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Abstract

The inoculation of seeds with nitrogen-fixing and plant-growth promoting bacteria is a well-established
agricultural practice that has been increasingly adopted worldwide, decreasing costs and environmental
impacts of food production. Most of the globally commercialized inoculants are for the soybean crop, and
amethod for recovery of Bradyrhizobium cells from inoculated soybean seeds for subsequent counting
has been adopted by several laboratories of South America, especially to investigate the bacterial survival
on seeds treated with pesticides. However, the use of inoculants containing Azospirillum brasilense
in cereal crops has exponentially increased, requiring investigation about the recovery and counting
of cells from inoculated seeds. We first verified that the method used for recovery and counting of
viable cells of Bradyrhizobium from soybean seeds was not applicable for maize seeds inoculated
with A. brasilense. We then modified several steps of the method, aiming at succeeding in recovering
Azospirillum viable cells. The main limitation was identified in the nature of the seed tegument, dry
and poor in nutrients, resulting in A. brasilense cell aggregation. Pre-hydration of seeds for 2 h in sterile
distilled water, followed by shaking for 30 min in sterile distilled water with Tween 80 allowed proper
counting of A. brasilense cells recovered from maize seeds. The method was successfully applied to
count Azospirillum cells recovered from pre-inoculated maize seeds, and to estimate the impact of
seed treatment with pesticides on cell survival.
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INTRODUCTION

Concerns about environmental
sustainability have resulted in an increasing use of
microorganisms in agriculture, aiming at partially
or fully replace agrochemicals, with emphasis on
fertilizers. Inoculants, also called as biofertilizers
in some countries, are products containing living
microorganisms that, when applied to the seeds,
plant surface, or soil, are able to colonize the
rhizosphere or the plants, promoting plant growth
by mechanisms such as the biological nitrogen
fixation process, or synthesis of phytohormones,
improving root growth and increasing nutrient and
water uptkae®?.

For more than a century inoculants
carrying rhizobia for a variety of legumes have
been commercialized worldwide*®. Consequently,
methods for counting rhizobial population in
soil, inoculants, seeds and plants, as well as for
evaluating their symbiotic performance are well
established®®. However, particularly in the last
two decades, the use of other non-rhizobia plant-
growth promoting bacteria (PGPB) ininoculants has
exponentially increased worldwide®. Undoubtedly,
the most studied and used PGPB belong to the
genus Azospirillum, encompassing bacteria with
remarkable capacity to benefit a broad range of
plant species, mainly by two mechanisms, synthesis
of phytohormones and biological nitrogen
fixation'®?¢, but that may include a surprisingly
number of other biological mechanisms?. For
example, the synthesis of signals may confer to
plants tolerance of abiotic and biotic stresses?,
and the synthesis of siderophores may help in the
protection against plant pathogens®'417.18,

Nowadays, Brazil and Argentina are
the world leaders in the use of inoculants
carrying rhizobia and Azospirillum®***. In Brazil,
Azospirillum has been increasingly used in
inoculants for the non-legume crops maize (Zea
mays L.) and wheat (Triticum aestivum L.)!,
pastures of brachiarias (Urochloa spp.)*°, and
also for co-inoculation of the legumes soybean
(Glycine max (L.) Merr.) and common bean
(Phaseolus vulgaris L.)**. Noteworthy, the first
commercial inoculant with Azospirillum in Brazil
was launched in 2009, and reached about 7 million
of commercialized doses in the last crop season’.
About 85% of the world’s agricultural grain
production uses pesticides to control a variety

of pests and diseases?®, and one of the main
challenges for the success of microbial inoculants
is the compatibility with agrochemicals used
in seed treatments, especially fungicides and
insecticides**?*, Low compatibility between
rhizobia and pesticides has been long and broadly
reported, causing sharp drop in cell survival upon
contact with chemicals, decreasing nodulation and
yield; therefore, seed treatment with pesticides
and inoculants are often incompatible!®?425,
However, the use of pesticides for seed treatment
continues to increase, representing a threat on
the ever-growing increasing use of inoculants,
which requires cautious investigation on the
compatibility between microbial inoculants and
pesticides. Advances in methods for investigating
compatibility of rhizobia with pesticides have been
achieved and are broadly used in Argentina, Brazil
and Uruguay. The main method used in South
America was initially developed by Penna et al.
(2011)%, for the evaluation of Bradyrizobium-
fungicides compatibility on soybean seeds.
Nowadays, several laboratories from Argentina,
Brazil and Uruguay use this method, or slight
modifications of it as a quality control procedure
for soybean inoculants2°,

