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Abstract

Chemical fertilizers are affecting the yields of different agricultural crops by polluting the soil
and water environment. This type of pollution increases algal blooms and affect the aquatic
population also. Azospirillum as biofertilizer having biocontrol properties so as to increase the
yield of various crops. This review highlights the importance of Azospirillum as a potent
biofertilizer which emphasizes its effect to increase the crop yield through nutritional effects and
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regulating plant hormones for ultimate objective of improving soil environments.
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Introduction

Azospirillum belongs to the order of Rhodospirillales. It is a
gram-negative bacterium and belongs to the genus of
Alphaproteobacteria. This Bacteria is able to fix atmospheric
nitrogen for which it is even called as Diazotrophs and the
name Azo is derived from French word which means nitrogen
while spirillum is based on the shape of bacteria. It competes
with pathogens for trace nutrients like iron and protect the
plants through induced systemic resistance. Role of bacteria
are many in addition to role of fixation of nitrogen. It
promotes branching of roots through production of
phytohormones which also protect plants from stress
conditions by producing antioxidants, phytoalexins, etc.
Degradation of Xenobiotic compounds also occurs by
inoculating Azospirillum spp. There are numerous species of
Azospirillum like A.brasilense, A.canadense, A.dobereinerae,
A.fermentarium, A.griseum, A.oryzae, etc. Media used for
cultivation of Azospirillum is Nfb i.e.Nitrogen fixing bacteria
medium.

Importance

Azospirillum is also called as PGPR i.e. plant growth
promoting rhizobacteria. It is important due to the process of
nitrogen fixation as it takes part in uptake of nitrogen and
even through solubilisation of phosphorous. This bacterium
competes with various pathogens that are present in roots for
free space and also for nutrient like Fe and creating systematic

resistance in plants. Certain crops like rice, maize, sorghum,
and millets are known to be benefited after inoculation with
Azospirillum species. These crops showed positive effect on
the number of leaves, height as well as overall dry weight of
plants.

Brief Review

Media used for the cultivation of Azospirillum is Nitrogen
fixing bacteria medium. It forms pink, white, and yellow
colonies when incubated at 32°C. Commercialization of this
species has gained importance in many countries like
Argentina, Mexico, Italy, France, and India as reported by
Diaz-Zorita and Fernandez-Canigia (2009) as well as
Hartmann and Bashan (2009). Numerous studies have been
carried out to see the effect of PGPR on growth and
morphology of plants. A study reported by Dobbelaere et al.,
(1999) and Levanony and Bashan (1989) described the effect
of PGPR on root morphology. The results obtained showed a
good absorption of minerals which resulted in increased plant
growth. This bacterium contributed by interacting with the
host plant through the process of symbiosis.

Production of phytohormones

Tsavkelova et al., (2006) highlighted importance of PGPR in
production of phytohormones. It has been observed that
Gibberellins promoted increase of shoot length and induced
parthenocarpy in grapes as well as increased size of fruits. A
study conducted by Bottini et tal., (2004) gave importance of
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Gibberellins. Importance of phytohormones is not only
altering the morphology but also promoted overall healthier
conditions of plants. 1AA is heterocyclic compound that
belongs to the auxin phytohormone family that results in cell
elongation, root initiation and has important role in plant
physiology. Its importance was given by Spaepen et al.,
(2007). Ona et al., (2003, 2005) reported that the material that
causes release of IAA is due to low carbon level and vitamin
B especially pyridoxine and Nicotinic acid, and also
responsible for gene expression in plants. Ethylene is plant
hormone that leads to root elongation. However, while
increase in its level resulted in inhibition of roots. Production
of ethylene is due to the contribution of ACC (1-amino cyclo
propane-1-carboxylic acid)-deaminase enzyme. A report made
by Glick et al., (1999) found that PGPR played an important
role in degradation of ACC and further gave evidence for
growth promotion in plants due to decrease in level of
ethylene. ACC is a non-protein amino acid acting as direct
precursor of ethylene. Studies contributed by Giraud et al.,
(2007) reported the formation of nodulation factors when
applied in combination with Bradyrhizobium. These are
signalling molecules produced by soil bacteria known as
rhizobia in response to flavonoid exudation from plants under
nitrogen-limited conditions.

