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RESUMO 
 
 
 

O uso de propágulos de uma gema (OBP) como método de plantio de cana-de-açúcar é amplamente 

difundido devido aos seus benefícios logísticos. Propágulos de diferentes posições do colmo apresentam 

idades fisiológicas distintas, bem como diferentes taxas de brotação e crescimento inicial, o que pode 

afetar a uniformidade do estande. No entanto, seu crescimento inicial pode ser melhorado com a 

aplicação de insumos sustentáveis. O potencial biotecnológico das microalgas tem ganhado interesse 

devido à sua bioatividade para diversos usos. Na cana-de-açúcar, fertilizantes biológicos têm sido 

relatados como capazes de aumentar a eficiência de absorção de nutrientes e melhorar o crescimento e a 

produtividade. Portanto, este estudo teve como objetivo, primeiramente, determinar a concentração de 

máxima eficiência (MEC) do extrato da microalga Asterarcys quadricellularis (AQ) na taxa de brotação 

e nas alterações biométricas do OBP da cana-de-açúcar (cultivar RB036152); e, em segundo momento, 

examinar sua bioatividade na promoção de alterações bioquímicas no OBP. Todos os resultados 

biométricos mostraram um padrão quadrático positivo semelhante, correspondendo a concentrações 

crescentes de AQ até rendimentos biométricos decrescentes. A MEC resultou em um aumento de 23,1% 

na taxa de brotação em comparação ao controle. O desenvolvimento das plantas foi estimulado durante 

os 10 dias iniciais de crescimento da cana-de-açúcar em OBP na câmara B.O.D. O crescimento também 

foi promovido após o transplante para vasos, favorecendo o desenvolvimento da parte aérea e das raízes. 

A MEC média da AQ de todos os dados biométricos foi de 2,38 g L-1. Para o segundo experimento, foi 

utilizada uma concentração de 2,5 g L-1. As análises bioquímicas indicaram alterações nos níveis de 

açúcar, especialmente com aminas bioativas (poliaminas e indolaminas), mostrando níveis reduzidos de 

putrescina e aumento do teor de triptofano no OBP. Esses resultados podem, pelo menos em parte, estar 

relacionados ao teor de L- aminoácidos livres na biomassa da microalga, que ativa aminas bioativas 

como metabólitos-chave envolvidos nos efeitos promotores do crescimento vegetal. Este estudo também 

oferece insights valiosos para o desenvolvimento de técnicas de campo ecologicamente corretas para 

aprimorar e padronizar a brotação e o crescimento inicial da cana-de-açúcar. 

 
Palavras-chave: Bioinsumos; Clorófitas; Extrato; Microalga; Poliaminas; Saccharum spp. 
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ABSTRACT 
 

 
The use of one-bud propagules (OBP) as a sugarcane planting method is widespread due to logistical 

benefits. Propagules from different stem positions have varying physiological ages and exhibit 

different sprouting and early growth rates, which can affect stand uniformity. However, their initial 

growth can be improved with the application of sustainable inputs. The biotechnological potential of 

microalgae has gained interest because of their bioactivity for many uses. In sugarcane, biological 

fertilizers have been reported to increase nutrient uptake efficiency and enhance growth and yield. 

Therefore, this study aimed first to determine the maximum efficiency concentration (MEC) of the 

microalga Asterarcys quadricellularis biomass extract (AQ) on the sprouting rate and biometric 

changes of sugarcane OBP (cultivar RB036152); and second, to examine its bioactivity in promoting 

biochemical changes in OBP. All the biometric results showed a similar positive quadratic pattern 

corresponding to increasing AQ concentrations until biometric diminishing returns. The MEC resulted 

in a 23.1% increase in sprouting rate compared to the control. Plant development was stimulated 

during the initial 10 days of sugarcane OBP growth in the B.O.D. chamber. Growth was also promoted 

after transplanting into pots, enhancing shoot and root development. The average MEC of AQ derived 

from all biometric data was 2.38 g L-1. For the second experiment, a concentration of 2.5 g L-1 was 

used. Biochemical analysis indicated changes in sugar levels, and especially with bioactive amines 

(polyamines and indoleamines), showing reduced putrescine levels and increased tryptophan content in 

OBP. These results may, at least partly, be related to the L-free amino acid content in the microalga 

biomass, which triggers bioactive amines as key metabolites involved in the microalga’s growth- 

promoting effects. This study also offers valuable insights for developing environmentally friendly 

field techniques to enhance and standardize sugarcane sprouting and early growth. 

 
 

Keywords: Bioinputs; Chlorophyta; Extract; Microalga; Polyamines; Saccharum spp. 
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1 INTRODUCTION 

Brazil is the world's largest producer of sugarcane and the second largest in terms of sugar 

production. Several factors contribute to the high yield of the crop, such as the correct choice of 

cultivars and technologies, which have a positive impact on crop yields. In this sense, the economic 

importance of research aimed at providing sustainable solutions to this problem is remarkable when 

combined with renewable sources, such as bioinputs that can promote plant growth. 

In Normative Instruction No. 61, of July 8, 2020, art. 2, XXIII, biofertilizers are defined as a 

product that contains an active principle or organic agent, free of pesticides, capable of acting, directly 

or indirectly, on all or part of cultivated plants, increasing yield, without considering their hormonal or 

stimulating value (BRAZIL, 2020). Recently, the Brazilian National Bioinputs Law (Law No. 

15.070/2024), issued on December 23, 2024, established a comprehensive regulatory framework for 

biological inputs. This law defines bioinputs to include products of plant, animal, or microbial origin, 

as well as those derived from biotechnological processes, encompassing biofertilizers, soil 

conditioners, biostimulants, semiochemicals, metabolites, macromolecules, and biological control 

agents (BRAZIL, 2024). 

One main classification of bioinputs involves their ability to promote plant growth and 

development. These substances and/or microorganisms’ primary function, when applied to the plant, is 

related to triggering or enhancing endogenous physiological processes (Barbosa et al., 2025). Among 

these plant physiological changes are increased tolerance to abiotic stresses, improved nutrient use 

efficiency, and enhanced crop quality, independently of directly providing nutrients (Santos et al. 

2024). 

The action of bioinputs obtained from microalgae biomass is attributed to the presence of 

bioactive compounds (Gitau et al., 2022; González-Pérez et al., 2022), such as polysaccharides, 

polyamines (PAs) (Braun and Colla, 2023; Mógor et al., 2017), as well as free L-amino acids (L-AAs) 

(Renuka et al., 2018; Cordeiro et al., 2022a). Research on sugarcane applied with microalgae is scarce, 

but it has been reported that immersion in microalgae biomass stimulated bud sprouting and initial 

growth (Mógor et al., 2022). 

Among these sources, the biochemical composition of microalgae stands out as a raw material 

for developing new products to improve plant growth (Garcia-Gonzalez and Sommerfeld, 2016; El 

Arroussi et al., 2018; Mógor et al., 2018), offering a viable alternative to reduce dependence on 

chemical fertilizers. The potential of these substances has been explored and is considered a 
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renewable, ecological, and economically feasible source, capable of increasing plant yield in a 

sustainable way (Mahajan et al., 2003). 

In this scenario, some microalgae biomass rich in amino acids, such as the Chlorophyta 

Asterarcys quadricellularis (AQ), are being studied for their ability to serve as a source of these 

biomolecules for bioinputs (Ghosh et al., 2017). However, the mechanisms induced by microalgae in 

plants are complex and not yet fully understood. Their action involves the interaction of several 

molecules (Barone et al., 2018), linked to an intricate signaling network (Mógor et al., 2018), which 

activate genes linked to the biosynthesis of amino acids and bioactive amines, which will trigger 

metabolic responses. 

Thus, given the efficiency of microalgae and the possible benefits they can bring to various 

crops, including sugarcane, this research aimed to study the effect of immersion in AQ biomass, and its 

concentration of maximum efficiency (MEC), on the production of sugarcane one-bud propagules 

(OBP), involving sprouting rate, and biometrical and biochemical changes. 

 
1.1 HYPOTHESIS 

The production of sugarcane OBP can be enhanced with the use of bioinputs composed of the 

biomass extract of the microalga A. quadricellularis. The bioactive compounds in this biomass can act 

as metabolic signaling agents, activating metabolic pathways that trigger physiological changes, such 

as promoting plant growth. Likewise, it can alter the biochemical levels of bioactive amines and 

polyamines. This effect could provide benefits from the time the OBP are planted in growth trays, 

promoting a higher sprouting rate and better initial development, and after transplanting into pots, 

enhancing the vegetative growth of sugarcane. 

 
1.2 OBJECTIVES 

1.2.1 General objective 

Evaluate the sprouting rate of sugarcane OBP after immersion in A. quadricellularis as well as 

their capacity to promote plant growth and biochemical changes. 

 
1.2.2 Specific objective 

Determine the concentration of maximum efficiency (MEC) of the microalga A. 

quadricellularis biomass extract on sugarcane OBP. 
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2. BIBLIOGRAPHICAL REVIEW 

2.1 SUGARCANE 

2.1.1 History and importance 

The main origin center of Saccharum officinarum (Linnaeus, 1753) was in New Guinea, 

located in Southwest Asia (James, 2004). 

The introduction of sugarcane in Brazil took place around 1530, at the beginning of the colonial 

period, by Martim Affonso de Souza, who created the first sugar mill and sugar activities (Nocelli et 

al., 2017). These activities expanded 40 years later, mainly in the Northeast and Center South regions, 

acquiring a high economic importance that to this day remains one of the pillars of the Brazilian 

economy (Rodrigues, 2020). 

The S. officinarum species has adapted well to the region's soil, cultivated mainly in the 

country's coastal areas. During colonization, Bahia and Pernambuco were the places that developed the 

most from the resources of these sugar activities (Oliver, 2014). Later, at the end of the 19th century, 

this crop expanded to other states, such as São Paulo, which at the time was experiencing a crisis in 

coffee production (Araújo and Santos, 2013). 

In the beginning, the sugar mills were only focused on refining sugar, but in 1975, with the 

creation of the National Alcohol Production Plan (Proálcool), which aimed to, in part, replace fossil 

fuels with alcohol, there was a great expansion of the sugar-alcohol sector, especially in the interior of 

São Paulo, placing Brazil as a leading country in the production of renewable energy (Mozambani et 

al., 2006). 

Currently, the geographical distribution of this crop has grown and developed in several 

locations with varying climates in the country, in the main sugarcane-producing states, according to the 

National Supply Company (CONAB, 2025). 

Even with the market changing and expanding to other forms of economic development, Brazil 

remains the main country in the large-scale production of this crop, and by exporting its sugar 

worldwide, it has gained global prominence in the sugar-energy sector (Unica, 2024). It can be seen 

then how sugarcane, being a high-value-added crop, has gained great relevance in the Brazilian 

agribusiness sector (Matoso et al., 2020). 

Its by-products are widely used in agricultural areas for soil correction, fertilizers, organic 

fertilizers, and as a nutritional additive in the diet of different animals (Dos Santos, 2022). Its main 

product is sucrose for sugar production, followed by sugarcane bagasse, which is a by-product used as 
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an alternative fuel (Palacios-Bereche et al., 2022), as well as the fiber itself, which can be used by the 

mills to produce energy (Rodrigues, 1995). 

In this scenario, where the search for renewable energy sources is being promoted, sugarcane is 

gaining focus as it is considered a clean matrix (Cortez, 2012) and one of the best sources of renewable 

energy, with extremely favorable prospects (Nocelli et al., 2017). This has encouraged the production 

of flex-fuel vehicles, which can run on both gasoline and ethanol (Barbosa et al., 2020). 

Other uses of sugarcane include its “in natura” form as fodder in animal diets, as well as its 

great value in the food industry to produce rapadura, molasses, cachaça, among other products (Galo, 

2013). 

 
2.1.2 General and morphological aspects of sugarcane 

Sugarcane (Saccharum officinarum L.) is a plant species classified as perennial grass belonging 

to the division Magnoliophyta, subdivision Angiospermae, kingdom Plantae, class Liliopsida, order 

Poales, family Poaceae, genus Saccharum, and species Saccharum officinarum (Nascimento et al., 

2015). 

The species belonging to the Saccharum genus number more than thirty, with six species 

currently recognized: S. barberi, S. edule, S. officinarum, S. robustum, S. sinese, and S. spontaneum 

(Castro, 2015). The sugarcane cultivars used commercially in Brazil are interspecific clonal hybrids, 

resulting from crossbreeding and the selection of the robustness characteristic of the Saccharum 

spontaneum species and the accumulation of a large amount of sugar in S. officinarum (Pedrozo et al., 

2008). 

Sugarcane is an allogamous species; its inflorescence is of the panicle type (Rodrigues, 1995), 

and it can reproduce in two ways: sexually, used mainly for genetic improvement, and asexually, 

commonly used in commercial plantations (CONAB, 2025). Vegetative propagation provides greater 

speed and uniformity in the production of seedlings (Rodrigues, 1995). 

It is an erect, perennial, rhizomatous plant. The stalks are cylindrical, hairless, and trichome- 

free of variable color and, internally, with entirely primary and widely dispersed vascular bundles. The 

nodes are protuberant or contrite. Sugarcane leaves are simple, alternate, and lanceolate (EMBRAPA, 

2022). 

It has a C4 photosynthetic metabolism, since it has capable of forming organic compounds with 

four carbons in their chain, a high capacity for storing sucrose in the tissues of the stalks, and good 

fixation of CO2 from the atmosphere (Hitchcock, 1923). 
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Sugarcane produces a high level of photosynthesis in environments with higher temperatures 

(30 to 40°C), regions with more light, and rainfall rates of 1,500 to 2,500 mm, making it a crop that 

thrives in tropical and subtropical climates (Marafon, 2012). This temperature range is ideal for 

promoting sprouting, but for there to be good propagules sprouting, the crop requires moisture in the 

soil to promote swelling of the buds and root primordia located in the node region (Ripoli et al., 2006). 

Sugarcane develops in the form of clumps, divided into two parts: its aerial part, located above 

the ground, formed by stalks, consisting of nodes and internodes, responsible for supporting the leaves, 

conducting water and nutrients from the soil to the plant, as well as storing sugar, and its underground 

part, which is made up of roots and rhizomes (Valsechi, 2008). Sugarcane has morphological 

differences, such as the shape of the clump, the type of culm, the inflorescence, the rhizome, and the 

fasciculate root (Mozambani et al., 2006). 

The leaves of this plant are very characteristic, greenish in color, sessile, lance-shaped, linear, 

broad, and acute, with a distribution along its culm fixed at the nodes, interspersed in opposite and 

alternating rows (Sobrinho et al., 2019). Its leaves are elongated and flat, with a length of between 0.5 

and 1.5 m and a width of between 2.5 and 10 cm, consisting of a sheath, a collar, and a leaf blade with 

silica on its edges (Scarpari and Beauclair, 2008). 

The anatomy of its stalks is specially developed for the accumulation of sucrose. Its root system 

is fasciculate, located predominantly in its first 50 centimeters (Ripoli et al., 2006). The tillers are 

shoots formed after sprouting, occur in the underground part, and, in the case of sugarcane, are limited, 

except in some varieties of the S. spontaneum species, whose tillering is unlimited (Vasconcelos and 

Casagrande, 2008). 

In sugarcane cultivation, the number of tillers provides the number of productive stalks at the 

end of the crop cycle (Segato et al., 2006), which is why knowledge of the factors that affect tillering 

dynamics in the field is necessary for proper sugarcane crop management. 

The duration of each phase varies depending on the variety and climatic conditions. The 

vegetative development of sugar cane can be divided into three phases: initial (sprouting, emergence, 

and tillering), middle (stem elongation, growth), and final (maturation) (Smit and Singels, 2006). 

This crop has different names according to when it is harvested, being called plant cane until its 

first harvest, while its second name is determined according to its growth period, which can vary 

between 12 and 18 months (Tavares, 2009). Therefore, sugarcane harvested at around 12 months is 

called year cane, while sugar cane harvested at 18 months is called year and a half cane (Vitti et al., 

2008). 
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The production cycle of this species is divided into four phases: the first consists of the 

emergence of primary shoots, the second is tillering and crop establishment, which covers the period 

from the emergence of shoots to the end of tillering, the third is intensive growth from the end of 

tillering to the start of sucrose accumulation, and the fourth is maturation, when sucrose accumulation 

in the stalks becomes intense (Segato et al., 2006). 

The sprouting of the ratoon occurs 20 - 30 days after planting. Then, the sprout breaks off the 

bud and is called the primary stalk, which grows towards the surface of the soil, and below it, the roots 

of the stalk emerge (Sobrinho et al., 2019). This is followed by leaf formation and the emergence of 

secondary shoots called tillers above the ground, which grow using the reserves present in the culm 

and the nutrients supplied by the first roots (Manhães et al., 2015). 

The peak of tillering accompanies younger leaves, reaching pre-maturation with a higher 

concentration of sugar below the top, and finally, the cane reaches maturity with a similar distribution 

of sugar between the stalks (Manhães et al., 2015). 

Proper management and effective treatment are essential for the plant to develop well 

throughout its crop cycle. Even though this plant organism has a high-water tolerance, it is important 

to provide water at the necessary times, as well as balanced fertilization (Adorna, 2011). This care is 

indispensable for farmers who aim for a good economic return in sugar and alcohol production (De 

Oliveira et al., 2019). 

 
2.1.3 Genetic improvement 

The genetic improvement of sugarcane has made it possible to obtain highly yielding cultivars 

that are adapted to different environments, which has made it possible to expand this crop in various 

regions of the country. The chromosomal difference between the species used to obtain the new clones 

allows for a high level of ploidy and aneuploidy among the cultivars (Blackburn, 1984; Janoo et al., 

1999). 

Currently, efforts to expand the genetic base of sugarcane have been added to the hybridization 

process, especially in pre-improvement work, since genetic gains are decreasing over time (Natarajan 

et al., 2019). The entire breeding process is slow and takes around 15 years, i.e., from the crossing 

stage to the release of a new cultivar (Costa et al., 2011; Natarajan et al., 2019). 

Sugarcane improvement can be classified, historically, into five phases, in which it is observed 

that today commercial varieties are hybrids resulting from these crosses: 1st = Crossing and selection 

of noble sugarcane clones to obtain other noble cultivars; 2nd = Interspecific hybridization between S. 
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officinarum and S. spontaneum, followed by successive backcrosses with S. officinarum (nobilization); 

3rd = Crossing of nobilized canes to obtain improved hybrids; 4th = Crossing between hybrids from 

the previous phase and those from the nobilization phase; 5th = Recovery of variability through the use 

of germplasm banks, especially using wild accessions (Lopes, 2011). 

In Brazil, the genetic improvement of sugarcane is strongly focused on industrial production, 

with the selection of genotypes with high sugar yield per area (Barbosa et al., 2015; Carneiro et al., 

2015). Furthermore, breeding programs have developed varieties adapted to environments with 

specific soil and climate conditions, harvest times, greater tolerance to water stress, greater resistance 

to pests and diseases, and better adaptation to mechanized harvesting, among others (Morais et al., 

2011). 

The Sugarcane Breeding Program at the Federal University of Paraná (UFPR) is part of the 

Inter-University Network for the Development of the Sugar-Energy Sector (RIDESA), which is 

composed of 10 Brazilian Federal Universities that manage the flowering and crossing stations 

(Brasileiro et al., 2024). At present, RB cultivars are planted on 60% of the total sugarcane area in 

Brazil, including six of the 10 most widely planted varieties (Oliveira et al. 2021). 

One of the major challenges of the program is to breed varieties that perform well in restrictive 

environments (Brasileiro et al., 2024). Therefore, the main objective of RIDESA is the development of 

sugarcane cultivars with different maturation cycles, resistance to major pests and diseases, while 

obtaining high yields under different growing and management conditions (Carneiro et al. 2015, Daros 

et al. 2017, Diniz et al. 2019, Berton et al. 2020). 

 
2.1.4 Cultivar (cv.) RB036152 

RB036152 is a new variety that was launched by RIDESA (Interuniversity Network for the 

Development of the Sugar-Energy Sector), developed at the Federal University of Paraná, with 

superior results to the standard variety RB867515. It is a cross between SP83-5073 x RB867515 

varieties (RIDESA, 2015). 

