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Abstract. The use of biofertilizers that promote plant growth, based on microalgae and rhizobacteria, have been
increasingly adopted as an alternative to increase agricultural production and reduce dependence on chemical
fertilizers. These biostimulants are able to improve plant growth due to their high levels of essential nutrients such as
nitrogen, phosphorus and potassium, also increasing resistance to disease and environmental stress. The ease of
cultivation of these microorganisms in the laboratory makes their production scalable and efficient and, in addition, by
using microalgae and rhizobacteria as biostimulants, it is possible to reduce the use of chemical fertilizers and
pesticides, which benefits both the environment and human health. , and may also contribute to increasing plant
productivity and improving the quality of food produced. In addition, it is possible to reduce dependence on chemical
fertilizers and generate economic benefits in the pharmaceutical and cosmetic industry. In order to guarantee the
viability and sustainability of microalgal biomass production, it is important to constantly monitor the physical and
economic performance of the system. It is possible to explore the full potential of microalgae as a source of plant
biofertilizers and metabolites of biotechnological interest. In addition to the benefits for agricultural production and
industry, the production of microalgal biomass may be associated with the use of renewable energy sources.
Photobioreactor systems use sunlight as an energy source for the photosynthesis process and, therefore, can be used to
produce biomass. In addition, residual biomass can be used as an energy source in anaerobic digestion systems,
generating biogas and promoting the generation of renewable energy. The production of microalgal biomass as a plant
biostimulant and source of metabolites of biotechnological interest can be integrated into renewable energy systems,
contributing to sustainable development and reducing dependence on fossil energy sources. Thus, the present work
aims to evaluate and compare the effects of different biostimulants that promote plant growth, belonging to the
inoculant Pastomax (BIOTROP, Vinhedo, SP, Brazil), using solutions made alone and in association with the
microalgae Tetradesmus obliquus and the rhizobacteria Azospirillum brasilense and Pseudomonas fluorecens,
respectively. The study was conducted in a completely randomized experimental design, with three replications. The
treatments were subsequently followed by analysis of chlorophyll content, leaf growth and root growth, aiming to
understand the behavior of microalgae and bacteria when used as plant biostimulants.
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1. INTRODUCTION

Microorganisms are fundamental constituents and represent a large part of the living soil biomass, they play a key
role in biogeochemical cycles and have great potential for use in agriculture and environmental protection (Singh et al.,
2017). Despite the large investments made in scientific research in order to understand its effects and improve plant
growth, its current use is still low. Microbial inoculants are an emerging technology that aims to increase the
productivity of agricultural and agroecological systems in the long term. They are considered a more sustainable option
compared to the increasing use of agrochemicals and fertilizers (Kawalekar, 2013). Most of these microorganisms are
capable of establishing a symbiotic relationship with plants, promoting root growth, increased biomass and commercial
yield (Conti et al., 2012). These microorganisms are known as Plant Growth Promoting Rhizobacteria (PGPR).

Among PGPR bacteria, the main bacteria of this group are Pseudomonas spp. and Azospirillum spp. that are
addressed in this study, in addition to several other gram-positive bacteria. There are few studies on how PGPR bacteria
interact with each other, except for some tests that used mixtures with two biocontrol agents or two biofertilizers (Costa,
2012). Field trials using these blends resulted in increased productivity and disease resistance in plants compared to
using individual strains. However, not much is known about how much each strain contributes to overall crop
performance (Atkinson & Watson, 2000). Aiming to upgrade these bacteria productivity, they can be combined with
microalgae, which are also known as plant growth promoters (Furlan et al., 2020).

Microalgae are unicellular photosynthetic organisms that can grow in a wide variety of environmental conditions
(Pereira et al., 2012), as shown in Figure 1. As primary productions, they use photosynthesis to absorb solar energy and
atmospheric carbon dioxide to produce biomass (Bertoldi et al., 2008). The species of microalgae Tetradesmus obliquus
is known for its bioactive properties, such as antimicrobial, anticancer, antioxidant and healing activity, which has
become relevant for the industry.
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Figure 1. Culture of microalgae at NPDEAS, UFPR.

T obliquus is highly adaptable to different environments and has the ability to accumulate large amounts of lipids
in its biomass (Oliveira et al., 2021). Microalgae can also enhance plant growth by acting as a slow-release organic
fertilizer to provide assimilated nutrients from wastewater and prevent contamination of soils and water bodies
(Coppens et. al, 2016). The Figure 2 below is shown as T. obliquus.
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Figure 2. Tetradesmus obliquus at optical microscopy.

