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Abstract

The role and importance of two types of soil microorganisms are highlighted: the bacteria
of the Azospirillum genus and mycorrhiza-forming fungi, which establish beneficial
interactions with plants and the application of these generates great interest due to the
potential and to be considered as these soil microorganisms as a tool in sustainable and
agroecological agriculture. The importance of developing biofertilizers with native strains
of plant-promoting microorganisms, such as Azospirillum brasilense and mycorrhizal fungi,
is also highlighted as a strategy to control diseases and improve the agronomic performance
of crops. The development and application of this type of biofertilizers can be considered an
important alternative for the partial or total replacement of mineral fertilizers, which would
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Introduction

The continuous increase in the world population, the progressive
reduction of arable land due to the advance of urbanization, soil erosion
and soil contamination due to the accumulation of toxic products, are
aspects that make the application of strategies and biotechnologies
essential to increase crop productivity. Among them, the use of soil
microorganisms with the ability to promote plant growth stands out.

Due to the knowledge of the contribution of soil microorganisms in
promoting plant growth, it is considered of interest to use them in crops
of economic importance in the region. Among these microorganisms
are the so-called PGPR, plant growth promoting rhizobacteria,
which facilitate plant growth either directly by providing nitrogen,
phosphorus, and essential minerals or by biosynthesis and regulation
of hormone levels, or indirectly by the reduction of the inhibitory
effects of various phytopathogens and the development of forms of
biological control agents. All this due to its ability to biologically
fix atmospheric nitrogen, the increase in nitrate reductase activity
when plants grow endophytically, the production of hormones such
as auxins, cytokinin’s, gibberellins, ethylene and a variety of other
molecules, the solubility of phosphate, by favoring mycorrhizal
associations that are beneficial for plants and can act indirectly on
growth by protecting plants from phytopathogenic microorganisms in
the soil."”’

Therefore, this work has as its main objective to contribute to
the knowledge of microorganisms of the genus Azospirillum and
mycorrhizal fungi as agents to improve the growth, development,
and production of plants, by intervening in the nutrition and defense
of phytopathogens through isolation, selection, inoculation, and
evaluation of these soil microorganisms as promoters of plant growth
and their potential when incorporated into the productive activity. Its
use has the advantage of having practices that do not contaminate
the environment and that at the same time are in balance with the
ecological conditions of the soil.

The bacterium: Azospirillum

Azospirillum is a genus of bacteria belonging to the alpha subclass
of proteobacteria, with Azospirillum lipoferum being identified
as the type species. Its typical characteristics are vibrioid shape,
pleomorphism and spiral mobility. Their cells contain high quantities,
up to 50% of the cell dry weight, of poly-beta-hydroxybutyrate,
observed microscopically as refringent granules in young cells. Old
cultures frequently present ovoid-shaped, thick-walled, cyst-like
refringent cells.®

The use of microorganisms that promote plant growth has been
investigated for many years, the Azospirillum genus being one of the
most prominent, mainly due to its ability to produce a wide range of
active metabolites such as indole acetic acid, cytokinin’s, gibberellins
and siderophores,®® which positively influence the growth and
healthy development of plants. Azospirillum sp. as PGPRs, that
is “Plant Growth Promoting Rhizobacteria” or “Plant Growth
Promoting Microorganisms” (MPCV), non-specific providing varied
contributions to the improvement of growth and productivity in many
species of agricultural crops.*>10!!

The practice of inoculation with rhizosphere bacteria can provide
different benefits to crops from the moment of germination and in
the stages of their subsequent development.'®'? Azospirillum is a
rhizobacteria considered to promote plant growth due to its ability
to fix atmospheric nitrogen, produce plant growth regulators and
greater root development, which may involve other effects such
as increased absorption of water and nutrients, greater tolerance to
stress, such as salinity and drought, that result in a more vigorous and
productive plant.>** Probably due to increased root growth and better
plant nutrition there is an increased tolerance to phytopathogenic
agents>315 and by improving the gene expression of resistance to the
disease of genes related to the disease.!®!”

It is known that this bacterium, inoculated in cereal seeds, increases
the percentage of germination and biomass,'! since it produces
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substances that stimulate root growth, which allows the absorption
potential of nutrients and water to be increased. elevate, a benefit that,
in the case of crops in arid and semi-arid zones, constitutes an even
greater advantage.’

Diaz-Zorita and Fernandez-Caniggia* quantified the productivity
of wheat (Triticum aestivum L.) inoculated with Azospirillum
brasilense under normal dry farming conditions in localities of the
Argentine Pampas region and determined that the inoculated plants
showed a more vigorous vegetative growth, with greater number and
yield of grains. In Brazil, Piccinin Gleberson et al.,® experimented
with liquid and peat inoculants and evaluated the efficiency of seed
inoculation with A. brasilense on agronomic performance and wheat
yield. At harvest time, they evaluated the number of grains per spike,
grain weight and yield, and concluded that A. brasilense is efficient
in nitrogen fixation and that yield is positively influenced by nitrogen
fertilization associated with inoculation, independently of the type of
inoculant.

Inadditiontoresearch onthe efficiency of Azospirillum in promoting
plant growth in different culture conditions, the compatibility of its
inoculation with other PGPR microorganisms in various crops is also
studied,''*22¢ the influence of the plant genotype, the substances
generated in the inoculated plants and their impact on the microbial
communities of the soil.>*?’

Garcia de Salamone et al.,”! measured the response of three
rice cultivars under field conditions inoculated with a commercial
formulation of A. brasilense and Pseudomonas fluorescens and
evaluated the influence on soil microbial communities through
molecular analysis; and concluded that the combined inoculation with
A. brasilense and P. fluorescens increased aerial biomass production
and grain yield in the three rice cultivars and did not generate a
significant impact on soil microbial communities. There are numerous
investigations of bipartite inoculations with Azospirillum and rhizobia
on leguminous plants with the aim of studying a strategy to improve
the sustainability of agricultural production and even highlight the
biotechnological potential of secondary metabolites of rhizobia
together with inoculants containing rhizobia and A. brasilense to
improve the growth and yield of legume and cereal crops such as
maize.?>>2 There are also studies that determine that the genotypic
variations of the bacteria and Azospirillum do not influence their
ability to promote plant growth,*” as well as the phenotypic variations
of the colonies of different strains of Azospirillum brasilense in
culture media.*!

The combination of nitrogen fertilization and Azospirillum
inoculation can ensure higher nutrient uptake and thus increase crop
yields. Ferrera et al.,** evaluated the response of the maize crop to
inoculation with 4. brasilense and fertilization with macronutrients
and micronutrients, conducting experiments in greenhouse and
field conditions, in clayey and sandy soils. They obtained different
responses, from significant increases in the growth and yield
parameters evaluated with the inoculation of 4. brasilense compared
to the control and fertilized treatment, while in sandy soils and under
greenhouse conditions there were no differences between treatments.
They determined that the inoculation with 4. brasilense gave a yield
comparable to the fertilized treatment; that the combination of 4.
brasilense and fertilizer increased grain production by 29%; They
also concluded that the response to inoculation and fertilization was
dependent on the type of soil under greenhouse conditions. There are
studies on the application in plants for reforestation of the combination
of A. brasilense with organic residue, better results were obtained in
the growth and establishment of the plants and an additive effect of
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improvement of the biochemical and microbiological quality of the
soils, in comparison with the independent application of the microbial
inoculum and the organic residue.* In this line of study, a saving of
nitrogenous fertilizer was determined with the inoculation with 4.
brasilense, which made it an economically viable technology due to
the reduction of the necessary chemical fertilizers, which improved
the nitrogen content and counteracted the effects of salinity and
increased salinity tolerance of plants.>3*33