It has fast initial growth, good inter-row closure, and a tall stature. It has a high yield potential 

and broad adaptability, and stability of agricultural production. Tolerant of the main sugarcane 

diseases. The RB036152 sugarcane cultivar is known for its high cane yield and high sucrose content. 

It has a medium to late ripening cycle, making it an ideal option for summer planting in the center- 

south region of Brazil (Brasileiro et al., 2024). 
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Sucrose accumulation begins in July, with increasing concentrations until November, a trend 

typical of medium-ripening cultivars in restrictive and favorable environments. This makes RB036152 

an excellent option for guaranteeing satisfactory yields of stalks and sugar in restrictive environments. 

This cultivar is particularly suited to mechanized planting and harvesting, demonstrating 

excellent performance in challenging environments over several growing seasons. RB036152 has 

consistently shown high yields, superior sucrose content, and excellent plant health (Brasileiro et al., 

2024). Its performance, which surpassed that of RB867515 – the most widely planted variety in 

Brazil’s restrictive environments – makes it an excellent option for medium to low fertility soils. 

RB036152 also exhibited the main target traits required for genotypes adapted to restrictive 

environments and approached the ideotype for low to medium fertility conditions (Brasileiro et al., 

2024). 

RB036152 demonstrated excellent plant health throughout the trials and can be classified as 

resistant to smut (Ustilago scitaminea), sugarcane leaf scald (Xanthomonas albilineans), sugarcane 

mosaic virus (SCMV), orange rust (Puccinia kuehnii), and brown rust (Puccinia melanocephala) 

(Brasileiro et al., 2024). 

Overall, RB036152 is characterized by excellent adaptation to restrictive environments, rapid 

initial growth and canopy closure, high yield potential, and suitability for mechanized planting and 

harvesting. 

 
2.1.5 Propagation, planting, and development 

Propagation of sugarcane is commonly carried out through the distribution of stalk cuttings, 

which, after being planted, develop the first fixation roots, and the plant survives for approximately 30 

days only on nutritional reserves, in addition to water and mineral salts absorbed by the roots of the 

primary tillers (Landell et al., 2012). 

There are three types of planting most used in Brazil today: manual, semi-mechanized, and 

mechanized. In the semi-mechanized planting system, only furrowing is carried out mechanically; the 

other operations are carried out manually, such as dethatching and distribution of stalk cuttings 

(Landell et al., 2012). 

In the manual planting system, 6 to 8 t ha-1 of propagation material is used (Xavier, 2014). In 

the mechanized planting system, all manual operations are eliminated; therefore, furrowing, 

fertilization, distribution of cuttings, and covering are mechanized. Consequently, there is a reduction 

in implementation costs, and it facilitates the management of the system (Pinto and Moraes, 1997). 
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In the mechanized planting system, 18 to 20 t ha-1 of propagation material is used (Xavier, 

2014). Thus, the cost of propagation material is higher in this system compared to the manual one, 

benefiting only from the reduction of labor, generating a field efficiency of 75% (Pinto and Moraes, 

1997). 

Many plants are returning to the manual system of distribution of cuttings, due to the high 

expenditure and costs of propagation material in the mechanized system (May and Ramos, 2019). 

Thus, in deep planting furrows, the stalks are divided into 3-4 buds, or entire stalks are distributed 

(May and Ramos, 2019). About 3 months after planting, the crop depends solely on the roots of the 

tillers (Tavares, 2009). 

The primary stalk then develops from each bud, forming clumps through the tillering of 

sugarcane (Tavares, 2009). Under the conditions found in Brazil, 6 to 12 buds are normally planted per 

linear meter of furrow, capable of producing approximately 15 tillers (Tavares, 2009). The first 

regrowth of sugarcane that occurs after the first harvest is also known as ratoon, and the others that 

occur annually until the crop is renewed are called second ratoon (Tavares, 2009). 

Because most Cerrado soils are extremely poor in nutrients, including phosphorus and nitrogen, 

this crop requires a high demand for these nutrients in all its development phases, which are mostly 

compensated by using large quantities of chemical fertilizers (Silva et al., 2021). When nitrogen is 

lacking in the plant, it results in deficient growth and development throughout the crop cycle, 

presenting symptoms such as older, narrow, yellowish leaves and reduced tillering (Martins et al., 

2016). Therefore, techniques that provide and enhance the absorption of nutrients for the plant, as well 

as promote plant growth, can contribute to the development of the crop and a sustainable increase in 

yield, since this crop can reach high levels of yield in aerated, deep soils, with moisture retention and 

high fertility (EMBRAPA, 2022). 

Therefore, due to its development, it is necessary to have planning for the management of this 

crop, since environmental factors can influence its regrowth potential, such as the incidence of 

sunlight, temperature, humidity, and nutrients in the soil (Scapari and Beauclair, 2008). Among the 

environmental factors capable of influencing the yield potential of sugarcane, water resources are 

considered an essential factor, since this crop is formed by approximately 30% dry matter and 70% 

water, according to its phenological stage. Therefore, large amounts of water are needed to supply its 

production cycle (Mozambani et al., 2006). 
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2.1.6 Pre-sprouted seedling system – MPB 

The pre-sprouted seedling system (or “mudas pré-brotadas” - MPB) is a multiplication method 

developed by the Sugarcane Program of the Agronomic Institute – IAC (Campinas-SP), which consists 

of using a cutting block to produce sugarcane seedlings in a controlled environment, involving early 

sprouting and establishment (Landell et al., 2012). 

This system aims to reduce the amount of propagation material used for planting by up to 80% 

(Jain et al., 2010), as well as renew and expand sugarcane areas, in addition to yield and uniformity in 

planting across the planted area and phytosanitary control of seedlings in nurseries (Landell et al., 

2012). 

In commercial sugarcane plantations, when older planting techniques are practiced, it is 

common for the volume of the propagative material to be high, since failures are frequent and, to 

reduce possible losses, the use of seedlings has increased (Landell et al., 2012). With the development 

of the MPB technique, mini-stalks of approximately 3 cm with a single bud are used. Thus, the volume 

of propagation material can be reduced to 2 t ha-1, reducing approximately 18 t ha-1, using material that 

can be destined for the industry (Landell et al., 2012). 

In the MPB system, the risk of pathogen infestation is reduced, since the buds are selected and 

treated before they reach the nurseries for the subsequent production of sugarcane seedlings (Landell et 

al., 2012). Healthy and vigorous seedlings reduce the chances of failures in the planting stand, 

optimizing and increasing the yield potential. The use of pathogen-free propagation material is one of 

the most important points for the initial development of the crop in the field. Thus, the buds must come 

from disease-free nurseries, aged six to ten months, and without varietal mixing. Such nurseries must 

be provided with heat treatment, accompanied by roguing procedures and samples for disease 

diagnosis, if necessary (Landell et al., 2012). 

The use of MPBs enables economic gains in the implementation of nurseries, replanting of 

commercial areas, and renewal and expansion of sugarcane areas. The use of MPB can reduce the 

volume of seedlings used in planting by up to 90% (Landell et al., 2012). 

In this way, from one ton of seedlings, it is possible to produce MPB to plant an area of up to 

300 hectares in 17 months, while in the conventional system, the extension would not reach 30 

hectares (Coplana Produtor, 2013). 

One of the major challenges in implementing the MPB technique is water availability during 

the transplanting period, which is the most critical period for seedlings, as the plant enters the field 

with active leaf area and transpiration (Martins et al., 2015). Therefore, irrigation management would 
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be essential at this stage, but not all properties have water resources available for this type of 

management. 

Low water availability causes changes in plant performance, and the ability to reverse such 

changes will vary depending on the genotype, duration, severity of stress, and phenological phase 

(Inman-Bamber and Smith, 2005; Smit and Singels, 2006). 

 
2.2 STAGES OF PRODUCTION OF PRE-SPROUTED SEEDLINGS (MPB) 

2.2.1 First stage - Preparation of mini-stalks (OBP) 

To produce seedlings, stalks with a physiological age of six to ten months are required, coming 

from basic nurseries that undergo a rigorous quality and management protocol (Landell et al., 2012). 

First, the straw is removed. This should be done outside the perimeter of the nursery to avoid 

the transport of phytopathogens. The process must be done manually to avoid damage. To remove the 

stalks, a cutting instrument is used, which must be disinfected with products based on quaternary 

ammonia (Landell et al., 2012). 

To separate the stalks into mini-cutting, a guillotine with a disinfected double blade is used 

(Xavier et al., 2008). It is recommended that the distance between the blades for this process be 3 cm, 

since this step determines the size of the mini-stalks (Landell et al., 2012), which, when single-budded, 

are called one-bud propagules (OBP). 

 
2.2.2 OBP treatment 

According to Landell et al. (2012), treatment consists of immersing the OBP in an 

Azoxystrobin or Pyraclostrobin 0.1% solution for three minutes. Another alternative is heating 

treatment, with a temperature of 52 ºC applied for 30 minutes, or 50 ºC for two to three hours. At this 

stage, a visual selection of the OBP is also performed to verify that they are visually healthy, removing 

those that do not present homogeneous characteristics. 

 
2.2.3 Sprouting 

After treatment, the OBP are transferred to plastic boxes containing substrates, with a capacity 

for 80 units (Landell et al., 2012). 

The OBPs must be completely covered by the substrate and stored in chambers, such as B.O.D. 

or greenhouses, subject to a controlled temperature of 32°C and sufficient irrigation to complete the 

pre-sprouting process (Landell et al., 2012). 
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The duration of this stage varies from seven to ten days, depending on the variety and 

physiological age of the bud (Landell et al., 2012). 

 
2.2.4 Pricking out 

Immediately after pre-sprouting, the sprouted buds are individualized into seedling tubes 

containing substrates and fertilizers to provide better rooting conditions (Landell et al., 2012). 

 
2.2.5 First acclimatization phase 

The seedlings remain in the greenhouse or chambers for 21 days. In this location, they are 

protected with shade cloth, which allows 50% of the shade, which will be gradually removed after the 

first week (Landell et al., 2012). 

The pre-sprouted seedlings are subjected to high relative humidity to reduce the harmful effects 

imposed by high temperatures. They require irrigation shifts defined according to the development of 

the plants (Landell et al., 2012). 

Before moving on to the second acclimatization phase, the plants receive leaf pruning to 

stimulate root development and minimize water loss (Landell et al., 2012). 

 
2.2.6 Second acclimatization phase 

The seedlings are exposed to full sunlight to simulate the reality of the field. In addition, they 

receive four irrigation shifts totaling 4 mm day-1 and intense leaf pruning, totaling three by the end of 

this stage, which is completed after 21 days (Landell et al., 2012). The seedlings are then removed 

from the tube, packaged, and sent for planting. 

 
2.3 SUGARCANE ECONOMIC AND SOCIAL ASPECTS 

Alternatives are being sought for generating electricity from sugarcane to reduce production 

costs, operate more efficiently, and contribute to increasing the sustainability of the activity (CONAB, 

2025). Thus, the sugar and ethanol sectors make Brazil the world's largest producer of sugarcane and 

the only country in the world to implement an alternative fuel to petroleum on a large scale. 

Brazil has stood out in carbon credit projects registered with the UN, where most of the projects 

are related to the generation of electricity from sugarcane bagasse (Junqueira, 2006). Currently, 

alcohol is recognized worldwide for its environmental, social, and economic advantages, and first- 

world countries are already interested in our technology. 
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In this scenario, Brazil stands out worldwide as the largest producer of sugarcane (Saccharum 

spp.), an input of fundamental importance for the sugar and alcohol industry (Silveira et al., 2015; 

CONAB, 2025). In Brazil, the estimate made in March/2025 for the sugarcane harvest production 

per year is 699.2 million tons, with an average yield of 75.4 t ha-1 (IBGE, 2025). 

São Paulo is responsible for producing 351.8 million tons, which represents 50.3% of national 

production (IBGE, 2025). However, crops were harmed by adverse weather (hot and dry) throughout 

2024 and by fires in August in the Center-South region of the country, especially in São Paulo, which 

may impact the 2025 harvest (IBGE, 2025). The Center-South region of the country is expected to 

have a higher agricultural yield in the next sugarcane cycle (2025/26), but with a smaller harvest and 

production area, also due to unfavorable weather conditions (SCA, 2025). Crop yield could reach 

between 78 and 82 tons per hectare in the Center-South in 2025/26, compared to 78 tons in 2024/25 

(SCA, 2025). 

As a result of the drought and fires last year, the renewal of sugarcane fields was affected, and 

the area to be harvested is expected to decrease by around 400 thousand hectares in 2025/26, to 7.4 

million hectares (SCA, 2025). Thus, sugarcane yield will be between 592 million and 607 million tons 

in the next cycle in the Center-South, compared to around 620 million in 2024/25 (SCA, 2025). The 

share of sugar in the production mix of the mills is expected to increase from 48% to 51%, which 

should guarantee a supply of 40.7 million tons, compared to 40 million in this 2024/25 season (SCA, 

2025). 

According to the IBGE (2025), the drop in national yield has occurred due to the climate 

problems faced throughout the cycle of this crop, highlighting the importance of new techniques and 

management to promote its yield, since, for good sugarcane development, it is necessary that 

environmental factors, such as the presence of solar radiation, water availability and nutrients, are 

aligned. 

Currently, sugarcane crops represent a source of great financial profitability for producing 

ethanol and sugar in Brazil. The production of this crop stands out in Brazil, as the sugar and alcohol 

industry represents approximately 8% of national exports (the fourth most representative sector in the 

country), in addition to generating 8% of agro-industrial jobs, thus contributing effectively to the 

growth of the national domestic market (MDIC, 2025). 
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In addition, approximately 2% of Brazil's Gross Domestic Product (GDP) is generated by the 

sugarcane agro-industrial sector, which is responsible for the generation of more than two million jobs 

for the Brazilian population (CNM, 2023; MDIC, 2025). 

The crop stands out worldwide for being one of the best options among renewable energy 

sources and for having a debatable social role, since its cultivation and processing generate several 

direct and indirect jobs. In 2024, the bioenergy sector generated approximately 2.2 million direct and 

indirect jobs in the country (Unica, 2024). 

With the lower volume of sugarcane harvested in 2025, there was a 3.4% drop in sugar yield in 

the country, estimated at 44.1 million tons (CONAB, 2025). The country recorded a 4.4% growth in 

total ethanol production, reaching 37.2 billion liters, despite a 1.1% drop in fuel produced from 

crushed sugarcane, with a total of 29.35 billion liters (CONAB, 2025). 

Brazilian sugar exports remain at high levels, consolidating Brazil as the world's leading 

supplier of the product, with 35.1 million tons and revenue of US$16.7 billion (CONAB, 2025). On the 

other hand, Brazilian ethanol exports in the 2024/25 harvest closed with a shipped volume of 1.75 

billion liters of ethanol, a 31% drop compared to the volume of the 2023/24 harvest (CONAB, 2025). 

Therefore, new agronomic techniques to help improve sugarcane yield are being developed and 

applied in commercial plantations, such as the correct choice of soil and climate, pest and weed 

control, search for new fertilizers, and even bioinputs to enhance plant development and harvest yield 

(Adorna, 2011). 

 
2.4 BIOFERTILIZERS (BIOINPUTS) 

2.4.1 Historical and current importance 

The growing demand for food resulting from population growth has been generating an 

excessive dependence on synthetic inputs (Mahanty et al., 2017). To achieve high yields, a large 

amount of pesticides and an excess of inorganic fertilizers are used, which can cause a series of 

damages to the soil and human and animal health, resulting in a major imbalance in the ecosystem 

(Garcia et al., 2012). Thus, the use of bioinputs has emerged as an alternative to the application of 

chemical products, amid environmental and food safety concerns. 

In this scenario, the adoption of alternative technologies aimed at optimizing cultivation and 

making the process more sustainable is increasing. The use of bioinputs in agriculture is an important 

strategy, not only in organic production systems where natural inputs are essential. They are relevant in 

all systems that aim to increase yield, with a focus on sustainability, to meet the growing demand for 
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food and energy sources. The literature shows how this topic has been the subject of research over the 

last few decades (Mógor et al., 2008; Vasconcelos and Gonçalves, 2013). 

Global sales of bioinputs and biological products were estimated to be between US$5 and 

US$8 billion annually by 2020, with the largest producers being the United States, Brazil, China, 

India, Malaysia, and South Africa (Araujo-Abad and Collahuazo-Reinoso, 2019). The bioinputs 

market in Brazil registered growth of nearly 15% in the 2023/24 harvest, generating sales of around 

R$5 billion, with emphasis on plant growth promoters (Santos et al., 2024). 

 
2.4.2 Legislation and classes 

Bioinputs can be classified into three main groups based on their functionality: (I) those that 

promote plant growth and development, (II) those that serve as biological pest control agents, and (III) 

those that contribute to soil conditioning or restoration. Each of these categories is further subdivided 

into specific subgroups according to their mode of action and biological mechanisms. Notably, one 

bioinput can often perform multiple functions simultaneously, for example, promoting plant growth 

while also protecting against pests and diseases (Barbosa et al., 2025). 

Furthermore, substances and/or microorganisms whose primary function, when applied to the 

plant or its rhizosphere, is to trigger or enhance endogenous physiological processes are called 

biostimulants (Barbosa et al., 2025). These physiological changes include improved nutrient use 

efficiency, increased tolerance to abiotic stresses, and enhanced crop quality (Santos et al., 2024). 

Biostimulant formulations may be composed of microbial inoculants, algal extracts, humic and fulvic 

acids, protein hydrolysates, or chitosan, but their mode of action involves the stimulation of plant 

metabolic pathways rather than supplying nutrients themselves (Barbosa et al., 2025). By modulating 

plant metabolism, biostimulants can enhance nutrient use efficiency, optimizing root uptake and 

assimilation of available elements (Barbosa et al., 2025). 

Some effects of bioinputs on plants relate to the improvement in biometric and biochemical 

parameters. Studies report that bioinputs are capable of increasing crop yield, increasing the content of 

proteins, essential amino acids, and vitamins. In addition to demonstrating positive effects on the 

bioremediation of metals and pesticides, reducing the population of plant-parasitic nematodes and 

boosting the photosynthetic activity of the plant, increasing the expression of antioxidant enzymes and 

chlorophyll content in the leaves (Mahanty et al., 2017). 
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They can be applied directly to the seeds, to the surfaces of the plants, or to the soil, and can 

colonize the rhizosphere or the interior of the plants (Beltrán-Pineda and Bernal-Figueroa, 2022). The 

composition of bioinputs is vast and can include algae biomass, humic substances, protein 

hydrolysates, and beneficial microorganisms, which, when applied to plants, can produce metabolic 

changes (Du Jardin, 2015), also improving the chemical and biological quality of the soil or 

stimulating plant growth (Abdel-Raouf et al., 2012). 

Normative Instruction No. 61 (IN61), of July 8, 2020, establishes the rules on definitions, 

requirements, specifications, guarantees, tolerances, registration, packaging, and labeling of organic 

fertilizers and biofertilizers, intended for agriculture. Subdividing fertilizers into those of amino acids, 

humic substances, algae extracts or processed algae, plant extracts, compost, and others (BRAZIL, 

2020). Recently, the Brazilian legislation classified these substances as bioinputs (BRAZIL, 2024). 

Yakhin et al. (2017) add that even in small concentrations, they can provide great results, since 

they would improve the physiological and biochemical processes, seeking the maximum genetic and 

yield potential of plants. In this context, their form of action is related to the stimulation of 

physiological responses when applied to plants through signaling action (Mógor et al., 2017; Stadnik et 

al., 2017). 

Research shows that its application can biometrically increase roots and leaves, help plant 

physiology, or even stimulate responses to biotic and abiotic stresses (Nardi et al., 2016; Stadnik et al., 

2017). Other studies show that, due to the diversity of compositions, the use of these substances and 

organisms as bioinputs can bring several advantages to crops (Alvarez et al., 2021). Such as L-amino 

acids, protein hydrolysates, and microalgae, in promoting plant growth (Mógor et al., 2008); 

polysaccharides, stimulating growth, greater yield, nutrient absorption, and stress resistance (Tarraf et 

al., 2015; El Arroussi et al., 2016). Furthermore, the supply of amino acids in foliar solutions provides 

plants with the elements necessary for the development of structures, saving metabolic energy (Garcia 

et al., 2013; Plaza et al., 2018), and is related to a series of metabolic processes that will be addressed 

in a later topic. 

