valuable agricultural 
agent (Grossi et al., 2020). 
Furthermore, integrating Methylobacterium 
symbioticum into agricultural practices aligns 
with agroecological principles, which 
emphasize the importance of biodiversity and 
ecological balance in farming systems. By 
promoting beneficial microbial communities in 
the soil and rhizosphere, Methylobacterium 
symbioticum contributes to the overall health of 
agroecosystems, fostering sustainable 
agricultural practices capable of addressing the 
challenges of modern farming (Valente et al., 
2024; Christian et al., 2021). 
Methylobacterium symbioticum offers multiple 
benefits for plant growth and productivity 
through mechanisms such as nitrogen fixation, 
phytohormone production, and optimized 
nutrient absorption. Its ability to establish 
symbiotic relationships with various crops 
positions it as a valuable tool for sustainable 
agriculture, potentially reducing dependence on 
chemical fertilizers while enhancing crop yields. 
Ongoing research into the diverse applications 
of Methylobacterium symbioticum underscores 
its importance in modern agricultural practices 
and environmental management. 
Recent studies and practical applications have 
confirmed that Methylobacterium symbioticum 
can bring significant benefits to essential 
agricultural crops, contributing to increased 
yield, improved quality, and enhanced plant 
tolerance to stress. As research progresses, 
Methylobacterium symbioticum is on its way to 
becoming a fundamental tool in sustainable 
agricultural practices, providing farmers with a 
method to boost productivity in an 
environmentally friendly and economically 
viable manner. 
In recent years, the application of foliar 
biostimulant products has gained universal 
acceptance as a promising practice due to their 
ease of application and cost-effectiveness, 
particularly when combined with other 
agronomic practices such as herbicide, 
fungicide, and fertilizer application. Numerous 
studies have investigated the efficacy of these 
products, which often contain growth-
promoting substances such as amino acids, 
humic acids, or beneficial microorganisms, 
including plant growth-promoting bacteria 
(PGPB) (Glick et al., 1998; Dal et al., 2017). 
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These studies have explored the possibility of 
reducing chemical fertilization while 
maintaining production and quality standards. 
However, the Methylobacterium symbioticum 
strain, isolated by Pascual et al. in 2020, has not 
yet been extensively studied, and the effects of 
an inoculant based on this bacterium on 
common wheat remain untested. 
Consistent with previously reported results for 
crops such as maize and strawberry (Torres et 
al., 2024; Pascual et al., 2020), this study 
confirmed the beneficial effects on vegetative 
parameters (SPAD and NDVI) following 
inoculation with Methylobacterium 
symbioticum. The inoculant extended the crop's 
stay-green period, prolonging photosynthetic 
activity throughout the growth cycle. In biomass 
crops such as maize, this aspect represents an 
agronomic advantage, as it allows the plant to 
continue the photosynthesis process for a longer 
period, thereby increasing CO₂ assimilation and 
total biomass accumulation at harvest. 
In the case of common wheat, as expected, 
SPAD values before harvest were significantly 
lower in plots fertilized with a reduced nitrogen 
dose (75%N) compared to control plots. 
However, the "75%N + bact" treatment 
mitigated this difference, demonstrating the 
bacterium's ability to delay chlorophyll 
degradation in the final stages of the growth 
cycle. Additionally, although not statistically 
significant, a trend was observed in which plots 
treated with the microbial biostimulant 
exhibited higher SPAD values than untreated 
ones, particularly at the reduced nitrogen dose. 
This suggests that the bacteria express their 
effects more effectively under nitrogen 
deficiency conditions. It is presumed that plants 
in a nitrogen-deficient nutritional state are more 
favorable for establishing and maintaining an 
endophytic relationship with these beneficial 
bacteria. Similar  Biofertilizer results were 
obtained in an in vitro study on maize (Torres et 
al., 2024), where bacterial application at a 
reduced nitrogen dose (50%N) resulted in higher 
SPAD values compared to the fully fertilized 
control, further confirming a more efficient 
association between plants and bacteria under 
nutritional stress conditions. 
NDVI analysis demonstrated that, at the end of 
the growth cycle, values were similar across all 