Some investigations within the field of molecular biology, aim
to determine the substances generated in plants inoculated with 4.
brasilense, it has been possible to determine proteins that accumulate
only in corn seedlings in response to inoculation;* as well as to
determine the molecules biosynthesized by A4. brasilense and those
that influence its behavior.>”*

Larraburu et al.,* studied the changes in enzyme levels produced
during in vitro rhizogenesis of pink lapacho (Handroanthus
impetiginosus) by inoculation with 4. brasilense, and determined the
significant effect of the triple interaction between the composition
of the culture medium, auxin concentration and bacterization in
antioxidant enzyme activities, and analyzed the role of 4. brasilense
in rooting and stress in vitro. The biochemical determinations made in
this study contribute to a better understanding of how auxin induction,
culture media, and PGPR inoculation affect the physiology of woody
plants. Research lines currently being carried out aim to study the
diversity of new isolates of 4. brasilense and select bacteria according
to their ability to promote plant growth, from native forage,**’
cereals,'®194448°53 fryijt trees,™ microplants,” as well as the ability to
promote the growth of microalgae.>¢8

Other lines of work study the mechanisms and molecules involved
in the establishment of plant-microorganism interaction. In recent
molecular genetic studies using immunomicroscopic techniques, they
determined the cell surface proteins involved in the establishment of
the plant- interaction A. brasilense.”

Mycorrhizal fungi

Mycorrhizae are mutualistic associations between soil fungi and
roots of higher plants.®*¢! As in other symbiotic relationships, both
participants benefit. These fungi depend on the plant for the supply of
energy, carbohydrates, and vitamins, which the fungus itself is unable
to synthesize while the plant can do so thanks to photosynthesis
and other internal reactions. At the same time, they deliver mineral
nutrients to the plant, especially those that are not very mobile, such
as phosphorus and water.>% In addition, fungi impart other benefits
to plants such as: stimulation of growth-regulating substances,
increased photosynthetic rate, osmotic adjustments when there is
drought, increased nitrogen fixation by symbiotic or associated
bacteria, increased resistance to pests and diseases, tolerance to
environmental stress, improvement of soil aggregation and mediation
in many interactions of microflora and microfauna that occur in the
rhizosphere.® That is, mycorrhizal associations are the result of three
interactive pathways between mycorrhizal fungi, plants, and the
environment or soil conditions where they thrive.*'¢

Factors that can influence the occurrence and effectiveness
of mycorrhizal associations include root properties, edaphic and
climatic factors, soil organisms, soil disturbance, and plant-fungus
compatibility." Therefore, its study is complex since it involves the
plant, the environment and the fungus. It should be known phenology
of mycorrhizae, factors responsible for greater or lesser mycorrhizal
dependence on host plants (degrees of mycotrophy), the role of hyphae
in the soil, competition for nutrients between mycorrhizal and non-

Citation: Gabriela DB, Horacio A,Valeria GB, et al. Azospirillum sp.and mycorrhizal fungi: key microorganisms in sustainable agriculture. | Appl Biotechnol Bioeng.

2023;10(6):199-204. DOI: 10.15406/jabb.2023.10.00349


https://doi.org/10.15406/jabb.2023.10.00349

Azospirillum sp. and mycorrhizal fungi: key microorganisms in sustainable agriculture

mycorrhizal plants, and mycorrhizal interactions involving pollution
and other stressors, rhizosphere, soil properties, and allelopathy.®!

Mycorrhizae have been classified based on their structure,
morphology, and mode of infection.®*% At least seven different types
of mycorrhizal associations are recognized, involving different groups
of fungi and host plants, and with different morphological patterns.'-¢’
The most common associations are: vesicular-arbuscular mycorrhizae
(VAM) in which fungi belonging to the Phylum Glomeromycota
produce arbuscules, hyphae and, some of them, inter- and intracellular
vesicles in the root cortex; ectomycorrhizae (ECM) where fungi
belonging to the Phylum Basidiomycota and Ascomycota form
a layer of hyphae, more or less compact above the surface of the
root, called mantle, sheath or sleeve and the hyphae that penetrate
intercellularly in the first layers of root cells form what is known as
the Hartig network.®” Orchid mycorrhizae or ball mycorrhizae, are
characterized by forming coils of hyphae, called intracellular balls
and are distributed in the canopy (spongy layer of the root of these
epiphytic and terrestrial plant species) in plants of the Orchidaceae
family.®*¢” Ericoid mycorrhizac penetrate cells and form hyphal
tangles in members of the family Ericaceae; its roots are characterized
by forming cell monolayers in the epidermis, bark, phloem and xylem;
they do not form a mantle and interconnect intercellularly. Arbutoid
mycorrhizae form an outer mantle, a well-developed Hartig network,
and hyphae that penetrate cells where they form “curls” of coiled
hyphae.®” They occur in plants of the genera Arctostaphylos, Arbutus
and Pyrola, members of the order Ericales. Generally, fungi that form
arbutoid mycorrhizae can form ectomycorrhizae if they interact with
plants of the genus Pinus.”’ Finally, monotropoid mycorrhizae are
characterized by the way hyphal penetration is straight or at an angle
of almost 90 degrees with respect to the root surface.t!:68¢°

Mycorrhizae play a key role in sustainable agriculture, since, if you
want to reduce the use of agrochemicals for environmental reasons,
production costs and health, then it is necessary to restore mycorrhizal
fungi and other beneficial microorganisms, but it is essential a optimal
and responsible use of microorganisms and other soil inhabitants.*
The key function of the mycorrhiza lies in the fact that its intra and
extra radical mycelium constitutes a link or bridge between the plants
and the soil. When mycorrhizae form, root physiology and exudation
are altered, which in turn changes the surrounding microbial
population. It not only contributes to plant nutrition by exploring a
larger volume of soil than the root alone, but also to soil nutrition by
increasing microbial activity.6*¢!

Mycorrhizae have an advantage over the non-mycorrhizal root
because the external mycelium extends further than the root hairs,
which, from a nutritional point of view, the benefit is the greater growth
of the plants due to an increase in the absorption of phosphorus when
this element is limiting, when P is not limiting the benefit can be null
or reduced, depending on the degree of mycorrhizal dependence of the
plant. In addition, it directly or indirectly influences the absorption of
other minerals (N, K, Ca, Mg, Fe, Mn).5%¢!

Mycotrophic plants have different degrees of mycorrhizal
dependence. The obligate ones cannot grow without mycorrhiza even
in fertile soils; facultative ones benefit from increased growth when
P levels are low and can survive and grow without mycorrhizae in
fertile soil conditions.® In addition, mycorrhizae present interspecific
differences in effectiveness to absorb P and other nutrients and
translocate them to the plant, and therefore confer different
physiological benefits to the same plant species. 616

Soil microorganisms present complex interactions that affect soil
fertility and plant development. Mycorrhizal fungi, in addition to their
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direct effect on plant nutrition, induce physiological changes that
include an increase in the photosynthetic rate and redistribution of
fixed carbon in a greater proportion towards the roots, which causes a
notable increase in carbon available for microbial activity.®® Inhibitory
and stimulatory effects of the processes of spore germination and
growth of mycorrhizal fungi by different soil microorganisms have
been verified.®” Earthworms and nematodes have a positive effect
on the populations of mycorrhizal fungi and contribute to their
spatial distribution, while springtails feed on extraradical hyphae
causing reductions in their effectiveness and reduce the length of the
colonized root.**! Numerous investigations studied the effects of the
mutualistic association between mycorrhizae and plants, which have
concluded in:

- The hyphae of mycorrhizal fungi intervene in the aggregation of
soil particles, since they prolong the root system of plants, and this
facilitates greater physical retention of soil particles, limiting the
damaging effects of erosion caused by water.!