Among these sources, emphasis is placed on the biochemical composition of microalgae as a raw 

material to develop new products to improve plant growth (Garcia-Gonzalez and Sommerfeld, 2016; 

El Arroussi et al., 2018; Mógor et al., 2018), offering a viable alternative to reduce dependence on 

chemical fertilizers. The potential of these substances has been explored and is considered a renewable, 

ecological, and economically feasible source, capable of increasing plant yield in a sustainable way 

(Mahajan et al., 2003). 



19 
 

In this scenario, it is observed that some microalgae biomass rich in amino acids are being studied 

for its ability to serve as a source of these biomolecules for bioinputs. Studies on the application of 

these substances in plants indicate results of agronomic importance, such as improvement of the total 

content of soluble proteins in plants, promotion of better nitrogen assimilation, and stimulation of 

amino acid metabolism (Nardi et al., 2016). 

Other effects include: their performance as stress-reducing agents, source of amino acids, and 

hormone precursors (Zhao, 2010). Corroborating Nardi et al. (2016) and Zhao (2010), other authors 

report that the use of microalgae benefits plant development by producing growth-promoting 

molecules, amino acids, polypeptides, and polyamines that improve plant growth and yield (Safi et al., 

2014). Thus, studying this Chlorophyta microalgae reveals great potential for scientific research into 

new sources of bioinputs with the potential to promote plant growth. 

 
2.4.3 Potential of algae in agriculture 

Algae constitute a large group of photosynthetic organisms, including eukaryotic microalgae, 

macroalgae, and prokaryotic cyanobacteria (Andersen et al., 2013), with increasing environmental and 

economic importance (Renuka et al., 2018). Under natural conditions, microalgae are preferably 

autotrophic and capable of using carbon dioxide and nutrients such as nitrogen, phosphorus, and 

potassium from aquatic environments for their metabolism (Brennan and Owende, 2010). 

Algae (micro and macroalgae) are examples of raw materials for bioinputs, contributing to the 

synthesis of hormones, the provision of nutrients, and activation of enzymatic activities, promoting 

healthy plant growth (Trivedi, 2023). With the development of these products, specific regulations 

were implemented, encouraging their use in agriculture and increasing the demand for their 

production. Among the most researched, seaweed-based bioinputs stand out for improving plant 

growth, strengthening their defense, and optimizing nutrient use efficiency (Trivedi, 2023). 

Most algae play an important role in carbon sequestration and are responsible for 50% of total 

photosynthesis on Earth (Moroney et al., 2009). The nature of these organisms reveals their extreme 

adaptability, with high growth rates and resistance to environmental stresses; their composition 

contains molecules that give them and their products these characteristics (Azaman et al., 2017). 

In this context, historically, seaweed extracts are one of the oldest sources used in agriculture, 

although the effects of their application on plants have only recently been identified (Du Jardin, 2015). 

It is estimated that there are around 800 thousand species of microalgae in the world, of which 

approximately 6% are described (Suganya et al., 2016). 
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Regarding green microalgae and cyanobacteria, studies show their action in mineralization, 

incorporation, and mobilization of organic and inorganic nutrients, and in the production of many 

bioactive compounds (Prasanna et al., 2014). 

Therefore, each microalgae's potential depends on the composition of its biomass. These diverse 

metabolisms produce a range of compounds of great interest, including nutraceuticals and bioactive 

compounds such as carotenoids (Borowitzka, 2013), polyunsaturated fatty acids (Ratledge, 2004), 

polysaccharides (Ishaq et al., 2016), polyamines (Mógor et al., 2022), carbohydrates (Khan et al., 

2005), high-value proteins (Ishaq et al., 2016), and free amino acids (Renuka et al., 2018), such as L- 

amino acids (Mógor et al., 2018). Their rich compositions can induce metabolic changes when applied 

to plants. As examples, researchers cite the microalgae Chlorella vulgaris and Spirulina platensis as 

promoters of these changes, increasing the levels of total sugars, amino acids, and phenolic compounds 

in onion plants (Dineshkumar et al., 2020). In addition, other research cites applications with the 

microalgae Dunaliella salina as capable of attenuating the effects of oxidative stress in tomatoes under 

the effect of salinity (El Arroussi et al., 2018). 

The performance in primary metabolism was studied through increased cell division and 

expansion in plants, as well as in secondary metabolism (El Naggar et al., 2020). These molecules can 

cause changes in the levels of reducing sugars, such as glucose and fructose, which are not very mobile 

in the phloem, in addition to non-reducing sugars, such as sucrose, which are more mobile (Taiz and 

Zeiger, 2017). Other authors also cite its effectiveness in the germination of sugarcane buds (Mógor et 

al., 2022). 

Another form of interaction between the biomass of microalgae and plants is through a 

phytohormonal-like effect, since algae present these molecules in their composition (Amatussi et al., 

2020). In this same study with a biofertilizer based on calcareous algae, rich in humic substances, an 

auxin-like effect was observed when observing the promotion of plant growth, improving the quality 

of crops (Amatussi et al., 2020). 

Research also shows promising results in the metabolic modifications of plants, promoting yield 

gains concomitantly with the increase in the concentration of biomolecules, such as carbohydrates and 

proteins (Dineshkumar et al., 2018). Regarding changes in the root part, Barone et al. (2018) observed 

biometric increases in the roots and increased expression of genes related to the acquisition of nutrients 

by the roots of beet plants treated with microalgae of the genus Scenedesmus and Chlorella. 
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2.4.4 Asterarcys quadricellularis 
 

The microalgae A. quadricellularis (AQ) belongs to the phylum Chlorophyta, which is 

composed of unicellular green microalgae found in fresh and marine water, ranging from 2 to 10 μm in 

diameter and dependent on light for their autotrophic growth (Hong et al., 2012). 

To better understand this microorganism, it is worth observing other organisms of the 

Chlorophyta, since in the genus Asterarcys, there is only one species (Hegewald et al., 2010). Some of 

the Chlorophyta genera (e.g., Scenedesmus and Chlorella) have potential related to their bioactive 

molecules that can include amino acids and proteins, which are studied for their ability to promote 

plant growth. Some species of microalgae have 50-56% of their dry weight in proteins (Ishaq et al., 

2016). 

Under controlled cultivation conditions, this microalga can have a high content of proteins, 

amino acids, lipids, polysaccharides, and pigments (Varshney et al., 2018; Singh et al., 2019). Its 

protein content can vary between 39-45% of its biomass, which is rich in different amino acids (Ghosh 

et al., 2017; Xupeng et al., 2017), like aspartate and glutamate, which constitute a large proportion of 

its content (Tab. 1) (Cordeiro et al., 2022). 

Table 1: Free L-amino acids composition of A. quadricellularis (CCAP 294/1) biomass 
Amino acids Percentage (%) Amino acids Percentage (%) 
Glutamic acid 4.27 Glycine 1.54 
Aspartic acid 3.32 Threonine 1.45 

Alanine 2.41 Isoleucine 1.41 
Leucine 2.36 Phenylalanine 1.37 
Arginine 2.17 Tyrosine 0.95 
Lysine 2.11 Histidine 0.71 
Valine 1.81 Methionine 0.51 
Serine 1.68 Tryptophan 0.37 
Proline 1.60 Cysteine 0.29 

Adapted from Cordeiro et al. (2022) 
 
 

Both these amino acids play crucial roles in plant growth, development, and stress responses, as 

they serve as building blocks for proteins, precursors for other amino acids, and participate in nitrogen 

metabolism and signaling pathways (Kumar et al., 2017). 

In addition, these molecules in the levogyre form would provide bioactivity, causing an effect 

on improving plant growth (Mógor et al., 2018). This potential has been recorded in a few recently 

published studies (Mógor et al., 2022; Lara et al., 2025). 
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As can be seen in this section, the agricultural potential of microalgae is related to their ability 

to provide a wide range of bioactive and effective molecules for biofertilization. Furthermore, it is 

concluded that the mechanisms induced by microalgae in plants are complex and have not yet been 

fully understood. Most likely, their action involves the interaction of several molecules (Barone et al., 

2018), which are not necessarily linked to the supply of nutrients, but rather to an intricate network of 

signaling (Mógor et al., 2018), which activate genes linked to the biosynthesis of amino acids and 

polyamines, which will trigger metabolic responses. 

In this sense, their ability to act on plant metabolism, causing greater yield through a 

sustainable way, is remarkable and requires further research to understand their full potential. 
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ABSTRACT 

 
 

The production of pre-sprouted seedlings is a technique that brings advantages to implementing the 

sugarcane crop in the field. Their initial growth can be enhanced with the application of sustainable 

input. The biotechnological potential of microalgae has grown in interest due to their bioactivity. In 

sugarcane, biological fertilizers have been reported to increase nutrient uptake efficiency, improve 

growth and yield. Thus, this study aimed to determine the maximum efficiency concentration of the 

microalga Asterarcys quadricellularis biomass in the sprouting and development of sugarcane one-bud 

propagules (OBP) (cultivar RB036152). Regression analysis of the biometric results of sugarcane OBP 

was used to determine the maximum efficiency concentration (MEC) of this microalga biomass used 

as an immersion solution. The biometric results showed a similar MEC pattern to the concentration 

increase of A. quadricellularis biomass. The MEC represented an increase of 23.1 in % sprouting rate 

of the propagules over the control. Plant development was stimulated in the initial growth (10 days) of 

sugarcane OBP in the B.O.D. chamber. Plant growth is also promoted after transplanting into pots, 

boosting the development of shoots and roots. The average MEC of A. quadricellularis biomass from 

all the biometric results was 2.38 g L-1, promoting plant growth and a higher sugarcane sprouting rate. 

 
Keywords: Bioinputs, MEC, Microalgae, Roots, Saccharum spp., Sprouting 

 
 

INTRODUCTION 

Brazil is the world's largest producer of sugarcane (Saccharum spp.) (CONAB, 2025). It leads 

in sugar production and ranks second in ethanol production, playing a significant role in the Brazilian 

economy by creating thousands of direct and indirect jobs (Silva et al., 2021). In this context, increased 

growth and development of sugarcane can lead to higher yields, benefiting various sectors of the 

economy and the environment when sustainable practices are adopted. 
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Sugarcane is a plant with a high capacity for photosynthesis, characteristic of plants with a C4 

metabolism, that is, with a high ability to concentrate CO2 due to reduced photorespiration, reaching 

high photosynthesis rates under intense solar radiation (Marafon, 2012). One crucial factor for 

successful sugarcane cultivation involves the health and production traits of the propagules and, 

consequently, the seedlings. The sugarcane sprout is a miniature culm that emerges above the soil 

surface. From this point, the vegetative apical bud takes over growth in height, resulting in a series of 

nodes and internodes that form the sugarcane stalk. 

The conventional method of planting sugarcane involves using stalk cuttings with more than 

one bud; however, reserves differ based on physiological age, resulting in uneven or defective 

sprouting (Baracat et al., 2017). To reduce these losses, producing pre-sprouted sugarcane seedlings 

allows for the selection of individual propagules with buds of similar physiological ages (Singh et al., 

2023), making it a practical and accessible approach (Mohanaselvan et al., 2024). Therefore, using 

propagules from a single sugarcane bud offers economic benefits, such as lowering costs related to 

harvesting and transporting stalks, as well as logistical benefits by decreasing machinery traffic in the 

sugarcane fields (Fluminhan and Fluminhan, 2020). 

Sugarcane yield depends on vegetative growth and the sugar reserve in the stalk (Nalawade et 

al., 2018; Singh et al., 2018). Additionally, root growth enhances the ability to exploit the soil, 

enabling greater water and nutrient absorption, and leading to better crop establishment (Azevedo et 

al., 2011). Propagules from the apical sections sprout earlier and exhibit higher sprouting percentages 

than those from the median and basal positions, due to their age and, consequently, greater metabolic 

activity (Ferreira et al., 2018; Figueiredo et al., 2020; Mógor et al., 2022). Therefore, developing an 

effective method to produce mini-stalks (i.e., one-bud propagules, OBP) helps achieve higher 

sprouting rates and fewer failures, resulting in improved crop establishment and potentially higher 

yields (Singh et al., 2023). 

According to Brazilian Normative Instruction No. 61, dated July 8th, 2020, art. 2, XXIII, a 

biofertilizer is defined as a product containing an active principle or organic agent, free of pesticide 

substances, capable of acting either directly or indirectly on all or part of cultivated plants, enhancing 

their yield without considering their hormonal or stimulating value (BRAZIL, 2020). Additionally, 

Brazilian legislation classifies them as bioinputs (BRAZIL, 2024). 

The effects of bioinputs derived from microalgae biomass are linked to the presence of 

bioactive compounds (Gitau et al., 2022; González-Pérez et al., 2022), such as polysaccharides, 

polyamines (PAs) (Braun and Colla, 2023; Mógor et al., 2017), and free L-amino acids (L-AAs) 
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(Renuka et al., 2018; Cordeiro et al., 2022a). Research on microalgae in sugarcane is limited, but it has 

been found that immersion in microalgae biomass promotes bud sprouting and initial growth (Mógor 

et al., 2022). Additionally, sugarcane is known to show biometric improvements in response to other 

bioinput applications in areas such as leaves (Liao et al., 2019), culm (Prihandarini et al., 2018), and 

roots, particularly in thinner roots (dos Santos et al., 2019). 

The microalga Asterarcys quadricellularis (AQ) biomass has a high content of free L-amino 

acids (L-AA) (Cordeiro et al., 2022a), proteins, and polysaccharides (Ghosh et al., 2017). This green 

microalga is a Chlorophyta from the Scenedesmaceae family with notable plant growth-promoting 

activity (Cordeiro et al., 2022b; Lara et al., 2022; Marques et al., 2025) and remarkable results in 

sugarcane (Mógor et al., 2022). 

We examined how different levels of AQ biomass concentrations and their MEC as a bioinput, 

applied through pre-planting immersion, affect the biometric changes of sugarcane OBP (RB036152), 

from sprouting to early development (30 days after transplanting). 

 
MATERIAL AND METHODS 

Plant material 

Sugarcane (Saccharum spp.) OBP supplied by RIDESA Brazil of the cultivar RB036152 

(Brasileiro et al., 2024) was produced from propagules from the apical third of stalks grown in 

Paranavaí at the Federal University of Paraná's Sugarcane Research Station. 

OBP with 50 mm long sections, with an average diameter of 22 mm, containing only one bud 

and homogeneous characteristics, were selected, as the size of the bud will influence the reserve for 

sprouting (Mógor et al., 2022). Those with flawed, irregular buds or those that did not reach the 

appropriate BRIX value for evaluation were discarded. 

The percentage of Brix (total soluble solids) was determined using a field refractometer to 

determine the stalk ripeness index. The index was determined to be 0.60, indicating that the OBP was 

in good condition to be planted (Silveira et al., 2015). 

 
Microalga biomass 

The biomass of the microalga A. quadricellularis (K. Behre) (AQ) was supplied by Alltech® 

Crop Sciences Brazil. This biomass was produced in mixotrophic cultivation and spray-dried to 

produce a fine, greenish powder. Its AAs concentration was 90.9 mg g-1, corresponding to 9% free L- 

amino acids by weight, and was determined using 0.2 mg of dry biomass diluted in 1.7 mL of 80% 
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ethanol to prepare an extract from which 1.0 mL was diluted in distilled and deionized water to carry 

out the colorimetric reaction (Winters et al., 2002). 

 
Immersion treatments 

For the immersion solutions, the biomass was diluted in concentrations of 1.25, 2.50, 3.75, and 

5.0 g L-1, as well as a control (water only). The OBP was immersed for 30 minutes in the respective 

treatments. The OBP were then placed in a plastic tray, covered with vermiculite, and taken to a 

B.O.D. (biological oxygen demand) chamber at 32 °C for 10 days in the dark to stimulate sprouting. 

After this stage, the biometric data was collected, and the sprouted OBP were transplanted into 5 L 

pots with commercial substrate and placed in an agricultural greenhouse for 30 days with daily 

irrigation control. 

 
Experimental area 

The research was performed in the laboratory and agricultural greenhouse at the Organic 

Horticulture Research Area of the Federal University of Paraná, located in the municipality of Pinhais- 

PR, Brazil at 25° 23’ 30’’ S and 49° 07’ 30’’ W, at an average altitude of 920 m, with a Cfb type 

temperate climate according to the Köppen classification. 

 
Biometric analyses in the B.O.D. chamber 

After 10 days in the B.O.D. chamber, non-destructive biometric analyses were carried out on 

all the OBP in the vermiculite trays. The following were evaluated at this stage: sprouting (sprouts 

above 0.5 mm) (%), culm height (cm), and culm diameter (mm). The sprouting rate was calculated 

according to the equation below. 

 

 
 

Culm height was defined as the distance from the soil surface to the sprout top, using a 

measuring tape, while shoot diameter was defined as the width of the base of the sprout base, using a 

digital caliper. 

 
Biometric analysis in greenhouse 
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The sprouted OBP were then transplanted into 5-liter pots with commercial substrate and 

placed in an agricultural greenhouse with irrigation control. After 30 days, non-destructive biometric 

evaluations were made of the number of leaves and tillers, plant height (culm height plus longest leaf 

blade) with a measuring tape (cm), average culm diameter with a digital caliper (mm); and destructive 

analyses of the fresh and dry mass of the roots and aerial part using a precision scale (g). For the dry 

masses, the plant materials were placed in an oven at 65 ºC for 3 days, until the mass became constant. 

In addition, root biometric data were obtained through readings with an Epson Expression 

836XL 3D scanner at a resolution of 150 dpi and data processing with the WinRhizo computer 

program, involving: length (cm), diameter (mm), volume (cm³), area (cm²), and stratification by 

diameter (mm). 

 
Statistical analysis 

The experimental design adopted was completely randomized. The treatments used involved 

the control (water only) and 1.25, 2.5, 3.75, and 5.0 g L-1 AQ concentrations, each with 4 replicates. 

The regression test was performed based on the biomass concentrations of AQ for each biometric 

variable analyzed. When a quadratic response was identified, the maximum efficiency concentration 

(MEC) of AQ was estimated by calculating the second-order derivative of the equation. 

The statistical program Assistat 7.7 Beta (Silva and Azevedo, 2016) was used for data analysis. 

The data was tested for homogeneity of variances using Bartlett's test and then analyzed based on 

concentrations using the Regression analysis. 

 
RESULTS 

B.O.D. chamber tests 

Increasing concentrations of A. quadricellularis (AQ) biomass did not influence the variables of 

the number of leaves and tillering of sugarcane (RB036152). The other variables showed progressive 

increases up to the MEC, with diminishing returns after that point. 

The OBP sprouting rate (Fig. 1a), the sprout diameter (Fig. 1b), and the sprout height (Fig. 1c) 

were influenced by immersion in AQ, showing increases with a quadratic pattern. The MEC of these 

variables and the increase compared to the control were: 2.65 g L-1 (23.1%); 2.06 g L-1 (5.97%); and 

2.86 g L-1 (71.99%), respectively. 
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Figure 1: Regression analysis of A. quadricellularis (AQ) concentrations applied via immersion in sugarcane (RB036152) 

in the B.O.D. chamber, of a) the sprouting rate, b) culm diameter, and c) culm height. 
 

 

 

 
 
 

Biometrics in Greenhouse 

The height of the aerial part in OBP (Fig. 2a), culm diameter (Fig. 2b), leaf fresh mass (Fig. 

2c), leaf dry mass (Fig. 2d), root fresh mass (Fig. 3a), root dry mass (Fig. 3b), as well as the length 

(Fig. 3c), volume (Fig. 3d), and root area (Fig. 3e) were influenced by immersion in AQ, showing 

increases in a quadratic pattern. 