The integration of microorganisms, particularly PGPR, and microalgae into agricultural and agroecological
systems holds significant promise from an engineering perspective in advancing the development of renewable energy
sources. Microbial inoculants, such as PGPR, offer a sustainable alternative to the extensive use of agrochemicals and
fertilizers, potentially reducing the environmental impact associated with conventional farming practices.

Moreover, the symbiotic relationship established by PGPR with plants, leading to increased root growth and higher
biomass yield, can contribute to the cultivation of energy crops like switchgrass and sugarcane, which serve as
feedstocks for biofuel production. In parallel, the incorporation of microalgae with their capacity for efficient
photosynthesis and lipid accumulation offers the potential for a dual benefit. These microorganisms can not only act as
slow-release organic fertilizers, aiding in the sustainable growth of energy crops, but they can also serve as feedstock to
produce biofuels themselves.

Furthermore, the bioactive properties of microalgae, including their antioxidant and antimicrobial capabilities, can
support the development of bioenergy systems while mitigating environmental concerns. Consequently, the
compatibility of bioinoculant bacteria and microalgae in enhancing root growth, as examined in this study, presents an
intriguing avenue for engineering-driven innovations in the production of renewable energy and the sustainable
management of agricultural ecosystems (Wang et al., 2022). With that in mind, this study is being carried out to
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evaluate the compatibility of commercially available bioinoculant bacteria, from the bioinoculant Pastomax and the use
of microalgae in the root growth of Sao Carlos grass.

2. THEORETICAL BACKGROUND
2.1 BIOFERTILIZERS

Biofertilizers are the final product resulting from the decomposition of organic compounds, which contain
microorganism cells. These fertilizers are obtained through the decomposition of organic and mineral materials through
anaerobic or aerobic digestion, with the aim of increasing the availability of nutrients and microorganisms (Marrocos et
al., 2012). The chemical composition of biofertilizers varies according to the method of preparation, the time of
decomposition, the microbiological population, the temperature and pH of the compound, in addition to the source
material. One of the main characteristics of biofertilizers is the presence of microorganisms, which are responsible for
the decomposition of organic matter and the release of metabolites, enzymes, vitamins, toxins, phenols, esters, acids and
antibiotics (Medeiros & Lopes, 2006).

Biofertilizers contain essential nutrients for plant growth, and the concentrations of these nutrients vary according
to the origin of the organic materials used and the time of decomposition. However, there is no established standard
formula for the preparation of biofertilizers, which has led to a variety of recipes tested and used for different purposes
(Morocos et al., 2012).

2.2 MICROALGAE

Single-celled microorganisms known for their rapid reproduction and can be categorized as autotrophic or
heterotrophic based on their biological characteristics are microalgae (Chisti, 2007). They demonstrate the remarkable
ability to thrive in challenging environments, including saline or brackish aquatic settings (Furlan et al., 2020). These
microalgae can be cultivated through various methods (da Silva et al. 2022; Harun et al., 2010), such as open tanks
found in natural lakes and ponds, as well as in an industrial setting using photobioreactors (PBRs), as shown Figure 3:
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Figure 3. PBR with microalgae at NPDEAS, UFPR.

One of the crucial roles of microalgae is their significant contribution to photosynthesis on Earth, as they inhabit
vast areas in the environment (Lehmuskero, 2018). Moreover, they play a vital role in environmental bioremediation,
purifying the atmosphere through the photosynthesis process, which not only facilitates their growth but also enhances
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the oxygen levels in the environment (Derner et al., 2006). For the proper growth and sustenance, microalgae require
specific nutrients, including organic carbon, solar energy, and inorganic sources like nitrates and phosphates, which are
present in their surrounding media (Borowitzka, 2020).

There are three main types of microalgae cultivation: heterotrophic, autotrophic, and mixotrophic. Photoautotrophs
depend on light as their primary energy source for nutrient production. In contrast, heterotrophic cultures need a supply
of carbon within the culture medium to support their energetic development (Jacob-Furlan et. al., 2021). Mixotrophic
cultures, on the other hand, receive their food from inorganic, organic, and metabolic sources (e.g., sugars), and in
combination with light, allow for photosynthesis and assimilation of organic sources (Furlan et al., 2020).