- They improve water and nutrient intake, which influences
nutritional capacity, increased production and higher biological
quality.15’60’61'70’71

- They give plants greater tolerance to many stress factors such as:
drought, salinity, pH imbalances, among others.*!!"72

- They provide protection against herbivory and the attack of
phytopathogenic agents from the soil.”>"

- They reduce the environmental stress that predisposes the plant to
diseases.® %

- Modify the endogenous level of phytohormones related to plant
growth.”

- They generate a better adaptation to the photosynthetic capacity
of the plant to satisfy the carbon demand that exists when associated
with mycorrhizal fungi. (Obligatory mycotrophic plants depend on
the supply of carbohydrates derived from photosynthesis to maintain
an appropriate mycorrhizal symbiosis).*%6!.707!

- They function as a phytostabilizing system, because mycorrhizal
plants grow in contaminated soils, which allows their use in the
phytoremediation of contaminated soils.”™

For all these reasons, mycorrhizae constitute an ecological
alternative for sustainable agriculture and open new horizons not only
in the field of agricultural production but also in reforestation, the
cultivation of ornamental plants, etc.50-61:6876-78

There are numerous investigations that have the objective of
evaluating the colonization and the effect of associated native
mycorrhizal fungi on different plant species.'>*7*-! Urgilés Gomez et
al.,”” evaluated the effect of inoculation with native mycorrhizal fungi
on the propagation of Alnus acuminata and Morella pubescens. The
two species propagated in the greenhouse showed an improvement
in growth when inoculated with propagules of mycorrhizal fungi,
compared to the controls, and concluded that the symbiotic relationship
between plant-fungus ensured their survival in the nursery and later
in plantations for afforestation purposes, reforestation or restoration
of ecosystems.”

Conclusion

Biofertilizers emerged as the solution for organic and sustainable
agriculture, since they allow to reduce production costs and reduce the
use of agrochemicals, so it is important to increase their application
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to achieve sustainable agricultural practices, due to their benefits
in agriculture and positive effects on soil fertility. It is important
to develop biofertilizers with native strains of plant-promoting
microorganisms, such as Azospirillum brasilense and mycorrhizal
fungi, as a strategy to control diseases and improve the agronomic
performance of crops.

The development and use of biofertilizers is seen as an important
alternative for the partial or total replacement of mineral fertilizers.
The large-scale application of biofertilizers in any agricultural
production system would bring great benefits without having a
detrimental impact on the environment.

Acknowledgments

None.

Conflicts of interest

The authors declare no conflicts of interest.

Funding

None.

References

1. Perrig D, Boiero L, Masciarelli O, et al. Plant growth promoting
compounds produced by two agronomically important strains of
Azospirillum brasilense, and their implications for inoculant formulation.
Appl Microbiol Biotechnol. 2007;75:1143—-1150.

2. Cassan B, Diaz—Zorita M. Azospirillum sp. in current agriculture: from
the laboratory to the field. Soil Biol Biochem. 2016.

3. Reis Janior FB, Machado CTT, Machado AT, et al. Inoculation of
Azospirillum amazonense in two genotypes of milho under different
nitrogen regimes. Rev Bras Ciénc Solo. 2008;32(3):1139-1146.

4. Diaz—Zorita M, Fernandez—Caniggia MV. Field performance of a liquid
formulation of Azospirillum brasilense on dryland wheat productivity.
Eur J Soil Biol. 2009;45:3—11.

5. Hungria M. Inoculation with Azospirillum brasilense: innovation in
performance at low cost. Embrapa Soja. Janeiro; 2011. 36 p.

6. Piccinin Gleberson G, Braccini AL, Dan LGM, et al. Efficiency of seed
inoculation with Azospirillum brasilense on agronomic characteristics
and yield of wheat. Ind Crops & Prod. 2013;43:393-397.

7. Ahemad M, Kibret M. Mechanisms and aplications of plant growt
promoting rhizobacteria: Current perspective. J King Saud Uni Sci.
2014.

8. Caballero—Mellado J. El género Azospirillum. 2002. p. 177-198.

9. Martinez—Romero E, Martinez-Romero J. In “Microbios en linea”.
Univ Nac Auténoma de México; 2002.

10. Bashan L, Holguin G, Glick B, et al. Growth—promoting bacteria in
plants for agricultural and environmental purposes. In: Agricultural
Microbiology: Fungi, bacteria, micro and macrofauna, biological
control, plants — microorganisms. In: Ronald Ferrera—Cerrato, A
Alarcon, CA Champer, editors. & Publisher by Editorial Trillas. México.
Capitulo. 2007;8:170-224.

11. Pernasetti S, Di Barbaro G. Rizobacterias promotoras de crecimiento
vegetal como biofertilizantes. ReBeA. 2012;2(2):119-128.

12. Pereira NCM, Galindo FS, Gazola RPD, et al. Corn yield and phosphorus
use efficiency response to phosphorus rates associated with plant growth
promoting bacteria. Front Environ Sci. 2020.

13. Di Barbaro G, Nieva S, Seleme F. Evaluation of the effect of
Azospirillum brasilense on the germination and emergence of safflower
crops (Carthamus tinctorius L.). ReBeA. 2012;2(2):16-25.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Copyright:
©2023 Gabriela etal. 202

Correa OS, Romero AM, Soria MA, et al. Azospirillum brasilense—plant
genotype interactions modify tomato response to bacterial diseases,
and root and foliar microbial communities. In: Azospirillum sp.: cell
physiology, plant interactions and agronomic research in Argentina. In:
Cassan FD, Garcia de Salamone 1. Asoc Argentina de Microbiologia.
2008;87-95.

El Komy MH, Hassouna MG, Abou-Taleb EM, et al. A mixture of
Azotobacter, Azospirillum, and Klebsiella strains improves root-rot
disease complex management and promotes growth in sunflowers in
calcareous soil. Eur J Plant Pathol. 2020.

Di Barbaro Maria Gabricla, Horacio Andrada, Eleodoro del Valle, et
al. Biofertilization of Yacon with Azospirillum brasilense and Native
Mycorrhical Fungi, Cultivated in the Central Valley of Catamarca,
Argentina. International Journal of Food Science and Agriculture.
2021;5(4):737-747.

Galindo FS, Lima Rodrigues W, Campos Biagini AL, et al. Assessing
forms of application of Azospirillum brasilense associated with silicon
use on wheat. Agron. 2019.

Boyd Lade S, Roman C, del Cueto-Ginzo Al, et al. Differential
proteomics analysis reveals that Azospirillium brasilense (Sp7) promotes
virus tolerance in maize and tomato seedlings. Eur J Plant Pathol. 2019.

Bellone CH. Recovery of soybean seed germination by inoculation with
Azospirillum. 1° Soil biology. Biological Nitrogen Fixation. Tucuman.
Argentina; 1997. p. 123-125.

Scott S, Housh A, Powell G, et al. Crop yield, Ferritin and Fe (I) boosted
by Azospirillum brasilense (HMO053) in Corn. Agron. 2020.

Heidari M, Golpayegani A. Effects of water stress and inoculation with
plant growth promoting rhizobacteria (PGPR) on antioxidant status and
photosynthetic pigments in basil (Ocimum basilicum L.). J Saudi Soc
Agric Sci. 2012;11:57-61.

Garcia de Salamone IE, Funes JM, Di Salvo LP, et al. Inoculation of
paddy rice with Azospirillum brasilense and Pseudomonas fluorescens:
Impact of genotypes on rhizosphere microbial communities and field
crop production. App Soil Ecol. 2012;61:196-204.

Hungria M, Nogueira MA, Silva Araujo R. Co—inoculation of soybeans
and common beans with rhizobia and azospirilla: strategies to improve
sustainability. Biol Fertil Soils. 2013;49:791-801.

Berqué Marks B, Megias M, Nogueira MA, et al. Biotechnological
potential of rhizobial metabolites to enhance the performance
of Bradyrhizobium spp. and Azospirillum brasilense inoculants with
soybean and maize. AMB Express. 2013.