The MEC of the shoots of the OBP grown in the greenhouse had a range of greater AQ 

efficiency, similar to the variables analyzed in the B.O.D. chamber experiment. 
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The MEC and the increase compared to the control were for aerial part height 2.36 g L-1 

(27.6%), culm diameter 2.04 g L-1 (7.95%), leaf fresh mass 2.27 g L-1 (40.24%), and leaf dry mass 2.20 

g L-1 (41.49%). The root variables also followed the same quadratic pattern. The MEC and the increase 

compared to the control were for root fresh mass 2.05 g L-1 (27.3%), root dry mass 2.46 g L-1 (84.5%), 

as well as length 2.57 g L-1 (28.9%), volume 2.53 g L-1 (104.3%), and root area 2.54 g L-1 (61.2%). 

 
Figure 2: Regression analysis of A. quadricellularis (AQ) concentrations applied via immersion in sugarcane OBP 

(RB036152) in the pot experiment, of a) the aerial part height, b) culm diameter, c) leaf fresh mass, and d) leaf dry mass. 
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Figure 3: Regression analysis of A. quadricellularis (AQ) concentrations applied via immersion in sugarcane OBP 

(RB036152) in the pot experiment, of root a) fresh mass, b) dry mass, c) length, d) volume, and e) area. 
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The factor analysis investigating the effect of different concentrations of AQ on promoting root 

growth in different stratifications (Tab. 1) showed that for thinner roots (0 - 0.5 mm), the treatment 

with the best results was 2.5 g L-1. Among the concentrations (g L-1) used, the sequence of greatest 

influence in this stratification was 2.50>1.25=3.75>5.00>Control, while for the second stratification 

(0.5 - 1.0 mm) the effect was in the pattern 1.25=2.50=3.75>2.50=Control, and for the other 

stratifications no statistical difference was observed. 

 
Table 1: Factor analysis of length by stratification of root diameter in sugarcane OBP (RB036152) after 40 days of 

immersion in different concentrations of A. quadricellularis biomass (AQ). 

 
All data expresses the average of four replicates ± standard deviation. Lowercase letters = stratifications (columns) and uppercase letters 

= treatments (rows). Averages followed by the same letter do not differ statistically by Scott-Knott’s test at a 5% probability level. 
 
 

DISCUSSION 

The production of sugarcane OBP can also benefit from the application of biostimulants, 

increasing the rate of sprouting and plant growth (Mógor et al., 2018), corroborating the data obtained 

in this study. These changes are induced by alterations in plant metabolism triggered by signaling 

processes based on the composition of the biomass applied (Yakhin et al., 2017). The biomass of 

microalgae, such as AQ, has many bioactive compounds, with L-AA standing out due to its high 

concentration and bioactivity (Mógor et al., 2018). L-AAs can participate in many metabolic pathways 

as a precursor to other AAs that are important for plant growth and development. Thus, relating, at 

least in part, to the promotional effects of AQ on sugarcane growth. 

AQ has already demonstrated its efficiency as a biofertilizer for various crops (Cordeiro et al., 

2022a; Cordeiro et al., 2022b; Lara et al., 2022; Palma et al., 2022; Marques et al., 2025), as well as 

sugarcane (Mógor et al., 2022). Microalgae offer advantages for the economy and environmental 

sustainability of agricultural production, providing various bioinputs (Gemin et al., 2019; Kapoore et 

al., 2021; Parmar and Srivatsan, 2023). 
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For sustainable agriculture, the biotechnological potential of microalgae has grown in interest 

with the identification of various substances in their biomass (Singh et al., 2016), including PAs 

(Incharoensakdi et al., 2010; Mógor et al., 2017) and AAs (Mógor et al., 2018). 

Homogeneous and vigorous initial growth is desirable for sugarcane since biometric gains at 

this point can have repercussions on better crop development and yield per hectare (Otto et al., 2022). 

It should be noted that initial sprouting is one of the most important characteristics for the proper 

cultivation of sugarcane (Nalawade et al., 2018). 

In this scenario, the use of bioinputs is remarkable as they have been described as capable of 

improving the initial performance of sugarcane (Gazola et al., 2017; Oliveira et al., 2018; Mógor et al., 

2022; Almeida et al., 2024). 

The sprouting rate result (Fig. 1a) indicated the MEC of 2.65 g L-1 in the B.O.D. chamber test, 

23.1% higher than the control. This is similar to the result obtained with the same alga in OBP of 

different physiological ages (Mógor et al., 2022). This highlights the product influence on the 

sprouting rate, which is of fundamental importance for the establishment and development of 

sugarcane (Nalawade et al., 2018; Oñal Jr. et al., 2024). A better sprouting rate reduces losses due to 

failed buds, resulting in a greater number of plants in the stand, as well as a higher yield (Singh et al., 

2018). 

The variables that were not influenced by AQ are related to the characteristics of this new 

cultivar (Brasileiro et al., 2024) in the initial growth phase, since the number of leaves and tillering 

was expected not to increase significantly. 

Other biometric gains were also recorded at an early stage in the B.O.D. chamber, such as in 

culm diameter (Fig. 1b), which indicated the MEC of 2.06 g L-1, 5.97% higher than the control; and in 

the result for culm height (Fig. 1c), indicating the MEC of 2.86 g L-1, 71.99% higher than the control. 

Gains were also found with other bioinputs for the initial growth of this crop (Mógor et al., 2022) and 

in the field (Prihandarini et al., 2018). 

Sugarcane yield depends on vegetative growth from the moment it is established (Nalawade et 

al., 2018). Gains at this stage can lead to better performance from pre-sprouted seedlings when they are 

transplanted. 
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The results obtained in pots, on the biometric development of the culm, leaves, and roots, 

followed the behavior of gains in a quadratic pattern observed in the initial growth in the B.O.D. 

chamber. The height of the aerial part (Fig. 2a) indicated the MEC of 2.36 g L-1, 27.6% higher than the 

control, while the culm diameter (Fig. 2b) indicated the MEC of 2.04 g L-1 in the pot experiment, 

7.95% higher than the control. These results, together with the mass values (Figs. 2c-2d; 3a-3b), which 

are analogous to research with the same algae (Mógor et al., 2022), corroborate the hypothesis that the 

product's effectiveness has an ideal range, ascending to close to the MEC of 2.38 g L-1 and that after 

this, diminishing returns are observed. Bioinputs applied to sugarcane are described as effective 

products in promoting gains in leaf variables (Liao et al., 2019). 

For roots in the tinner stratifications (Tab. 1), the results were in line with those for total root 

growth (Fig. 3c) (29% higher in the MEC compared to the control), indicating the influence of the 

product on this variable, which is of remarkable importance for sugarcane performance. This was also 

seen in other research with bioinputs (dos Santos et al., 2019), emphasizing how bioinputs can improve 

their root profile, especially the final ones, which are related to the potential for absorbing water and 

nutrients. The results were similar for root volume (Fig. 3d) and root area (Fig. 3e), with remarkable 

increases compared to the control at around 2.5 g L-1 (104.3% and 61.2%, respectively). This result, 

also recorded for other bioinputs in the root variables (dos Santos et al., 2019), corroborates the 

hypothesis that AQ applications can lead to the crop’s greater capacity to exploit the soil. 

The yield of sugarcane is intricately linked to its root development and biomass accumulation, 

making these two aspects crucial factors for achieving high yields (Azevedo et al., 2011; Oñal Jr. et al., 

2024). The reserve in the propagules is also fundamental for the survival of the new plant in the first 

60 days, progressively decreasing as the aerial part and roots develop (Landell et al., 2012; Baracat et 

al., 2017). Thus, products that promote an increase in these variables can help in the OBP development 

(Mógor et al., 2022). 

Plant growth promotion with a quadratic pattern was frequent for the variables analyzed, in the 

culm, leaf, and root tissues. This suggests that sugarcane cell multiplication may be enhanced in the 

tissues of propagules immersed in AQ, due to its high L-AAs content (Cordeiro et al., 2022a). In 

addition, AQ biomass promotes the regulation of carbon and nitrogen metabolism, resulting in 

biometric changes in sugarcane (Mógor et al., 2022). Examples of this behavior can be seen in the 

biometric results, which followed the same quadratic pattern, indicating an optimum range around the 

MEC of 2.38 g L-1 for promoting plant growth while using biomass efficiently. 
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In this sense, future work should assess whether the effect of the stimuli on the buds immersed 

in AQ will continue after the initial growth, bringing long-term benefits that will reflect higher yields. 

It is therefore suggested that this microalga be used, based on its MEC, as a biostimulant for sugarcane 

OBP. 

 
CONCLUSIONS 

Immersing the OBP in increasing concentrations of AQ biomass before planting regulated the 

sprouting rate and promoted plant growth in culms, leaves, and roots, resulting in biometric increases 

in a quadratic pattern. The average MEC of A. quadricellularis biomass from all the biometric results 

was 2.38 g L-1. This verifies the bioactivity of the AQ biomass and its ideal concentration range for 

promoting the sprouting and initial growth of sugarcane. 

 
ACKNOLEDGEMENTS, FINANCIAL SUPPORT, AND FULL DISCLOSURE 

To FUNPAR for providing the Doctoral Scholarship to the first author. To the Sugarcane 
Improvement Program at UFPR for supplying the plant material. 

 
 

REFERENCES 
 

Ahmed SM, Ariyaratne J, Patel AE, Howard A, Kalinoski P, Vipaporn P and Morris PF (2017) Altered 
expression of polyamine transporters reveals a role for spermidine in the timing of flowering and other 
developmental response pathways. Plant Science 258: 146–155. https://doi.org/10.1016/j.plant 
sci.2016.12.002. 

 
Anwar R, Matoo AK and Handa AK (2015) Polyamine interactions with plant hormones: Crosstalk at 
several levels. In Polyamines, ed. T. Kusano and H. Suzuki, 267–302. Berlin: Springer. 
https://doi.org/10.1007/978-4-431-55212-3_22. 

 
Azevedo MCBD, Chopart JL and Medina CDC (2011) Sugarcane root length density and distribution 
from root intersection counting on a trench-profile. Scientia Agricola, 68, 94-101. 

 
Barbosa, MF, Sales, RMM, Galarza, FAD, Kruger, CQ, Fávaro, LCDL, and Quirino, BF (2025) 
Biological Resources Driving Productivity: Bioinputs for Sustainable Plant Agriculture in 
Brazil. Sustainable Microbiology, qvaf011. 

 
Brasileiro BP, Berton GS, Daros E, Zambon JLC, Ruaro L, Weber H., ... and Oliveira RD (2024) 
RB036152-New sugarcane cultivar for restrictive environments. Crop Breeding and Applied 
Biotechnology, 24(4), e47692445. 

 
BRAZIL (2020) Instrução normativa no 61, de 8 de julho de 2020 – Diário Oficial da União - 
Imprensa Nacional. Publicado em: 15/07/2020, Edição: 134, Seção: 1, Página: 5. Available at: 



43 
 

https://www.in.gov.br/en/web/dou/-/instrucao-normativa-n-61-de-8-de-julho-de-2020-266802148 
(Accessed January 15, 2025). 

 
BRAZIL (2024) Lei nº 15.070 de 23 de dezembro de 2024. Diário Oficial da União, Brasília, DF, 
seção 1, n. 247, p. 3, 24 dez. 2024. 

 
CONAB (2025) Companhia nacional de abastecimento. Acompanhamento da safra brasileira. Cana- 
de-açúcar, Safra 2024/25, terceiro levantamento. Available at: https://www.conab.gov.br/info- 
agro/safras/cana. Accessed on: Janeiro 15th, 2025. 

Diamante MS, Borges CV, Silva MB, Minatel IO, Correa CR, Gomez HA and Lima GPP (2019) 
Bioactive amines screening in four genotypes of thermally processed cauliflower. Antioxidants 8(8): 
311. https://doi.org/10.3390/antiox8080311. 

 
Dos Santos SG, Chaves VA, da Silva Ribeiro F, Alves GC and Reis VM (2019) Rooting and growth of 
pre-germinated sugarcane seedlings inoculated with diazotrophic bacteria. Applied Soil Ecology, 133, 
12-23. 

 
Ferreira DA, Martins MCM, Cheavegatti-Gianotto A, Carneiro MS, Amadeu RR, Aricetti JA, Wolf 
LD, Hermann P et al. (2018) Metabolite profiles of sugarcane culm reveal the relationship among 
metabolism and axillary bud outgrowth in genetically related sugarcane commercial cultivars. 
Frontiers in Plant Science 9: 857. https://doi.org/10.3389/fpls.2018.00857. 

 
Figueiredo AA, Júnior VO, Bernardes JVS and de Oliveira Charlo HC (2020) Tamanho e posiçao do 
entrenó do minitolete no crescimento inicial da cana-de-açúcar. Revista Inova Ciência & 
Tecnologia/Innovative Science & Technology Journal, 12-17. 

 
Fortes C, Trivelin PCO, Vitti AC, Otto R, Franco HCJ and Faroni CE (2013) Stalk and sucrose yield in 
response to nitrogen fertilization of sugarcane under reduced tillage. Pesquisa Agropecuária Brasileira, 
v.48, n.1, p.88-96. 

Ghosh A, Khanra S, Mondal M, Halder G, Tiwari ON, Bhowmick TK and Gayen K (2017) Effect of 
macronutrient supplements on growth and biochemical compositions in photoautotrophic cultivation of 
isolated Asterarcys sp. (BTA9034). Energy Conversion and Management 149: 39–51. 
https://doi.org/10.1016/j.enconman.2017.07.015. 

 
Incharoensakdi A, Jantaro S, Raksajit W and Maenpaa P (2010) Polyamines in cyanobacteria: 
Biosynthesis, transport and abiotic stress response. In Current research, technology and education 
topics in applied microbiology and microbial biotechnology, ed. A. Mendez-Vilas, 23–32. Spain: 
Formatex. 

Liao F, Yang L, Li Q, Xue J, Li Y, Huang D and Yang L (2019) Effect of biochar on growth, 
photosynthetic characteristics and nutrient distribution in sugarcane. Sugar Tech, 21, 289-295. 

Lichtenthaler HK (1987) Chlorophylls and carotenoids: Pigments of photosynthetic biomembranes. 
Methods in Enzymology. 148, 350-382. https://doi.org/10.1016/0076-6879(87)48036-1. 

 
Lichtenthaler HK and Buschmann C (2001) Chlorophylls and carotenoids: Measurement and 
characterization by UV–VIS spectroscopy. Current Protocols in Food Analytical Chemistry. p. 
F4.3.1−F4.3.8. https://doi.org/ 10.1002/0471142913.faf0403s01. 



44 
 

Luo J, Wei B, Han J, Liao Y and Liu Y (2019) Spermidine increases the sucrose content in inferior 
grain of wheat and thereby promotes its grain filling. Frontiers in Plant Science 10:1309. 
https://doi.org/10.3389/fpls.2019.01309. 

Magné C and Larher F (1992) High sugar content interferes with colourimetric determination of amino 
acids and free proline. Analitical Biochemistry 200(1): 115–118. https://doi.org/10.1016/0003- 
2697(92)90285-F. 

 
Maldonade IR, Carvalho PGB and Ferreira NA (2013) Protocolo para a determinação de açúcares 
totais em hortaliças pelo método de DNS. Comunicado Técnico 85, Embrapa. 

Marafon AC (2012) Análise quantitativa de crescimento em cana-de-açúcar: uma introdução ao 
procedimento prático. ISSN 1678-1953. 

 
Marques HMC, Mógor ÁF, Amatussi JO, Lara GB, Mógor G, Brasileiro BP and Sant’Anna-Santos BF 
(2025) Microalgal biomass application promotes growth and alleviates salt stress in melon plants 
stimulating antioxidant metabolism. Journal of Applied Phycology, 1-18. 

 
Mógor AF, De Oliveira Amatussi J, Mógor G and De Lara GB (2018) Bioactivity of Cyanobacterial 
Biomass Related to Amino Acids Induces Growth and Metabolic Changes on Seedlings and Yield 
Gains of Organic Red Beet. American Journal of Plant Sciences, 9, 966-978. 
https://doi.org/10.4236/ajps.2018.95074. 

Mógor AF, Ordog V, Lima GPP, Molnar Z and Mógor G (2017) Biostimulant properties of 
cyanobacterial hydrolysate related to polyamines. Journal of Applied Phycology 30: 453–460. 
https://doi.org/10.1007/s10811-017-1242-z. 

 
Mógor G, Mógor ÁF, Lima GPP, De Oliveira RA and Bespalhok Filho JC (2022) Metabolic Changes 
in Sugarcane Bud Sprouting Stimulated by Microalga Asterarcys quadricellulare. Sugar Tech, 1-11. 

 
Mohanaselvan T, Singh SP, Kumar A, Kushwaha HL, Sarkar SK and Joshi P (2024) Design, 
Development and Evaluation of Foot-Operated Sugarcane Sett Cutter. Sugar Tech, 1-12. 

Nalawade S, Metha AK and Sharma AK (2018) Sugarcane planting techniques: A review. 
Contemporary research in India. Special issue: National seminar. In Recent Trends in Plant Sciences 
and Agricultural Research p. 98–104. 

 
O’Neill BP, Purnell MP, Anderson DJ, Nielsen LK and Brumbley SM (2012) Sucrose mobilisation in 
sugarcane stalk induced by heterotrophic axillary bud growth. Tropical Plant Biology 5: 173–182. 
https://doi.org/10.1007/s12042-012-9097-6 

Oliveira RA, Barbosa GVS and Daros E (2021) 50 years of RB sugarcane varieties: 30 years RIDESA. 
UFPR, Curitiba, 199p. 

Oñal Jr. PA, Garcia JGA, de la Cruz AE and Pitallar JV (2024) Influence of Bio-Stimulant to Rooting 
and Biomass of Sugarcane Setts at Pre-Tillering Stage. International Journal of Multidisciplinary: 
Applied Business and Education Research, 5(6), 2244-2257. 

 
Prihandarini R et al. (2018) The effect of biofertilizer and inorganic fertilizer on the vegetative growth 
of sugarcane (Saccharum Officinarum). Journal of Applied and Physical Sciences, v. 4, n. 1, p. 8-13. 



45 
 

Renuka N, Guldhe A, Prasanna R, Singh P and Bux F (2018) Microalgae as multi-functional options in 
modern agriculture: current trends, prospects and challenges. Biotechnology advances. 36(4): 1255- 
1273. https://doi.org/10.1016/j.biotechadv.2018.04.004. 

Santos F, Melkani S, Oliveira-Paiva C et al. (2024) Biofertilizer use in the United States: definition, 
regulation, and prospects. Appl Microbiol Biotechnol,108:511. 

Silva DLG, Batisti DLS, Ferreira MJG, Merlini FB, Camargo RB and Barros BCB (2021) Cana-de- 
açúcar: Aspectos econômicos, sociais, ambientais, subprodutos e sustentabilidade. Research, Society 
and Development, 10(7), e44410714163-e44410714163. 

 
Silva FAZ and Azevedo CA (2016) The Assistat Software Version 7.7 and its use in the analysis of 
experimental data. African J Agric Res 11:3733–3740. https://doi.org/10.5897/ajar2016.11522 

 
Silveira LCI, Mattos P, Mógor AF, Daros E, Bettini MO and Norrie J (2015) Effect of kelp extract on 
sugarcane plantlets biomass accumulation. Idesia 33(3): 2015. https://doi.org/10.4067/S0718- 
34292015000300005. 

Singh K and Gangwar LS (2023) Planting Techniques in Sugarcane Cultivation: A Review. Int. J. 
Agric. Sci, 8. 

 
Singh SP, Singh P and Sharma BL (2018) Methods to improve germination in sugarcane. Emerging 
trends of plant physiology for sustainable crop production, CRC Press, Washington, 331-344. 

 
Srivastava AK, Rai AN and Neilan BA (2013) Stress biology of cyanobacteria: Molecular mechanisms 
to cellular responses, 394. Boca Raton: CRC Press. https://doi.org/10.1201/b13853. 

 
Vitti AC, Cantarella H, Trivelin PCO and Rossetto R (2008) Nitrogênio. In: Dinardo-Miranda, L.L., 
Vasconcelos, A.C.M., Landell, M.G.A. (Org.). Cana-de-açúcar. 1a Ed. Campinas, Instituto 
Agronômico de Campinas (IAC). Cap. 10, p.239-269. 