Azospirillum may also be affected by
pesticides used in seed treatments, and the
number of fungicides and pesticides used for
the maize crop has increased; for example, more
than 30 fungicides are registered for the control
of maize diseases in Brazil*°. However, we found
no study reporting the recovery of Azospirillum
cells from inoculated seeds of maize. There are
well-established methods in the literature for
the isolation and identification of endophytic and
rhizospheric diazotrophic bacteria in roots, stems
and leaves of non-leguminous plants3!. However,
these methods do not meet the objective of this
study, which aims to count the number of viable
cells surviving on the surface of inoculated seeds.
First, we tried to apply the method used for the
recovery and counting of Bradyrhizobium from
soybean inoculated seeds to the A. brasilense-
maize combination, trying to verify if this method
would be applicable to different plant species and
microorganisms. We were surprised to recover
zero or close to zero colony forming units (CFU).
As the recovery of inoculated cells from seeds is
the most accurate way to confirm their ability to
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survive at sowing time, we performed several tests
and developed a method to recover Azospirillum
viable cells from inoculated maize seeds.

MATERIALS AND METHODS
Bacterial strains and cultivation methods

The strains used in this study were
Azospirillum brasilense Ab-V5 (=CNPSo 2083)
and Ab-V6 (=CNPSo 2084), used in commercial
inoculants in Brazil**?. Although the great majority
of the commercial inoculants in Brazil carry the
two strains, we decided to study them separately,
in order to observe if both responded in a similar
way. The study also included Bradyrhizobium
japonicum strain SEMIA 5079 (=CPAC 15, =CNPSo
07), used in commercial inoculants for the soybean
crop in Brazil®. The bacteria are deposited at
the “Diazotrophic and Plant Growth Promoting
Bacteria Culture Collection of Embrapa Soja”
(WFCC Collection # 1213, WDCM Collection #
1054), in Londrina, State of Parana, Brazil.

For the evaluations, an initial inoculum
of each A. brasilense strain was obtained in flasks
containing 100 mL of liquid DYGS medium (per
liter: glucose, 2 g; malic acid, 2 g; bacto-peptone,
1.5 g; yeast extract, 2g; K,HPO,, 0.5g; MgSO,. 7H,0,
0.5g; glutamic acid, 1.5g, pH 6.8)*? with shaking at
120 rpm, at 28°C, for 24 h. Cell concentration was
estimated by reading the optical density (0.D.) at
600 nm, and adjusted to a growth curve previously
built establishing the relationship between O.D.
and CFU (colony forming units) of each strain.
Inocula used in the experiments were always
adjusted to a cellular concentration of 108 CFU
mL? with sterile saline solution (0.85% NaCl). For
the experiment with B. japonicum, strain SEMIA
5079 was grown in modified-YM (yeast-mannitol)
medium®,

Cell recovery

A. brasilense cells recovery from maize
seeds inoculated separately with A. brasilense
strains Ab-V5 or Ab-V6 was first performed
following the current methodology of cell
recovery of Bradyrhizobium spp. from soybean
seeds followed by the Brazilian legislation®®*?°, as
described in%, but replacing the growth medium
for DYGS medium for Azospirillum.

For each strain, 2.5 mL of each inoculant
at the concentration of 108 CFU mL* were used
to inoculate 500 g of maize seeds and left to dry

