
Liquid chromatography was conducted using a Waters, Alliance 2695. Analytes were separated
on a C18 column. The binary solvent system comprised acetonitrile with 1% formic acid (A)
water with 0.05% formic acid (B), and was applied as a linear gradient. The flow rate and the
injection volume were 0.2 mL·min-1 and 10μl, respectively. Elutes from the LC system were
introduced into an WatersTriple Quadrupole LC-MS/MS system in positive electrospray
ionisation (ESI+) mode using multiple reaction monitoring (MRM) with two mass transitions.
Prior to LC separations the samples were derivatized with 9-fluorenylmethylchloroformate
(FMOC).

Herbicides
(ppm)

Experiments

Control (+) 
NFb + glyphosate

Control (-) 
NFb + Az39

T1
NFb + glyphosate + 

Az39  

T2
NFb + glyphosate + 

Az39 inactive

GLYPHOSATE 0.85 ± 0.03 a nd 0.60 ± 0.01 b 0.85 ± 0.01 a

AMPA nd nd nd nd

The obtained results showed a 30% decrease in the glyphosate concentration in
the culture medium inoculated with A. brasilense compared to the treatment
without bacterial inoculation. The treatment in which the Az39 culture was
inactivated did not show significant differences with respect to the treatment
without Az39. In the control treatment (-), neither glyphosate nor AMPA was
detected (Table 1).
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Currently, there is an increasing need to expand to the maximum the knowledge of the physical-chemical
characteristics, the form of action and the environmental impact of herbicides, in order to make a rational use of them.
In the development of a herbicide, aspects such as its chemical formula, its behavior within the plant to the impact on
the environment should be studied, in order to offer the farmer effective and safe tools. Thus, studies related to forms
of degradation of herbicides that remain as residues are important to achieve a minimum environmental impact1.

The time that a herbicide remains active in the soil, after it produced its effect, is called persistence. Any factor that
alters the disappearance or decomposition of herbicides affects their persistence. Nowadays, different strategies are
being developed to eliminate these substances in an economic and ecological way. Numerous studies have shown
that soils contaminated with pesticides can be decontaminated by the action of specific microorganisms2.
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Agrochemicals are a source of carbon and nitrogen and are degraded mainly by microbial activity. Microorganisms
capable of degrading glyphosate can do so by breaking CP bonds in two ways, being the primary and predominant
metabolites of said degradation, glyoxylate and aminophosphonic acid (AMPA) that eventually degrade to water,
carbon dioxide, ammonium and phosphate, or sarcosine, whose final product is glycine3 (Fig. 1). This process is
carried out under both aerobic and anaerobic conditions. Although many microorganisms, including rhizobacteria, are
capable of metabolizing glyphosate, not all of them manage to survive its presence. For its part, the genus Azospirillum
is probably the most studied of associative rhizobacteria that promote plant growth due to its ability to colonize many
plant species. However, being a bacterium of conventional use in agriculture, little is known about its behavior in the
presence of different agrochemicals, to which it is exposed due to the role it plays in certain crops such as corn.
Although the effect of some herbicides show temporary changes in microbial activity, numerous studies have shown
that soils contaminated with pesticides can be decontaminated by inoculating microorganisms specifically adapted to
the presence of these compounds4.

This work describes the in vitro analysis of
the ability of a rhizobacteria Azospirillum
brasilense commercial use to survive and
degrade glyphosate herbicide commonly
used in the cultivation of corn.

 LC-MS/MS analytical conditions

 Sample preparation
It was started from the inoculum of the Az39 strain of A. brasilense and survival and
glyphosate degradation experiments were carried out:
Survival assay: it was grown the bacteria in a typical medium for growth (NFb: nitrogen
free broth) which was added commercial glyphosate (Panzer Gold, Dow Agrosciences).
Degradation assay: the bacterium was grown in the same culture medium but without
the addition of the carbon source, which was replaced by glyphosate.
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RESULTS  MATERIALS AND METHODS

 Determination of glyphosate and AMPA residual
The residual concentration of glyphosate and AMPA was determined by HPLC-MS / MS in
those treatments where the culture medium conserved all the nutritional sources for the
growth of Az39, representing the availability of nutrients that the bacteria usually have. In
addition, the corresponding controls were evaluated (Scheme 1).

Figure 2

The chromatograms corresponding to commercial glyphosate (Panzer Gold) (a)
and glyphosate and AMPA standards (Sigma) (b) were obtained (Fig. 2)
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