Wang L and Ruan Y (2015) Shoot–root carbon allocation, sugar signalling and their coupling with 
nitrogen uptake and assimilation. Functional Plant Biology 43(2): 105–113. 
https://doi.org/10.1071/FP15249. 

 
Winters AL, Lloyd JD, Jones R and Merry RJ (2002) Evaluation of a rapid method for estimating free 
amino acids in silages. Animal Feed Science and Technology 99(1–4): 177–187. 
https://doi.org/10.1016/S0377-8401(02)00112-8. 



Journal of Applied Phycology 
 

RESEARCH 

https://doi.org/10.1007/s10811-025-03498-w 
 

 

 

Immersion of sugarcane propagules in Asterarcys quadricellularis 
biomass extract triggers bioactive amine production and promotes 
sprouting rate and early seedling growth 

Gabriel Bocchetti de Lara1 · Gilda Mógor1 · Átila Francisco Mógor1 · Guiuseppina Pace Pereira Lima2 · 
Juliana Oliveira Amatussi1 · Ricardo Augusto de Oliveira1 · João Carlos Bespalhok Filho1 

 
Received: 2 May 2024 / Revised: 13 March 2025 / Accepted: 14 March 2025 
© The Author(s), under exclusive licence to Springer Nature B.V. 2025 

 
Abstract 
The use of one-bud propagules (OBP) as a sugarcane planting technique is widespread because of logistic advantages. Prop- 
agules from different culm positions have different physiological ages, and present different sprouting and early growth rate  s, 
which is an issue for the uniformity of the stand. Therefore, this study aimed to investigate the effect of OBP immersion in 
a microalga biomass extract rich in L-free amino acids, looking for a natural alternative to hazardous chemical treatments 
to stimulate sugarcane sprouting and plant growth. Immersion of OBP for 30 min in a 2.5 g L−1 solution of the chlorophyte 
microalga Asterarcys quadricellularis (AQ) improved the sprouting rate of propagules from all culm positions, the effect 
being most evident in the medial position. Biochemical changes involving sugar levels, and especially the bioactive amines 
(polyamines and indoleamines), reduced putrescine content, and improved tryptophan content of OBP. Immersion in AQ also  
enhanced the early growth of sugarcane, with 50-day-old plants presenting gains in culm length and diameter, increments in 
leaf area, and fresh mass, variably depending on the OBP position. The biometrical gains also followed biochemical changes, 
increasing the serotonin content of leaves. The results could be related, at least in part, to the L-free amino acid content in 
microalga biomass, triggering the bioactive amines as key metabolites related to the microalga growth-promoting effect. 
This study also provides relevant information for developing a field technique to improve and unify sugarcane sprouting and  
initial growth in an eco-friendly way. 

Keywords Biostimulant· Polyamines · Tryptophan· Tryptamine · Serotonin· Chlorophyceae ·Saccharum spp 

 

Introduction 

Brazil is the world’s largest producer of sugarcane (Saccha- 
rum spp.), with sustainable leading results in sugar, etha- 
nol, and energy production. Homogeneous and vigorous 
early growth is desirable to maximize sugarcane develop- 
ment and yield (Otto et al. 2022). Using sugarcane one-bud 

propagules offers advantages over the conventional method 
of planting, which uses longer parts of the culms (Baracat 
et al. 2017). These advantages involve economic issues 
related to reducing the costs associated with harvesting 
and transporting culms, and logistical problems by reduc- 
ing machine traffic in the sugarcane fields (Fluminhan and 
Fluminhan 2020). 
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The reserves in sugarcane propagules are fundamental for 
the initiation of growth and survival of the emerging plant 
(Baracat et al. 2017). The composition of reserves depends on 
the maturity of the propagule, which is related to the devel- 
opmental stage of the culm. Sugarcane grows from the base 
to the top, so the physiological age of each bud that will form 
the propagule is older at the base of the culm than at the apex 
(Figueiredo et al. 2020). The sprouting of sugarcane buds is 
an energy-consuming process that relies upon the degrada- 
tion of the propagule reserves such as carbohydrates, lipids, 
and proteins (Manhães et al. 2015). Thus, the reserves in the 
propagules are fundamental for sprouting and growth of the 
emerging plant in the early stage. These reserves progres- 
sively decrease as the aerial part and roots develop (Landell 
et al. 2012; Baracat et al. 2017). Bioactive amines (polyamines 
and indoleamines) participate in the transfer of reserves from 
the propagules to the buds (Ferreira et al. 2018; Mógor et al. 
2022), and this is accomplished via the activation of enzymes 
and synthesis of hormones necessary for the promotion of cell 
division and elongation (May and Ramos 2019). The develop- 
ment of the emerging seedling is also related to the maturity 
(physiological age) of the propagules used for planting (Nala- 
wade et al. 2018). Apical propagules have a higher sprouting 
rate than medial or basal ones due to their young physiological 
age and greater metabolic activity (Figueiredo et al. 2020). 
Therefore, propagules from different culm positions, with dif- 
ferent physiological ages, present differences in sprouting and 
early growth rate, which could be an issue for the uniformity 
of the stand (Mógor et al. 2022). 

The microalga Asterarcys quadricellularis,1 a chloro- 
phyte of the family Scenedesmaceae, is characterized by high 
protein, free L-amino acid (L-AA) (Cordeiro et al. 2022a), 
and polysaccharide (Ghosh et al. 2017) contents, with high 
potentiality of plant growth promotion activity (Cordeiro 
et al. 2022b; Lara et al. 2022; Marques et al. 2023, 2025). 
Microalgae transform solar energy and carbon dioxide into 
high-value products in their biomass (Baudelet et al. 2017; 
Machado et al. 2017) and can be cultivated on a large scale 
(Ghosh et al. 2022). Microalgae afford advantages to the 
economy and environmental sustainability of agricultural 
production by providing various inputs, such as biofertilizers 
and biostimulants (Gemin et al. 2019; Kapoore et al. 2021; 
Parmar and Srivatsan 2023). The biostimulant effect of micro- 
algal biomass is attributed to the presence of a wide variety 
of bioactive compounds (Gitau et al. 2022; González-Pérez 
et al. 2022), such as polysaccharidesandpolyamines(Mógor 
et al. 2017; Braun and Colla 2023), as well as L-AA (Mógor 
et al. 2018, 2022; Renuka et al. 2018; Cordeiro et al. 2022a). 
Changes in plant metabolism can be initiated by signaling 
processes triggered by the application of beneficial bioactive 

 
1 In previous papers the alga is called Asterarcys quadricellulare. 

compounds (Yakhin et al. 2017). Microalgae biomasses 
have many bioactive compounds, but the metabolic rela- 
tions between these compounds and the physiology of plant 
tissues have complex patterns. Thus, some key metabolites, 
such as amino acids, sugars, and bioactive amines (polyam- 
ines and indoleamines) could be related to sugarcane sprout- 
ing and growth changes (Mógor et al. 2022). 

Polyamines (PA) are aliphatic amines common in plants 
and participate in signaling processes. Their biosynthesis 
occurs through decarboxylation of L-arginine and L-ornith- 
ine, with specific distribution in tissues and organs and differ- 
ent localization patterns within cells related to their functions 
(Vera-Sirera et al. 2010). Putrescine (Put) is the first metabo- 
lite in the biosynthesis pathway of PA, which is converted to 
spermidine and spermine, whose activity and distribution are 
regulated depending on the type of tissue and stage of devel- 
opment (Chen et al. 2011; Fazilati and Forghani 2015). Stim- 
ulation of PA biosynthesis promotes plant metabolism and 
growth (Rakesh et al. 2021). Besides PA, the indoleamines: 
tryptophan, tryptamine and serotonin are bioactive amines 
closely related to plant growth (Negri et al. 2021). 

Tryptophan (Try) is an aromatic amino acid produced from 
chorismate via the shikimate pathway and provides the struc- 

tural backbone to auxin (indole-3-acetic acid; IAA) and the 
indoleamines—tryptamine (Tre) and 5-hydroxytryptamine 

(serotonin, Ser) (Erland and Saxena 2019), which share roles 
with auxin in plant growth and development (Arnao and 

Hernández-Ruiz 2018). Try, Ser and Tre are interrelated since 
Try is anaminoacidprecursor of Ser, and Tre is a metabolite 
derivedfrom Try, synthesized by tryptophan decarboxylase 
(Kang et al. 2008). These bioactive amines regulate carbon 
and nitrogenflowfrom the Try reservoir to the indoleamine 
pathway, thus inducing metabolic changes (Negri et al. 2021). 
This work investigates the effect of brief immersion of one- 
budsugarcane propagules, differing in age, in extract of the 
microalgaA.quadricellularisonpropagulessproutingandbio- 

chemistry. Our findings will aid in developing an eco-friendly 
technique to improve sugarcane budding and early growth. 

 
Materials and methods 

Plant material 
 

Sugarcane one-bud propagules (OBPs), obtained from the 
variety RB036152 Saccharum sp. (Brasileiro et al. 2024), 
were cultivated in Paranavaí municipality (Paraná state, 
Brazil) at the Research Station of the Sugarcane Genetic 
Development Program of the Federal University of Paraná 
(PMGCA/UFPR). 

The OBPs were selected from basal, medial, and api- 
cal positions, corresponding to the 5th–7th, 10th–12th, 
and 15th–17th culm positions, from the base to the apex, 
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respectively. Using a refractometer (RHBO-90), the Brixo 

percentage was determined at the basal, medial, and apical 
positions of culms to define their ripening status in terms 
of the maturation index (MI = Apical Brixo / Basal Brixo). 
The index of 0.60 indicates that the segments are suitable 
for planting (Silveira et al. 2015). OBPs measuring 50 mm 
in length and 22 mm in diameter, with homogeneous char- 
acteristics, were selected. 

 
Microalga material 

The biomass of the microalga Asterarcys quadricellularis 
used in the present work was supplied by Alltech® Crop 
Sciences, Brazil as Asterarcys quadricellulare (CCAP 
294/1). This biomass was produced in a mixotrophic cul- 
ture and spray-dried to make a fine, greenish powder. 

Determination of the amino acid profile and protein 
content of A. quadricellularis followed the methodologies 
of Lucas and Sotelo (1980), White et al. (1986) and Hagen 
et al. (1989). The contents of amino acids were determined 
using an SPC1000 amino acid analyzer adapted to the pre- 
column derivatization method with phenyl isothiocyanate 
(PITC) and quantified by reverse-phase high-performance 
liquid chromatography (HPLC) using UV detection at 
254 nm. The set consisted of a degasser, a quaternary 
pump module, a Rheodyne injection valve, an oven mod- 
ule, and a UV detection module, equipped with a Phenom- 
enex LUNA C18 100 Å 5 μm column, 250 × 4.6 mm. The 
amino acid score was calculated as the ratio between the 
values of essential amino acids in the samples (mg g−1) 
and the standard values (FAO/WHO 1991). 

Thetotal free aminoacidcontent wasdetermined using 
the ninhydrin method according to Winters et al. (2002). An 
aliquot of 0.2 g dry algal biomass was extracted in 1.7 mL of 
70% ethanol, of which 0.1 mL was diluted in 0.9 mL deion- 
ized water. Colorimetric measurements were made with a 
UV–VIS spectrophotometer (BEL 2000UV) at 570 nm. 

The aminogram of the microalgal spray-dried biomass 
returned the contents (% DW) of L-AAs: aspartic acid 3.32, 
glutamic acid 4.27, serine 1.66, hlycine 1.54, histidine 0.71, 
arginine 2.17, threonine 1.45, alanine 2.41, proline 1.6, 
tyrosine 0.95, valine 1.81, methionine 0.51, cysteine 0. 29, 
isoleucine 1.41, leucine 2.36, phenylalanine 1.37, lysine 
2.11, tryptophan 0.37; totaling to 9% of free L-AAs by 
weight; also, 37.94% protein was quantified in this biomass. 

Plant growth and harvest 
 

Before planting, the propagules were immersed for 30 min 
in 2.5 g L−1 of the A. quadricellularis extract (AQ). Water 
control was used for comparison. After that, propagules 
were planted in 3-L pots with a commercial substrate 

mixture of soil and pine bark, two propagules per pot. 
The substrate chemical analysis revealed the following 
composition: pH (CaCl2) 6.6, pH (SMP buffer) 7.03, Al3+ 

not detected, H+ + Al3+ 2.32 cmol L−1, Ca2+ 12.3 cmol 
L−1, Mg2+ 3. 51 cmol L−1, K+ 1.94 cmol L−1, P 193.82 mg 
L−1; C 55.23 g L−1; % Base Saturation 89.1, CEC 20.12 
cmolc L−1, Cu 1.81 mg L−1, Mn 31.82 mg kg−1, Fe 
29.79 mg kg−1, Zn 2.34 mg kg−1, B 0.33 mg kg−1 and S 
141.16 mg kg−1. The pots were placed in a greenhouse 
under natural daylight (13 h photoperiod) at around 25 °C, 
and the soil moisture content was maintained at 80% of 
the water-holding capacity using an analogic tensiometer 
(SoilControl). 

The sprouting percentage was determined 30 days after 
planting. After 50 days of growth, plants were harvested in 
the early morning for biometric determinations, and aliquots 
were frozen for biochemical analyses. Propagules were also 
collected and frozen for biochemical determinations. 

 
Experimental design and statistical analysis 

The experiment was conducted in a completely randomized 
design with a factorial scheme (2 × 3), with two factors and 
four replicates; the replicate was three pots, each containing 
two propagules. The first factor was the immersion treatment 
of OBP with two levels: (i) immersion in the microalga solu- 
tion, and (ii) control with immersion in water. The second 
factor was the age or position of the OBP on the culm with 
three levels: (i) apical, (ii) medial, and (iii) basal. 

The data homogeneity of variance was verified using Bar- 
tlett’s test. Then, the data analysed by two-way ANOVA to 
reveal the effects of the main factors and their interactions on 
plant growth and biochemical composition. Tukey’s test was 
used at 5% significance level. Data analysis was performed 
using the statistical program Assistat 7.7 Beta (Silva and 
Azevedo 2016). 

 
Biometric determinations 

Fresh mass (g) of the culms and leaves of 50-day-old plants 
were recorded using a precision scale. Culm diameter and 
culm length were measured using a digital caliper and a 
ruler, respectively. The leaf area (cm2) was estimated using 
the WinRhizo program coupled to an LA1600 Scanner 
(Regent Instruments Inc., Canada). 

Biochemical analyses 
 

The apical, medial, and basal OBPs were harvested at the end 
of the experiment. Culms and leaves were analyzed for PAs 
(Put, Spd, and Spm), free amino acid (AAs), total soluble 
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sugars (TSS), reducing sugars (RS), non-reducing sugars 
(NRS); tryptophan (Try), serotonin (Ser) and tryptamine 
(Tre). Chlorophyll a, chlorophyll b, total chlorophyll, and 
carotenoids were determined in the leaves. 

Assay of amino acids, sugars, chlorophylls 
and carotenoids 

 
Total free amino acids were extracted following the of 
Magné and Larher (1992). In test tubes citrate buffer pH 
4.6 (0.2 M) and ninhydrin solution (1% ninhydrin and 0.03% 
ascorbic acid in methoxyethanol) were added to the frozen 
plant biomass. After vortexing, the test tubes were trans- 
ferred to a water bath (approximately 100 °C) for 15 min. 
After cooling, 60% ethanol was added, followed by shaking. 
The total free amino acid content was quantified using amino 
acids standard curve of asparagine and glutamine (2 mM). 
Absorbance was read at 570 nm, against the reagent blank, 
and the results were expressed in μg AA g−1 dry weight. 

The assay of total soluble and reducing sugars was per- 
formed as per Maldonade et al. (2013) using the DNS (dini- 
trosalicylic acid) test, based on the reaction between reducing 
sugars and 3,5-dinitrosalicylic acid as an oxidizing agent. The 
assay of total sugars was preceded by acid hydrolysis, to split 
the non-reducing sugars into reducing ones. The plant material 
was incubated with 2 N HCl in a water bath (approximately 
100 °C) for 10 min, then cooled, and 2 N NaOH was added. 
The colorimetric reaction occurred in the dark, using the sam- 
ple and the DNS reagent (3,5-dinitrosalicylic acid, NaOH, phe- 
nol, and sodium metabisulfite), first heating then cooling again 
and, finally a solution of sodium potassium tartrate (Rochelle 
salt) was added. The quantification of sugars was performed 
referring to a glucose standard curve (0–1 mg mL−1). The 
results were expressed in mg glucose g−1 dry weight. 

For the assay of chlorophylls and carotenoids, the pigments 
were extracted from the leaves using 80% acetone in dim light 
according to Lichtenthaler (1987). The slurry was centrifuged, 
and the absorbance of the supernatant was read at 663, 647, 
and 470 nm against 80% acetone. The estimated by applying 
the formulae of Lichtenthaler (1987) and Lichtenthaler and 
Buschmann (2001): 
Chlorophyll a Chl.a 12.25 A663 2.79 A 648 

Assay of bioactive amines 

The assay of tryptophan, serotonin, tryptamine and PAs 
was performed using high-performance liquid chroma- 
tography (HPLC). The HPLC analyses were conducted 
according to Diamante et al. (2019). The frozen plant sam- 
ples were thawedand homogenized in 3 mL of 5% perchlo- 

ric acid (HClO4), kept in an ultrasonic bath for 30 min, 
and centrifuged at 6000 × g for 10 min (5 °C). To 200 μL 
of the supernatant, 400 μL dansyl chloride (2.5 mg mL−1 

in acetone) and 200 μL saturated sodium carbonate solu- 
tion were added. After stirring for one hour, the mixture 

stayed in the dark at 60 °C. Afterward, 200 μL proline 
(0.1 mg mL−1 in ultrapure water) was added. The mixture 
was kept at room temperature for 60 min and toluene (1000 

μL) was used to extract the PAs. The samples were vor- 
texed for 1 min and the supernatants were removed, dried 
in N2, and suspended in 1 mL acetonitrile (HPLC, 99.9%). 
The mixture was then kept in an ultrasonic bath for 1 min 
and centrifuged for 5 min at 4000 × g (4 °C). The super- 
natant was filtered through 0.22 μm-mesh Millipore filters 
before injection into a UHPLC (ultra-high-performance 

liquid chromatograph). The chromatographic separation 
was conducted using a Thermo Scientific Dionex Ultimate 
3000 system (Thermo Fisher Scientific, USA) coupled to 
a quaternary pump, an autosampler (model 3000RS) and 
a diode array detector (DAD-3000RS). Aliquots (20 μL) 
were injected and the chromatographic data were col- 
lected and processed with Chromeleon 7 software (Thermo 

Fisher Scientific, Germany) ata flow rate of 0.7 mL min−1, 
using an Ace 5 C18 column (Advanced Chromatography 
Technologies, UK) (4.6 mm 9250 mm, particle size 5 μm) 
at 25 °C. Detection was set at 225 nm, and peak integration 
and calibration were conducted between 225 and 300 nm. 
The chromatography gradient was set to a solvent mix- 
ture of (A) 100% acetonitrile and (B) 50% acetonitrile, as 
follows: 0–2 min, 40% A + 60% B; 2–4 min, 60% A + 40% 

B; 4–8 min, 65% A + 35% B; 8–12 min, 85% A + 15% B; 
12–15 min, 95% A + 5% B; 15–21 min, 85% A + 15% B; 
21–22 min, 75% A + 25% B; 22–25 min, 40% A + 60% B. 
The identification and quantification of Put, Spd, Spm, 
Try, Ser, and Tre were based on the retention time of the 
standard. 

 

Chlorophyll b Chl.b 21.50 A646.8 5.10 A663

Total chlorophyll = 7.15 A663 + 18.71 A646.8 

1000 A470 1.82 Chl.a 85.02 Chl.b

Results 

Sugarcane biometrics 

Thesprouting percentage at 30 daysafter planting andthe 
Carotenoids 198 biometric variables of 50-day-oldsugarcane plantsshowed 

significant differences associated with the propagule position 
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(Propg) and the A quadricellularis extract (AQ), with signifi- 
cant interaction between the two factors (Table 1). 