for 2 h. Three biological samples of 100 seeds
each were transferred to sterile Erlenmeyer
flasks containing 100 mL of sterile saline solution
(0.85%) with Tween 80 (0.4 mL L?). The flasks
were submitted to horizontal agitation at 150
rpm for 20 min, resulting in the dilution 10°, that
was named as recovery sample. After that, serial
dilutions were performed and 100uL aliquot from
each dilution and each replicate were spread into
a Petri’s dish containing RC culture medium (Red
Congo)* [per liter: malic acid 5 g; K,HPO, 0.5g;
MgSO,.7H,0, 0.2g; NaCl 0.1g; yeast extract, 0.5g;
FeCl,.6H,0, 0.015g; KOH, 4.8g; Congo red solution
(0.25 g 100 mL?), 15 mL, pH 7.0], which permits
the recognition of Azospirillum colonies on plates;
they form typical red colonies. Seeds may carry
several microorganisms, and to decrease the
contamination vancomycin (0.1 g L) was added
to the RC medium; the methodology to recover
Bradyrhizobium from soybean seeds also includes
the same antibiotic at the same concentration®.
For each biological replicate, three technical
replicates were performed. Plates were incubated
for 5 days, in the dark, at 28 £+ 2°C. After this
period, the CFU of each plate were evaluated,
resulting in zero or close to zero CFU. To try to
understand what could have led to this almost
zero recovery and knowing that the cell recovery
of Bradyrhizobium spp. from soybean seeds based
on this methodology is efficient, we chose to
inoculate soybean seeds with A. brasilense and
performed the cell recovery as described above,
and once again we were unsuccessful in recovering
A. brasilense from the soybean inoculated seeds.
From the results obtained in the previous
analyses, a new method to evaluate the recovery
of Azospirillum from maize seeds was developed.
In a first attempt, in order to reduce the stress of
Azospirillum during the cell recovery stages, the
maize seeds were placed in contact with distilled
sterile water for 2 to 4 h before inoculation. In this
procedure, each inoculum was diluted in distilled
sterile water (1:2, v:v) prior to seed inoculation, in
order to improve the dispersion of bacteria on the
surfaces of seeds. The time between inoculation
and recovery was reduced from 2 h to 30 minutes.
In addition, we increased the shaking time, from
30 min to 1 h during the recovery procedure.
Afterinoculation of the seeds, the efficacy
of cell recovery was analyzed using different
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Table 1. Cellular recovery and cell counting® of Azospirillum brasilense from inoculated maize and soybean seeds.
Recovery in saline solution with Tween 80

Maize seeds Soybean seeds
Strain Methodology for HS.*4h;1h Methodology for
Bradyrhizobium sp. shaking Bradyrhizobium sp.
A. brasilense Ab-V5 Very low ? Low @ Very low @
A. brasilense Ab-V6 Very low ? Low @ Very low @

2 Classification based in three biological replicates, each with three technical replicates, as follows: very low recovery: zero or
close to zero CFU per 100uL of recovery sample; low recovery: up to 200 CFU per 100uL of sample; very high: >700 CFU per
100uL of recovery sample; corresponding to very low recovery: zero or close to zero CFU seed?; low recovery: up to 2000 CFU

seed?; very high: >7000 CFU seed?
5 H.S., hydrated seeds in distilled sterile water

diluents in addition to the sterile saline solution
(0.85%), including distilled water and DYGS liquid
medium, all three added with Tween 80 (0.4
mL L?). After shaking, a 100uL aliquots of each
replicate of the dilutions were spread onto RC
solid culture medium, followed by incubation for
5 days, in the dark, at 28 + 2 °C. The CFU obtained
from each diluent served as parameter to classify
the recovery in: very low (zero or close to zero);
low (up to 200 CFU per 100uL of recovery sample);
medium (between 200 and 500 CFU per 100uL
of recovery sample); high (between 500 and 700
CFU per 100pL of recovery sample); and very high
(above 700 CFU per 100uL of recovery sample).
The choice of levels (200, 500 and 700 CFU) was
based on the results obtained.

Following, an analysis was carried out to
confirm the efficacy of the developed methodology.
For that, 500 g of maize seeds were treated with
Ab-V5 or Ab-V6 (2.5 mL at the concentration of
102 CFU mL of diluent), following the developed
methodology (Fig. 1). Each treatment was
performed in triplicate. Inoculated seeds were
maintained under controlled conditions, in the
dark, with relative humidity controlled at 50 + 5%
and temperature of 25°C + 2°C.

Cell recovery was performed after
different times elapsed from inoculation: 2 h and
1, 2, 4 and 15 days of inoculation. A 100pL aliquot
of the 10° 107, 102, 10*and 10* dilutions of each
replicate was spread onto RC culture medium in
Petri’s dishes and after incubation for 5 days, in
the dark, at 28 °C the counting of colony forming
units (CFU) was performed.

Finally, we also performed a further
experiment with seeds treated with the fungicide

Derosal® Plus (Bayer, composed by carbendazim
250 g L? and thiram 350 g L), applied as
recommended for the maize crop (40-60 mL per
20 kg of seeds) The inoculation procedure and the
cell recovery were performed as described in the
previous experiment. Cell recovery was performed
after 2 h and 24 h of inoculation and treatments
were: control (inoculated seeds without fungicide)
and inoculated seeds treated with fungicides;
we did not go beyond 24 h because cell recovery
and counting in the treatment with fungicide was
already drastically decreased after 24 h.
Statistical analysis

Statistical analysis was performed for
the quantitative results obtained in the tests
of cell recovery and counting in relation to the
inoculation time (up to 15 days) and regarding the
treatment with pesticide. The data were submitted
to the analysis of variance (ANOVA), followed by
comparison of means by the Tukey’s test at p<0.05
with the statistical software Statistica v.12.5.