2.3 MICROALGAE AS RENEWABLE ENERGY

The use of microalgae as sustainable and renewable energy was initially proposed in 1960, but due to the oil crisis
in 1970, research began to gain momentum and studies began on the use of microalgae as an energy source, enabling
the identification of species with high potential for use (Gazzoni, 2016). Currently, there are more than 150 species of
algae that are used commercially (Martins et al., 2012). However, little is known about the fact that algae and plankton
can be used as biomass for the production of biofuels.

Microalgae, in particular, are photosynthetic organisms that can reach up to 2 mm in diameter and are considered
more promising than macroalgae for oil production for renewable energy production. This is due to its less complex
structure, faster growth rate and some species have a high oil content in their composition (Biodiesel, 2006), as Figure 4
demonstrates the fractions of biodiesel from microalgae.
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Figure 4. Fractions of biodiesel from microalgae 7. obliquus at NPDEAS, UFPR.

Regarding oil yield, that of microalgae is at least fifteen times greater than that of palm, which is the plant that
provides the highest productivity by conventional means (Schenek, 2008). There are estimates of microalgae oil
production between 5000 and 30000 L km™ (Benemann, 2008).

2.4 MICROALGAE AS BIOFERTILIZERS

Microalgae are unicellular organisms, which may or may not form colonies, photosynthesis that occur naturally in
various aquatic environments. They can be used as raw material for the production of a wide range of bioproducts, such
as biofertilizers, biofuels, chemicals, polymers, animal feed, food supplements, among others (Trichez et al, 2019).
Among the extremely important areas in which microalgae can act, the use of microalgae as biofertilizers, in the
treatment of effluents associated with agricultural waste and in the production of bioenergy stand out (Costa & Morais,
2011). With this, there is an opportunity to reduce the use of chemical products and the introduction of the use of
microalgae as biofertilizers, in a total or partial exchange of conventional chemicals (Aghili et al., 2014).

Biofertilizers produced from microalgae help capture carbon dioxide from the atmosphere, fix nitrogen in the soil
(Elbert et al., 2012), help improve soil porosity (Sahu et al., 2012), retain water in the soil, in addition to producing
vitamins, amino acids and hormones beneficial to plants (Rodriguez et al., 2006). Using microalgae in the inoculation of
cultures promotes the production of defense enzymes, transporters and chelating agents, among other beneficial
substances. These compounds help plant growth, increase crop yields and strengthen plant immunity against diseases
caused by pathogens (Gupta et al., 2013). In addition, the presence of microalgae improves fruit quality, nutritional
characteristics and grain yield of crops (Coppens et al., 2016). It also promotes beneficial interactions between
microbial organisms present in the soil, which contributes to the health and balance of the agricultural ecosystem as a
whole (Karthikeyan et al., 2007).
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2.5 GRroOwTH INDUCTORS

Growth regulators are natural or synthetic compounds that, in small concentrations, promote, inhibit or trigger a
series of physiological processes in plant growth and development, with significant effects on the expression of
productive potential (Hawerroth et al., 2016). Growth inducers can promote plant growth through direct or indirect
mechanisms (vejan et al., 2016). Directly, they improve the absorption and accumulation of essential nutrients by plants
(Schlaeppi & Bulgarelli, 2015), perform biological nitrogen fixation, solubilize phosphates and secrete siderophores
(Bashan et al., 2013), in addition to producing phytohormones (Gonzalez et al., 2011). Indirectly, they play an important
role in controlling pests and pathogens (Liotti et al., 2018) and induce plant resistance to biotic and abiotic stresses,
such as heavy metals, water deficiency and salinity (Pietro Souza et al., 2020).

Inducers also promote root growth, aiding in the rapid establishment of lateral and adventitious roots. This
characteristic is advantageous for plants, as it increases their ability to stick to the soil and obtain water and nutrients
from the environment (Moreira & Aratjo, 2013).

3. METHODOLOGY

The study was conducted with two PGPR: Pseudomonas fluorecens CNPSo 2719, Azospirillum brasilense CNPSo
2083 and 2084, inoculated individually or combined (bioinput Pastomax, Biotrop, Curitiba), and using the microalgae
Tetradesmus obliquus at 1.5%.

The inoculations were made with foliar application of solutions containing the microorganisms on an area of Sao
Carlos grass of 0.5m? each. The treatments were:

e TI1 - control;

e T2 - inoculated with Pastomax (commercial inoculant containing A. brasilense CNPSo 2083 and 2048 and P.
fluorescens CNPSo 2719) in the soil (20 pL/m?), 150 mL per plot;

e T3 - inoculated with P. fluorescens CNPSo 2719 only;

T4 - inoculated only with 4. brasilense CNPSo 2083 and 2048;

e TS5 - inoculated with 1.5% T. obliquus algae suspension. Each treatment was repeated twice.