Sprouting percentage (Fig. 1 A) and the measures of 
seedling growth (Fig. 1 B-F) were lowest in basal prop- 
agules but highest in top propagules. In addition, immer- 
sion in AQ enhanced propagule sprouting and seedling 
growth. However, the pattern of Propg-AQ interaction 
varied for the different growth measures. 

The advantage of apical OBPs over the other culm posi- 
tions was most evident in the control treatment for sprouting 
percentage and leaf area (Fig. 1 E), in the AQ treatment for 
culm fresh weight (Fig. 1 D) and leaf fresh weight (Fig. 1 F) 
but comparable in the two immersion treatments for culm 
length (Fig. 1 B) and culm diameter (Fig. 1 C). In turn, the 
beneficial effect of AQ immersion was most evident in the 
apical propagules for culm length, culm diameter, culm fresh 
weight and leaf fresh weight, in the medial propagules for 
sprouting percentage but in the basal propagules for leaf area. 

 
Biochemicals of the one‑bud propagules 

The Propg-AQ interaction was observed for putrescine 
(Put). However, for Sspermidine (Spd), spermine (Spm), 
and amino acids (AA) only the average of each factor level 
differed from each other (Table 2). 

Immersion in AQ altered the position pattern of Put. 
Whereas the highest Put content was found in the api- 
cal propagules of control treatment it was evident in the 
medial propagules of AQ treatment. In turn, propagule 
position modified the effect of AQ, which led to a Put con- 
tent increase in medial and basal propagule while decreas- 
ing the content in apical propagules (Table 2). 

Differences among OBP positions were observed for sper- 
midine (Spd), free amino acids (AAs) and spermine (Spm) 
contents. The content of Spd was highest in the medial prop- 
agules but least in the apical propagules, irrespective of the 
immersion treatment. The content of AAs was comparable 
in the medial and basal propagules, being higher in both than 
the apical propagules (Table 2). AQ immersion increased 
spermidine (Spd) contents of all culm positions while lower- 
ing Spm content in all culm positions. 

There was no interaction among factors on the contents 
of sugar fractions. Regarding OBP position, except for 
reducing sugars (RS) in the AQ treatment, the basal prop- 
agules exhibited the highest content of total soluble sug- 
ars (TSS) and non-reducing sugars (NRS). AQ immersion 
increased the RS content of all segment positions (Table 3). 
The highest content of Ser was found in the basal OBPs, 
of Tre content in the medial OBPs but Try exhibited almost 
comparable content in the three segment positions. AQ 
immersion increased the content of indoleamines (Try, Ser 
and Tre) similarly in all segment positions (Table 4). 

Biochemicals of 50‑day‑old sugarcane culms 

The content of Put was higher in culms emerging from api- 
cal and medial OBP than the basal OBP, irrespective of the 
immersion treatment (Table 5). While the Spd and Spm con- 
tents of control culms were higher in the apical OBP than the 
medial and basal OBPs, AQ immersion changed the pattern 
in favor of the culms from medial OBP against those from 
apical and basal OBPs. However, AQ immersion promoted 
no changes in AAs content in the culms and all segment 
positions were statistically equal (Table 5). 

There was marked Propg-AQ interaction on the TSScon- 
tent of 50-day-old sugarcane culms. While in the control 
group, a non-significant difference in TSS content of culms 
was observed among the three Propg positions, AQ immer- 
sionrenderedthe culms from apical OBP withsignificantly 
higher TSS content than those from medial and basal OBP. 
AQ immersion significantly reduced TSS content of culms 
frommedial and basal OBPs, withalmost no effect in culms 
from apical OBPs. The effect of either factor on RS content 

of culms was non-significant, with non-significant interaction. 
In the control group, culms from basal OBPs exhibited 

the highest NRScontent among the different positions, but 
AQ immersion changed the pattern in favor of those from 
apical OBPs. AQ immersion reduced NRS content in culms 
from all positions, particularly the medial ones (Table 6). 

There was mild Propg-AQ interaction on Try content in 
culms of 50-day-old sugarcane plants. Whereas culms from 
basal OBP exhibited the lowest Try content in the control 
group, they had relatively high content in the AQ group. This 
was because of the differential effect of AQ treatment on Try 
content of culms from different positions, where AQ immer- 
sion led to a significant increase in Try content of culms from 
basal OBP but to non-significant effect on culms from medial 
and apical OBP. The effect of Propg position and AQ immer- 
sion and their interaction was non-significant on Ser, which 
averaged around 13.5 μg g−1 FW for all Propg-AQ combina- 
tions. Tre content was higher in culms emerging from apical 
and medial OBP than those from the basal OBP, irrespective 
of the immersion treatment which led to a comparable non- 
significant increase at all culm positions (Table 7). 

Biochemicals of leaves of 50‑day‑old sugarcane 
plants 

There was a marked Propg-AQ interaction on polyamine 
content of leaves (Table 8). The position pattern of Put and 
Spm contents of leaves was similar, with the highest contents 
of both metabolites found in the leaves from medial OBP of 
the control group, but in the leaves from basal OBP of the 
AQ group. This is because of the AQ-induced reduction in 
Put and Spm contents of leaves from medial OBPs versus an 
increase in the leaves from basal OBP. In the two immersion 
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groups, the highest Spd content was detected in the leaves from 
basal OBP; meanwhile, the lowestcontent was foundeither 
in the leaves from apical OBPs in the control group or the 
leaves from medial OBPs in the AQ group. This is because 
AQ immersioninduceda markedreduction in Spd content of 
leaves from medial OBPs versus mild increases in the leaves 
fromapical and basal OBPs. The effects of OBP positionand 

immersion treatment on the amino acid content of leaves were 
non-significant, and the amino acid contentaveragedaround 
1,5 μg g−1 leaf FW for all Prog-AQ combinations (Table 8). 
A Propg-AQ interaction was observed on all sugar fractions 

of leaves (Table 9); where AQ immersion changed the position 
pattern of sugar fractions of leaves. While the leaf contents of 
TSS and RS were higher in the medial OPBs than the other 
two positions in the non-treated group, they were highest in the 
basal OBPs but lowest in the medial OBPs of AQ group. This 
alteration in the position pattern of TSS and RS was because 
of the differential effect of AQ immersion in the three position 
groups. AQ immersion increased the content of TSS and RS in 
the leaves from apical and basal OBPs but reduced it in those 
from medial propagules. Similarly, while the NRS content of 
leaves was comparable in the three OBPs of the control group, 
it was relatively high in the leaves from medial but low in those 
from basal OBPs of the AQ group (Table 9). 

Significant interactions among factors on Try and Tre con- 
tents of leaves (Table 10) were observed. Whereas Try content 
of control leaves was subtly higher in the basal and medial 
OBPs than the apical OBPs, the gradient was evident in the AQ 
group in favor of the leaves from basal OBP against those from 
apical OBP. This is because AQ immersion increased Try con- 
tent of leaves from basal OBPs but decreased it in leaves from 
medial OBP with no effect on those from apical OBPs. The 
Tre content of control leaves was highest in the medial OBPs 
and least in the basal OBPs, but in the AQ group, it was higher 
in the apical than the basal and medial OBPs. This is because 
AQ immersion lowered Tre content of leaves from medial OBP 
without affecting the leaves from apical and basal OBPs. The 
content of Ser in the leaves was non significantly affected by 
the position of OBP. However, AQ immersion increased the 
Ser content of leaves from all segments (Table 10). The effects 
of the main factors (culm position and AQ immersion) and 
their interactions on the pigment content of leaves were non- 
significant. The contents of Chl a, Chl b and carotenoids in 
sugarcane leaves averaged around 0.21, 0.10 and 0.10 μg g−1 

FW, respectively for all position-AQ combinations (Table 11). 

 
Discussion 

Using OBP as a sugarcane planting technique is widespread 
because of its logistic advantages. Expectedly, propagules 
of different physiological ages present differences in sprout- 
ing and early growth rates of seedlings. Younger propagules 
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Fig. 1 (A) Percentage of sprouting (A), culm length (B), culm diam- 
eter (C), culm fresh mass (D), total leaf area (E) and leaf fresh mass 
(F) of 50-day-old sugarcane (Saccharum sp.) cv. RB036152 plants 
grown from one-bud propagules (apical, medial, and basal) and sub- 
jected to immersion in the Asterarcys quadricellularis extract (AQ). 

Bars indicate standard error (n = 4). Columns with the same letters 
do not differ statistically according to Tukey’s test (P ≤ 0.05), upper- 
case letters for propagule position and lowercase letters for immersion 
treatment. 

 

 

have more accelerated metabolism, presenting the highest 
sprouting and initial growth capacity than propagules from 
the medial and basal culm positions (Baracat et al. 2017). 
The sprouting of sugarcane propagules can be enhanced 
by the application of organic amendments which induce 
changes in plant metabolism via initiating signaling processes 
(Yakhin et al. 2017). Microalgal biomass has many bioactive 
compounds, such as L-AA (Mógor et al. 2018) and polyam- 
ines (Incharoensakdi et al. 2010; Mógor et al. 2017), acting 
as plantgrowthpromoters. Amongstfree AA composition of 

microalgae, L-glutamic acid often constitutes the highest pro- 
portion (Lu et al. 2019). The AQ biomass, by their high content 
of L-AAs, can participate in many metabolic pathways as a 
precursor to other AAs important for plant growth and devel- 
opment through transamination (Forde and Lea 2007; Nunes- 
Nesi et al. 2010), thus triggering a series of metabolic changes 
(Lara et al. 2022; Marques et al. 2023). The L-AAs could act 
as bioactive compounds stimulating PA (Ronga et al. 2019) and 
indoleamine (Mógor et al. 2022) metabolism, which explains, 
at least in part, the promotive effect of AQ on sugarcane growth. 
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Table 2 Polyamines 
(putrescine, spermidine, and 
spermine) and total free amino 
acids contents (ng g−1 FW) 
in one-bud propagules of 
sugarcane (Saccharum sp.) cv. 
RB036152 from the apical, 
medial, and basalpositions on 
culmssubjected to immersion 
in the microalga Asterarcys 
quadricellularis extract (AQ) 
compared to the water control 

Metaboliteand 
algal treatment 

 
 
 

 

Propagule position 
 

Apical Medial Basal X̅ 

 
 

 
 
 
 
 
 
 
 

 
Each value is the mean of four replicates ± SE. Means followed by the same letter do not differ statistically 
according to Tukey’s test (P ≤ 0.05). Upper case letters = culms position. Lowercase letters = immersion 
treatment. 

 

Table 3 Total soluble sugars, reducing sugars, and non-reducing 
sugars contents (mg g−1 FW) in sugarcane (Saccharum sp.) cv. 
RB036152 one-bud propagules from the apical, medial, and basal 
positions of culms subjected to immersion in the Asterarcys quadri- 
cellularis extract (AQ) compared to water immersion control 
Metabolite  Propagule position 

Table 4 The indoleamines (tryptophan, serotonin and tryptamine) 
content (μg g−1 FW) in sugarcane (Saccharum sp.) cv. RB036152 one 
bud propagules from apical, medial, and basal positions of culms sub- 
jected to immersion in the Asterarcys quadricellularis extract (AQ) 
compared to water immersion control 

 

Metabo- Propagule position 
and 

Apical Medial Basal X̅ 
ment 

lite and 
Apical Medial 

treat- 
Basal X̅ 

  ment 
Total soluble sugars 

Control 17.7 ± 5.5aA 19.5 ± 3.2aA  38.9 ± 5.8aA  25.4 ± 11.0b 

AQ 22.5 ± 4.3aA 32.9 ± 4.5aA 47.4 ± 8.8aA 34.2 ± 12.1a 
 

X 20.1± 5.3B 26.2± 8.0B 43.1 ± 8.2A 
Reducing sugars 

Control 14.5 ± 4.7aA 15.9 ± 3.0aA 16.1 ± 3.6aA 15.5 ± 3.6b 

AQ 17.3 ± 2.2aA 24.1 ± 7.2aA 19.4 ± 3.2aA 20.3 ± 5.2a 
 

X 15.9 ± 3.7A 20.0 ± 6.7A 17.8 ± 3.6A 

Tryptophan 
Con- 9.5± 0.4aA 9.2 ± 0.3aA 

trol 
AQ 11.5± 0.3aA 11.1± 0.6aA 

 

X 10.5± 1.1A 10.2 ± 1.1A 
erotonin 

Non-reducing sugars    AQ  3.6 ± 0.3aB  4.9 ± 0.6aA  5.1 ± 0.2aA 4.56±0.8a 

Control 3.2 ± 1.6aA 3.6 ± 1.6aA 22.7 ± 9.0aA 9.9 ± 10.7a X 3.5 ± 0.4C 4.3 ± 0.8B 4.9 ± 0.4A 

AQ 5.1± 4.0aA 8.8 ± 6.3aA 28.0 ± 8.4aA 14.0 ± 12.0a Tryptamine 
X 4.2± 3.0B 6.2 ± 5.1B 25.4 ± 8.5A Con- 1.54 ± 0.06bB  1.84 ± 0.04aA 1.42 ± 0.05bC 1.60 ± 0.19b 

trol 
Each value is the mean of four replicates ± SE. Means followed 
by the same letter do not differ statistically according to Tukey’s 
test (P ≤ 0.05). Upper case letters = culms position. Lowercase let- 
ters =immersion treatment. 

 

 AQ 1.71± 0.05aB 1.91 ± 0.03aA 1.84 ± 0.05aA 1.82 ± 0.10a 

 
 

X 1.63 ± 0.11B 1.88± 0.05A 1.63 ± 0.23B 

Each value is the mean of four replicates ± SE. Means followed 
by the same letter do not differ statistically according to Tukey’s 
test (P ≤ 0.05). Upper case letters = culms position. Lowercase let- 
ters =immersion treatment. 

 
 
 

 

Putrescine 
Control 
AQ 

 
146.0± 8.5aA 

121.0±12.7bB 

 
115.3±19.9bB 

146.8±14.0aA 

 
95.3 ± 5.4bB 

130.0± 8.6aAB 

 
119.0±25.0b 

133.0±16.0a 

X 133.5± 17.0A 131.0± 13.0A 112.6± 5.0B 
Spermidine 

Control 
AQ 

29.0 ± 2.2aA 

41.0 ± 5.2aA 

74.8 ± 13.9aA 

77.3 ± 14.9aA 

59.3 ± 2.1aA 

62.0 ± 6.2aA 

54.0 ± 21.0b 

60.0 ± 18.0a

X 
Spermine 

35.0 ± 7.0C 76.0 ± 13.0A 60.5 ± 5.0B  

Control 17.3 ± 5.4aA 16.8 ± 2.8aA 15.0 ± 4.8aA 16.0 ± 4.0a 

AQ 12.0 ± 1.8aA 9.8 ± 1.5aA 7.5 ± 1.7aA 10.0 ± 1.8b 

X 
Amino acids 

14.6 ± 5.0A 13.3 ± 4.0A 11.2 ± 5.0A  

Control 187.6±24.1aA 466.6± 222.6aA 459.3± 140.7aA 371.2± 193.5a 

AQ 347.7±24.0aA 497.9± 123.8aA 560.2± 253.8aA 468.6± 174.9a 

X 267.5±88.4B 482.2± 167.6A 509.7± 197.5A  



Journal of Applied Phycology 
 

Table5 Contentsofpolyamines 
(putrescine, spermidine, and 
spermine) (ng g−1 FW) and 

Metaboliteand 
algal treatment 

Propagule position 
 

Apical Medial Basal X 
total free amino acids (μg g−1   

FW) in sugarcane (Saccharum 
sp.) cv. RB036152 culms of 
plants grown from one bud 
propagules (apical, medial, and 
basalculmpositions)subjected 
to immersion in the Asterarcys 
quadricellularis extract (AQ) 
compared to the watercontrol 

 

 
 
 
 
 
 
 
 

 
Each value is the mean of four replicates ± SE. Means followed by the same letter do not differ statistically 
according to Tukey’s test (P ≤ 0.05). Upper case letters = culms position. Lowercase letters = immersion 
treatment. 

 

Table 6 Contents of total soluble sugars, reducing sugars, and non- 
reducing sugars (mg g−1 FW) in sugarcane (Saccharum sp.) cv. 
RB036152 culms of plants grown from one bud propagules (api- 
cal, medial, and basal culm positions) subjected to immersion in the 
Asterarcys quadricellularis extract (AQ) compared to water control 

Table 7 The indolamines (tryptophan, serotonin, and tryptamine) 
content (μg g−1 FW) in sugarcane (Saccharum sp.) cv. RB036152 
culms of plant grown from one bud propagules (apical, medial, 
and basal culm positions) subjected to immersion in the Asterarcys 
quadricellularis extract (AQ) compared to water control 

Metabolite 
and algal 
treatment 

Propagule position 

Apical Medial Basal X̅ 

Metabo- 
lite and 
algal 
treat- 

Propagule position 
 

Apical Medial Basal X̅ 

Totalsoluble sugars ment 
 

 
 
 
 

Serotonin 
 
 
 
 

X 12.0± 6.7A 9.4 ± 7.5A 13.1 ± 7.5A Tryptamine 
Con- 0.62± 0.04aA 0.60 ± 0.05aA 0.51 ± 0.13aA 0.58 ± 0.09a 

Each value is the mean of four replicates ± SE. Means followed 
by the same letter do not differ statistically according to Tukey’s 
test (P ≤ 0.05). Upper case letters = culms position. Lowercase let- 
ters =immersion treatment. 

trol 
AQ 0.68 ± 0.03aA  0.68 ± 0.06aA  0.53± 0. 07aA 0.63 ± 0.09a 

 

X 0.65± 0.05A 0.64± 0.06A 0.52 ± 0.09B 
 

Each value is the mean of four replicates ± SE. Means followed 
by the same letter do not differ statistically according to Tukey’s 
test (P ≤ 0.05). Upper case letters = culms position. Lowercase let- 
ters =immersion treatment. 

 
 
 

 

Putrescine 
Control 
AQ 

 
139.8±13.2aA 

132.3± 8.7aA 

 
129.3±12.3aA 

143.0± 7.3aA 

 
117.3±23.8aA 

102.5±15.6aA 

 
128.8±18.0a 

125.9±21.0a 

X 136.1± 11.1A 136.2± 11.9A 110.0± 2.0B 
Spermidine 

Control 
AQ 

25.5 ± 1.7aA 

18.8 ± 2.1bB 

13.5 ± 2.4bB 

22.8 ± 1.0aA 

12.0 ± 2.8aB 

11.8 ± 2.2aC 

17.0 ± 7.0a 

17.8 ± 5.0a 

X 
Spermine 

22.2 ± 4.0A 18.2 ± 5.0B 11.9 ± 2.0C  

Control 8.0 ± 0.8aA 6.8± 1.0bAB 5.3 ± 1.0aB 6.7 ± 0.1b 

AQ 7.5± 0.6aAB 9.5 ± 1.7aA 5.5 ± 1.3aB 7.5 ± 0.2a 

X 
Amino acids 

7.8 ± 0.1A 8.2 ± 0.2A 5.4 ± 0.1B  

Control 1,739±252aA 1,698±121aA 1,491±89aA 1,642± 191a 

AQ 1,706±466aA 2,380± 1,318aA 2,160±338aA 2,082± 806a 

X 1,723±347A 2,039±940A 1,825±424A  

Control 31.1 ± 5.1aA 33.8 ± 4.3aA 

AQ 32.6 ± 6.8aA 21.3 ± 4.5bB 

X 31.8± 5.6A 27.6± 7.8A 
Reducing sugars 

Control  18.2 ± 1.7aA 19.1 ± 3.2aA 

AQ 21.5 ± 3.7aA 17.3 ± 4.0aA 

35.8 ± 1.5aA 

24.4 ± 7.4bAB 

30.1 ± 7.8A 

 
16.7 ± 0.6aA 

17.3 ± 3.5aA 

33.6 ± 4.1a 

26.1 ± 7.6b 

 

 
18.0 ± 2.2a 

18.7 ± 4.0a 

Tryptophan 
Con-  14.7 ± 0.7aAB 

trol 
AQ 15.0± 0.2aA 

X 14.8± 0.5A 

 
16.6 ± 0.9aA 

16.2± 0.6aA 

16.4± 0.7A 

 
13.7 ± 2.6bB 

16.7 ± 1.5aA 

15.1 ± 2.6A 

 
15.0 ± 2.0a 

16.0 ± 1.1a 

X 19.8± 3.2A 18.2 ± 3.5A 
Non-reducing sugars 

17.0 ± 2.4A  Con-  14.2 ± 1.4aA 

trol 
12.9± 1.2aA 12.2 ± 2.0aA 13.2 ± 1.7a 

Control 12.9 ± 5.4aA 14.7 ± 7.4aA 19.1 ± 1.0aA 15.6 ± 5.5a AQ 14.0± 0.4aA 13.1± 0.8aA 14.4 ± 1.1aA 13.8 ± 0.9a 

AQ 11.1 ± 8.6aA 4.0 ± 0.9aA 7.2 ± 5.8aA 7.4 ± 6.2b X 14.2± 0.9A 13.0± 0.9A 13.3 ± 1.9A  



 

Table8 Contentsofpolyamines 
(putrescine, spermidine, and 
spermine) (ng g−1 FW) and 

Metaboliteand 
algal treatment 

Propagule position 
 

Apical Medial Basal X̅ 
total free amino acids (μg g−1   

FW) in sugarcane (Saccharum 
sp.) cv. RB036152 leaves of 
plant grown from one-bud 
propagules (apical, medial, and 
basalculmpositions)subjected 
to immersion in the Asterarcys 
quadricellularis extract (AQ) 
compared to water control 

 

 
 
 
 
 
 
 
 

 
Each value is the mean of four replicates ± SE. Means followed by the same letter do not differ statistically 
according to Tukey’s test (P ≤ 0.05). Upper case letters = culms position. Lowercase letters = immersion 
treatment. 