RESULTS

Following the current methodology
used in South America for cellular recovery of
Bradyrhizobium spp. from soybean seeds*?, A.
brasilense strains Ab-V5 and Ab-V6 were single
inoculated into maize seeds and submitted to
the cell recovery process. Zero or near to zero
cells were recovered, being classified in the
category of “very low” (Table 1), highlighting that
the methodology was not suitable to evaluate
the recovery of viable cells of A. brasilense from
inoculated maize seeds.

In view of the negative results, we
decided to inoculate A. brasilense on soybean
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Table 2. Cellular recovery and cell counting?® of Azospirillum brasilense from inoculated
maize seeds using different diluents

Strain 1 h agitation H.5.64 h; 30 min H.S. 2 h; 30 min
agitation agitation

Recovery in DYGS medium with Tween 80

Ab-V5 Medium @ Very high @ Very high ®
Ab-V6 High @ Very high @ Very high ®
Recovery in water with Tween 80
Ab-V5 Very low ? Very high @ Very high ®
Ab-V6 Low @ Very high @ Very high ®

2 Classification based in three biological replicates, each with three technical replicates, as follows: very low recovery: zero or
close to zero CFU per 100uL of recovery sample; low recovery: up to 200 CFU per 100uL of recovery sample; medium recovery:
between 200 and 500 CFU per 100 7L of recovery sample; high recovery: between 500 and 700 CFU per 100uL of recovery
sample; very high: >700 CFU per 100pL of recovery sample; corresponding to very low recovery: zero or close to zero CFU seed?;
low recovery: up to 2000 CFU seed; medium recovery: between 2000 and 5000 CFU seed; high recovery: between 5000 and
7000 CFU seed; very high: >7000 CFU seed™.

5 H.S., hydrated seeds in distilled sterile water.

1 - Hydrate seeds for 2h in sterile
water

2 - Dilute the inoculum with distilled sterile water /’
(1:2, v:v). Inoculate the seeds, mix and let dry for &
30 min

Ny
N
. »
-

3 - Take samples of 100 seeds and place in
Erlenmeyer flasks containing 100 mL distilled
sterile water with Tween 80 (0.4 mL L?). Shake
at 150 rpm for 30 min (dilution 10°)

4 - Take 1 mL aliquot of the recovery sample, place in
a sterile flask with 9 mL of 0.85% physiological
solution, obtaining the dilution 10%. Shake on a tube
shaker. Repeat the previous operation until the
dilution 10 or lower is obtained

NN N
U @B

1x10* 1x10?  1x102  1x10¢

5 - Transfer 100 pL of each dilution to Petri dishes containing
solid RC medium. Incubate the plates for 5 days at 28 °C

6 - Count the number of CFU seed .

Fig. 1. Schematic outline of the method for estimating the recovery and counting of viable cells of Azospirillum
from inoculated maize seeds.
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seeds, as the recovery of Bradyrhizobium in
soybean seeds is very successful®®. Similar results,
with lack of recovery of Azospirillum cells were
also obtained in the analysis of soybean seeds
inoculated with strains Ab-V5 and Ab-V6 (Table
1), whereas high concentration of B. japonicum
SEMIA 5079 was obtained when the soybean seeds
were inoculated with this bacterium, reaching 10°
to 10° CFU seed™ (data not shown). These results
suggested that the inability of A. brasilense being
recovered by this method was related to specific
properties of A. brasilense, and not to the maize
seed tegument.

As a first modification to try to improve
the recovery of A. brasilense cells, we verified the
effects of hydration of the maize seeds prior to
inoculation, the reduction of the time between
inoculation and cell recovery, and shaking time.
These changes had positive effects on cell recovery
(Table 1), but these changes in the methodology
were not sufficient to obtain high recovery of cells.

Following, we checked for the efficacy of
different diluents in the seed cells recovery phase,
comparing saline solution, distilled water, and
DYGS medium, all three with Tween 80 (0.4 mL L?),
to verify which one resulted in the highest number
of cells in the dilution 10°. Both distilled water
and DYGS medium resulted in higher cell recovery
and counting, in comparison to the current
methodology of recovery of Bradyrhizobium from
soybean seeds with saline solution (Tables 1 and
2). When the seeds were previously hydrated in
distilled water and remained under agitation for
1 h, the recovery ranged between “very low”
and “low” when water was used as diluent and
between “medium” and “high” when the DYGS
medium was used as diluent (Table 2). When the
seeds were exposed to hydration for 2 and 4 h
and remained under stirring for 30 minutes, both
diluents also resulted in cell recovery and counting
classified as “very high”.