Ali AF, Alsaady MH, Salim HA. Impact of bio fertilizer and magnetic
irrigation water on growth and yield of melon Cucumis melo L. IOPConf
Series: Earth Environ Sci. 2019.

D’Angioli AM, Gorne Viani RA, Lambers Het al. Inoculation with
Azospirillum brasilense (Ab-V4, Ab-V5) increases Zea mays root
carboxylate—exudation rates, dependent on soil phosphorus supply.
Plant Soil. 2017.

Mendez—Gomez M, Castro-Mercado E, Pena-Uribe CA, et al.
TARGET OF RAPAMYCIN signaling plays a role in Arabidopsis
growth promotion by Azospirillum brasilense Sp245. Plant Sci. 2020.

Asghari B, Khademian R, Sedaghati B. Plant growth promoting
rhizobacteria (PGPR) confer drought resistance and stimulate
biosynthesis of secondary metabolites in pennyroyal (Mentha pulegium
L.) under water shortage condition. Sci Hort. 2020.

Moretti LG, Crusciol CAC, Kuramae EE, et al. Effects of growth—
promoting bacteria on soybean root activity, plant development, and
yield. Agron J. 2019.

Naoe AM de L, Peluzio JM, Campos LIM, et al. Co—inoculation with
Azospirillum brasilense in soybean cultivars subjected to water déficit.
Rev Brasileira de Eng Agric Amb. 2020.

Citation: Gabriela DB, Horacio A,Valeria GB, et al. Azospirillum sp.and mycorrhizal fungi: key microorganisms in sustainable agriculture. | Appl Biotechnol Bioeng.

2023;10(6):199-204. DOI: 10.15406/jabb.2023.10.00349


https://doi.org/10.15406/jabb.2023.10.00349
https://pubmed.ncbi.nlm.nih.gov/17345081/
https://pubmed.ncbi.nlm.nih.gov/17345081/
https://pubmed.ncbi.nlm.nih.gov/17345081/
https://pubmed.ncbi.nlm.nih.gov/17345081/
https://ri.conicet.gov.ar/handle/11336/160922
https://ri.conicet.gov.ar/handle/11336/160922
https://www.scielo.br/j/rbcs/a/f3d39y3wjbFwdk6rmJtyYsC/?lang=pt
https://www.scielo.br/j/rbcs/a/f3d39y3wjbFwdk6rmJtyYsC/?lang=pt
https://www.scielo.br/j/rbcs/a/f3d39y3wjbFwdk6rmJtyYsC/?lang=pt
https://www.sciencedirect.com/science/article/abs/pii/S1164556308000733
https://www.sciencedirect.com/science/article/abs/pii/S1164556308000733
https://www.sciencedirect.com/science/article/abs/pii/S1164556308000733
https://ainfo.cnptia.embrapa.br/digital/bitstream/item/29676/1/Inoculacao-com-azospirillum.pdf
https://ainfo.cnptia.embrapa.br/digital/bitstream/item/29676/1/Inoculacao-com-azospirillum.pdf
https://www.sciencedirect.com/science/article/pii/S1018364713000293
https://www.sciencedirect.com/science/article/pii/S1018364713000293
https://www.sciencedirect.com/science/article/pii/S1018364713000293
http://www.biblioweb.tic.unam.mx/libros/microbios/
http://www.biblioweb.tic.unam.mx/libros/microbios/
http://www.bashanfoundation.org/gmaweb/pdfs/ronaldpgpb8.pdf
http://www.bashanfoundation.org/gmaweb/pdfs/ronaldpgpb8.pdf
http://www.bashanfoundation.org/gmaweb/pdfs/ronaldpgpb8.pdf
http://www.bashanfoundation.org/gmaweb/pdfs/ronaldpgpb8.pdf
http://www.bashanfoundation.org/gmaweb/pdfs/ronaldpgpb8.pdf
http://www.bashanfoundation.org/gmaweb/pdfs/ronaldpgpb8.pdf
https://www.redalyc.org/journal/776/77658702008/html/
https://www.redalyc.org/journal/776/77658702008/html/
https://www.frontiersin.org/articles/10.3389/fenvs.2020.00040/full
https://www.frontiersin.org/articles/10.3389/fenvs.2020.00040/full
https://www.frontiersin.org/articles/10.3389/fenvs.2020.00040/full
https://exactas.unca.edu.ar/HUAYLLUBIOS/num-4/18.pdf
https://exactas.unca.edu.ar/HUAYLLUBIOS/num-4/18.pdf
https://exactas.unca.edu.ar/HUAYLLUBIOS/num-4/18.pdf
https://link.springer.com/article/10.1007/s10658-019-01921-w
https://link.springer.com/article/10.1007/s10658-019-01921-w
https://link.springer.com/article/10.1007/s10658-019-01921-w
https://link.springer.com/article/10.1007/s10658-019-01921-w
https://www.hillpublisher.com/ArticleDetails/812
https://www.hillpublisher.com/ArticleDetails/812
https://www.hillpublisher.com/ArticleDetails/812
https://www.hillpublisher.com/ArticleDetails/812
https://www.hillpublisher.com/ArticleDetails/812
https://www.mdpi.com/2073-4395/9/11/678
https://www.mdpi.com/2073-4395/9/11/678
https://www.mdpi.com/2073-4395/9/11/678
https://www.infona.pl/resource/bwmeta1.element.springer-doi-10_1007-S10658-019-01852-6
https://www.infona.pl/resource/bwmeta1.element.springer-doi-10_1007-S10658-019-01852-6
https://www.infona.pl/resource/bwmeta1.element.springer-doi-10_1007-S10658-019-01852-6
https://www.mdpi.com/2073-4395/10/3/394
https://www.mdpi.com/2073-4395/10/3/394
https://www.sciencedirect.com/science/article/abs/pii/S0929139312000157
https://www.sciencedirect.com/science/article/abs/pii/S0929139312000157
https://www.sciencedirect.com/science/article/abs/pii/S0929139312000157
https://www.sciencedirect.com/science/article/abs/pii/S0929139312000157
https://link.springer.com/article/10.1007/s00374-012-0771-5
https://link.springer.com/article/10.1007/s00374-012-0771-5
https://link.springer.com/article/10.1007/s00374-012-0771-5
http://www.bashanfoundation.org/contributions/Hungria-M/2013.-Hungria-AMBE.pdf
http://www.bashanfoundation.org/contributions/Hungria-M/2013.-Hungria-AMBE.pdf
http://www.bashanfoundation.org/contributions/Hungria-M/2013.-Hungria-AMBE.pdf
http://www.bashanfoundation.org/contributions/Hungria-M/2013.-Hungria-AMBE.pdf
https://iopscience.iop.org/article/10.1088/1755-1315/388/1/012070
https://iopscience.iop.org/article/10.1088/1755-1315/388/1/012070
https://iopscience.iop.org/article/10.1088/1755-1315/388/1/012070
https://ui.adsabs.harvard.edu/abs/2017PlSoi.410..499D/abstract
https://ui.adsabs.harvard.edu/abs/2017PlSoi.410..499D/abstract
https://ui.adsabs.harvard.edu/abs/2017PlSoi.410..499D/abstract
https://ui.adsabs.harvard.edu/abs/2017PlSoi.410..499D/abstract
https://www.sciencedirect.com/science/article/abs/pii/S0304423819310180
https://www.sciencedirect.com/science/article/abs/pii/S0304423819310180
https://www.sciencedirect.com/science/article/abs/pii/S0304423819310180
https://www.sciencedirect.com/science/article/abs/pii/S0304423819310180
https://pure.knaw.nl/portal/en/publications/effects-of-growth-promoting-bacteria-on-soybean-root-activity-pla
https://pure.knaw.nl/portal/en/publications/effects-of-growth-promoting-bacteria-on-soybean-root-activity-pla
https://pure.knaw.nl/portal/en/publications/effects-of-growth-promoting-bacteria-on-soybean-root-activity-pla
https://www.scielo.br/j/rbeaa/a/VqH5tZDDyJG4gS863Byz5vn/?lang=en
https://www.scielo.br/j/rbeaa/a/VqH5tZDDyJG4gS863Byz5vn/?lang=en
https://www.scielo.br/j/rbeaa/a/VqH5tZDDyJG4gS863Byz5vn/?lang=en

Azospirillum sp. and mycorrhizal fungi: key microorganisms in sustainable agriculture

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Volfson V, Fibach—Paldi S, Paulucci NS, et al. Phenotypic variation in
Azospirillum brasilense Sp7 does not influence plant growth promotion
effects. Soil Biol & Biochem. 2013;67:255-262.