3.1 IsoLATED INOCULANTS

The bioinput Pastomax brings the syrups of 4. brasilense and P. fluorescens in separate bags. At the time of
application, the user must mix the two mixtures.

Therefore, for the individual inoculation of bacteria, both P. fluorecens CNPSo 2719 and 4. brasilense CNPSo 2083
and 2084, it was necessary to dilute 10mL of each syrup in 500mL of water and apply 150mL for each m? of grass, that
is, 75mL for each repetition plot.

3.2 CoMBINED INOCULANTS

The combined inoculation of bacteria was obtained after mixing 150mL of each inoculant and diluting 10mL of this
mixture in 500mL of water, following the manufacturer's recommendation of 20 uL/m?.
Thus, 150mL were applied for each m? of grass, corresponding to 75mL for each repetition plot.

33 MICROALGAES

1.5g of microalgae macerated in 100mL of water was used and diluted in 500mL of water for application, resulting
in an application of 150mL per square meter of grass, that is, 75SmL per repetition plot.

4. RESULTS AND DISCUSSION

The study was conducted in a completely randomized experimental design, with two replications.

The repetitions followed, later, in analysis of chlorophyll content, leaf growth and root growth, aiming to understand
the behavior of microalgae and bacteria when used as plant biostimulants.

The repetitions indicate in the chlorophyll content analysis, as shown in Table 1, that the use of microalgae 7.
obliquus showed a higher nitrogen content in the plants of 42.85 in the two replicates evaluated. The use of 4.
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brasilense resulted in a chlorophyll index of 41.34 (value given by the equipment, dimensionless) in the leaf analysis,
also showing improvement in relation to the test treatment, without inoculants of 40.08 (idem). The use of P
Sfluorescens and Pastomax showed lower values than the control, 38.53 and 38.1 (idem), respectively.

The analysis of leaf growth and root growth in order to understand the behavior of microalgae and bacteria when
used as plant biostimulants are still being observed.

Table 1: Analysis of chlorophyll content under different treatments

Average chlorophyll content Treatment 1 Treatmente 2 Average
Azospirillum brasilense 39,14 43,54 41,34
Tetradesmus obliquus* 43,08 42,62 42,85
Pseudomonas fluorescens 38,46 38,6 38,53
Pastomax 37,4 38,8 38,1
Negative Control 38,32 41,84 40,08

* As microalgae

As noted, microalgae, due to their functional characteristics, fast growth and ease of production, offer a new
perspective for biological industrialization through the development of biofertilizers. The large-scale production of
biofertilizers using microalgae is a sustainable process that provides a product that stimulates plant growth without
contaminating the environment.

This approach represents an organic alternative in the production of crops, ensuring the health of both the producer
and the consumer, by developing products free of agrochemicals that are harmful to health. It is feasible to continue
research in the field of microalgae to obtain more information and use these products not only in agriculture, but also in
different areas, such as health, industry, cosmetics formulation and human and animal nutrition.

Therefore, microalgae and its various uses in various sectors, such as agriculture, livestock and biotechnology, can
be a successful alternative and should be more widespread in the national territory, considering the positive effects they
have (Brasil, 2016).

5. CONCLUSION

Based on the measured leaf chlorophyll levels using a portable meter, it is evident that the utilization of microalgae
has demonstrated exceptional efficiency in sequestering atmospheric nitrogen within grasses, consistently yielding the
highest recorded values when compared to alternative treatments. Conversely, the anticipated synergistic effects of
combining the two inoculants, including the utilization of Pastomax, did not yield the significant results initially
expected. These findings underscore the pivotal role of microalgae in enhancing nitrogen fixation, offering a promising
avenue for engineering-driven approaches aimed at bolstering the sustainable production of renewable energy resources.

The nitrogen-fixing capacity exhibited by microalgae showed potential to improve the engineering of renewable
energy systems, primarily through the optimization of energy crop growth and feedstock suitability for biofuel
production. Simultaneously, the study's findings highlight the significance of comprehensive research in uncovering the
synergistic dynamics between various microbial agents, further empowering engineering efforts to promote sustainable
and environmentally responsible bioenergy solutions.
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