Formation of Polyamines

Polyamines are low molecular weight organic compounds
having more than two amino groups. Alkyl polyamines occur
naturally, but some are synthetic. Certain compounds like
polyamines play important role in plant when exogenously
supplied as reported by Kuznetsov et al., (2006). Perrig et al.,
(2007) highlighted the importance of A. brasilense strain
AZ39 in production of polyamines such as spermidine and
spermine when inoculated in wheat and Maize which resulted
in boosting beneficial effects. Marchal and Vanderleyden
(2000) discussed the role of nitrogenase enzyme and presence
of oxygen components that stopped its activity and resulted in
inhibition of nitrogenase activity.

Removal of salinity and stress conditions

Due to heavy use of chemical fertilizers, there is problem of
salinity. Inoculation with Azospirillum has proved to be a
boon and challenge to this problem. Studies carried by Bashan
and Holguin (1997) showed that Azospirillum inoculation in
soil resulted in removing salinity problem. A comparative
study was performed between A. amazonense and A.
halopraeferans. Role of A. amazonense was found least
effective in the removal of salinity. Studies performed by El-
komy et al., (2003) found the role of nitrogenase activity in
roots and shoot. As Azospirillum was inoculated in plants, it
regulated turgor pressure and showed the effect on cell wall
elasticity. Toxicity does not allow the proper growth of the
plant. Cd toxicity was studied in the fields to overcome its
toxic effect A. brasilense sp245 when inoculated in plants,
resulted in overcoming the toxic effect and there was an
increase in plant biomass as reported by Belimov, and Dietz
(2000). In vitro test performed by Bacillo et al., (2004)
reported that Azospirillum brasilense and Azospirillum
lipoferum in presence of humic acid affected plant

development to overcome this problem and used to mitigate
such problems.

Phosphate solubilization

Phosphate plays a critical role in soil by solubilising inorganic
phosphorous minerals and storing then in large amount in
biomass. A report carried out by Seshadri et al., (2000) gave
importance of two strains of bacteria that can fix phosphorous.
A.brasilense and A.lipoferum were found to produce gluconic
acid leading to solubilisation of insoluble phosphate. Puente et
al.,(2004 and 2006) confirmed ability of bacteria to produce
organic acid that can solubilise phosphorous.

Xenobiotics degradation

Compounds that are not degraded easily are called as
xenobiotics. Azospirillum besides growth promotion activity
plays an important role in degradation of compounds that are
man-made. Some strains like A. brasilense and A.lipoferum
served an important role in degradation of phenols and
benzoate. This was reported by Barkovskii (1997). Young et
al., (2016) reported Azospirillum isolation from hydrocarbon-
contaminated soil. Major property included degradation of
xenobiotic compounds and release of biosurfactants that was
produced by bacteria and fungi taking part in absorption of
hydrocarbons. It was also found that Azospirillum has
dispersing and emulsifying properties. Wu et al., (2021)
studied two strains RWYS-1-1T and ROY1-1-2 from Gansu,
China. A similar comparative study was done for two strains
of bacteria for degradation of hydrocarbons. It was found that
RWY5-1-1T was sufficient for hydrocarbon degradation to an
extent of 36.2%. This work highlighted importance of
hormones secreted by bacteria that played an important role to
reduce contamination in soil caused by Cd, Cu, etc.

Herbicides effect on Azospirillum

Herbicides are basically chemicals which are used to control
weed vegetation. PGPR strain like A.brasilense, AZ39, and
reference strain sp7 was used to evaluate the effect on
commercial herbicides like glycophosphate and atrazine.
Alori and Babalola (2018) emphasised the use of biological
compounds that resulted in reducing the use of chemical
fertilizers. There are certain strains of bacterial species that
degrade herbicides. An assay was carried out to evaluate
whether strain uses herbicides as nutritional source. It was
found that A. brasilene AZ39 was not able to use atrazine as
nitrogen source after giving 70h of incubation while this strain
used glyphospate-based herbicides as sole source of carbon
after 60h of incubation. Aguirreacdena et al., (2014) and
Zabaloy et al., (2008) studied the effect of glyphosate 2,4 D
and metasulfuron —methyl in microbial population in Pampas
region soil in Argentina.
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