Reem Brenholtz G, Tamir—Ariel D, Okon Y, et al. Carotenoid production
and phenotypic variation in Azospirillum brasilense. Res Microbiol.
2017.

Ferreira AS, Pires RR, Rabelo PG, et al. Implications of Azospirillum
brasilense inoculation and nutrient addition on maize in soils of the
Brazilian Cerrado under greenhouse and field conditions. App Soil Ecol.
2013;72:103-108.

Schoebitz M, Mengual C, Roldan A. Combined effects of clay
immobilized Azospirillum brasilense and Pantoea dispersa and organic
olive residue on plant performance and soil properties in the revegetation
of a semiarid area. Sci Total Environ. 2014;466-—467:67-73.

Alamri SA, Mostafa YS. Effect of nitrogen supply and Azospirillum
brasilense Sp—248 on the response of wheat to seawater irrigation. Saudi
J Biol Sci. 2009;16:101-107.

Haji Nia Somayeh, Mohammad Javad Zarea, Farhad Rejali, et al. Yield
and yield components of wheat as affected by salinity and inoculation
with Azospirillum strains from saline or non—saline soil. J Saudi Soc
Agric Sci. 2012;11:113-121.

Cangahuala—Inocente GC, Plucani do Amaral F, Faleiro AC, et al.
Azospirillum sp. cell physiology, plant interactions and agronomic
research in Argentina. Asoc Argen Microbiol. 2008. 268 p.

Borisov IV, Schelud’ko AV, Petrova LP, et al. Changes in Azospirillum
brasilense motility and the effect of wheat seedling exudates. Microbiol
Res. 2009;164: 578-587.

Schelud ko AV, Makrushin KV, Tugarova AV, et al. Changes in motility
of the rhizobacterium Azospirillum brasilense in the presence of plant
lectins. Microbiol Res. 2009;164:149-156.

Boyko AS, Konnova SA, Fedonenko YP, et al. Structural and functional
peculiarities of the lipopolysaccharide of Azospirillum brasilense SRSS5,
isolated from the roots of Triticum durum. Microbiol Res. 2011;164:585—
593.

CuiY, Tu R, Wu L, et al. A hybrid two—component system protein from
Azospirillum brasilense Sp7 was involved in chemotaxis. Microbiol Res.
2011;166:458-467.

Li Huamin, Yanhua Cui, Lixian Wu, et al. ¢cDNA-AFLP analysis of
differential gene expression related to cell chemotactic and encystment
of Azospirillum brasilense. Microbiol Res. 2011;166:595-605.

Wu L, Cui Y, Hong Y, et al. A CheR/CheB fusion protein is involved in
cyst cell development and chemotaxis in Azospirillum brasilense Sp7.
Microbiol Res. 2011;166:606-617.

Romero Osorio A. Study of the formation of the Azospirillum brasilense
biofilm. Master’s Thesis. Autonomous University of Puebla. Research
Center in Cs. Biological. México; 2012. 63 p.

Santos KFDN, Moure VR, Hauer V, et al. Wheat colonization by
an  Azospirillum  brasilense ammonium-excreting strain reveals
upregulation of nitrogenase and superior plant growth promotion. Plant
Soil. 2017.

Larraburu EE, Yarte ME, Llorente BE. Azospirillum brasilense
inoculation, auxin induction and culture medium composition modify
the profile of antioxidant enzymes during in vitro rhizogenesis of pink
lapacho. Plant Cell Tiss Orgn Cult. 2016.

Souza MST, de Baura VA, Santos SA, Fet al. Azospirillum spp.
from native forage grasses in Brazilian Pantanal floodplain: biodiversity
and plant growth promotion potential. World J Microbiol Biotechnol.
2017.

Di Barbaro G, Gonzalez Basso V. Arbuscular vesicular mycorrhizae
in olive tree (Olea europaea L.). Journal of Applied Biotechnology &
Bioengineering. 2022;9(4):98-99.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

S8.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Copyright:

©2023 Gabricla etal. 203

Garcia JE, Maroniche G, Creus C, et al. /n vitro PGPR properties and
osmotic tolerance of different Azospirillum native strains and their
effects on growth of maize under drought stress. Microbiol Res. 2017.

Ribaudo CM, Cura JA, Cantore ML. Activation of a calcium—dependent
protein kinase involved in the Azospirillum growth promotion in rice.
World J Microbiol Biotechnol. 2017.

Alvarez Rde CF, Benetdo J, Barzotto GR, et al. Application methods of
Azospirillum brasilense in first-and second—crop corn. Rev Bras Eng
Agr Amb. 2019;840-846.

dos Santos Junior AC, de Carvalho MAC, Yamashita OM, et al. Maize
productivity in succession to cover crops, nitrogen fertilization and
inoculation with Azospirillum brasilense. Rev Brasileira de Engen Agric
Amb. 2019.

Skonieski FR, Viégas J, Newton Martin T, et al. Effect of nitrogen
topdressing Fertilization and Inoculation of Seeds with Azospirillum
brasilense on corn yield and agronomic characteristics. Agron. 2019.

Galindo FS, Buzetti S, Lima Rodrigues W, et al. Inoculation of
Azospirillum brasilense associated with silicon as a liming source to
improve nitrogen fertilization in wheat crops. Sci Reports. 2020.

Koyama R, Ribeiro Junior WA, Mariani Zeffa D, et al. Association
of indolebutyric acid with Azospirillum brasilense in the rooting of
herbaceous blueberry cuttings. Hort. 2019.

Evseeva NV, Tkachenko OV, Denisova A Yu, et al. Functioning of
plant-bacterial associations under osmotic stress in vitro. World J
Microbiol Biotechnol. 2019.

Ramos—Ibarra JR, Rubio—Ramirez TE, Mondragén—Cortez P, et al.
Azospirillum brasilense—microalga interaction increases growth and
accumulation of cell compounds in Chlorella vulgaris and Tetradesmus
obliquus cultured under nitrogen stress. J App Phycol. 2019.

Lopez BR, Palacios OA, Bashan Y, et al. Riboflavin and lumichrome
exuded by the bacterium Azospirillum brasilense promote growth and
changes in metabolites in Chlorella sorokiniana under autotrophic
conditions. A/gal Res. 2019.

Pagnussat LA, Maroniche G, Curatti L, et al. Auxin—dependent
alleviation of oxidative stress and growth promotion of Scenedesmus
obliquus C18 by Azospirillum brasilense. Algal Res. 2020.

Shirokova AA, Budanovaa AA, Burova AM, et al. Immunoelectron
Microscopy Investigation of the Cell Surface of Azospirillum brasilense
Strains. Microbiol. 2017.

Blanco FA, Salas E A. Micorrizas en la agricultura: Contexto mundial
e investigacion realizada en Costa Rica. Agron Costarricense.
1997;21(1):55-67.

