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The global concern is population growth and rising food demands. It is unavoidable to implement new agricultural productivity-
enhancing practices. Plant growth promoting rhizobacteria (PGPR) has showed promise as a sustainable agriculture approach. They 
have a critical function in increasing soil fertility, promoting plant growth, and suppressing phytopathogens in the development of 
environmentally friendly, long-term agriculture. Beneficial plant growth-promoting (PGPR) microorganisms can be used as effective 
biotechnological instruments to boost plant development in a variety of situations, including stressful ones. A rise in the occurrence 
of abiotic stresses, which have a negative impact on plant growth and productivity in major crops, has been seen all over the world. 
As a result of such stress elements, plant development will be reduced under stress conditions compared to non-stress ones. There 
is a growing global desire for effective, ecologically friendly methods to decrease the negative consequences of plant stress. The 
importance of plant-beneficial microbe interactions under such harsh conditions cannot be overstated. Plant growth promoting 
rhizobacteria (PGPRs) are a good option for reducing these stressors and are now routinely used. Plants inoculated with PGPRs 
undergo morphological and biochemical changes that lead to greater tolerance to abiotic stressors. In this review article we focus on 
PGPRs, abiotic stress effects on plant growth and PGPRs mechanism in alleviating salinity, drought and heavy metal stress condition 
for plant growth.
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Introduction

Since the birth of civilization, agriculture has been the most 
important source of income [16]. Food security has been one of 
society’s primary issues for a long time, and any element that 
threatens it has been one of society’s challenges. With an increasing 
population rate and an unsustainable traditional agricultural 
system, farmers and politicians are struggling with how to produce 
enough food to fulfill global demand [23]. Around 7.41 billion 
people live on the planet, occupying 6.38 billion hectares of land, 
with 1.3 billion of them directly reliant on agriculture. Dynamic 

nature is critical for sustainable agriculture soil preservation. The 
Food Balance Sheet (FAO) 2004 of the United Nations’ Agriculture 
Organization demonstrates that the terrestrial environment alone 
provides 99.7% of food for the world’s population. Every year, 
79 million people are added to the world’s population, resulting 
in an ever-increasing demand for food and a corresponding lack 
of supply. Half of India’s population uses 60.6% of the country’s 
land for agriculture, growing a variety of cereals, vegetables, and 
pulses [29]. According to the FAO, agricultural land covers 38.47% 
of the world’s land area, and while 28.43% of that land is arable, 
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only 3.13% is permanently used for crop production. The issue 
has deteriorated as 20-25% of land worldwide is degraded each 
year, with another 5-10 million hectares destroyed each year. The 
movement of nutrients, energy, and carbon between soil organic 
matter, the soil environment, the aquatic ecosystem, and the 
atmosphere has a significant impact on agricultural productivity, 
water quality, and climate change [16]. Apart from climate change, 
the ever-increasing population, extensive agricultural practices, 
and consequently soil health degradation for crop production are 
all elements that affect agricultural sustainability. Furthermore, 
excessive use of chemical fertilizers, pesticides, and weedicides 
in agriculture results in a significant reduction in the diversity of 
beneficial soil bacteria. Abiotic and biotic stresses have a persistent 
impact on our agro-ecosystem, affecting soil health and fertility, as 
well as crop output [9].

The utilization of beneficial microorganisms as an integral part 
of agricultural practice is a technique that should be promoted 
in order to increase crop output in a sustainable and ecologically 
acceptable manner under stressful conditions [35]. Plant growth-
promoting rhizobacteria (PGPR), also known as rhizobacteria, 
are bacteria that live in the rhizosphere and help plant growth 
through direct mechanisms such as phytohormone production 
and increased nutrient availability, or indirect mechanisms such as 
pathogen suppression through antibiosis, lytic enzyme synthesis, 
and induced systemic resistance (ISR) [20,32]. This review focused 
on the various PGPR effects on plants under stressful conditions, 
as well as the various ways that beneficial microbes help plants 

to cope with stress, and finally, the plant’s requirements to use 
these beneficial rhizobacteria approaches to survive under abiotic 
stresses, making it clear that these microbes (PGPR) are an 
important part of sustainable agriculture [22,38].

Environmental stress and biochemical changes in plants

Numerous stress conditions, mostly classed as abiotic and 
biotic, have a negative impact on plant growth and productivity. 
They can occur spontaneously or as a result of human induction. 
Drought, low/high temperature, salinity, and acidic environments, 
light intensity, submergence, anaerobiosis, heavy metals (HMs) 
pollution, and nutritional deprivation are the most common abiotic 
stress, which contributes to a 50% loss in annual agricultural 
productivity globally whereas, Biotic stress is caused by disease-
causing pathogens such as bacteria, viruses, fungi, and parasites, 
which contribute for a 30% loss in annual agricultural productivity 
globally [22,39]. A plant’s physiology, morphology, biochemistry, 
and even molecular features are all affected by stress. Soil microbial 
diversity, crop productivity, soil fertility, and enhanced nutrient 
acquisition competition are all affected by biotic stress, which is 
influenced by abiotic stress [23,32]. Drought (lack of water), salinity 
(high salt concentrations), HMs toxicity, non-optimal temperature, 
and nutrient shortages, as well as biotic stress such as pathogen 
invasion, can cause physiological and morphological alterations 
in plants. After recognizing the stress, the plants respond quickly 
and forcefully to begin complex stress-specific communication by 
producing plant hormones and accumulating phenolic acids and 
flavonoids [22,38].