treatments but were higher in the "75%N + bact" 
treatment compared to "75%N" alone. 
Previous studies have shown that various strains 
from the Methylobacterium genus possess ACC 
deaminase activity (Yim et al., 2014). Based on 
this hypothesis, preliminary in vitro tests 
confirmed that the tested strain exhibits this 
enzymatic activity, allowing it to delay 
senescence by breaking down the ethylene 
precursor ACC, thereby prolonging the stay-
green period of leaves. This enzyme degrades 
ACC, reducing ethylene synthesis and 
enhancing plant stress tolerance (Madhaiyan et 
al., 2007). 
Although the bacterial treatment did not have 
significant effects on morphological traits (plant 
height, upper internode length, LAI, and aerial 
biomass), notable effects were recorded on 
photosynthetic parameters. The "75%N + bact" 
treatment increased stomatal conductance and 
transpiration rate compared to the "100%N" and 
"75%N" plots without inoculation. Additionally, 
improved CO₂ assimilation rates and enhanced 
PSII efficiency were observed, confirming that 
plants establish associations with 
microorganisms to compensate for nutritional 
deficits. 
Previous studies on other plant growth-
promoting bacteria (PGPB) have highlighted 
similar benefits. For example, Azospirillum 
brasilense improves the growth of various crops 
by fixing atmospheric nitrogen and synthesizing 
growth-promoting substances (Bhattacharyya & 
Jha, 2012). Similarly, Pseudomonas fluorescens 
has demonstrated its ability to increase plant 
tolerance to saline stress by producing 
phytohormones and ACC deaminase, thereby 
reducing ethylene levels and improving plant 
development (Egamberdieva & Lugtenberg, 
2014). 
Regarding yield, the bacterial treatment did not 
significantly impact wheat productivity. 
However, other studies have reported yield 
increases in crops such as maize, grapevine, rice, 
and strawberry, particularly under reduced 
nitrogen doses (Torres et al., 2024; Pascual et 
al., 2020). These results suggest that improved 
crop performance is associated with the 
microorganisms' ability to assimilate 
ammonium through nitrogen fixation, reducing 
the plant's energy requirements for mineral 
nitrogen conversion. 
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Regarding wheat quality, the microbial 
biostimulant did not significantly increase 
protein content but influenced protein quality by 
increasing the glutenin-to-gliadin ratio and the 
proportion of high-molecular-weight (HMW) 
subunits relative to low-molecular-weight 
(LMW) subunits. This modification led to an 
increase in dough tenacity and stability. 
From an economic perspective, applying the 
inoculant does not incur additional costs for 
agricultural equipment, as it can be integrated 
with post-emergence weed control treatments or 
fungicides, thereby saving time and fuel. 
Although potential interactions between the 
bacterium and applied plant protection products   
need further investigation, economic viability is 
largely determined by fertilizer prices, which 
have risen due to raw material shortages. 
Beyond economic considerations, the ecological 
benefits of reducing chemical fertilizer 
applications such as decreased nitrogen leaching 
after heavy rainfall represent another agronomic 
advantage. 
 
CONCLUSIONS  
 
A rapid transition to a sustainable and 
productive agricultural system is necessary to 
maintain soil fertility and reduce soil 
biodiversity loss. 
Microbial biostimulants represent an innovative 
solution for achieving safe and long-term 
agricultural production with high nutritional 
value (Castiglione et al., 2021). Given the 
continuous growth of the global population, the 
reduction of arable land, and the depletion of 
crops' genetic potential, the implementation of 
innovative agricultural technologies is essential. 
Agronomic solutions with low environmental 
impact, aimed at improving plant resilience to 
challenging soil conditions, are becoming 
indispensable for meeting the high demand for 
nutrient-rich food (Szparaga et al., 2019; 
Mannino et al., 2021). 
Plant biostimulants (PBs) are a new generation 
of products available on the market that can 
contribute to achieving sustainability goals in 
agriculture. According to EU Regulation 
2019/1009, they are defined as "products that 
stimulate plant nutrition processes, 
independently of their nutrient content, with the 
sole purpose of improving one or more of the 

