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Abstract

Vinasse, residue from the sugar-energy sector, has been applied as a fertilizer in sugarcane
fields due to its nutritional characteristics, which may reduce nitrogen fertilization, especially
if associated with diazotrophic bacteria. The objective was to evaluate the use of vinasse as
culture medium for Azospirillum brasilense and the chemical changes caused in the residue
after bacterial colonization. The experimental design was completely randomized with 9
treatments: TO-control (nutrient broth DYGs inoculated with A. brasilense); T1- 100%
vinasse inoculated with A. brasilense; T2- 75% vinasse inoculated with A. brasilense; T3-
25% vinasse inoculated with A. brasilense; T4- 50% vinasse inoculated with A. brasilense;
T5- 100% vinasse; T6- 75% vinasse; T7- 25% vinasse and T8- 50% vinasse. Microbial
growth was evaluated in a spectrophotometer, by turbidimetry (700nm). Chemical
characterization of vinasse was carried out before bacterial inoculation and on days 1, 3, 5
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and 7 after inoculation according to the methodologies of the Standard Methods for the
Examination of Water and Wastewater 22 ND for the elements nitrogen (4500-Norg),
phosphorus (4500-P), potassium (3030-A) and calcium (3500 Ca-B). The determination of
organic matter was carried out in accordance with the technical standard NBR 13600. The
bacteria A. brasilense survived and multiplied in sugarcane vinasse, causing changes such as
the increase in the levels of phosphorus and nitrogen and the reduction of the organic load,
mainly in pure vinasse (100%), indicating that the viability of this practice for the application
of these organisms in the culture of sugar cane via fertigation.

Keywords: sugarcane, biological nitrogen fixation, sustainability
1. Introduction

Brazil has been producing ethanol on a large scale for automotive fuel for 30 years. In
Brazilian plants, for each liter of ethanol produced, between 9 and 14 liters of vinasse are
generated (ESPANA-GAMBOA et al., 2011). Considering a production of approximately 35
billion liters of ethanol in the 2019/20 harvest (MAPA, 2020), it is estimated that the average
production of vinasse was approximately 420 billion liters.

The destination of vinasse represents one of the main burdens of the sugar and alcohol industry
in Brazil (FUESS et al., 2018), with acid pH (4.3) and high chemical oxygen demand (COD
23,801 mg L) as its main characteristics, which may cause a hundred times greater impact
than domestic sewage (SEIXAS et al., 2016; ESPANA-GAMBOA et al., 2011).

Due to these characteristics, combined with the high volume of generation, the proper
disposal of the waste becomes necessary. In Brazil, vinasse is commonly applied to the soil as
a fertilizer for the cultivation of sugar cane due to its high levels of organic matter and
nutrients, especially potassium, but also nitrogen and phosphorus (CRUZ et al., 2013).

Although studies have associated beneficial results with fertigation (SILVA et al., 2007; CRUZ et
al., 2013), including reduced spending on inorganic fertilizers, the disposal of vinasse in the soil,
can have negative impacts on the soil-water system. long-term plant such as soil salinization and
subsequent structural destabilization of the soil, losses of microbial activity and soil acidification,
contamination of surface water, leaching of nitrates from the soil (CHRISTOFOLETTI et al.,
2013; FUESS; GARCIA, 2014; FUESS et al., 2017; FUESS et al., 2018).

Even though economic perspectives point to fertigation as a simple and low-cost solution for
the disposal of vinasse in abundance (PRADO et al., 2017; ORTEGON et al., 2016),
complementary technologies must be researched to mitigate the impacts negative effects of
long-term fertigation. In this context, studies related to the use of vinasse as a culture medium
for microorganisms have been reported, since some organisms can produce value-added
by-products and reduce the polluting load of this residue (CARDOSO; ARAUJO, 2011;
GASPAROTTO et al., 2019; RULLI et al., 2020).

In the quest to optimize cane production and reduce environmental impacts, an alternative
would be the use of bacteria that promote plant growth and fix atmospheric nitrogen (PEDULA
et al., 2016; KHAN et al., 2020). With emphasis on the genus Azospirillum, one of the most
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widely studied and commercially used in agriculture (CASSAN; DIAZ-ZORITA, 2016;
PEDRAZA et al., 2020), including cane (SCHULTZ et al., 2014; TORTORA et al., 2019).
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The inoculation of these bacteria usually occurs via spraying (SCHULTZ et al., 2014;
CONIGLIO et al., 2019), an option to reduce application costs and damage to the culture
would be their application via fertigation, however, there are few studies on the survival of
these organisms and the alterations that they can cause in the vinasse. Thus, the objective was
to evaluate the use of vinasse as a culture medium for the bacteria A. brasilense and the
chemical changes caused in the residue after bacterial colonization.