Figure 1: Different abiotic and biotic stress during plant growth (image created by PP in MS Office 365 ProPlus, 
PowerPoint).
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Abiotic stress

Plants are harmed by a variety of unexpected events, the most 
common of which are abiotic stress, which is the leading cause 
of agricultural production limitations worldwide [23,42]. Abiotic 
stressors are the harmful effects of nonliving elements on living 
organisms in a given environment. These stresses are posing 
a serious threat to agriculture’s long-term viability. An abiotic 
element’s strength or quantity has an impact on plant growth and 
development. Abiotic stress refers to any deviation from these 
ideal environmental conditions, such as a chemical or physical 
imbalance, which has a negative influence on plant growth, 
development, and productivity [22,42]. Abiotic stressors are 
the principal limiting factors for crop yield when environmental 
conditions are abnormal. Heat, cold, drought, alkaline conditions 
and salinity, water logging, light intensity, higher concentration 
of heavy metal and nutritional insufficiency are all examples 
of abiotic stressors. Drought has harmed 64% of the world’s 
land area, with salinity affecting 6%, anoxia affecting 13%, soil 
alkalinity affecting 15%, mineral depletion affecting 9%, and cold 
affecting 57% [23,39]. Furthermore, climate change is assisting in 
the development of numerous abiotic stresses, particularly high 
temperatures and drought, which have resulted in major yield 
decreases in wheat, maize, rice, barley, and other crops. The costs 
of abiotic stresses have the potential to be significant. Abiotic 
stressors resulted in a 70% reduction in crop yields, in addition to 
their negative consequences on agriculture, biodiversity, and the 
environment [9].

Salinity stress

Salts are a naturally occurring element in both water and soil. 
Salinization is the process of increased salt content in the soil, and 
it is significant to stress for most plants. Soil salinity stress creates 
a variety of issues. Excessive salt levels in plant tissues are, in fact, 
poisonous to it. Furthermore, when plants are exposed to salinity, 
they have a harder time obtaining the nutrients and water they 
require. As the most common abiotic stress, salinity stress impacts 
most agricultural fields and conventional agriculture around the 
world [18]. Osmosis stress occurs when the water potential in the 
soil is lowered, making it difficult for the plant to absorb water 
and nutrients. The presence of cations like Ca2+, K+, and Na+, as 
well as anions like Cl- and NO3-, causes soil salinity. Inadequate 
rainfall and poor soil weathering are the primary causes of salt 
buildup as electrically charged ions in the soil [46]. Salt stress 

affects several aspects of plant life, including seed germination, 
nodulation, agricultural productivity, water and nutrient intake, 
crop production, ecological and physicochemical balance, and 
nitrogen fixation [46]. Plants, on the other hand, must use a variety 
of processes to deal with this condition. Some of the strategies used 
by plants to survive under salt stress conditions include osmotic 
tolerance, tissue tolerance, and the exclusion of Na+ from leaf 
blades [3]. Furthermore, plant-produced phytohormones such 
cytokinin, auxin, gibberellins, and ethylene, as well as siderophore 
and nutrient mobilization, and nitrogen fixation, are some of the 
direct mechanisms that lead to increased root number, length, and 
volume, and hence greater nutrition uptake [22,32,38].

Drought stress

Drought is another important abiotic stress that has a 
negative impact on the growth and production of most cultivated 
agricultural products, particularly in arid and semiarid areas [9]. 
Drought is referred to as detrimental environmental stress, and 
environmentalists and agricultural scientists are both concerned 
about it. It’s a major agricultural problem all around the world, 
limiting plant growth, development, and output [21]. Drought 
stress impacts the majority of agricultural fields around the 
world, affecting human lives and the economy as a result [22]. 
Drought stress has a negative impact on plant development and 
metabolic processes in key field crops by affecting water relations, 
photosynthesis, and nutrient uptake [9]. Drought has a variety 
of effects on growth factors as well as stress-responsive genes in 
suffering. Low water content reduces cell size, turgor pressure, 
and membrane integrity, as well as the formation of reactive 
oxygen species (ROS) and leaf senescence, all of which impair 
crop plant yield [32,38,48]. Furthermore, a lack of water causes a 
variety of morphological, physiological, and molecular changes in 
plants, including height loss, increased ethylene production, lipid 
peroxidation, changes in chlorophyll content, membrane function 
and protein conformation due to free radical accumulation, 
photosynthesis apparatus damage, photosynthesis inhibition, 
and cell death [6,48]. It is important to note that the influence of 
climate change will result in more frequent and severe droughts in 
the near future [22].

Heavy metal stress

Pollution of Heavy metals in soils has occurred from 
industrialization, anthropogenic activities, and the usage of 
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chemical fertilizers; these metals have a strong effect on plants, 
putting human and animal health at risk. Pollution from Heavy 
metals and contaminated soils are thus important global 
environmental issues. Metals with densities more than 5 g/cm3 
are classified as Heavy metals [22,36,43]. Heavy metals include 
cadmium, lead, manganese, chromium, copper, zinc, and aluminum. 
Metalloids, such as arsenic (As) and antimony (Sb), are chemical 
elements that have some of the properties of metals while also 
having some nonmetal qualities [27]. Some heavy metals are only 
required at low concentrations for various metabolic functions of 
organisms, but at larger concentrations than threshold levels in 
soils, these metals have a deleterious impact on the growth and 
composition of microbial communities. Heavy metals also have a 
negative impact on heavy metal-stressed plants’ growth, biomass, 
and photosynthesis. Heavy metals cause depletion and imbalance 
of vital nutrients in plants impacted by metal stress by interfering 
with the uptake and distribution of essential nutrients [9,36,43]. 
Furthermore, heavy metals are primarily deposited in soil and 
transmitted to the food chain by plants that develop in that soil [9]. 
To protect against hazardous effects and Heavy metals pollution, 
these Heavy metals must be entirely removed from the environment. 
There are a variety of physio-chemical heavy metals remediation 
approaches available, but most of them have drawbacks, such as 
the loss of soil structures and high costs [8,13,41].