 

The present findings reveal that brief immersion of 
sugarcane OBP in a solution of A. quadricellularis spray- 
dried biomass improved sprouting of all OBP positions, 

 
Table 9 Contents of total soluble sugars, reducing sugars and non- 
reducing sugars (mg g−1 FW) in sugarcane (Saccharum sp.) cv. 
RB036152 leaves of plants grown from one bud propagules (apical, 
medial and basal culm positions) subjected to immersion in the Aster- 
arcys quadricellularis extract (AQ) compared to water control 

particularly the medial and basal OBPs (Fig. 1 A). Thus, the 
beneficial effect of AQ immersion was most evident in the 
aged OBPs of low metabolic activity relative to the apical 
OBP of high initial sprouting percentage before treatment. 
However, the AQ-propagule interaction on post-sprouting 
growth of seedlings exhibited different patterns than that of 
sprouting percentage, with minor variation among the differ- 
ent growth measures but with a common pattern of highest 
benefit from AQ immersion assigned to the apical OBP for 

Metabolite 
and 
algaltreat- 
ment 

Total sugars 

Propagule position 

Apical Medial Basal X̅ 

all growth measures (Fig. 1 A-F). 
The metabolic changes in plant tissues in response to 

propagule position and AQ treatment exhibited different 
patterns in propagules, culms, and leaves, with some key 
metabolites, such as polyamines, affecting sprouting and 

Control 14.7± 1.0bB 17.1 ± 0.6aA 14.6 ± 1.1bB  15.5 ± 1.5b 

AQ 16.8± 1.0aB 13.9 ± 1.0bC 20.7 ± 1.4aA  17.1 ± 3.1a 
 

X 15.8± 1.4B 15.5± 1.9B 17.6 ± 3.5A 
Reducing sugars 

Control 11.6 ± 0.7aAB 13.0 ± 0.9aA 10.3 ±0.7bB 11.6 ± 1.3b 

AQ 12.7± 1.4aB 8.9 ± 1.8bC  17.3 ± 1.5aA  13.0 ± 3.9a 
 

X 12.1± 1.2B 10.9± 2.6B 13.8 ± 3.9A 
Non-reducing sugars 

Control 3.2± 0.3aA 4.1 ± 0.5aA 4.3 ± 0.6aA 3.8 ± 0.7a 

AQ 4.1 ± 0.8aAB 5.0 ± 1.0aA 3.4 ± 0.7aB 4.2 ± 1.1a 

X 3.6 ± 0.8B 4.6 ± 0.9A 3.8 ± 0.8AB 

growth changes (Ferreira et al. 2018). The metabolism of 
PAs in plants is closely connected to many other metabolic 
pathways (Chen et al. 2019). PAs can be directly or indi- 
rectly regulated through interaction with signaling metabo- 
lites (Kamiab et al. 2020) such as L-AA. Put is the first 
metabolite in the biosynthesis pathway of PAs through 
decarboxylation of L-arginine and L-ornithine (Vera-Sirera 
et al. 2010). Then Put is converted to Spd and Spm by the 
enzymes Spd and Spm synthases (Chen et al. 2019), respec- 
tively whose activity and distribution are regulated depend- 
ing on the type of tissue and stage of development (Fazilati

   and Forghani 2015). Generally, the more theaminogroups 
Each value is the mean of four replicates ± SE. Means followed 
by the same letter do not differ statistically according to Tukey’s 
test (P ≤ 0.05). Upper case letters = culms position. Lowercase let- 
ters =immersion treatment. 

in the PA molecule, the stronger will be its physiological 
activity (Chen et al. 2019). PAs participate in many meta- 
bolic processes, such as cell proliferation and differentiation, 

 
 

Putrescine 
Control 
AQ 

 
128.3± 4.3aB 

115.3±13.5aC 

 
364.8±21.0aA 

208.3±11.2bB 

 
156.3±27.6bB 

258.3±40.3aA 

 
216.4± 111.7a 

194.0±66.0b 

X 121.8± 12.0C 286.6± 85.1A 207.3± 63.2B 
Spermidine 

Control 
AQ 

109.0± 4.2aC 

130.0± 5.9aA 

162.5±20.9aB 

90.5 ± 7.0bB 

201.8±27.6aA 

130.0± 6.7bA 

157.8±43.7a 

116.8±20.3b 

X 
Spermine 

119.5±12.2B 126.5±41.1B 165.9±42.6A  

Control 8.5 ± 1.7aC 34.5 ± 12.1aA 19.8 ± 3.7aB 20.9 ± 12.9a 

AQ 9.5 ± 1.3aB 10.0 ± 2.4bB 24.0 ± 2.9aA 14.5 ± 7.3b 

X 
Amino acids 

9.0 ± 1.5B 22.2 ± 15.4A 21.9 ± 3.8A  

Control 1,657±368aA 1,554±359aA 1,255±77aA 1,488±325a 

AQ 1,671±499aA 1,601±245aA 1,326± 315aA 1,533±368a 

X 1,664±406A 1,578±286A 1,290±216A  
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Table 10 The indolamines 
(tryptophan, serotonin and 
tryptamine) content (μg g−1 

FW) in sugarcane (Saccharum 
sp.) cv. RB036152 leaves of 
plants grown from one bud 
propagules(apical, medialand 
basalculmpositions)subjected 
to immersion in the Asterarcys 
quadricellularis extract (AQ) 
compared to water control 

Metaboliteandalgal 
treatment 

 
Tryptophan 

 

 

Propagule position 
 

Apical Medial Basal X̅ 

 
 

 
 
 
 

 
Each value is the mean of four replicates ± SE. Means followed by the same letter do not differ statistically 
according to Tukey’s test (P ≤ 0.05). Upper case letters = culms position. Lowercase letters = immersion 
treatment. 

 

Table 11 The pigments (chlorophyll a, chlorophyll b, total chloro- 
phyll and carotenoids) content (μg g−1 FW) in sugarcane (Saccharum 
sp.) cv. RB036152 leaves of plants grown from one bud propagules 
(apical, medial and basal culm positions) subjected to immersion in 
the Asterarcys quadricellularis extract (AQ) compared to water con- 
trol 

thus modulating plant growth and development (Srivastava 
et al. 2013; Mustafavi et al. 2018; Nandy et al. 2023). Spm 
and Spd are associated with plant ontogeny and growth pro- 
motion, while Put is associated with the early stages of PA 
metabolism or plant senescence (Anwar et al. 2015; Ahmed 

Metabo- 
lite and 
algal 
treat- 
ment 

Propagule position 

Apical Medial Basal X̅ 

et al. 2017; Tyagi et al. 2023). 
The PA profile of OBP was altered by AQ immer- 

sion, with Put contents being reduced in apical OBPs but 
increased in medial and basal ones, thus rendering Put 
content of treated medial OBPs the highest among all posi- 

Chlorophyll a  tions (Table 2). However, while AQ immersion increased 
Con- 0.19 ± 0.01aA 0.21 ± 0.01aA 0.18 ± 0.02aA 0.19 ± 0.02a  Put content of leaves from basal OBPs, it led to a decrease 
trol in medial OBPs (Table 8). AQ immersion increased Spd 
AQ 0.21 ± 0.01aA 0.21 ± 0.01aA 0.21± 0.04aA 0.21 ± 0.02a 

 

X 0.20± 0.02A 0.21± 0.00A 0.19 ± 0.03A 
Chlorophyll b 

Con- 0.11 ± 0.01aA 0.10 ± 0.01aA 0.10 ± 0.01aA 0.10 ± 0.01a 

trol 
AQ 0.10 ± 0.00aA 0.10 ± 0.01aA 0.09± 0.01aA 0.10 ± 0.01a 

 

X 0.11± 0.01A 0.10± 0.00A 0.10 ± 0.01A 
Total Chlorophyll 

Con- 0.30 ± 0.03aA 0.31 ± 0.02aA 0.28 ± 0.02aA 0.30 ± 0.02a 

trol 
AQ 0.31 ± 0.01aA 0.31 ± 0.01aA 0.30± 0.05aA 0.31 ± 0.03a 

 

X 0.31± 0.02A 0.31± 0.01A 0.29 ± 0.04A 
Carotenoids 

Con- 0.09 ± 0.01aA 0.10 ± 0.00aA 0.10 ± 0.01aA 0.10 ± 0.01a 

trol 
AQ 0.10 ± 0.00aA 0.10 ± 0.01aA 0.10± 0.01aA 0.10 ± 0.01a 

 

X 0.10± 0.01A 0.10± 0.01A 0.10 ± 0.01A 
 

Each value is the mean of four replicates ± SE. Means followed 
by the same letter do not differ statistically according to Tukey’s 
test (P ≤ 0.05). Upper case letters = culms position. Lowercase let- 
ters =immersion treatment. 

content equally in propagules of different positions, with 
medial OBPs exhibiting the highest Spd content (Table 2). 
AQ immersion increased the Spd content of culms sprouted 
from medial OBPs, while decreasing it in culms sprouted 
from apical OBPs (Table 5). A similar decrease was stim- 
ulated by AQ immersion for Spd content in leaves from 
medial and basal OBPs (Table 8). The Spm content was 
decreased by AQ immersion in all OBPs (Table 2). However, 
while the culms sprouted from medial OBPs had Spm con- 
tent increased by AQ (Table 5), the opposite was observed 
for leaves from medial OBPs (Table 8). The reduction in Put 
and increment in Spd contents (Tables 2, 5, 8) related to the 
enhancement of sprouting rates of apical propagules was 
previously reported by Mógor et al. (2022). 

The AQ-induced increase in RS (e.g., glucose, fruc- 
tose) of OBPs regardless of position (Table 3) indicates the 
effect of microalga biomass in changing sugar profile with 
accumulation of RS which are immobile in the phloem and 
with high participation in metabolism. TSS and NRS (e.g., 
sucrose, polyols) exhibited the highest content in basal OBP 

 
 

Control 
AQ 

15.9 ± 0.6aB 

15.6 ± 0.9aC 

23.0 ± 0.5aA 

21.6 ± 1.3bB 

23.3 ± 1.1bA 

26.0 ± 1.0aA 

20.7 ± 3.7a 

21.1 ± 4.6a 

X 
Serotonin 

15.7 ± 0.8C 22.3 ± 1.2B 24.7 ± 1.7A  

Control 23.7 ± 1.3aA 24.5 ± 1.5aA 24.7 ± 1.2aA 24.3 ± 1.3b 

AQ 26.0 ± 0.9aA 25.1 ± 1.5aA 27.9 ± 1.8aA 26.3 ± 1.8a 

X 
Tryptamine 

24.9 ± 1.6A 24.8 ± 1.4A 26.3 ± 2.2A  

Control 0.88 ± 0.05aB 1.04 ± 0.06aA 0.77 ± 0.03aC 0.89 ± 0.12a 

AQ 0.87 ± 0.04aA 0.78 ± 0.06bB 0.79 ± 0.06aAB 0.82 ± 0.07b

X 0.88 ± 0.04A 0.91 ± 0.15A 0.78 ± 0.05B  



 

among the different positions, suggestingalsoless mobili- 
zation to sprouts developing from basal OBPs relative to 
apical and medial OBPs (Table 3). Inculms sprouted from 
medial and basal OBPs AQ decreased TSS (Table 6). AQ 
immersionalso decreased NRS regardless of OBP position, 
while producing no change in RS levels in culms.(Table 6). 
AQ immersion increased Try content of OBPs (Table 4) 
with the same pattern of RS, regardless of OBP position. 
However, AQ immersion increased Try content of culms 
sprouted from basal OBPs, with no change in apical and 
medial OBPs (Table 7). Also, AQ immersion increased 
Ser and Tre contents of all OBPs, and the increment was 
particularly evident in the medial ones for Ser but in the 
basal andapical ones for Tre (Table 4). These AQ-induced 
metabolic changes in OBPs manifested as reduction of Spm 
content, alterations of Put, Ser, and Tre patterns, along with 
the highest contents of RS and Try, justify, at least in part, 
the AQ role in stimulation of sugarcane sprouting (Fig. 1 
A) and are following the results obtained by Mógor et al. 
(2022),electing the bioactive amines as the compounds of 

nitrogen metabolism related to sugarcane sprouting. Previ- 
ous works using A. quadricellularis biomass have already 
reported its plant growth promotioneffect in crops such as 
potatoes (Cordeiro et al. 2022a), onions (Cordeiro et al. 
2022b), tomatoes (Lara et al. 2022), soybeans (Palma et al. 
2022), beans (Marques et al. 2023) and red beets (Novaski 

et al. 2024). 
Growth of the 50-day-old plants was affected by OBP 

immersion in AQ, with the culms of plants from apical OBPs 
exhibiting improvements in length, diameter, and fresh mass, 
while the culms from medial OBPs have been improved 
particularly in diameter and those from basal OBPs have 
been improved particularly in length and fresh mass (Fig. 1 
B, C, D). Also, the beneficial effect of AQ immersion was 
particularly evident in leaf area of plants from apical and 
basal OBPs, and in leaf fresh mass of plants from apical 
OBPs (Fig. 1 E, F). The promotion of culm and leaf growth 
induced by AQ immersion was accompanied by biochemi- 
cal alterations in the culms and leaves of 50-day-old plants. 
While AQ immersion induced a reduction in Spd content of 
culms from apical OBPs, there was an increase in the Spd 
and Spm contents of culms from medial OBPs, which can 
account for the increase in culm diameter, concomitant with 
the higher Put content (Table 5). 

The PA content in theleaves of plants fromapical OBPs, 
which presented the highest leaf area and fresh mass (Fig. 1 
E, F) did not change by AQ immersion (Table 8), indicating 
that the PA pattern of plants from the youngest propagules 
with more accelerated metabolism, are related to better 
growth. On the other hand, immersion in AQ reduced PA in 
leaves of plants from medial OBP, leading to non-significant 
area and fresh mass differences compared to the control. The 
improvement in leaf area of plants from basal OBP by AQ 

immersion was accompanied by increased Put content and 
reduced Spd content. 

While the AA content has not been altered in OBPs 
by AQ immersion (Table 5, 8), for OBP position a higher 
AA content was observed for medial and basal propagules 
(Table 2). Similarly, AQ showed no influence on photosyn- 
thetic pigments (Table 11). However, changes in the leaf area 
of plants from basal and apical OBPs were observed in this 
important biometrics variable, for a better photosynthetic 
capacity (Fig. 1 E), and were accompanied by increased Put 
content and reduced Spd content (Table 8). 

The PA and sugars cross-talk are related in part to 
changes that can occur in PA profile, with modifications in 
tissue sugar concentration and carbon–nitrogen signaling 
pathways (Anwar et al. 2015). PAs can improve the flow 
of sugars from the source to the sink (Luo et al. 2019), that 
is from the propagules to the emerging shoot (Mógor et al. 
2022), which occurs through signaling processes stimulating 
cell division and elongation, thus improving seedling growth 
(May and Ramos 2019). 

The growth-promoting effect of AQ immersion was well- 
characterized, but its role in the mobilization of sugars from 
OBPs to culms and leaves still needs thorough investiga- 
tion. In general, growth promotion by AQ immersion implies 
consumption of sugar, thus reducing TSS content of culms 
from medial and basal OBP and NRS content in the culms 
regardless of OBP position (Table 6). Also, AQ immersion 
reduced the RS and TSS content of the leaves of plants that 
grew from medial OBPs (Table 9). It can be considered that 
the fast-growing plants could experience reduced sugar con- 
tent in young tissues of high growth rates (Klopotek and 
Kläring 2014) as is the case in the early growth of 50-day- 
old sugarcane plants. The exception was the increase in TSS 
content of leaves of plants from apical and basal OBPs by 
AQ immersion (Table 9). 

Furthermore, besides the changes in sugar and PA 
contents, there was a relation between the changes in the 
indoleamines’ profile and the promotion of early growth of 
sugarcane seedlings by AQ. The AQ-induced increase in 
Try content of culms of plants emerging from basal OBPs 
(Table 7), those in Sercontent of leaves of plants emerging 
from all OBP regardless of their position (Table 10) justifies 
considering Tryand Seras the bioactivecompounds related 
to the metabolic flowin which Try is the AA precursor of the 
hormone auxin and the indoleamine Ser(Negri et al. 2021). 
The biosynthesis of serotonin is a multistep process cou- 
pled with two or more biocatalytic reactions; whereupon 

tryptophan is decarboxylated by tryptophan decarboxylase 
to generate the bioactive tryptamine, which is subsequently 

hydroxylated to form serotonin by tryptamine-5-hydroxy- 
lase. Auxin is a crucial regulator of plant growth and devel- 
opment and acts as a versatile coordinator of these processes. 
Both auxin and serotonin have functional similarities with 
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acommon biosynthetic pathway. Serotonin, likeauxin, has 
been implicated in plant growth (Mishra and Sarkar 2023). 
Microalgal biomass may promote plant growth through 

complex interactions between its components, resulting in 
synergistic or additive effects among various metabolites 
(Mazepa et al. 2021). Indoleamines and PAs can be regu- 
lated directly or indirectly through interaction with signal- 
ing metabolites, arising from nitrogen metabolism (amines 
and AAs) and carbon metabolism (sugars) (Kamiab et al. 
2020; Nandy et al. 2023). This intricate regulatory feedback 
mechanism cancontrol the balance of bioactive amine lev- 
els, which has often beenseen in this work, associated with 
better sugarcane sprouting and early growth when OBPs 
were subjected to immersion in A. quadricellularis spray- 

dried biomass. 
This work addresses a fundamental issue for sugarcane 

establishment and growth; it represents an attempt to obtain 
homogeneous and vigorous growth of sugarcane propagules 
to maximize sugarcane yield. The microalgal extract proved 
to level off the physiological differences between OBPs of 
different ages, by activating the aged basal propagules and 
bringing them to approach the behavior of the active apical 
ones. Expanding these biostimulant results to the field could 
increase the OBP sprout rate while enhancing and standard- 
izing the plants for a better harvest. 

 
Conclusion 

Brief immersion of one-bud sugarcane propagules from 
apical, medial, and basal culm positions in the chloro- 
phyte microalga Asterarcys quadricellularis extract (AQ) 
improved sprouting rate. This effect was accompanied by 
biochemical changes in the bioactive amines (polyamines 
and indoleamines) profile, manifested as reducing putres- 
cine and improving tryptophan content in the apical OBPs. 
The immersion in AQ also enhanced the early growth of 
sugarcane, with increments in culm length and diameter, 
leaf area, and gain in leaf fresh mass, variably depend- 
ing on the OBP position. These growth-promoting effects 
were also accompanied by biochemical changes in sugar 
content, and indoleamines profile, highlighting the role of 
enhanced serotonin content of leaves in plant growth. The 
results could be related to the L-free amino acid content 
of microalgal biomass triggering the bioactive amines as 
key metabolites. Application of the present findings on the 
field scale can aid in developing an eco-friendly and effi- 
cient technique to improve and unify sugarcane budding 
and early growth. 
Acknowledgements The authors thank the Sugarcane Improvement 
Program at UFPR for supplying the plant material, and the first author 
thanks FUNPAR for his Doctoral scholarship. 