Brundrett M. Mycorrhizas in natural ecosystems. In “Advances in
ecological research”. (In: Begon M, Fitter AH, Macfadyen A.) Academic
Press Limited. 2009;21:171-313.

Kirk PM, Cannon PF, David JC, et al. Ainsworth and Bisby’s dictionary
of the fungi. 9th ed. CAB International, Wallingford, UK; 2001.

Selosse MA, Richard F, He X, et al. Mycorrhizal networks: des liaisons
dangereuses? Trends Ecol Evol. 2006.

Harrison MJ. Signaling in the arbuscular mycorrhizal symbiosis. Annu
Rev Microbiol. 2005.

Wang B, Qiu YL. Phylogenetic distribution and evolution of mycorrhizas
in land plants. Mycorrhizahello. 2006.

Sanchez de Prager M. Mycorrhizae: shared strategy to colonize the soil.
Chapter 4. Endomycorrhizas: Bioedaphic expression of importance in
the tropics. National University of Colombia. Faculty of Cs. Agricultural.
115-175.

Citation: Gabriela DB, Horacio A,Valeria GB, et al. Azospirillum sp.and mycorrhizal fungi: key microorganisms in sustainable agriculture. | Appl Biotechnol Bioeng.
2023;10(6):199-204. DOI: 10.15406/jabb.2023.10.00349


https://doi.org/10.15406/jabb.2023.10.00349
https://www.sciencedirect.com/science/article/abs/pii/S003807171300309X
https://www.sciencedirect.com/science/article/abs/pii/S003807171300309X
https://www.sciencedirect.com/science/article/abs/pii/S003807171300309X
https://pubmed.ncbi.nlm.nih.gov/28263905/
https://pubmed.ncbi.nlm.nih.gov/28263905/
https://pubmed.ncbi.nlm.nih.gov/28263905/
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=27817147
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=27817147
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=27817147
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=27817147
https://pubmed.ncbi.nlm.nih.gov/23895777/
https://pubmed.ncbi.nlm.nih.gov/23895777/
https://pubmed.ncbi.nlm.nih.gov/23895777/
https://pubmed.ncbi.nlm.nih.gov/23895777/
https://pubmed.ncbi.nlm.nih.gov/23961049/
https://pubmed.ncbi.nlm.nih.gov/23961049/
https://pubmed.ncbi.nlm.nih.gov/23961049/
https://www.sciencedirect.com/science/article/pii/S1658077X12000045
https://www.sciencedirect.com/science/article/pii/S1658077X12000045
https://www.sciencedirect.com/science/article/pii/S1658077X12000045
https://www.sciencedirect.com/science/article/pii/S1658077X12000045
https://www.scienceopen.com/document?vid=c31ad129-b24d-498c-be24-a5e8f68eaf73
https://www.scienceopen.com/document?vid=c31ad129-b24d-498c-be24-a5e8f68eaf73
https://www.scienceopen.com/document?vid=c31ad129-b24d-498c-be24-a5e8f68eaf73
https://www.sciencedirect.com/science/article/pii/S0944501307000894
https://www.sciencedirect.com/science/article/pii/S0944501307000894
https://www.sciencedirect.com/science/article/pii/S0944501307000894
https://pubmed.ncbi.nlm.nih.gov/17317126/
https://pubmed.ncbi.nlm.nih.gov/17317126/
https://pubmed.ncbi.nlm.nih.gov/17317126/
https://www.sciencedirect.com/science/article/pii/S094450131100005X
https://www.sciencedirect.com/science/article/pii/S094450131100005X
https://www.sciencedirect.com/science/article/pii/S094450131100005X
https://www.sciencedirect.com/science/article/pii/S094450131100005X
https://pubmed.ncbi.nlm.nih.gov/20869221/
https://pubmed.ncbi.nlm.nih.gov/20869221/
https://pubmed.ncbi.nlm.nih.gov/20869221/
https://pubmed.ncbi.nlm.nih.gov/21242066/
https://pubmed.ncbi.nlm.nih.gov/21242066/
https://pubmed.ncbi.nlm.nih.gov/21242066/
https://pubmed.ncbi.nlm.nih.gov/21232929/
https://pubmed.ncbi.nlm.nih.gov/21232929/
https://pubmed.ncbi.nlm.nih.gov/21232929/
https://link.springer.com/article/10.1007/s11104-016-3140-6
https://link.springer.com/article/10.1007/s11104-016-3140-6
https://link.springer.com/article/10.1007/s11104-016-3140-6
https://link.springer.com/article/10.1007/s11104-016-3140-6
https://link.springer.com/article/10.1007/s11240-016-1060-z
https://link.springer.com/article/10.1007/s11240-016-1060-z
https://link.springer.com/article/10.1007/s11240-016-1060-z
https://link.springer.com/article/10.1007/s11240-016-1060-z
https://link.springer.com/article/10.1007/s11274-017-2251-4
https://link.springer.com/article/10.1007/s11274-017-2251-4
https://link.springer.com/article/10.1007/s11274-017-2251-4
https://link.springer.com/article/10.1007/s11274-017-2251-4
https://medcraveonline.com/JABB/JABB-09-00293.pdf
https://medcraveonline.com/JABB/JABB-09-00293.pdf
https://medcraveonline.com/JABB/JABB-09-00293.pdf
https://www.sciencedirect.com/science/article/pii/S0944501317303294
https://www.sciencedirect.com/science/article/pii/S0944501317303294
https://www.sciencedirect.com/science/article/pii/S0944501317303294
https://pubmed.ncbi.nlm.nih.gov/28044270/
https://pubmed.ncbi.nlm.nih.gov/28044270/
https://pubmed.ncbi.nlm.nih.gov/28044270/
https://www.scielo.br/j/rbeaa/a/5tq3fPmTb5btffYktg6t4Rx/?lang=en
https://www.scielo.br/j/rbeaa/a/5tq3fPmTb5btffYktg6t4Rx/?lang=en
https://www.scielo.br/j/rbeaa/a/5tq3fPmTb5btffYktg6t4Rx/?lang=en
https://www.scielo.br/j/rbeaa/a/WrmkjL8KQTdwCRSNjL99q7K/?lang=en
https://www.scielo.br/j/rbeaa/a/WrmkjL8KQTdwCRSNjL99q7K/?lang=en
https://www.scielo.br/j/rbeaa/a/WrmkjL8KQTdwCRSNjL99q7K/?lang=en
https://www.scielo.br/j/rbeaa/a/WrmkjL8KQTdwCRSNjL99q7K/?lang=en
https://pubmed.ncbi.nlm.nih.gov/37110469/
https://pubmed.ncbi.nlm.nih.gov/37110469/
https://pubmed.ncbi.nlm.nih.gov/37110469/
https://www.mdpi.com/2311-7524/5/4/68
https://www.mdpi.com/2311-7524/5/4/68
https://www.mdpi.com/2311-7524/5/4/68
https://pubmed.ncbi.nlm.nih.gov/31784916/
https://pubmed.ncbi.nlm.nih.gov/31784916/
https://pubmed.ncbi.nlm.nih.gov/31784916/
https://ouci.dntb.gov.ua/en/works/leWxrbK7/
https://ouci.dntb.gov.ua/en/works/leWxrbK7/
https://ouci.dntb.gov.ua/en/works/leWxrbK7/
https://ouci.dntb.gov.ua/en/works/leWxrbK7/
https://www.sciencedirect.com/science/article/abs/pii/S2211926419303868
https://www.sciencedirect.com/science/article/abs/pii/S2211926419303868
https://www.sciencedirect.com/science/article/abs/pii/S2211926419303868
https://www.sciencedirect.com/science/article/abs/pii/S2211926419303868
https://www.sciencedirect.com/science/article/abs/pii/S2211926418308063
https://www.sciencedirect.com/science/article/abs/pii/S2211926418308063
https://www.sciencedirect.com/science/article/abs/pii/S2211926418308063
https://link.springer.com/article/10.1134/S0026261717040142
https://link.springer.com/article/10.1134/S0026261717040142
https://link.springer.com/article/10.1134/S0026261717040142
https://mycorrhizas.info/download/pdf/Brundrett%2091%20Mycorrhizas%20in%20Natural%20Ecosystems.pdf
https://mycorrhizas.info/download/pdf/Brundrett%2091%20Mycorrhizas%20in%20Natural%20Ecosystems.pdf
https://mycorrhizas.info/download/pdf/Brundrett%2091%20Mycorrhizas%20in%20Natural%20Ecosystems.pdf
https://www.cambridge.org/core/journals/lichenologist/article/abs/ainsworth-bisbys-dictionary-of-the-fungi-ninth-edition-edited-by-p-m-kirk-p-f-cannon-j-c-david-and-j-a-stalpers-2001-wallingford-cab-international-pp-655-isbn-0-85199-377-x-price-4995-us9000/5EBAE7BC184B7B27766B90F00AF154B0
https://www.cambridge.org/core/journals/lichenologist/article/abs/ainsworth-bisbys-dictionary-of-the-fungi-ninth-edition-edited-by-p-m-kirk-p-f-cannon-j-c-david-and-j-a-stalpers-2001-wallingford-cab-international-pp-655-isbn-0-85199-377-x-price-4995-us9000/5EBAE7BC184B7B27766B90F00AF154B0
https://www.sciencedirect.com/science/article/abs/pii/S0169534706002126
https://www.sciencedirect.com/science/article/abs/pii/S0169534706002126
https://www.annualreviews.org/doi/abs/10.1146/annurev.micro.58.030603.123749
https://www.annualreviews.org/doi/abs/10.1146/annurev.micro.58.030603.123749
https://pubmed.ncbi.nlm.nih.gov/16845554/
https://pubmed.ncbi.nlm.nih.gov/16845554/