Plant growth promoting rhizobacteria

As a result, reducing environmental stress in an environmentally 
responsible manner is critical. The utilization of beneficial plant-
associated microbial communities to promote plant growth and 
development in adverse environments is receiving a lot of attention. 
Farmers have more options with microbial solutions, and they 
can assist meet the demand for sustainable agricultural methods. 
Applying proper microbial techniques and utilizing the interactions 
of plant roots and soil microbes to promote crop productivity and 
soil health is essential in such conditions [9]. Beneficial bacteria 
associated with plant roots play an important role in increasing 
plant tolerance to both biotic and abiotic stress. Microorganism-
driven physical and chemical changes in plants that result in 
increased plant tolerance to abiotic stimuli have been coined the 
name induced systemic tolerance (IST) [38,50]. Plant growth-
promoting bacteria (PGPB), including plant growth-promoting 
rhizobacteria (PGPR), and mycorrhizal fungi would contribute to 
environmental stability and a transformation toward sustainable 

agriculture [30,32]. Plant-associated microorganisms can be 
classified as (a) beneficial, (b) deleterious, and (c) neuter types 
depending on their influence. Members of the genera Azospirillum, 
Azotobacter, Pseudomonas, Bacillus, Burkholderia, Enterobacter, 
Klebsiella, Serratia, and Variovorax are considered PGPR, which 
stimulates plant growth and development under both optimal and 
inadequate conditions. Drought, heavy metal, and salinity stress 
affect the majority of plant growth-promoting microorganisms 
(PGPM) and arbuscular mycorrhizae (AM) [23]. As a result, finding 
biofertilizers that are compatible with the stress environment 
is difficult. Nonetheless, by establishing effective processes, 
some of these microbes may simultaneously withstand harsh 
environments and establish plants. In the next chapter, a practical 
method for investigating the role of plant-microbe interactions in 
maintaining plant development and conferring disease resistance 
on sustainable agriculture is required [23].

Figure 2: PGPRs action mechanism in alleviating salinity, 
drought and heavy metal toxicity stress in plants (image 

created by PP in MS Office 365 ProPlus, PowerPoint).

Action mechanism of PGPRs to support plant growth in stress 
condition

ACC deaminase

Plants create “stress ethylene” in response to environmental 
stress, and this ethylene primarily limits plant growth [1]. Stress 
conditions such as salinity, drought, nutritional imbalance, 
and heavy metals force plants to produce “stress ethylene.” 
Ethylene is a vital hormone for plant growth and development 
at low concentrations. However, under stressful conditions, it is 
overproduced, affecting the growth and yield of all plants exposed 

70

Rhizobacterial - Plant Interaction Approaches that Enhance Plant Growth Under Abiotic Stress

Citation: Sarita Sharma., et al. “Rhizobacterial - Plant Interaction Approaches that Enhance Plant Growth Under Abiotic Stress". Acta Scientific Agriculture 
6.5 (2022): 67-74.



to stress [9]. ACC (1-aminocyclopropane-1-carboxylic acid) 
deaminase, an important bacterial physiological characteristic, 
aids plant growth under stress situations [10]. PGPR with the 
enzyme ACC deaminase would lower the level of stress ethylene 
and allow the plant to flourish under abiotic stress conditions [11]. 
In stressed plants, PGPRs containing ACC deaminase can convert 
ACC, a plant ethylene precursor, to ammonia and -ketobutyrate, 
lowering ethylene synthesis [14].

Siderophores production

Iron is a necessary element for plants. Important physiological 
functions like respiration, photosynthesis, and nitrogen fixation 
are all mediated by enzymes, and iron serves as a cofactor for these 
enzymes, hence iron deprivation causes significant metabolic 
changes [15,40]. Furthermore, in an aerobic environment, iron 
occurs in an insoluble form; it exists in the trivalent state as 
oxyhydroxide [5]. Because iron in its trivalent state is sparingly 
soluble and hence unavailable to microbes and plants, it is required 
in the form of Fe+2 [35,41,44]. To circumvent this difficulty, certain 
bacteria synthesize ferric ion-specific chelating compounds known 
as siderophores [25]. Bacteria and plants create siderophores, 
which are low molecular weight molecules (typically less than 1 
kDa) with functional groups capable of reversibly binding iron 
[15]. Bacterial siderophores are classified as hydroxamates, 
catecholates, peptide siderophores, mycobactin, and citrate 
hydroxymates [44]. Rhizosphere bacteria emit these compounds 
to raise their competitive potential since they have antibacterial 
properties and improve iron feeding for the plant [12]. Siderophore-
producing rhizobacteria boost plant health at different levels, such 
as iron nutrition, and they also inhibit pathogen growth by limiting 
the iron available to the pathogen, because the iron-siderophore 
complex is not absorbed by fungus [35,45].