following characteristics of the plant or its 
rhizosphere: nutrient use efficiency, tolerance to 
abiotic stress, quality characteristics, and the 
availability of limited nutrients in the soil or 
rhizosphere" (Campobenedetto et al., 2020; 
Campobenedetto et al., 2021). 
PBs can consist of substances, mixtures, or 
microorganisms and are thus classified into 
microbial and non-microbial biostimulants 
(European Commission). A microbial plant 
biostimulant consists of a microorganism or a 
consortium of microorganisms included in 
CMC-7 (Component Material Categories, 
number 7), which comprises four distinct 
genera: Azotobacter spp., mycorrhizal fungi, 
Rhizobium spp., and Azospirillum spp. 
However, although the existence of regulations 
and limitations can be beneficial for ensuring 
food safety and product quality, the strictness 
and exclusivity of the positive list may 
significantly affect the potential benefits of these 
innovative products. Economically, the 
application of the inoculant does not entail 
additional spending on farm machinery, as it can 
be mixed with post-emergence weed control 
treatments or fungicides, thereby conserving 
time and fuel. Although the possible interaction 
of the bacteria with sprayed plant protection 
products must be the subject of further research, 
economic viability is decided primarily by the 
cost of fertilizers, which has increased because 
of the shortage of raw materials. Therefore, it 
would be appropriate to consider reducing the 
negative list and expanding the positive list with 
new microorganisms, provided that scientific 
evidence demonstrates and supports their safety 
for both the environment and consumers. 
 
REFERENCES  
 
Amaresan, N., Senthil Kumar, M., Annapurna, K., Kumar, 

K., & Sankaranarayanan, A. (Eds.). (2020). Beneficial 
microbes in agro-ecology: Bacteria and fungi. 
Academic Press,  861-912. 

Bhattacharyya, P.N., & Jha, D.K. (2012). Plant growth-
promoting rhizobacteria (PGPR): Emergence in 
agriculture. World Journal of Microbiology and 
Biotechnology, 28 (5), 1327–1350.  

Bogas, A.C., Aguilar-Vildoso, C.I., Camargo-Neves, 
A.A., & Araújo, W.L. (2016). Effects of growth-
promoting endophytic Methylobacterium on 
development of Citrus rootstocks. African Journal of 
Microbiology Research, 10 (19), 646–653.  

 



869

 
Butta, L.D., Neacşu, A., Smuleac, L.I., Pascalau, R., 

Imbrea, F., Bătrîna, Ş.L., Imbrea, I.M. (2023). 
Antifungal and anti-mycotic properties of essential 
oils extracted from different plants on pathogenic 
fungi that biosynthesize mycotoxins. Scientific Papers 
Series A. Agronomy, 66 (1), 251-263. 

Campobenedetto, C., Grange, E., Mannino, G., Van 
Arkel, J., Beekwilder, J., Karlova, R., Garabello, C., 
Contartese, V., & Bertea, C.M. (2020). A biostimulant 
seed treatment improved heat stress tolerance during 
cucumber seed germination by acting on the 
antioxidant system and glyoxylate cycle. Frontiers in 
Plant Science, 11, 836.  

Campobenedetto, C., Mannino, G., Beekwilder, J., 
Contartese, V., Karlova, R., & Bertea, C.M. (2021). 
The application of a biostimulant based on tannins 
affects root architecture and improves tolerance to 
salinity in tomato plants. Scientific Reports, 11, 354.  

Castiglione, A. M., Mannino, G., Contartese, V., Bertea, 
C. M., & Ertani, A. (2021). Microbial biostimulants as 
response to modern agriculture needs: Composition, 
role, and application of these innovative products. 
Plants, 10 (8), 1533.  