2. Method
2.1 Experimental Design and Treatments

The experiment was carried out at the Soil Chemistry Laboratory at Cesumar University
(Unicesumar), Maring&Paran&Brazil. The experimental design was completely randomized
with nine treatments and five replications / treatment, totaling 45 experimental units. These
were composed of different concentrations of vinasse, being: TO (control - nutrient broth
DYGs inoculated with A. brasilense), T1 (100% inoculated vinasse with A. brasilense), T2
(75% vinasse and 25% distilled water inoculated with A. brasilense), T3 (25% vinasse and
75% distilled water inoculated with A. brasilense), T4 (50% vinasse and 50% distilled water
inoculated with A. brasilense), T5 (100% vinasse), T6 (75% vinasse and 25% distilled water),
T7 (25% vinasse and 75% distilled water) and T8 (50% vinasse and 50% distilled water).

2.2 Vinasse and Bacterial Inoculation

The vinasse used was supplied by a sugar and alcohol plant located in Maring&Paran&Brazil,
this was collected at the end of the distillation column and stored in a 10 L plastic reservoir.
The media were prepared for a final volume of 250 mL, packed in 500 mL erlenmeyer
according to each treatment. For the inoculation of the culture media, a 2 mL aliquot (4.0 x
108 cells.mI’) of the bacteria Azospirillum brasilense, strains AbV5 and AbV6 (UFPR)
provided by Microqumica (Azzofix®) were used. After inoculation, the containers were
placed on an orbital shaker table (120 rpm), at room temperature and constant agitation.

2.3 Determinations

Microbial growth was evaluated in a spectrophotometer, by turbidimetry, with a wavelength
of 700nm. For the chemical characterization of vinasse before and after inoculation, the
methodologies proposed by the Standard Methods for the Examination of Water and
Wastewater 22 ND (APHA, 2012) were used. To determine total nitrogen, the Kjeldahl
method (method 4500-NorgB) was used; the determination of phosphorus was performed
according to Method 4500-P-E, potassium, as described in method 3030-A and for calcium,
the methodology 3500 Ca-B was used.

Only the determination of Organic Matter (OM) was performed according to the ABNT method -
Brazilian Association of Technical Standards (1996), by the technical standard NBR 13600. The
first evaluation was carried out immediately after inoculation of the media, the second evaluation
after 24 hours and thereafter every 48 hours, totaling five assessments, at 0, 1, 3, 5 and 7 days.
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2.4 Statistical Analyzes

Statistical analyzes were performed for the experimental data in quadruplicate and the results
were submitted to a single factor analysis of variance (ANOVA) of 5% probability and the

significant qualitative responses were submitted to the Scott-Knott test considering the same
level of significance, 5%. For the development of statistical analysis, Sisvar software was
used (FERREIRA, 2007).

3. Results and Discussion

Vinasse proved to be viable for use as a means of multiplication of A. brasilense, the results
revealed satisfactory performance of bacterial growth (Figure 01-A). The best growth
performance occurred in the treatment with culture medium based on 100% vinasse,
surpassing the cultivation in nutrient broth.

Vinasse presents concentrations of soluble organic and inorganic material favorable to
bacterial growth (SHI; ZHU, 2007), however different from that observed in this study for the
bacterium Bacillus subtilis, lower concentrations of vinasse (25%) were those that provided
the greatest multiplication (CARDOSO; ARAUJO, 2011).

Associated with the increase in the bacterial population, an increase in nitrogen levels was
detected, mainly in the samples of nutrient broth DYGs and in the concentrations of 100%
and 75% of vinasse, both inoculated (Figure 01-B). Demonstrating that A. brasilense
multiplied in the treatments and even released nitrogen in the samples.

.
ooy
Nitrogen (mg/L)

Absorbance (nm)

Figure 01. Average values of: A - absorbance (nm); B - Nitrogen (mg/L)

*Treatments: TO- control (nutrient broth DY Gs inoculated with Azospirillum brasilense); T1-
100% vinasse inoculated with Azospirillum brasilense; T2- 75% vinasse inoculated with
Azospirillum brasilense; T3- 25% vinasse inoculated with Azospirillum brasilense; T4- 50%
vinasse inoculated with Azospirillum brasilense; T5- 100% vinasse; T6- 75% vinasse; T7-
25% vinasse and T8- 50% vinasse.

In the lowest concentrations of inoculated vinasse and in non-inoculated treatments, negative
variations in nitrogen levels occurred. It was observed that between the first and the last
evaluation there were reductions in the order of 70%, 60%, 108%, 50%, 25% and 74% from
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T3 to T8, respectively.