Exopolysaccharide production

Exopolysaccharide, an extracellular carbohydrate polymer, 
is secreted by Rhizobacteria [7]. Homopolysaccharides and 
heteropolysaccharides are two types of exopolysaccharides. 
Exopolysaccharide is secreted in two forms: capsular EPS, which 
is attached to the cell wall, and extracellular slime layer, which 
is discharged into the environment [37]. Stress triggers the 
synthesis of EPS. It has been found that in stressed conditions, 
more EPS is produced than in non-stressed conditions [4]. Because 
exopolysaccharides are hydrated substances with 97 percent 
water in a polymer matrix, they stimulate plant development 

and ensure plant survival in draught stress circumstances [9,44]. 
Exopolysaccharide can protect the plant from desiccation by 
forming a hydrophilic biofilm on the root surface [26,33]. Some 
plant growth-promoting rhizobacteria produce exopolysaccharide, 
which has a negative charge and can bind cations such as Na+. 
As a result, it will inhibit the plant from absorbing Na+ ions, 
allowing it to live in saline circumstances [2]. As a result, heavy 
metal-tolerant exopolysaccharide-producing PGPRs will bind 
to potentially hazardous trace elements and create organic 
metal complexes. These phenomena will increase heavy metal 
resistance in plants grown in heavy metal-contaminated soils 
[26,31]. Exopolysaccharide also provides important nutrients to 
the plant for healthy growth and development through successful 
colonization of plant roots by EPS-producing microbes, which 
helps to hold free phosphorous from the insoluble one [17]. EPS-
producing PGPRs maintain higher soil moisture content and plant 
growth even in extremely dried sandy soils [26,41].

Osmolyte accumulation

The build-up of suitable solutes such as proline, trehalose, 
glycine betaine, and others to maintain cellular swelling for 
proper cellular physiology is known as osmolyte adjustment. It 
is a significant physiological process found in plants that allows 
them to withstand osmotic stress caused by drought and salinity 
[9]. Plants cannot secure their growth and survival despite their 
ability to create osmolyte accumulation under salty and drought 
situations because it has been documented that salinity and 
drought can modify the osmolarity accumulation in plants [9]. 
Plant growth is aided by the generation of compatible osmolytes 
by the PGPR strain and plants in response to drought and salinity 
stress [28]. Some essential elements, such as substrate availability 
in the rhizosphere and the duration of osmotic stress, are involved 
in the generation of a specific osmolyte in bacteria during stressful 
conditions [20]. The major osmolyte produced in plants as a result 
of protein hydrolysis is proline, which is susceptible to osmotic 
stress [24]. When plants are injected with rhizobacteria, proline 
levels are increased during drought and salinity [49]. Tomato 
plants treated with Bacillus polymyxa produced more proline, 
which helped the plants deal with drought stress, according to one 
example [20]. Trehalose is an essential osmolyte made up of two 
molecules of -glucose that forms a gel phase as the cells dehydrate 
and protects the plant from drought and salt stress by decreasing 
cell damage [11].
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Volatile organic compounds

Many bacteria and plants communicate with one another in the 
soil by synthesizing a variety of volatile organic molecules [11]. 
Rhizobacterial volatile organic compound production is species-
specific. Lipophilic liquids with a high vapor pressure are known 
as volatile organic compounds [19]. Plant genes producing reactive 
oxygen species scavenging enzymes such as glutathione reductase, 
monodehydroascorbate reductase, catalase, and superoxide 
dismutase are activated by volatile organic molecules, which 
protect plants from drought and salt stress [47]. By increasing 
the manufacture of choline and glycine betaine, volatile organic 
chemicals improve the plant’s tolerance to osmotic stress [20]. 
[34] Ryu investigated the VOCs 3-hydroxy-2-butanone and 2R, 
3R-butendiol generated by Bacillus subtilis GB03 and Bacillus 
amyloliquefacience IN937a. By influencing the expression of genes 
involved in cell wall formation, these two VOCs aided growth in 
Arabidopsis plants.

Conclusion

Abiotic stressors such as salinity, drought, and heavy metals 
have an impact on plant growth, quality, survivorship, and 
productivity. Crop losses occur all throughout the world as a result 
of these stresses. Salinity, drought, and heavy metals resistant 
proteins are overexpressed as a result of altered physiological 
and biological features, allowing crop plants to survive in stressful 
situations. Hormonal imbalance, ion toxicity vulnerability, nutrient 
mobilization, crop production, food quality, and security all 
suffer as a result of stress, in addition to limiting plant growth 
and development. The best way to deal with plant stress is to 
use microbe-mediated tools and approaches that take use of the 
triple interaction of plant-microbe soil.In terms of ecology, PGPR 
is a functional group whose ability to modulate plant physiology 
appears to be worthy of dealing with abiotic influences in natural 
and agricultural soils. Significant effects of plant tolerance to 
abiotic stress include increased yield and production of foods for 
human and livestock use. By examining the critical role of PGPR 
in stress mitigation, all of which have a favorable impact on crop 
productivity and ecosystem functioning, they demand active use 
in agriculture. The usage of PGPR will almost certainly become a 
reality, and it will be critical to processes that ensure the stability 
and productivity of the agroecosystems, pushing us toward a 
perfect agricultural system.

Conflicts of Interest 

We declare that there are no conflicts of interest.

Acknowledgement

I am grateful to my Guide, Mrs. Sarita Sharma, as well as the 
facilities provided by the DST-FIST Sponsored Department of 
Microbiology and Biotechnology, University School of Sciences, 
Gujarat University, Gujarat, India.

Bibliography

1. Abeles F B., et al. “Ethylene”. Plant Biology, 2nd ed., Academic 
Press, New York (1992).

2. Arora N K., et al. “Multifaceted plant-associated microbes and 
their mechanisms diminish the concept of direct and indirect 
PGPRs”. In Plant microbe symbiosis: Fundamentals and 
advances (2013): 411-449.