Cheng, J.E., Su, P., Zhang, Z.H., Zheng, L.M., Wang, 
Z.Y., Hamid, M.R., Dai, J.P., Du, X.H., Chen, L.J., 
Zhai, Z.Y., Kong, X.T., Liu, Y., & Zhang, D.Y. 
(2022). Metagenomic analysis of the dynamical 
conversion of photosynthetic bacterial communities in 
different crop fields over different growth periods. 
Plos one, 17(7), e0262517.  

Chițu, C., Imbrea, I.M., Bătrâna S., & Imbrea F. (2024). 
Developing a digitaltwin model for corn, wheat and 
rapeseed yields computation, Scientific Papers Series 
Management, Economic Engineering in Agriculture 
and Rural Development, 24 (2), 287-294. 

Choudhury, A.R., Trivedi, P., Madhaiyan, M., Choi, J., 
Choi, W., Park, J., & Sa, T. (2023). Regulation of salt-
stress mediated apoptosis in rice (Oryza sativa L.) with 
inoculation of ACC deaminase-producing endophytic 
bacteria. Physiologia Plantarul, 175 (2).  

Christian, N., Basurto, B.E., Toussaint, A., Xu, X., 
Ainsworth, E.A., Busby, P.E., & Heath, K.D. (2021). 
Elevated CO₂ reduces a common soybean leaf 
endophyte. Global Change Biology. 27 (17), 4154-
4168.  

Dal Cortivo, C., Barion, G., Visioli, G., Mattarozzi, M., 
Mosca, G., & Vamerali, T. (2017). Increased root 
growth and nitrogen accumulation in common wheat 
following PGPR inoculation: Assessment of plant-
microbe interactions by ESEM. Agriculture, 
Ecosystems & Environment, 247, 396–408.  

Egamberdieva, D., & Lugtenberg, B. (2014). Use of plant 
growth-promoting rhizobacteria to alleviate salinity 
stress in plants. In M. Miransari (Ed.), Use of 
Microbes for the Alleviation of Soil Stresses, 
Springer-Verlang Publishing House, 73-96.  

European Commission. (2019). The European Parliament 
and the Council of the European Union Regulation 
(EU) 2019/1009 of 5 June 2019 laying down rules on 
the making available on the market of EU fertilizing 
products. Official Journal of the European Union, 
2019 (1), 1–114.  

Glick, B.R., Penrose, D.M., & Li, J. (1998). A model for 
the lowering of plant ethylene concentrations by plant 
growth-promoting bacteria. Journal of Theoretical 
Biology, 190 (1), 63–68.  

Green, P. N., & Ardley, J. K. (2018). Review of the genus 
Methylobacterium and closely related organisms: A 
proposal that some Methylobacterium species be 
reclassified into a new genus, Methylorubrum gen. 
nov. International Journal of Systematic and 
Evolutionary Microbiology, 68, 2727–2748.  

Grossi, C.E.M., Fantino, E., Serral, F., Zawoznik, M.S., 
Fernandez Do Porto, D., & Ulloa, R.M. (2020). 
Methylobacterium sp. 2A is a plant growth-promoting 
rhizobacterium that has the potential to improve potato 
crop yield under adverse conditions. Frontiers in Plant 
Science, 11, 71.  

Grossi, C. E., Tani, A., Mori, I. C., Matsuura, T., & Ulloa, 
R. M. (2024). Plant growth‐promoting abilities of 
Methylobacterium sp. 2A involve auxin‐mediated 
regulation of the root architecture. Plant, Cell & 
Environment, 47 (12), 5343-5357. 

Hartmann, A., Rothballer, M., & Schmid, M. (2008). 
Lorenz Hiltner, a pioneer in rhizosphere microbial 
ecology and soil bacteriology research. Plant and Soil, 
312 (1-2), 7–14. 

Hurek, T., Handley, L., Reinhold-Hurek, B., & Piché, Y. 
(2002). Azoarcus grass endophytes contribute fixed 
nitrogen to the plant in an unculturable state. 
Molecular Plant-Microbe Interactions, 15 (3), 233–
242.  