Based on these results, the following
conditions were chosen for A. brasilense recovery:
seeds previously hydrated in distilled sterile water
for 2 h, inoculum diluted in distilled sterile water
prior to seed inoculation (1:2, v:v), recovery step
to the dilution 10° in water with Tween 80 (0.4 mL
L?), and shaking for 30 min. The subsequent steps,
to obtain the following dilutions (10, 10,10 and
10*), plating of the samples and counting of CFU

followed the current methodology for recovery of
Bradyrhizobium from soybean seeds?*?°. The steps
can be visualized in Fig. 1.

In order to confirm the efficacy of the
developed methodology, we performed the
cellular recovery of A. brasilense from maize seeds
using the new proposed methodology at different
times of inoculation (2hand 1, 2, 4 and 15 days of
inoculation). The recovery of Azospirillum viable
cells from maize seeds was estimated at 3.84 x
10° CFU seed™ for Ab-V5 and at 5.07 x 10° CFU
seed? for Ab-V6 with 2 h of inoculation (Fig. 2).
As expected, the number of viable cells recovered
from the seeds decreased with time, reaching zero
for Ab-V5 and 3.33 CFU seed™ for Ab-V6 after 15
days (Fig. 2). In general, the two strains showed
similar behavior, with differences detected only
after one day (Fig. 2).

Our last analysis consisted of the
recovery of A. brasilense Ab-V5 and Ab-V6
strains from maize seeds previously treated or
not with fungicide. After 2 h of inoculation, the
concentration of recovered cells from the seeds
without fungicideswas (SD in parenthesis) of 1.96
x 10°CFU seed™ (+4.1 x 10*) for Ab-V5 and 1.55 x
10°CFU seed* (£3.63 x 10%) for Ab-V6. Cell recovery
from seeds previously treated with Derosal® Plus
fungicide was 3.37 x 10° CFU seed™ (+2.11 x 10%)
for Ab-V5, differing significantly from the control,
and 5.11 x 10° CFU seed™? (+2.3 x 10°) for Ab-V6.
In fungicide-treated seeds the cell concentration

1e47 1
Te+8
Te+5

on 3 —s— Ab-vS
= —o— Ab-V6

1e+3 4

CFU seed”

Te+2 4

Te+1 4

1e+0

2h;urs 1dlay 2c;ay 4:;ay 15vday
Time after inoculation

Fig. 2. Concentration of viable cells of Azospirillum
brasilense recovered from maize seeds after different
periods of inoculation. The data represent the means
of three replicates and the bars denote the standard
error. (*) treatments that differ from each other by the
Tukey’s test at p < 0.05; without (*) indicates that values
were not statistically different.
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was drastically reduced with 24 h of inoculation,
reaching zero CFU recovered at dilution 107,
whereas in the seeds not treated with fungicides
the concentration of recovered cells was of 6.55 x
10%CFU seed®(+8.31 x 10*) for Ab-V5 and of 3.55
x 102CFU seed?(+9.54 x 10?) for Ab-V6.

DISCUSSION

Brazil, Argentina and Uruguay are well
known inoculant consumers, amounting to an
inoculant marked nowadays of over 120 million
doses year. The method adopted in these countries
for the recovery of Bradyrhizobium cells from
inoculated soybean seeds has been broadly
and successfully used??°. The method is also
applicable to other plant-microbe combinations,
such as common bean and Rhizobium tropici
(data not shown); in addition, dozens of studies,
including reports by our group®® have successfully
recovered Azospirillum and other diazotrophic
bacteria from maize rhizosphere, roots and leaves.
Therefore, we were surprised for not being able to
recover viable cells from maize seeds inoculated
with Azospirillum. The same results were obtained
when A. brasilense was inoculated on soybean
seeds, while Bradyrhizobium cells inoculated on
soybean seeds had a successful recovery.