3. Assaha DV., et al. “The role of Na+ and K+ transporters in salt 
stress adaptation in glycophytes”. Frontiers in Physiology 8 
(2017): 509.

4. Awad N., et al. “Ameliorate of environmental salt stress on the 
growth of Zea mays L. plants by exopolysaccharides producing 
bacteria”. Journal of Applied Sciences Research 8.4 (2012): 
2033-2044.

5. Beneduzi A., et al. “Plant growth-promoting rhizobacteria 
(PGPR): their potential as antagonists and biocontrol agents”. 
Genetics and Molecular Biology 35.4 (2012): 1044-1051.

6. Chiappero J., et al. “Plant growth promoting rhizobacteria 
improve the antioxidant status in Mentha piperita grown 
under drought stress leading to an enhancement of plant 
growth and total phenolic content”. Industrial Crops and 
Products 139 (2019): 111553.

7. Costa OY., et al. “Microbial extracellular polymeric substances: 
ecological function and impact on soil aggregation”. Frontiers 
in Microbiology 9 (2018): 1636.

8. Dabhi J., et al. “Bioremediation of Heavy Metals: A brand New 
Methodology to Sustainable Agriculture”. International Journal 
of Innovative Research in Science, Engineering and Technology 
10.6 (2021): 6031-6049.

9. Etesami H and Maheshwari DK. “Use of plant growth 
promoting rhizobacteria (PGPRs) with multiple plant growth 
promoting traits in stress agriculture: Action mechanisms and 
future prospects”. Ecotoxicology and Environmental Safety 156 
(2018): 225-246.

72

Rhizobacterial - Plant Interaction Approaches that Enhance Plant Growth Under Abiotic Stress

Citation: Sarita Sharma., et al. “Rhizobacterial - Plant Interaction Approaches that Enhance Plant Growth Under Abiotic Stress". Acta Scientific Agriculture 
6.5 (2022): 67-74.

https://link.springer.com/chapter/10.1007/978-81-322-1287-4_16
https://link.springer.com/chapter/10.1007/978-81-322-1287-4_16
https://link.springer.com/chapter/10.1007/978-81-322-1287-4_16
https://link.springer.com/chapter/10.1007/978-81-322-1287-4_16
https://www.frontiersin.org/articles/10.3389/fphys.2017.00509/full
https://www.frontiersin.org/articles/10.3389/fphys.2017.00509/full
https://www.frontiersin.org/articles/10.3389/fphys.2017.00509/full
https://www.researchgate.net/publication/261175275_Ameliorate_of_Environmental_Salt_Stress_on_the_Growth_of_Zea_mays_L_Plants_By_Exopolysaccharides_Producing_Bacteria
https://www.researchgate.net/publication/261175275_Ameliorate_of_Environmental_Salt_Stress_on_the_Growth_of_Zea_mays_L_Plants_By_Exopolysaccharides_Producing_Bacteria
https://www.researchgate.net/publication/261175275_Ameliorate_of_Environmental_Salt_Stress_on_the_Growth_of_Zea_mays_L_Plants_By_Exopolysaccharides_Producing_Bacteria
https://www.researchgate.net/publication/261175275_Ameliorate_of_Environmental_Salt_Stress_on_the_Growth_of_Zea_mays_L_Plants_By_Exopolysaccharides_Producing_Bacteria
https://www.sciencedirect.com/science/article/abs/pii/S0926669019305643
https://www.sciencedirect.com/science/article/abs/pii/S0926669019305643
https://www.sciencedirect.com/science/article/abs/pii/S0926669019305643
https://www.sciencedirect.com/science/article/abs/pii/S0926669019305643
https://www.sciencedirect.com/science/article/abs/pii/S0926669019305643
https://www.frontiersin.org/articles/10.3389/fmicb.2018.01636/full
https://www.frontiersin.org/articles/10.3389/fmicb.2018.01636/full
https://www.frontiersin.org/articles/10.3389/fmicb.2018.01636/full
https://link.springer.com/chapter/10.1007/978-981-13-7665-8_13
https://link.springer.com/chapter/10.1007/978-981-13-7665-8_13
https://link.springer.com/chapter/10.1007/978-981-13-7665-8_13
https://link.springer.com/chapter/10.1007/978-981-13-7665-8_13
https://pubmed.ncbi.nlm.nih.gov/29554608/
https://pubmed.ncbi.nlm.nih.gov/29554608/
https://pubmed.ncbi.nlm.nih.gov/29554608/
https://pubmed.ncbi.nlm.nih.gov/29554608/
https://pubmed.ncbi.nlm.nih.gov/29554608/


10. Etesami H., et al. “Indole-3-acetic acid and 
1-aminocyclopropane-1-carboxylate deaminase: bacterial 
traits required in rhizosphere, rhizoplane and/or endophytic 
competence by beneficial bacteria”. Bacterial Metabolites in 
Sustainable Agroecosystem (2015): 183-258.

11. Forni C., et al. “Mechanisms of plant response to salt and 
drought stress and their alteration by rhizobacteria”. Plant and 
Soil 410.1 (2017): 335-356.

12. Glick BR. “The enhancement of plant growth by free-living 
bacteria”. Canadian Journal of Microbiology 41.2 (1995): 109-
117.

13. Glick BR. “Using soil bacteria to facilitate phytoremediation”. 
Biotechnology Advances 28.3 (2010): 367-374.

14. Glick B R. “Bacteria with ACC deaminase can promote plant 
growth and help to feed the world”. Microbiological Research 
169.1 (2010): 30-39.