Kloepper, J.W., & Schroth, M.N. (1978). Plant growth-
promoting rhizobacteria on radishes. In Proceedings 
of the 4th International Conference on Plant 
Pathogenic Bacteria (pp. 879–882). Gilbert-Clarey. 

Konovalova, H.M., Shylin, S.O., & Rokytko, P.V. (2007). 
Characteristics of carotenoids of methylotrophic 
bacteria of Methylobacterium genus. Mikrobiol Z, 69 
(1), 35–41. 

Kwak, M., Jeong, H., Madhaiyan, M., Lee, Y., Sa, T., Oh, 
T.K., & Kim, J.F. (2014). Genome information of 
Methylobacterium oryzae, a plant-probiotic 
methylotroph in the phyllosphere. PLoS ONE, 9 (9), 
e106704.  

Madhaiyan, M., Poonguzhali, S., & Sa, T. (2007). 
Characterization of 1-aminocyclopropane-1-
carboxylate (ACC) deaminase-containing 
Methylobacterium oryzae and interactions with auxins 
and ACC regulation of ethylene in canola (Brassica 
campestris). Planta, 226 (4), 867–876.  

Mannino, G., Gentile, C., Ertani, A., Serio, G., & Bertea, 
C.M. (2021). Anthocyanins: Biosynthesis, 
distribution, ecological role, and use of biostimulants 
to increase their content in plant foods—A review. 
Agriculture, 11, 212.  

Omer, Z.S., Tombolini, R., & Gerhardson, B. (2004). 
Plant colonization by pink-pigmented facultative 
methylotrophic bacteria (PPFMs). FEMS 
Microbiology Ecology, 47 (3), 319–326.  

Palberg, D., Kisiała, A., Jorge, G. L., & Emery, R. N. 
(2022). A survey of Methylobacterium species and 
strains reveals widespread production and varying 
profiles of cytokinin phytohormones. BMC 
microbiology, 22 (1), 49. 



870

 
Pandey, P., Bisht, S., Sood, A., Sharma, G.D., & 

Maheshwari, D.K. (2012). Consortium of plant-
growth-promoting bacteria: Future perspective in 
agriculture. In D. K. Maheshwari (Ed.), Bacteria in 
agrobiology: Plant probiotics, Springer-Verlag 
Publishing House, 185-200.  

Pascual, J. A., Ros, M., Martínez, J., Carmona, F., 
Bernabé, A., Torres, R., & Fernández, F. (2020). 
Methylobacterium symbioticum sp. nov., a new 
species isolated from spores of Glomus iranicum var. 
tenuihypharum. Current Microbiology, 77, 2031-
2041. 

Patt, T.E., Cole, GC., & Hanson, R.S. (1976). 
Methylobacterium, a new genus of facultatively 
methylotrophic bacteria. International Journal of 
Systematic Bacteriology, 26 (2), 226–229. 

Rodrigues, M., Raimundo, S., Correia, C.M., & Arrobas, 
M. (2024). Nitrogen fixation and growth of potted 
olive plants through foliar application of a nitrogen-
fixing microorganism. Horticulturae, 10 (6), 604.  

Saharan, B.S., & Nehra, V. (2011). Plant growth 
promoting rhizobacteria: A critical review. Life 
Sciences and Medicine Research, 2011 (L10021), 1-
30. 

Sánchez-López, A.S., Pintelon, I., Stevens, V., Imperato, 
V., Timmermans, J., Gónzalez‐Chávez, M. d. C.A., & 
Thijs, S. (2018). Seed endophyte microbiome of 
Crotalaria pumila unpeeled: Identification of plant-
beneficial Methylobacteria. International Journal of 
Molecular Sciences, 19 (1), 291.  

Senthilkumar, M., Pushpakanth, P., Jose, P.A., 
Krishnamoorthy, R., & Anandham, R. (2021). 
Diversity and functional characterization of 
endophytic Methylobacterium isolated from banana 
cultivars of South India and its impact on early growth 
of tissue culture banana plantlets. Journal of Applied 
Microbiology, 131 (5), 2448–2465.  

