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Mechanisms and Mode of Action - N3 Strains

N3 (brand name Agnyte or Enrich N3) contains plant-growth-promoting rhizobacteria (PGPR) that enhances
plant growth and protects plants from disease and abiotic stresses (Souza et al. 2015). Its unique combination
of PGPR—Azotobacter chroococcum, Azospirillum brasilense, Bacillus megaterium —encourages the growth of
awide range of plant species (e.g., cotton, wheat, carrot, tomato and rice).

The principal intention of this literature review is to answer the most frequently asked questions about N3 in
relation to its mode of action, pathogenicity, and the fate of its constituent bacteria after usage. N3 bacteria
have been isolated from the soil of the United States of America (USA). N3 bacteria are neither mutants nor
genetically modified organisms.
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Schematic diagram of N3 mode of action on plants
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Azotobacter chroococcum

Azotobacter chroococcum is a Gram negative, free-living, nitrogen fixing aerobic bacteria. Azotobacter
chroococcum synthesizes auxins, cytokinins, gibberellic acid and siderophores like substances. These growth
materials are the important substances regulating plants (Wani, 2016).

Azotobacter chroococcum can compete with soil fungi such as Fusarium, Pythium, and Rhizoctonia (Chauhan,
2012) and suppress their growth. It was proven that Azotobacter chroococcum improves plant resistance to
higher salt conditions (Abdel Latef, 2021) and proven that foliar application of Azotobacter sp. can be used to
promote plant growth and reduce nitrate accumulation in plants (Razmjooei, 2022).

The N3 constituent bacteria Azotobacter chroococcum strain was named TRIBAC AC1D. Please check the
DNA sequence information for more details.

Taxonomy

Domain: Bacteria

Phylum: Proteobacteria
Class: Gammaproteobacteria
Order: Pseudomonadales
Family: Pseudomonadaceae
Genus: Azotobacter

Species: A. chroococcum

Toxicity
There is no evidence to suggest that Azatobacter chroococcum is pathogenic to humans, animals, or other non-
target organisms. It is not known to cause diseases or infections in these organisms.

Environmental fate

Azotobacter chroococcum can be affected by environmental conditions, including temperature, pH, moisture,
and the presence of other microorganisms. The persistence and survival of Azotobacter chroococcum in

the environment will depend on a variety of factors, including the specific strain and the local environmental
conditions (Aasfar 2021). Specific strains of Azotobacter chroococcum were approved to be used as a
biofertilisers (Agri Life NITROFIX ™ - AC).

Agnetic Bio Innovations Pty Ltd
507, 225 Pacific Highway, North Sydney,

MNSW 2060 Australia
ABN: 60 666 131 086

P L T
‘avsee

R Te &

« agas
w @




Azospirillum brasilense

Azospirillum brasilense is a gram gram-negative, rod-shaped, nitrogen-fixing bacterium found in the
rhizosphere of various grass species and cereals, and is able to affect the growth and yield of numerous plant
species (Bashan et al. 2004). Azospirillum brasilense can establish colonies on plants that have not been
previously colonised (Arora 2013), making it a perfect choice to be a component of N3.

Azospirillum strains have been reported to increase plant growth by secreting various metabolites into the
rhizosphere (Rodrigues et al. 2015) like phytohormones (principally auxins, gibberellins (GAs), cytokinins (CKs),
nitric oxide, fix atmospheric nitrogen, polyamines), which encourages plant growth (Bashan and de-Bashan
2010).

Morphological plant-root changes such as increased root growth and/or enhanced formation of lateral roots
and root hairs have been observed on Azospirillum spp. inoculation (Dimkpa et al. 2009). The presence of
Azospirillum spp. in the rhizosphere has been reported to activate the hydrolysis of conjugated phytohormones
and flavonoids in the root tissue, thus bringing about the release of compounds in their active forms

(Saikia et al. 2010).

It was shown that Azospirillum on seeds or by leaf spray, as well as leaf spraying of Azospirillum metabolites, are
strongly correlated with phytohormone production and stress tolerance gene activation (Fukami, 2017).

The N3 constituent bacteria Azospirillum brasilense strain was named TRIBAC AB1D. Please check the DNA
sequence information for more details.

Taxonomy

Domain: Bacteria

Phylum: Proteobacteria

Class: Alphaproteobacteria
Order: Rhizobiales

Family: Rhizobiaceae

Genus: Azospirillum

Species: Azospirillum brasilense

Toxicity

Azospirillum spp. have been considered a low-risk microbe with no or low risk of adverse human health effects.
Azospirillum spp. have been used in human food (production systems) and research applications (e.g., wheat,
corn, rice, alfalfa, legumes) for many years, which means it can be deduced these organisms are safe and provide
minimal risk to human health. Many biological products from Azospirillum spp. have been internationally
registered as organic products by organisations such as the US Organic Materials Review Institute (OMRI
2017).

Environmental fate
Azospirillum brasilense has not been found to cause ecological damage or plant disease (Bashan 1998). The

presence of Azospirillum brasilense in the rhizosphere can minimise the susceptibility of plants to diseases " =
caused by plant pathogens (Rodrigues et al. 2015). Azospirillum brasilense is deemed to be safe to use in T L T7%
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Bacillus megaterium

Bacillus megaterium is a gram-positive, rod-shaped bacterium that is found in soil and other environments.

It can fix nitrogen from the air, making it available to plants as a nutrient (Ding, 2005) and used in phosphate
fixing and potassium-fixing fertilizers (Han, 2006). The principal mechanism of phosphate solubilization by
Bacillus megaterium is by producing organic acids and acid phosphatases (Shankar, 2013). It was shown that the
application of Bacillus megaterium enhanced bioavailability of phosphorus and potassium in plants (Zhao, 2021).

The N3 constituent bacteria Bacillus megaterium strain was named TRIBAC PM2D. Please check the DNA
sequence information for more details.

Taxonomy

Kingdom: Bacteria

Phylum: Firmicutes

Class: Bacilli

Order: Bacillales

Family: Bacillaceae

Genus: Bacillus

Species: Bacillus megaterium

Toxicity

It is generally considered to be non-toxic to humans and animals, and it is not known to be a human pathogen.

It is known to produce a variety of enzymes and other compounds that can be used industrially, including
proteases, amylases, and lipases. These enzymes are used in a variety of applications, including the production
of detergents, food and feed additives, and pharmaceuticals (Vary, 2007). Bacillus megaterium is not known to
be a significant environmental contaminant, and it is not listed as a hazardous substance by regulatory agencies.

Environmental fate

The fate of Bacillus megaterium in the environment depends on a variety of factors, including the presence
of suitable nutrients, the availability of water, and the presence of other microorganisms. In general, Bacillus
megaterium is able to thrive in a variety of environments and can survive for extended periods of time
(Goswami, 2018).
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