Author contribution Conceptual Idea: Mógor, A.F.; Mógor, G.; Lima,
G.P.P.; Oliveira, R.A.O.; Bespalhok Filho, J.C. Methodology design: 
Mógor, A.F.; Mógor, G.; Lima, G.P.P.; Oliveira, R.A.O.; Bespalhok 
Filho, J.C. Data collection: Lara, G.B.; Amatussi, J.O. Data analysis 
and interpretation: Lara, G.B.; Mógor, A.F.; Mógor, G.; Amatussi, J.O. 
Writing and editing: Lara, G.B.; Mógor, A.F.; Mógor, G.; Bespalhok 
Filho, J.C. 

 
Funding The first author received a Doctoral Scholarship from 
FUNPAR. 

 
Data availability The datasets generated during and/or analyzed during 
the current study are available from the corresponding author upon 
reasonable request. 

Declarations 
Competing interests The authors declare no competing interests. 

 

 
References 

Ahmed S, Ariyaratne M, Patel J, Howard AE, Kalinoski A, Phuntumart 
V, Morris PF (2017) Altered expression of polyamine transporters 
reveals a role for spermidine in the timing of flowering and other 
developmental response pathways. Plant Sci 258:146–155 

Almeida LCO, Santos HL, Nogueira CHDC, Carnietto MRA, Silva 
GFD, Boaro CSF, Silva MDA (2024) Plant growth-promoting 
bacteria enhance survival, growth, and nutritional content of sug- 
arcane propagated through pre-sprouted seedlings under water 
deficit. Agriculture 14:189 

Anwar R, Mattoo AK, Handa AK (2015) Polyamine interactions with 
plant hormones: crosstalk at several levels. In: Kusano T, Suzuki 
H (eds) Polyamines: a universal molecular nexus for growth, sur- 
vival, and specialized metabolism. Springer, Tokyo, pp 267–302 

Arnao MB, Hernández-Ruiz J (2018) Melatonin and its relationship to 
plant hormones. Ann Bot 121:195–207 

Baracat J, Scarpare FV, Araújo RBD, Scarpare-Filho JA (2017) Initial 
development and yield in sugarcane from different propagules. 
Pesq Agropec Trop 47:273–278 

Baudelet PH, Ricochon G, Linder M, Muniglia L (2017) A new insight 
into cell walls of Chlorophyta. Algal Res 25:333–371 

Brasileiro BP, Berton GS, Daros E, Zambon JLC, Ruaro L, Weber H, 
Bespalhok Filho JC, Oliveira R (2024) RB036152 – New sugar- 
cane cultivar for restrictive environments. Crop Breeding Appl 
Biotechnol 24:e47692445 

Braun JC, Colla LM (2023) Use of microalgae for the development 
of biofertilizers and biostimulants. BioEnergy Res 16:289–310 
Chen D, Shao Q, Yin L, Younis A, Zheng B (2019) Polyamine func- 
tion in plants: metabolism, regulation on development, and roles 

in abiotic stress responses. Front Plant Sci 9:1945 
Chen LF, Lu W, Sun J, Guo SR, Zhang ZX, Yang YJ (2011) Effects 

of exogenous spermidine on photosynthesis and carbohydrate 
accumulation in roots and leaves of cucumber (Cucumis sativus 
L.) seedlings under salt stress. J Nanjing Agric Univ 34:31–36 

Cordeiro ECN, Mógor ÁF, Amatussi JO, Mógor G, Marques HMC, 
de Lara GB (2022a) Microalga biofertilizer improves potato 
growth and yield, stimulating amino acid metabolism. J Appl 
Phycol 34:385–394 

Cordeiro ECN, Mógor ÁF, de Oliveira Amatussi J, Mógor G, de 
Lara GB, Marques HMC (2022b) Microalga biofertilizer trig- 
gers metabolic changes improving onion growth and yield. Hor- 
ticulturae 8:223 

 

 
 



 

Diamante MS, Borges CV, da Silva MB, Minatel IO, Corrêa CR,
Gomez Gomez HA, Lima GPP (2019) Bioactive amines screen- 
ing in four genotypes of thermally processed cauliflower. Anti- 
oxidants 8:311 

Erland LAE, Saxena P (2019) Auxin driven indoleamine biosynthe- 
sis and the role of tryptophan as an inductive signal in Hyperi- 
cum perforatum (L.). PLoS ONE 14:e0223878 

FAO/WHO (1991) Evaluation of protein quality. Report of the joint 
FAO/WHO expert consultation on protein quality evaluation. 
Food and Agriculture Organization/World Health Organization, 
Rome 

Fazilati M, Forghani AH (2015) The role of polyamine to increasing 
growth of plant: As a key factor in health crisis. Int J Health 
Syst Disast Manage 3:89–94 

Ferreira DA, Martins MCM, Cheavegatti-Gianotto A, Carneiro MS, 
Amadeu RR, Aricetti JA, Wolf LD, Hoffmann HP, de Abreu 
LGF, Caldana C (2018) Metabolite profiles of sugarcane culm 
reveal the relationship among metabolism and axillary bud out- 
growth in genetically related sugarcane commercial cultivars. 
Front Plant Sci 9:857 

Figueiredo AA, Júnior VO, Bernardes JVS, de Oliveira Charlo HC 
(2020) Tamanho e posição do entrenó do minitolete no cresci- 
mento inicial da cana-de-açúcar. Revista Inova Ciência & Tec- 
nologia 6:12–17 

Fluminhan A, Fluminhan TV (2020) A biotecnologia na produção 
em larga escala de mudas de cana-de-açúcar e a importância da 
automação dos processos. In: Zacharias AA, Piroli EL, Dias 
LS (eds) Cana-de-açúcar, Expansão, Métodos, Tecnologias E 
Impactos. ANAP, Tupã, Brazil, pp 113–128 

Forde BG, Lea PJ (2007) Glutamate in plants: metabolism, regula- 
tion, and signaling. J Exp Bot 58:2339–2358 

Gazola T, Cipola Filho ML, Franco Júnior NC (2017) Avaliação 
de mudas pré-brotadas de cana-de-açúcar provenientes de sub- 
stratos submetidos a adubação química e orgânica. Cientifica 
45:300–306 

Gemin LG, Mógor ÁF, Amatussi JDO, Mógor G (2019) Microal- 
gae associated to humic acid as a novel biostimulant improving 
onion growth and yield. Scienta Hort 256:108560 

Ghosh A, Khanra S, Mondal M, Halder G, Tiwari ON, Bhowmick 
TK, Gayen K (2017) Effect of macronutrient supplements on 
growth and biochemical compositions in photoautotrophic cul- 
tivation of isolated Asterarcys sp. (BTA9034). Energy Convers 
Manage 149:39–51 

Ghosh D, Ghorai P, Debnath S, Indrama T, Kondi V, Tiwari ON 
(2022) Algal biofertilizer towards green sustainable agricul- 
ture. In: Singh HB, Vaishnav A (eds) New and future develop- 
ments in microbial biotechnology and bioengineering. Elsevier, 
Amsterdam, pp 27–45 

Gitau MM, Farkas A, Ördög V, Maróti G (2022) Evaluation of the 
biostimulant effects of two Chlorophyta microalgae on tomato 
(Solanum lycopersicum). J Cleaner Product 364:132689 

González-Pérez BK, Rivas-Castillo AM, Valdez-Calderón A, Gay- 
osso-Morales MA (2022) Microalgae as biostimulants: A new 
approach in agriculture. World J Microbiol Biotechnol 38:4 

Hagen SR, Frost B, Augustin J (1989) Precolumn phenylisothiocyanate 
derivatization and liquid-chromatography of amino-acids in food. 
JAOAC 72:912–916 

Incharoensakdi A, Jantaro S, Raksajit W, Mäenpää P (2010) Polyam- 
ines in cyanobacteria: biosynthesis, transport and abiotic stress 
response. In: Mendez-Vilas A (ed) Current Research. Technology 
and Education Topics in Applied Microbiology and Microbial 
Biotechnology. Formatex, Spain, pp 23–32 

Kamiab F, Tavassolian I, Hosseinifarahi M (2020) Biologia futura: the 
role of polyamine in plant science. Biologia Futura 71:183–194 

Kang K, Kang S, Lee K, Park M, Back K (2008) Enzymatic features 
of serotonin biosynthetic enzymes and serotonin biosynthesis in 
plants. Plant Signal Behav 3:389–390 

Kapoore RV, Wood EE, Llewellyn CA (2021) Algae biostimulants: A 
critical look at microalgal biostimulants for sustainable agricul- 
tural practices. Biotech Adv 49:107754 

Klopotek Y, Kläring HP (2014) Accumulation and remobilisation of 
sugar and starch in the leaves of young tomato plants in response 
to temperature, Scient Hort 180, 262–267 

Landell MGA, Campana MP, Figueiredo P (2012) Sistema de multipli- 
cação de cana-de-açúcar com uso de mudas pré-brotadas (MPB), 
oriundas de gemas individualizadas. Instituto Agronômico, 
Campinas, p 16 

Lara GB, Mógor ÁF, Amatussi JDO, Cordeiro ECN, Marques HMC, 
Mógor G (2022) Microalga improves the growth, yield, and con- 
tents of sugar, amino acid, and protein of tomato. Ciênc Agrotec 
46:e023821 

Lichtenthaler HK (1987) Chlorophylls and carotenoids: Pigments of 
photosynthetic biomembranes. Meth Enzymol 148:350–382 

Lichtenthaler HK, Buschmann C (2001) Chlorophylls and carotenoids: 
Measurement and characterization by UV–VIS spectroscopy. Curr 
Protocols Food Anal Chem 1:F4.3.1−F4.3.8 

Lu K, Zhao X, Ho SH, Ma R, Xie Y, Chen J (2019) Biorefining and the 
functional properties of proteins from lipid and pigment extract 
residue of Chlorella pyrenoidosa. Mar Drugs 17:454 

Lucas B, Sotelo A (1980) Effect of alkalies, temperature and hydrolysis 
times on tryptophan determination of pure proteins and of food. 
Anal Biochem 109:192–197 

Luo J, Wei B, Han J, Liao Y, Liu Y (2019) Spermidine increases the 
sucrose content in inferior grain of wheat and thereby promotes 
its grain filling. Front Plant Sci 10:1309 

Machado AR, Graça CS, de Assis LM, de Souza-Soares LA (2017) Uma 
abordagem sobre caracterização e avaliação do potencial antioxi- 
dante de extratos fenólicos de microalgas Spirulina sp. LEB-18 e 
Chlorella pyrenoidosa. Rev Ciênc Agrár 40:264–278 

Magné C, Larher F (1992) High sugar content interferes with colouri- 
metric determination of amino acids and free proline. Anal Bio- 
chem 200:115–118 

Maldonade IR, Carvalho PGB, Ferreira NA (2013) Protocolo para a 
determinação de açúcares totais em hortaliças pelo método de 
DNS. Comunicado Técnico 85, Embrapa 

Manhães CMC, Garcia RF, Francelino FMA, Francelino HO, Coelho 
FC (2015) Fatores que afetam a brotação e o perfilhamento da 
cana-de-açúcar. Vértices 17:163–181 

Marques HMC, Mógor ÁF, Amatussi JO, de Lara GB, Mógor G, 
Sant’Anna-Santos BF (2023) Use of microalga Asterarcys quadri- 
cellularis in common bean. J Appl Phycol 35:2891–2905 

Marques HMC, Mógor ÁF, Amatussi JO, Lara GB, Mógor G, Bra- 
sileiro BP, Sant’Anna-Santos BF (2025) Microalgal biomass appli- 
cation promotes growth and alleviates salt stress in melon plants 

stimulating antioxidant metabolism. J Appl Phycol 37:379-396 
Mazepa E, Malburg BV, Mógor G, de Oliveira AC, Amatussi JO, 

Corrêa DO, Lemos JS, Ducatti DRB, Duarte MER, Mógor AF, 
Noseda MD (2021) Plant growth biostimulant activity of the green 
microalga Desmodesmus subspicatus. Algal Res 59:102434 

May A, Ramos NP (2019) Uso de gemas individualizadas de cana-de- 
açúcar para a produção de mudas. Embrapa, Jaguariúna 

Mishra V, Sarkar AK (2023) Serotonin: A frontline player in plant 
growth and stress responses. Physiol Plant 175:e13968 

Mógor AF, Amatussi JO, Mógor G, Lara GB (2018) Bioactivity of 
cyanobacterial biomass related to amino acids induces growth 
and metabolic changes on seedlings and yield gains of organic 
red beet. Am J Plant Sci 9:966–978 

Mógor AF, Ordog V, Lima GPP, Molnar Z, Mógor G (2017) Biostimu- 
lant properties of cyanobacterial hydrolysate related to polyam- 
ines. J Appl Phycol 30:453–460 

 
 



Journal of Applied Phycology 
 

Mógor G, Mógor AF, Lima GPP, De Oliveira RA, Bespalhok Filho JC
(2022) Metabolic changes in sugarcane bud sprouting stimulated 
by microalga Asterarcys quadricellulare. Sugar Tech 24:930–940 

Mustafavi SH, Badi HN, Sekara A, Mehrafarin A, Janda T, Ghorban- 
pour M, Rafiee H(2018) Polyamines and their possible mecha- 
nisms involved in plant physiological processes and elicitation of 
secondary metabolites. Acta Physiol Plant 40:102 

Nalawade S, Metha AK, Sharma AK (2018) Sugarcane planting tech- 
niques: A review. Contemp Res India. Special issue: National 
seminar Recent Trends in Plant Sciences and Agricultural 
Research” pp 98–104 

Nandy S, Mandal S, Gupta SK, Anand U, Ghorai M, Mundhra A, Rah- 
man MH, Ray P, Mitra S, Ray D, Lal MK, Tiwari RK, Nongdam 
P, Pandey DK, Shekhawat MS, Jha NK, Jha SK, Kumar M, Radha 
S-R, Dey A (2023) Role of polyamines in molecular regulation 
and cross-talks against drought tolerance in plants. Plant Growth 
Regul 42:4901–4917 

Negri S, Commisso M, Avesani L, Guzzo F (2021) The case of 
tryptamine and serotonin in plants: a mysterious precursor for an 
illustrious metabolite. J Exp Bot 72:5336–5355 

Novaski A, Mógor ÁF, Amatussi JO, Mógor G (2024) Microalga as 
biofertilizer improves yield, sugars and amino acids content in red 
beets. Comun Scient 15:e4065–e4065 

Nunes-Nesi A, Fernie AR, Stitt M (2010) Metabolic and signaling 
aspects underpinning the regulation of plant carbon nitrogen inter- 
actions. Mol Plant 3:973–976 

Oliveira HPD, Melo ROD, Baldotto MA, Andrade MA, Baldotto LEB 
(2018) Desempenho de mudas pré-brotadas de cana-de-açúcar em 
resposta a aplicação de ácidos húmicos e bactérias promotoras 
do crescimento vegetal. Semina Ciências Agrárias 39:1365–1370 

Otto R, Machado BA, da Silva ACM, de Castro SGQ, Lisboa IP (2022) 
Sugarcane pre-sprouted seedlings: A novel method for sugarcane 
establishment. Field Crops Res 275:108336 

Palma MS, Mógor ÁF, Mógor G, de Oliveira Amatussi J, Michelon 
TB, Panobianco M (2022) Microalga added to Bradyrhizobium 
inoculant improve soybean tolerance to salt stress. J Appl Phycol 
34:2489–2505 

Parmar P, Srivatsan V (2023) Microalgae as next generation plant 
growth additives: Functions, applications, challenges and circular 
bioeconomy based solutions. Front Plant Sci 14:1073546 

Rakesh B, Sudheer WNN, Praveen (2021) Role of polyamines in 
plant tissue culture: An overview. Plant Cell Tiss Organ Cult 
145:487–506 

Renuka N, Guldhe A, Prasanna R, Singh P, Bux F (2018) Microalgae 
as multi-functional options in modern agriculture: current trends, 
prospects and challenges. Biotech Adv 36:1255–1273 

Röder C, Mógor ÁF, Szilagyi-Zecchin VJ, Gemin LG, Mógor G (2018) 
Potato yield and metabolic changes by use of biofertilizer contain- 
ing L-glutamic acid. Comun Scient 9:211–218 

Ronga D, Biazzi E, Parati K, Carminati D, Carminati E, Tava A (2019) 
Microalgal biostimulants and biofertilisers in crop productions. 
Agronomy 9:192 

Rossetto L, Pierangeli GMF, Kuramae EE, Xavier MA, Cipriano MAP, 
Silveira APDD (2021) Sugarcane pre-sprouted seedlings produced 
with beneficial bacteria and arbuscular mycorrhizal fungi. Bra- 
gantia 80:e2721 

Silva FAS, Azevedo CA (2016) The Assistat Software Version 7.7 
and its use in the analysis of experimental data. Afr J Agric Res 
11:3733–3740 

Silveira LCI, Mattos P, Mógor ÁF, Daros E, de Oliveira Bettini M, 
Norrie J (2015) Effect of kelp extract on sugarcane plantlets bio- 
mass accumulation. Idesia 33:31–33 

Srivastava AK, Rai AN, Neilan BA (eds) (2013) Stress biology of 
cyanobacteria: molecular mechanisms to cellular responses. CRC 
Press, Boca Raton 

Tyagi A, Ali S, Ramakrishna G, Singh A, Park S, Mahmoudi H, Bae 
H (2023) Revisiting the role of polyamines in plant growth and 
abiotic stress resilience: Mechanisms, crosstalk, and future per- 
spectives. J Plant Growth Regul 42:5074–5098 

Vera-Sirera F, Minguet EG, Singh SK, Ljung K, Tuominen H, Blázquez 
MA, Carbonell J (2010) Role of polyamines in plant vascular 
development. Plant Physiol Biochem 48:534–539 

White JA, Hart RJ, Fry JC (1986) An evaluation of the waters picotag 
system for the amino-acid-analysis of food materials. J Anal Meth 
Chem 8:170–177 

Winters AL, Lloyd JD, Jones R, Merry RJ (2002) Evaluation of a rapid 
method for estimating free amino acids in silages. Animal Feed 
Sci Technol 99:177–187 

Yakhin OI, Lubyanov AA, Yakhin IA, Brown PH (2017) Biostimulants 
in plant science: a global perspective. Front Plant Sci 7:238366 

 
Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations. 

 
Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 

62 
 

5. GENERAL CONCLUSION 

The production of sugarcane OBP was enhanced with the use of the biomass extract of the 

microalga Asterarcys quadricellularis. Biochemical determinations reinforced the hypothesis that the 

bioactive compounds in the composition of this biomass could act as metabolic signaling agents. The 

activation of metabolic pathways of bioactive amines was evidenced in comparison to the control 

treatment. Morphological changes, involving plant growth promotion and physiological changes, such 

as an increase in the sprouting rate, were also observed. These changes, especially when using the 

maximum efficiency concentration of the microalga, resulted in a greater number of viable OBP for 

seedling production, as well as more vigorous seedlings after transplanting into pots. 

 
6. FINAL CONSIDERATIONS 

The vegetative growth was remarkable, as were the metabolic changes promoted at the maximum 

efficiency concentration of the Asterarcys quadricellularis biomass extract. The potential of renewable 

biomass and sustainable methods promotes gains in fundamental variables, such as sugar accumulation 

in the stem, for the sugar-alcohol industry, supporting sustainable development in a highly important 

sector for Brazil. Further studies could help identify natural products and their best concentration to 

increase sugarcane productivity. Therefore, the bioinputs application in the sugarcane OBP has yet to be 

evaluated under field conditions, considering whether the benefits found in growth chambers and 

agronomic greenhouses will be maintained until harvest time. 
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