15. Goswami D., et al. “Portraying mechanics of plant growth 
promoting rhizobacteria (PGPR): a review”. Cogent Food and 
Agriculture 2.1 (2016): 1127500.

16. Gouda S., et al. “Revitalization of plant growth promoting 
rhizobacteria for sustainable development in agriculture”. 
Microbiological Research 206 (2018): 131-140.

17. Gupta G., et al. “Plant growth promoting rhizobacteria (PGPR): 
current and future prospects for development of sustainable 
agriculture”. Journal of Microbial and Biochemical Technology 
7.2 (2015): 096-102.

18. Isayenkov S V and Maathuis FJ. “Plant salinity stress: many 
unanswered questions remain”. Frontiers in Plant Science 10 
(2019): 80.

19. Kai M., et al. “Bacterial volatiles and their action potential”. 
Applied Microbiology and Biotechnology 81.6 (2009): 1001-
1012.

20. Kaushal M and Wani SP. “Rhizobacterial-plant interactions: 
strategies ensuring plant growth promotion under drought 
and salinity stress”. Agriculture, Ecosystems and Environment 
231 (2016): 68-78.

21. Khoshmanzar E., et al. “Effects of Trichoderma isolates on 
tomato growth and inducing its tolerance to water-deficit 
stress”. International Journal of Environmental Science and 
Technology 17.2 (2020): 869-878.

22. Khoshru B., et al. “Current scenario and future prospects of 
plant growth-promoting rhizobacteria: An economic valuable 
resource for the agriculture revival under stressful conditions”. 
Journal of Plant Nutrition 43.20 (2020): 3062-3092.

23. Khoshru B., et al. “Plant microbiome and its important in 
stressful agriculture”. In Plant Microbiome Paradigm (2020): 
13-48.

24. Krasensky J and Jonak C. “Drought, salt, and temperature 
stress-induced metabolic rearrangements and regulatory 
networks”. Journal of Experimental Botany 63.4 (2012): 1593-
1608.

25. Lankford C E., et al. “Bacterial assimilation of iron”. CRC Critical 
Reviews in Microbiology 2.3 (1973): 273-331.

26. Panchal R., et al. “Bacterial Exopolysaccharides: Types, its 
Biosynthesis and their Application in Different Fields”. Acta 
Scientific Biotechnology 3.3 (2022): 1-9.

27. Pandey V C. “Phytoremediation of heavy metals from fly ash 
pond by Azolla caroliniana”. Ecotoxicology and Environmental 
Safety 82 (2012): 8-12.

28. Paul D and Nair S. “Stress adaptations in a plant growth 
promoting rhizobacterium (PGPR) with increasing salinity 
in the coastal agricultural soils”. Journal of Basic Microbiology 
48.5 (2008): 378-384.

29. Paustian K., et al. “Climate-smart soils”. Nature 532.7597 
(2016): 49-57.

30. Prasad R., et al. “The microbial symbionts: Potential for crop 
improvement in changing environments”. In Advancement in 
crop improvement techniques (2020): 233-240.

31. Rajkumar M., et al. “Potential of siderophore-producing 
bacteria for improving heavy metal phytoextraction”. Trends 
in Biotechnology 28.3 (2010): 142-149.

32. Rochlani A., et al. “Plant Growth Promoting Rhizobacteria as 
Biofertilizers: Application in Agricultural Sustainability”. Acta 
Scientific Microbiology 5.4 (2022): 12-21.

33. Rossi F., et al. “The role of the exopolysaccharides in enhancing 
hydraulic conductivity of biological soil crusts”. Soil Biology 
and Biochemistry 46 (2012): 33-40.

34. Ryu CM., et al. “Bacterial volatiles induce systemic resistance 
in Arabidopsis”. Plant Physiology 134.3 (2004): 1017-1026.

73

Rhizobacterial - Plant Interaction Approaches that Enhance Plant Growth Under Abiotic Stress

Citation: Sarita Sharma., et al. “Rhizobacterial - Plant Interaction Approaches that Enhance Plant Growth Under Abiotic Stress". Acta Scientific Agriculture 
6.5 (2022): 67-74.