Azospirillum sp. and mycorrhizal fungi: key microorganisms in sustainable agriculture

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.
80.

81.

Peterson L, Massicotte HB, Melville L. Mycorrhizas: anatomy and cell
biology. NRC Res Press.:Ottawa. Canada; 2007. 173 p.

Parniske M. Arbuscular mycorrhiza: the mother of plant root
endosymbioses. Nature Reviews Microbiol. 2008;6:763-775.

Andrade-Torres A. Micorrizas: antigua interaccion entre plantas y
hongos. Ciencia. 2010.

Garcia Rodriguez S. Efecto de las micorrizas arbusculares sobre la
regulacion de genes implicados en el metabolismo carbonado en plantas
de tomate (Solanum esculentum). Tesis doctoral. Univer de Granada;
2006. 246 p.

Eckhard G, Horst WJ, Neumann E. Chapter 17 — Adaptation of plants
to adverse chemical soil conditions Marschner'’s mineral nutrition of
higher plants. 3rd ed. 2012. p. 409—472.

Navarro A, Elia A, Conversa G, et al. Potted mycorrhizal carnation
plants and saline stress: Growth, quality and nutritional plant responses.
Sci Hort. 2012;140:131-139.

Zhang Rui—Qin, Hong-Hui Zhu, Hai-Quan Zhao, et al. Arbuscular
mycorrhizal fungal inoculation increases phenolic synthesis in clover
roots via hydrogen peroxide, salicylic acid and nitric oxide signaling
pathways. J Plant Physiol. 2013;170(1):74-79.

Eid KE, Abbas MHH, Mekawi EH, et al. Arbuscular mycorrhiza
and environmentally biochemicals enhance the nutritional status of
Helianthus tuberosus and induce its resistance against Sclerotium rolfsii.
Ecotoxicol Env Saf. 2019.

Alvarado CJ, Dasgupta—Schubert N, Ambriz E, et al. Arbuscular
mycorrhizal fungi and lead phytoremediation. Rev Int Contam Ambie.
2011;27(4):357-364.

Velasco Velasco J, Ferrera—Cerrato R, Almaraz Suarez JJ. Vermicompost,
arbuscular mycorrhiza and Azospirillum brasilense in peel tomato.
Terra. 2001;19(3):241-248.

Zulueta Rodriguez R. Efficiency of morphospecies of arbuscular
mycorrhiza—forming fungi isolated in the rhizosphere of Jacaratia
mexicana A. Dc. to promote phosphorus absorption. doctoral thesis.
University of Colima. Tecoman. Mexico; 2003. p. 35-79.

Paucar E. Mycorrhizae: ecological alternative for sustainable agriculture.

Perez CA, Rojas SJ, Fuentes CJ. Determination of a logistic model for
in situ evaluation of mycorrhizal colonization in grass Dichanthium
aristatum (L). Rev Colombiana cienc Anim. 2010;2(1):73-84.

Barrera Berdugo SE, Rodriguez Lopez NF. Efecto de hongos
micorrizicos arbusculares en plantulas de Elaeis guineensis (palmaceae)
con alto nivel de fosforo en el suelo. Acta biol Colomb. 2010;15(1):105—
114.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Copyright:
©2023 Gabricla etal. 204

Aguirre—Cadena JF, Aguirre-Medina JF. Biofertilizantes a base de
micorriza—arbuscular y su aplicacion en la agricultura. AgroProduc Afo.
2011;4:1(1):12-19.

Martino J, Urcelay C, Renison D. Mycorrhizal growth and colonization
of Polylepis australis Bitter (Rosaceae) in soils with different grazing
history. Kurtziana. 2011;36(1):69-77.

Lugo MA, Giordano PG, Urcelay C, et al. Colonizacion radical por
enddfitos fungicos en Trithrinax campestris (Arecaceae) de ecosistemas
semiaridos del centro de Argentina. Bol Soc Argent Bot. 2011;46(3—4):
213-222.

Rodriguez—Morelos VH, Soto-Estrada A, Pérez—Moreno J, et al.
Arbuscular mycorrhizal fungi and their implication in the production and
management of neotropical forest species, with emphasis on meliaceae.
Intercienc. 2011;36(8):564-569.

De la Rosa—Mera C, Ferrera—Cerrato R, Alarcon A, et al. Isolation of
arbuscular mycorrhizal fungal consortia from medicinal plants and their
effect on vinca growth (Catharanthus roseus). Rev Chilena de Historia
Nat. 2012;85:187-198.

Covacevich F, Eyherabide M, Sainz Rozas H, et al. Caracteristicas
quimicas determinan la capacidad micotrofica arbuscular de suelos
agricolas y pristinos de Buenos Aires (Argentina). Ciencia del Suelo
(Argent.). 2012;30(2):119-128.

Quinones—Aguilar EE, Hernandez—Acosta E, Rincon—Enriquez G, et al.
Interaccion de hongos micorrizicos arbusculares y fertilizacion fosfatada
en papaya. Terra Latinoam. 2012;30(2):165-176.

Lara—Pérez LA, Noa—Carrazana JC, Landa Lopez A, et al. Colonizacion
y estructura de la comunidad de hongos micorrizicos arbusculares en
Alsophila firma (Cyatheaceae) en bosque meséfilo de montafia en
Veracruz, México. Rev Biol Trop. 2014;62 (4):1609-1623.

Ruscitti M, Garita S, Arango MC, et al. Inoculation with selected isolates
of vesicular—arbuscular fungi as an alternative to moderate water stress
in tomato plants from La Plata under greenhouse conditions. Rev Fac
Agron. 2015;114(2):219-229.

Reyes—Tena A, Lopez—Pérez L, Quifiones—Aguilar EE, et al. Evaluation
of arbuscular mycorrhizal consortia in plant growth of corn plants, chile
y frijol. Biols. 2015;17(2):35-42.

