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Abstract

Plant growth-promoting rhizobacteria (PGPR) are soil bacteria that colonise the rhizosphere and promote plant growth through
a range of mechanisms including organic matter mineralization, biological control of soil-borne diseases, biological nitrogen fixation,
and root growth promotion. The ability of PGPR to enhance nutrient bioavailability is a crucial characteristic. Several bacterial spe-
cies have been reported as P-solubilizing microorganisms, while others, such as those that create siderophores for Fe chelation, have
been found to boost the solubility of micronutrients. The increased concentration of soluble macro and micronutrients along the soil-
rootinterface has a beneficial effect on the plant nutrition. Furthermore, several pieces of evidence suggest that culturing plants with
PGPR can have considerable physiological and molecular effects on plants (e.g., induction of rhizosphere acidification, up-and down
regulation of genes involved in ion uptake and translocation), suggesting that soil biota could stimulate plants to be more efficient in
trying to extract nutrients from soil and coping with abiotic stresses. However, the molecular mechanisms behind these events, the
signals involved, as well as their potential uses in a sustainable agriculture strategy and biotechnological elements for hypothetical
rhizosphere engineering, are all still up for debate.
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Introduction

Maintaining high agricultural production in the face of rising global food demand for a growing population and natural resource
depletion has become a key problem for both developed and devel- oping countries [1]. Traditional nutrient management has primar-
ily relied on external fertiliser inputs to maintain high crop output. However, crop yield has not increased proportionally with growing

fertiliser inputs in recent decades, resulting in low nutrient use ef- ficiency and increased environmental concerns.

As a result, overcoming this obstacle entails increasing crop nutrient use efficiency by utilising the inherent biological poten- tial of
rhizosphere activities [2]. Rhizo depositions, which include low molecular weight (LMW: organic acids, amino acids, sugars, phenolic
acids, flavonoids, etc.) and high molecular weight (HMW: carbohydrates, enzymes, etc.) organic compounds produced by roots, are
one of the key driving forces of rhizosphere processes. This is most likely due to the increased growth of bacteria in the root
proximity, as well as the chemo attractant activity of LMW root exudates, which make schemotaxis and motility essential traits for plant

development [3].
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Pseudomonas aeruginosa

Pathogenic bacteria can produce metabolites that are poison- ous to plants in negative interactions, resulting in negative impacts
on overall plant growth. Different bacteria can cause favourable ef- fects on plant development and fitness when they are linked with

roots; these bacteria are known as plant growth-promoting rhizo- bacteria (PGPR) [4].

They can colonise the host vigorously and boost plant devel- opment, either indirectly (as biocontrol agents) or directly (by
improving nutrient uptake). The colonisation of the rhizosphere compartment is the consequence of a complicated signal exchange
between the two partners, and it determines the type of interac- tion between them, which can be harmful, neutral, or favourable to
plants [5].

Vitamins are a developing class of organic compounds that are actively involved in the plant/bacteria interaction and/or the
growth promotion mechanism, in addition to the already identified chemicals involved in the crosstalk between plant and rhizobac-
teria. Even though the effects of PGPR on plant development and biocontrol have been extensively investigated, the roles of these
bacteria in the plant nutrient acquisition process and the molecu- lar mechanisms underpinning the nutritional processes occurring
at the rhizoplane have yet to be fully examined. Concentrate on the interactions between plants and rhizobacteria that affect plant
mineral feeding in this review. N, P, and Fe are the most important macro and micronutrients, as they are the most responsible for ag-
ricultural productivity limitations over the world [6].

Microbial effects on plant nutrient acquisition

Rhizobacteria as PGPR can play an essential function in boost- ing plant nutrient acquisition by favouring elements that promote
root biomass accumulation and/or inhibiting factors that could harm root system development. PGPR can play this role in two ways:
indirectly (antagonism against infections) or directly (pro- duction of phytohormones, for example). Microorganisms can po- tentially
influence plant nutrient acquisition processes by affecting nutrient availability in the rhizosphere and/or the performance of the
biochemical systems that underpin the nutritional process [7].

Effects on rhizosphere nutrient availability Plant growth and productivity are strongly influenced by nutrient availability at the
soil-root interface, which is influenced by a variety of factors such as soil type and chemical-physical characteristics, plant species and
genotype, soil macro- and microorganism communities, and environmental conditions. The biological activity of both roots and
microorganisms can be essential in this context [8].

In addition to a brief overview of the main mechanisms used by plants to acquire N, P, and Fe, the contribution of microbes to the
dynamics of these three nutrients in the rhizosphere is described in the following sections; additionally, a review of the effects of PG-
PRs on physiological and molecular mechanisms underlying root nutrient acquisition will be presented in the following sections [9].

Plant-microbe-microbe interactions

Microbial activity in the rhizosphere is abundant, and it plays a significant role in biological and ecological processes that affect
plant health. Understanding the involvement of bacteria in the wide range of processes and interactions that occur in the rhizosphere

is critical for developing effective and reliable bio formulation [10].

The translocation pathways of PGPR bacteria appear to demand additional consideration when examined in the context of biocon-
trol. Bacterial colonisation of new settings relies heavily on motil- ity on surfaces. Furthermore, host-adapted prokaryotes may ben-

efit from the ability to move in a directed manner [11].

Conclusion

Because of current public worries about pesticide side effects, there is a growing interest in learning more about cooperative ac-
tions among rhizosphere microbial communities and how they might be used to agriculture. Certain cooperative microbial activi-
ties can be used as a low-input biotechnology and as the founda- tion for a strategy to aid in the development of sustainable, envi-

ronmentally friendly practises that are critical to the stability and productivity of both agricultural and natural ecosystems.

A recent survey of both conventional and organic growers re- vealed an interest in adopting biological goods, implying that bio-

formulations’ market potential will develop in the next years. The whole global market for synthetic pesticides, which was worth US$
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26.7 billion in 2005, is expected to drop to US$ 25.3 billion in 2010. The global market for biopesticides, on the other hand, will grow
from US$ 672 million in 2005 to over US$ 1 billion in 2010. While Europe is expected to lead the growth in biopesticide use witha 15

percent average annual growth rate (AAGR), Asia will be close behind with a 12 percent AAGR. 43.5 percent of sales in North America

(including Mexico), 20.7 percent in Europe, 12.2 percent in Asia, 11.2 percent in Oceania (including Australia), 8.3 percent in Latin

America (without Mexico), and 3.9 percent in Africa make up the global market. A full analysis on nitrogenfixing bacteria as

biofertilizers, a market that is also increasing, is also included.
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