https://link.springer.com/article/10.1007/s11104-016-3007-x
https://link.springer.com/article/10.1007/s11104-016-3007-x
https://link.springer.com/article/10.1007/s11104-016-3007-x
https://cdnsciencepub.com/doi/abs/10.1139/m95-015
https://cdnsciencepub.com/doi/abs/10.1139/m95-015
https://cdnsciencepub.com/doi/abs/10.1139/m95-015
https://pubmed.ncbi.nlm.nih.gov/20149857/
https://pubmed.ncbi.nlm.nih.gov/20149857/
https://www.sciencedirect.com/science/article/pii/S094450131300150X
https://www.sciencedirect.com/science/article/pii/S094450131300150X
https://www.sciencedirect.com/science/article/pii/S094450131300150X
https://www.tandfonline.com/doi/full/10.1080/23311932.2015.1127500
https://www.tandfonline.com/doi/full/10.1080/23311932.2015.1127500
https://www.tandfonline.com/doi/full/10.1080/23311932.2015.1127500
https://www.sciencedirect.com/science/article/pii/S0944501317303415
https://www.sciencedirect.com/science/article/pii/S0944501317303415
https://www.sciencedirect.com/science/article/pii/S0944501317303415
https://www.walshmedicalmedia.com/open-access/plant-growth-promoting-rhizobacteria-pgpr-current-and-future-prospects-for-development-of-sustainable-agriculture-1948-5948-1000188.pdf
https://www.walshmedicalmedia.com/open-access/plant-growth-promoting-rhizobacteria-pgpr-current-and-future-prospects-for-development-of-sustainable-agriculture-1948-5948-1000188.pdf
https://www.walshmedicalmedia.com/open-access/plant-growth-promoting-rhizobacteria-pgpr-current-and-future-prospects-for-development-of-sustainable-agriculture-1948-5948-1000188.pdf
https://www.walshmedicalmedia.com/open-access/plant-growth-promoting-rhizobacteria-pgpr-current-and-future-prospects-for-development-of-sustainable-agriculture-1948-5948-1000188.pdf
https://www.frontiersin.org/articles/10.3389/fpls.2019.00080/full
https://www.frontiersin.org/articles/10.3389/fpls.2019.00080/full
https://www.frontiersin.org/articles/10.3389/fpls.2019.00080/full
https://www.tandfonline.com/doi/abs/10.1080/01904167.2020.1799004?journalCode=lpla20
https://www.tandfonline.com/doi/abs/10.1080/01904167.2020.1799004?journalCode=lpla20
https://www.tandfonline.com/doi/abs/10.1080/01904167.2020.1799004?journalCode=lpla20
https://www.tandfonline.com/doi/abs/10.1080/01904167.2020.1799004?journalCode=lpla20
https://link.springer.com/chapter/10.1007/978-3-030-50395-6_2
https://link.springer.com/chapter/10.1007/978-3-030-50395-6_2
https://link.springer.com/chapter/10.1007/978-3-030-50395-6_2
https://pubmed.ncbi.nlm.nih.gov/22291134/
https://pubmed.ncbi.nlm.nih.gov/22291134/
https://pubmed.ncbi.nlm.nih.gov/22291134/
https://pubmed.ncbi.nlm.nih.gov/22291134/
https://www.tandfonline.com/doi/abs/10.3109/10408417309108388
https://www.tandfonline.com/doi/abs/10.3109/10408417309108388
https://pubmed.ncbi.nlm.nih.gov/18702073/
https://pubmed.ncbi.nlm.nih.gov/18702073/
https://pubmed.ncbi.nlm.nih.gov/18702073/
https://pubmed.ncbi.nlm.nih.gov/18702073/
https://www.nature.com/articles/nature17174
https://www.nature.com/articles/nature17174
https://pubmed.ncbi.nlm.nih.gov/20044160/
https://pubmed.ncbi.nlm.nih.gov/20044160/
https://pubmed.ncbi.nlm.nih.gov/20044160/
https://actascientific.com/ASMI/pdf/ASMI-05-1028.pdf
https://actascientific.com/ASMI/pdf/ASMI-05-1028.pdf
https://actascientific.com/ASMI/pdf/ASMI-05-1028.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0038071711003968
https://www.sciencedirect.com/science/article/abs/pii/S0038071711003968
https://www.sciencedirect.com/science/article/abs/pii/S0038071711003968
https://pubmed.ncbi.nlm.nih.gov/14976231/
https://pubmed.ncbi.nlm.nih.gov/14976231/


35. Saraf M., et al. “Production and optimization of siderophore 
from plant growth promoting Rhizobacteria”. Scholar press 
(2017): 1-85.

36. Sarita S., et al. “Phytomining of Heavy Metals: A Green 
Technology to Sustainable Agriculture”. International Journal 
of Innovative Research in Science, Engineering and Technology 
10.6 (2021a): 7527-7538. 

37. Seesuriyachan P., et al. “Optimization of exopolysaccharide 
overproduction by Lactobacillus confusus in solid state 
fermentation under high salinity stress”. Bioscience, 
Biotechnology, and Biochemistry (2012): 110905.

38. Shaikh NB., et al. “Rhizobacteria that Promote Plant Growth and 
their Impact on Root System Architecture, Root Development, 
and Function”. Acta Scientific Microbiology 5.4 (2022): 53-62.

39. Sharma S., et al. “Exploring the Biotic Stress Tolerance 
Potential of Heavy Metal Tolerate Rhizobacteria Isolated from 
Mines Area and Landfill Site”. Acta Scientific Microbiology 5.2 
(2022): 31-37.

40. Sharma S and Bhatt R. “Enhanced Production and 
Characterization of Commercially Important Thermostable 
Amylolytic Enzyme”. International Journal of Innovative 
Research in Science, Engineering, and Technology 3.7 (2014): 
14525-14536. 

41. Sharma S., et al. “Biofilm: Used as A Brand-new Technology in 
Bioremediation”. Vidya; A Journal of Gujarat University 16.2 
(2021b): 9-116.

42. Sharma S., et al. “Isolation of Heavy Metal Tolerant 
Rhizobacteria from Zawar Mines Area, Udaipur, Rajasthan, 
India”. Bioscience Biotechnology Research Communication 13.1 
(2020): 233-238.

43. Sharma S., et al. “Elucidate the Influence of Heavy Metal on 
Bacterial Growth Isolated from a Mining Location and A Waste 
Dump: Using their Inducible Mechanism”. Current Trends in 
Biomedical Engineering and Biosciences 20.2 (2021C): 556034.

44. Sharma V., et al. “Stress mitigation strategies of plant 
growth-promoting rhizobacteria: Plant growth-promoting 
rhizobacteria mechanisms”. Plant Science Today 8 (2021): 25-
32.

45. Shen X., et al. “Comparative genomic analysis of four 
representative plant growth-promoting rhizobacteria in 
Pseudomonas”. BMC Genomics 14.1 (2013): 1-20.