The survival and multiplication of A. brasilense in vinasse in the highest concentrations
evaluated is a promising alternative for the application of these microorganisms via
fertigation in the culture of sugarcane. The use of bacteria of the genus Azospirillum,
promoters of plant growth and nitrogen fixers directly contribute to the nitrogen nutrition of
several non-leguminous species, favoring their growth and decreasing the use of nitrogen
fertilizers, without decreasing productivity (CASSAN; DIAZ-ZORITA, 2016).

In the treatments with inoculated vinasse, significant variations occurred between the
evaluations regarding the available phosphorus content detected in the samples, in the order
of 119, 183, 394 and 305%, for T1, T2, T3 and T4, respectively, between the first and the last
evaluation. These results indicate that the inoculated bacteria released this nutrient present in
the solids in the vinasse (Figure 02 - A). What did not happen in the treatments without
inoculation of A. brasilense.
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Figure 02. Average values of: A - Phosphorus (mg/L), B - Organic matter (mg/L), C —
Potassium (ppm) and D - Calcium (mg/L)

*Treatments: TO- control (nutrient broth DY Gs inoculated with Azospirillum brasilense); T1-
100% vinasse inoculated with Azospirillum brasilense; T2- 75% vinasse inoculated with
Azospirillum brasilense; T3- 25% vinasse inoculated with Azospirillum brasilense; T4- 50%
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vinasse inoculated with Azospirillum brasilense; T5- 100% vinasse; T6- 75% vinasse; T7-
25% vinasse and T8- 50% vinasse.
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The increase in phosphorus contents observed is possibly due to phosphorus solubilization.
Phosphate solubilizing microorganisms, such as Azospirillum sp., Can secrete organic acids
that dissolve phosphate minerals and release inorganic phosphorus (PEDRAZA et al., 2020).
Corroborating these results, Kazi et al. (2016) state that bacteria of this genus can perform
phosphate solubilization and still provide greater root development of inoculated plants.

Costa et al. (2015), when studying the ability of associative diazotrophic bacteria to solubilize
phosphate, obtained a positive response from four of the five strains used, which caused an
increase in the growth of rice plants and the accumulation of nutrients through the
solubilization of calcium phosphate.

The increased availability of phosphorus in vinasse through the action of inoculated bacteria
is a beneficial aspect, as it is an essential nutrient for sugarcane plants, which can result in
less use of phosphate fertilizers.

In parallel with the increase in phosphorus levels, there were progressive and significant
reductions in the values of organic matter (M.O.), with emphasis on inoculated treatments
(Figure 2- B). In treatments that were not inoculated with the bacteria (T5, T6, T7 and T8),
there was also a reduction in the M.O. content, but less marked when compared to the
inoculated treatments (T1, T2, T3 and T4). It is observed that the higher the concentration of
vinasse in the treatments, the greater the reduction of organic matter.

The biodigestion of vinasse with microorganisms causes the reduction of the organic matter
present, reducing the polluting potential of this residue, however it does not change the
content of nutrients present (FUESS et al., 2018). In this sense, no significant variations were
observed in the levels of potassium and calcium (Figures 2C and 2D) in any of the treatments,
which shows that the multiplication of A. brasilense did not significantly change the levels of
these elements.

The highest levels of potassium were observed in treatments with a higher concentration of
vinasse, treatments where there was also greater multiplication of bacteria and reduction of
organic matter. It is noteworthy that vinasse is a waste with a high potassium content, which,
if not properly handled, has a high potential for environmental contamination
(ESPANA-GAMBOA et al., 2011; FUESS; GARCIA, 2014).

The reduction of the organic matter content observed in the treatments inoculated with A.
brasilense, theoretically reduces the polluting potential of this residue, since it will prevent the
clogging of the soil pores with a consequent reduction in the concentration of dissolved oxygen
and a decrease in the activity of microorganisms, impacts pointed out by several authors as
expected from the continuous application of vinasse in agricultural fields (ESPANA-GAMBOA
etal., 2011; FUESS; GARCIA, 2014; PALACIOS-BERECHE et al., 2020).

5. Conclusion

The bacterium A. brasilense survived and multiplied in sugarcane vinasse, causing changes
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such as increased levels of phosphorus and nitrogen and reduced organic load, especially in
pure vinasse (100%), indicating that the viability of this practice for the application of these
organisms in sugarcane cultivation via fertigation.
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It is noteworthy that studies are needed to evaluate the ideal time between inoculation of
vinasse with A. brasilense and its application in sugarcane. And the possible benefits or
impacts that this practice can have on both the crop and the environment.
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