Alvarez AS, Pérez DR, Oneto ME. Inoculation test of native mycorrhizae
in Atriplex undulata (Chenopodiaceae) for its establishment in saline
substrates. In: Ecological restoration in the arid diagonal Argentina,
(Virginia Massara Paletto. In: Gustavo Buono, Cynthia Gonzalez, Ciano
Nicolas). 1st ed. special — Guaymallén. 2018. p. 163—169.

Urgilés Gémez N, Quichimbo L, Schuessler A, et al. Evaluacion del
efecto de la inoculacion con hongos micorrizicos en la propagacion de
Alnus acuminata 'y Morella pubescens. Ecol For.2010;1(1):37-46.

Citation: Gabriela DB, Horacio A,Valeria GB, et al. Azospirillum sp.and mycorrhizal fungi: key microorganisms in sustainable agriculture. | Appl Biotechnol Bioeng.
2023;10(6):199-204. DOI: 10.15406/jabb.2023.10.00349


https://doi.org/10.15406/jabb.2023.10.00349
https://pubmed.ncbi.nlm.nih.gov/18794914/
https://pubmed.ncbi.nlm.nih.gov/18794914/
https://www.academia.edu/653234/Micorrizas_Antigua_interacci%C3%B3n_entre_plantas_y_hongos
https://www.academia.edu/653234/Micorrizas_Antigua_interacci%C3%B3n_entre_plantas_y_hongos
https://digibug.ugr.es/bitstream/handle/10481/1359/1649071x.pdf?sequence=1
https://digibug.ugr.es/bitstream/handle/10481/1359/1649071x.pdf?sequence=1
https://digibug.ugr.es/bitstream/handle/10481/1359/1649071x.pdf?sequence=1
https://digibug.ugr.es/bitstream/handle/10481/1359/1649071x.pdf?sequence=1
https://www.sciencedirect.com/science/article/abs/pii/B9780123849052000170http:/www.sciencedirect.com/science/article/pii/B9780123849052000170
https://www.sciencedirect.com/science/article/abs/pii/B9780123849052000170http:/www.sciencedirect.com/science/article/pii/B9780123849052000170
https://www.sciencedirect.com/science/article/abs/pii/B9780123849052000170http:/www.sciencedirect.com/science/article/pii/B9780123849052000170
https://www.sciencedirect.com/science/article/abs/pii/S0304423812001483?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0304423812001483?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0304423812001483?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/23122788/http:/www.sciencedirect.com/science/article/pii/S0176161712004063
https://pubmed.ncbi.nlm.nih.gov/23122788/http:/www.sciencedirect.com/science/article/pii/S0176161712004063
https://pubmed.ncbi.nlm.nih.gov/23122788/http:/www.sciencedirect.com/science/article/pii/S0176161712004063
https://pubmed.ncbi.nlm.nih.gov/23122788/http:/www.sciencedirect.com/science/article/pii/S0176161712004063
https://pubmed.ncbi.nlm.nih.gov/31629192/
https://pubmed.ncbi.nlm.nih.gov/31629192/
https://pubmed.ncbi.nlm.nih.gov/31629192/
https://pubmed.ncbi.nlm.nih.gov/31629192/
https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0188-49992011000400008
https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0188-49992011000400008
https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0188-49992011000400008
https://www.redalyc.org/pdf/573/57319305.pdf
https://www.redalyc.org/pdf/573/57319305.pdf
https://www.redalyc.org/pdf/573/57319305.pdf
https://revistas.unisucre.edu.co/index.php/recia/article/view/332
https://revistas.unisucre.edu.co/index.php/recia/article/view/332
https://revistas.unisucre.edu.co/index.php/recia/article/view/332
https://www.redalyc.org/pdf/3190/319027884007.pdf
https://www.redalyc.org/pdf/3190/319027884007.pdf
https://www.redalyc.org/pdf/3190/319027884007.pdf
https://www.redalyc.org/pdf/3190/319027884007.pdf
https://revista-agroproductividad.org/index.php/agroproductividad/article/view/571
https://revista-agroproductividad.org/index.php/agroproductividad/article/view/571
https://revista-agroproductividad.org/index.php/agroproductividad/article/view/571
http://www.scielo.org.ar/scielo.php?script=sci_arttext&pid=S1852-59622011000100005
http://www.scielo.org.ar/scielo.php?script=sci_arttext&pid=S1852-59622011000100005
http://www.scielo.org.ar/scielo.php?script=sci_arttext&pid=S1852-59622011000100005
http://www.scielo.org.ar/scielo.php?script=sci_arttext&pid=S1851-23722011000200002
http://www.scielo.org.ar/scielo.php?script=sci_arttext&pid=S1851-23722011000200002
http://www.scielo.org.ar/scielo.php?script=sci_arttext&pid=S1851-23722011000200002
http://www.scielo.org.ar/scielo.php?script=sci_arttext&pid=S1851-23722011000200002
https://restoration.elti.yale.edu/resource/los-hongos-micorrizicos-arbusculares-y-su-implicacion-en-la-produccion-y-manejo-de-especies
https://restoration.elti.yale.edu/resource/los-hongos-micorrizicos-arbusculares-y-su-implicacion-en-la-produccion-y-manejo-de-especies
https://restoration.elti.yale.edu/resource/los-hongos-micorrizicos-arbusculares-y-su-implicacion-en-la-produccion-y-manejo-de-especies
https://restoration.elti.yale.edu/resource/los-hongos-micorrizicos-arbusculares-y-su-implicacion-en-la-produccion-y-manejo-de-especies
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0716-078X2012000200005
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0716-078X2012000200005
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0716-078X2012000200005
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0716-078X2012000200005
https://dialnet.unirioja.es/servlet/articulo?codigo=4231664
https://dialnet.unirioja.es/servlet/articulo?codigo=4231664
https://dialnet.unirioja.es/servlet/articulo?codigo=4231664
https://dialnet.unirioja.es/servlet/articulo?codigo=4231664
https://www.scielo.org.mx/scielo.php?pid=S0187-57792012000200165&script=sci_abstract&tlng=es
https://www.scielo.org.mx/scielo.php?pid=S0187-57792012000200165&script=sci_abstract&tlng=es
https://www.scielo.org.mx/scielo.php?pid=S0187-57792012000200165&script=sci_abstract&tlng=es
https://www.scielo.sa.cr/pdf/rbt/v62n4/a27v62n4.pdf
https://www.scielo.sa.cr/pdf/rbt/v62n4/a27v62n4.pdf
https://www.scielo.sa.cr/pdf/rbt/v62n4/a27v62n4.pdf
https://www.scielo.sa.cr/pdf/rbt/v62n4/a27v62n4.pdf
https://sedici.unlp.edu.ar/handle/10915/51336
https://sedici.unlp.edu.ar/handle/10915/51336
https://sedici.unlp.edu.ar/handle/10915/51336
https://sedici.unlp.edu.ar/handle/10915/51336
https://ciatej.repositorioinstitucional.mx/jspui/bitstream/1023/509/1/Evaluaci%C3%B3n%20chile%20y%20frijol.pdf
https://ciatej.repositorioinstitucional.mx/jspui/bitstream/1023/509/1/Evaluaci%C3%B3n%20chile%20y%20frijol.pdf
https://ciatej.repositorioinstitucional.mx/jspui/bitstream/1023/509/1/Evaluaci%C3%B3n%20chile%20y%20frijol.pdf
https://dspace.unl.edu.ec/jspui/handle/123456789/337
https://dspace.unl.edu.ec/jspui/handle/123456789/337
https://dspace.unl.edu.ec/jspui/handle/123456789/337

	Title
	Abstract
	Keywords
	Introduction
	Mycorrhizal fungi 

	Conclusion
	Acknowledgments
	Conflicts of interest 
	Funding
	References