Sitnicki, M.W., Prykaziuk, N., Ludmila, H., Pimenowa, 
O., Imbrea, F., Șmuleac, L., & Pașcalău, R. (2024). 
Regional Perspective of Using Cyber Insurance as a 
Tool for Protection of Agriculture 4.0.  Agriculture, 14 
(2), 320. 

Szparaga, A., Kuboń, M., Kocira, S., Czerwińska, E., 
Pawłowska, A., Hara, P., Kobus, Z., & Kwaśniewski, 
D. (2019). Towards sustainable agriculture: 
Agronomic and economic effects of biostimulant use 
in common bean cultivation. Sustainability, 11, 4575.  

Tani, A., Sahin, N., & Kimbara, K. (2012a). 
Methylobacterium oxalidis sp. nov., isolated from 
leaves of Oxalis corniculata. International Journal of 
Systematic and Evolutionary Microbiology, 62, 1647–
1652.  

Tani, A., Takai, Y., Suzukawa, I., Akita, M., Murase, H., 
& Kimbara, K. (2012b). Practical application of 
methanol-mediated mutualistic symbiosis between 
Methylobacterium species and a roof greening moss, 
Racomitrium japonicum. PLoS ONE, 7 (3), e33800.  

Torres Vera, R., Bernabé García, A.J., Carmona Álvarez, 
F.J., Martínez Ruiz, J., & Fernández Martín, F. (2024). 
Application and effectiveness of Methylobacterium 
symbioticum as a biological inoculant in maize and 
strawberry crops. Folia Microbiologica (Praha), 69 
(1), 121–131.  

Toyama, H., Anthony, C., & Lidstrom, M. E. (1998). 
Construction of insertion and deletion mxa mutants of 
Methylobacterium extorquens AM1 by 
electroporation. FEMS Microbiology Letters, 166, 1–
7.  

Valente, F., Panozzo, A., Bozzolin, F., Barion, G., Bolla, 
P. K., Bertin, V., Potestio, S., Visioli, G., Wang, Y., & 
Vamerali, T. (2024). Growth, Photosynthesis and 
Yield Responses of Common Wheat to Foliar 
Application of Methylobacterium symbioticum under 
Decreasing Chemical Nitrogen 
Fertilization. Agriculture, 14 (10). 

Van Dien, S. J., Okubo, Y., Hough, M. T., et al. (2003). 
Reconstruction of C3 and C4 metabolism in 
Methylobacterium extorquens AM1 using transposon 
mutagenesis. Microbiology, 149, 601–609.  

Wellner, S., Lodders, N., & Kämpfer, P. (2012). 
Methylobacterium cerastii sp. nov., isolated from the 
leaf surface of Cerastium holosteoides. International 
Journal of Systematic and Evolutionary Microbiology, 
62, 917–924.  

Yim, W., Woo, S., Kim, K., & Sa, T. (2012). Regulation 
of ethylene emission in tomato (Lycopersicon 
esculentum Mill.) and red pepper (Capsicum annuum 
L.) inoculated with ACC deaminase-producing 
Methylobacterium spp. Korean Journal of Soil Science 
and Fertilizer, 45 (1), 37–42.  

Yim, W. J., Kim, K. Y., Lee, Y. W., Sundaram, S. P., Lee, 
Y., & Sa, T. M. (2014). Real-time expression of ACC 
oxidase and PR-protein genes mediated by 
Methylobacterium spp. in tomato plants challenged 
with Xanthomonas campestris pv. vesicatoria. Journal 
of Plant Physiology, 171, 1064–1075.  

Zhang, C., Zhou, D., Wang, M., Song, Y., Zhang, C., 
Zhang, M., & Yang, S. (2024). 
Phosphoribosylpyrophosphate synthetase as a 
metabolic valve advances Methylobacterium/ 
Methylorubrum phyllosphere colonization and plant 
growth. Nature Communications, 15 (1).  

 
. 
 

 