In view of all the proven benefits of
inoculation of maize seeds with A. brasilense
described in detail in the literature310141517.18 ‘it
is very unlikely that the cells inoculated and not
recovered are not viable. Therefore, we believe
that the tested methodology was not applicable.
As A. brasilense is able to colonize the interior of
plant tissues, one hypothesis for the almost zero
recovery result could be that the bacterium, when
in contact with the seed surface, would invade
the plant tissue. However, it is not yet known in
what situations and how long it would take for
A. brasilense cells to leave the seed surface and
start invading the cells; in addition, the species
establishes preferentially in the rhizosphere.

A well-known feature of A. brasilense is its
ability to aggregate and flocculate when exposed
to various stressing conditions'# 3539, Despite
several studies showing that the aggregation of
A. brasilense increases its tolerance to desiccation
and high temperatures (40 °C), positively affecting
its survival*®*, this represents a serious limitation
in studies to verify the survival of Azospirillum

on seeds at the sowing time, including the
compatibility with pesticides, pre-inoculation,
among others.

Therefore, another hypothesis for the
unsuccessful recovery was that the contact of A.
brasilense with seeds, a dry and nutritionally poor
surface, would result in bacteria aggregation/
flocculation. Consequently, when inoculated in
solidified culture medium, each cell aggregate,
containing hundreds of cells, would result in only
one CFU, underestimating the number of CFU
seed™. Based on this hypothesis, alternatives were
investigated to reduce the stressing conditions.
First, we investigated the effect of seed hydration
with sterile distilled water for up to 4 h before
inoculation, as well as the effect of increasing
the shaking time. When maize seeds were
hydrated prior to inoculation, the conditions
were less stressful to the bacteria, reducing
the cell aggregation/flocculation, and resulting
in satisfactory recovery, while increasing the
shaking time from 30 min to 1 h did not impact
the recovery of both strains (Tables 1 and 2). It is
important to consider that this is a methodology
for laboratory analysis of the quality of inoculants,
so the seeds used for this purpose would not
be taken to the field by farmers. One may also
consider that the absorption kinetics of the
inoculant might be affected by the pre-treatment.
However, the volume used was considerably lower
than that usually employed by the farmers in
liquid products used for seed treatment and, in
addition, in our methodology we investigated the
minimum volume needed to allow cell recovery
and counting.

In this new methodology of recovering
cells of Azospirillum from inoculated seeds, the first
step consists in effectively removing the inoculated
bacteria from the seeds and to transfer them to
an aqueous medium for further analysis of cell
counting. Saline solution (NaCl 0.85%) is used as a
diluent in most of the microbiological techniques,
acting on the osmotic balance between inside
the cell and the external environment. However,
as the methodology using saline solution failed,
we proceeded to a second modification that
consisted in replacing the saline solution by
different diluents, including distilled water and
DYGS medium, always with Tween 80. The two
new diluents positively influenced the bacterial
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cellular recovery from the seeds and cell counting.
Considering these results, we hypothesized that
the saline solution would also contribute to the
cellular aggregation/flocculation, interfering in
the final counting of CFU. As both distilled water
and DYGS medium presented similar results, we
opted by distilled water with Tween 80, due to
the low cost and easy preparation compared to
the DYGS medium. Therefore, we may conclude
that by hydrating the seeds before inoculation
and by using distilled water with Tween 80 as a
diluent for cell recovery, the stressing conditions
for Azospirillum will be reduced, decreasing
aggregation/flocculation and allowing proper cell
recovery and counting.

In general, quality control of microbial
inoculants is based on cell concentration and
absence of contaminants. Great progresses
have been achieved at the industry, with the
development of products with high concentration
of cells, while legal or private control of the
concentration guarantees that the farmers will
receive appropriate products*® 424 However,
even more important than inoculant concentration
is to know how many cells are alive on the
inoculated seeds at sowing. In this context, the
proposed method is of great relevance for the
evaluation of the efficacy of inoculation of maize
seeds, because it allows to know the cellular
concentration of A. brasilense in each inoculated
seed. This information is very important and our
results for cell recovery after inoculation and
in seeds treated with fungicides show that it is
useful in several studies, such as the development
of new inoculant formulations, verification of
compatibility between pesticides and inoculants,
viability of pre-inoculation, among others, and
may also help to guide policies of recommendation
of microbial inoculants, so that the farmers will
benefit from the best technologies.

CONCLUSION

A methodology was developed to
evaluate the recovery and counting of Azospirillum
viable cells from inoculated maize seeds (Fig. 1).
The methodology was successful to recover and
count viable cells of A. brasilense from maize seeds
after different times of inoculation, as well as to
verify the effects of pesticides on Azospirillum
survival on the seeds, and may as well be applied

to several other studies related to inoculants and
inoculation.
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