46. Srivastava S., et al. “Effect of high temperature on Pseudomonas 
putida NBRI0987 biofilm formation and expression of stress 
sigma factor RpoS”. Current Microbiology 56.5 (2008): 453-
457.

47. Timmusk S., et al. “Drought-tolerance of wheat improved by 
rhizosphere bacteria from harsh environments: enhanced 
biomass production and reduced emissions of stress volatiles”. 
PloS One 9.5 (2014): e96086.

48. Tiwari S., et al. “Pseudomonas putida attunes 
morphophysiological, biochemical and molecular responses 
in Cicer arietinum L. during drought stress and recovery”. 
Plant Physiology and Biochemistry 99 (2016): 108-117.

49. Vardharajula, S., et al. “Drought-tolerant plant growth 
promoting Bacillus spp.: effect on growth, osmolytes, and 
antioxidant status of maize under drought stress”. Journal of 
Plant Interactions 6.11 (2011): 1-14.

50. Yang J., et al. “Rhizosphere bacteria help plants tolerate abiotic 
stress”. Trends in Plant Science 14.1 (2009): 1-4.

74

Rhizobacterial - Plant Interaction Approaches that Enhance Plant Growth Under Abiotic Stress

Citation: Sarita Sharma., et al. “Rhizobacterial - Plant Interaction Approaches that Enhance Plant Growth Under Abiotic Stress". Acta Scientific Agriculture 
6.5 (2022): 67-74.

https://www.semanticscholar.org/paper/Phytomining-of-Heavy-Metals%3A-A-Green-Technology-to-Sharma-Parihar/2c3f80780115805f251e7b030ead6a00a4539c87
https://www.semanticscholar.org/paper/Phytomining-of-Heavy-Metals%3A-A-Green-Technology-to-Sharma-Parihar/2c3f80780115805f251e7b030ead6a00a4539c87
https://www.semanticscholar.org/paper/Phytomining-of-Heavy-Metals%3A-A-Green-Technology-to-Sharma-Parihar/2c3f80780115805f251e7b030ead6a00a4539c87
https://www.semanticscholar.org/paper/Phytomining-of-Heavy-Metals%3A-A-Green-Technology-to-Sharma-Parihar/2c3f80780115805f251e7b030ead6a00a4539c87
https://pubmed.ncbi.nlm.nih.gov/22738958/
https://pubmed.ncbi.nlm.nih.gov/22738958/
https://pubmed.ncbi.nlm.nih.gov/22738958/
https://pubmed.ncbi.nlm.nih.gov/22738958/
https://actascientific.com/ASMI.php
https://actascientific.com/ASMI.php
https://actascientific.com/ASMI.php
https://actascientific.com/ASMI.php
https://www.researchgate.net/publication/264081832_Enhanced_Production_and_Characterization_of_Commercially_Important_Thermostable_Amylolytic_Enzyme
https://www.researchgate.net/publication/264081832_Enhanced_Production_and_Characterization_of_Commercially_Important_Thermostable_Amylolytic_Enzyme
https://www.researchgate.net/publication/264081832_Enhanced_Production_and_Characterization_of_Commercially_Important_Thermostable_Amylolytic_Enzyme
https://www.researchgate.net/publication/264081832_Enhanced_Production_and_Characterization_of_Commercially_Important_Thermostable_Amylolytic_Enzyme
https://www.researchgate.net/publication/264081832_Enhanced_Production_and_Characterization_of_Commercially_Important_Thermostable_Amylolytic_Enzyme
https://www.researchgate.net/publication/354600226_Isolation_of_Heavy_Metal_Tolerant_Rhizobacteria_from_Zawar_Mines_Area_Udaipur_Rajasthan_India
https://www.researchgate.net/publication/354600226_Isolation_of_Heavy_Metal_Tolerant_Rhizobacteria_from_Zawar_Mines_Area_Udaipur_Rajasthan_India
https://www.researchgate.net/publication/354600226_Isolation_of_Heavy_Metal_Tolerant_Rhizobacteria_from_Zawar_Mines_Area_Udaipur_Rajasthan_India
https://www.researchgate.net/publication/354600226_Isolation_of_Heavy_Metal_Tolerant_Rhizobacteria_from_Zawar_Mines_Area_Udaipur_Rajasthan_India
https://horizonepublishing.com/journals/index.php/PST/article/view/1543
https://horizonepublishing.com/journals/index.php/PST/article/view/1543
https://horizonepublishing.com/journals/index.php/PST/article/view/1543
https://horizonepublishing.com/journals/index.php/PST/article/view/1543
https://pubmed.ncbi.nlm.nih.gov/18219523/
https://pubmed.ncbi.nlm.nih.gov/18219523/
https://pubmed.ncbi.nlm.nih.gov/18219523/
https://pubmed.ncbi.nlm.nih.gov/18219523/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0096086
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0096086
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0096086
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0096086
https://pubmed.ncbi.nlm.nih.gov/26744996/
https://pubmed.ncbi.nlm.nih.gov/26744996/
https://pubmed.ncbi.nlm.nih.gov/26744996/
https://pubmed.ncbi.nlm.nih.gov/26744996/
https://www.tandfonline.com/doi/full/10.1080/17429145.2010.535178
https://www.tandfonline.com/doi/full/10.1080/17429145.2010.535178
https://www.tandfonline.com/doi/full/10.1080/17429145.2010.535178
https://www.tandfonline.com/doi/full/10.1080/17429145.2010.535178
https://pubmed.ncbi.nlm.nih.gov/19056309/
https://pubmed.ncbi.nlm.nih.gov/19056309/

	_GoBack

