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ABSTRACT 

The aim of this work was to evaluate the application of a microalgal biostimulant based on Spirulina platensis biomass in seed 
treatment and foliar application in barley cultivation. Five treatments were carried out, varying between seed treatment and foliar 
application of microalgal extracts in different concentrations. It was observed increase in length (T3 and T5) and dry root mass 
(T1 and T5) and length (T2, T3, T4 and T5) and dry shoot mass (T4 and T5) in the treatments with the bioproduct of microalgae 
in relation to the control test (p<0.05). Yield also increased by up to 607 kg ha-1 in seed treatment (T3) with microalgae compared 
to the control trial. Thus, the microalgal biostimulant is a potential biofertilizer for improving the physical characteristics and 
productivity of the barley crop. 
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1 INTRODUCTION 

One of the most significant consequences of the world's growing population is the need to increase food production. Agricultural 
crops are required to produce more per cultivated area, and this production must be of high quality (Sánchez-Quintero; Fernandes; 
Beigbeder, 2023). In addition to the challenges related to consumer demand, climate change and adverse weather phenomena 
have caused droughts and intense rainfall in recent years, negatively impacting food quality and production (IPCC, 2019). 
Synthetic fertilizers have been used to improve the yield and quality of food crops, but their excessive use directly contributes to 
water, soil and air pollution (Kumar; Kumar; Prakash, 2019). In addition, these environmentally hazardous consequences do not 
only occur at the time of their application, but start from their production cycle (Wu et al., 2023), where toxic chemical gases (NH4

+, 
CO2, CH4, etc.) are released, directly polluting the atmosphere. Thus, it is vital to move towards a sustainable and regenerative 
agricultural system, reducing environmental impact, enabling increased crop yields and quality products (Kapoore et al., 2021). 
The agribusiness sector is already changing, both by reducing the use of chemical products and by adding biofertilizers, 
biostimulants or the use of microorganisms (fungi, bacteria and yeasts) as a means of solubilizing nutrients or as a disease control 
agent (Ajeng et al., 2022).  

Among microorganisms, microalgae have been gaining ground. These are photosynthetic beings that can be cultivated using 
waste with nitrogen and phosphorus concentrations and do not require arable land for their cultivation (Xu et al., 2023). The 
biomass obtained from microalgae can be used as a biofertilizer when planting different crops or applied as a biostimulant by 
foliar application. Microalgae biomass contain bioactive molecules such as phytohormones, polysaccharides and phenolic 
compounds. These molecules promote a series of benefits for crops, such as aid in disease control, greater development of the 
root and shoot system, greater availability of nutrients and productivity gains (Alvarez et al., 2021; Gonzálezs-Gloria, 2021). Thus, 
the use of microalgae as a biofertilizer allows crops to be enhanced, healthier food to be produced and environmental impacts to 
be reduced. 

The aim of this work was to evaluate the application of a microalgal biostimulant based on Spirulina platensis biomass in seed 
treatment and foliar application in barley cultivation. 

2 MATERIAL & METHODS 

The trial was conducted in Coxilha, Brazil, in an experimental area belonging to Ambev. The experimental design adopted was a 
randomized block design with four replications in 6 m2 plots. The plots consisted of 6 rows spaced 17 cm apart with a density of 
250 plants m-2. Sowing took place on 20/06/2023. Crop management during this period was carried out in accordance with the 
standardized protocols of the management recommendations for growing barley (Embrapa, 2022). 

Five treatments were carried out to evaluate the use of the microalgal biostimulant produced from Spirulina patensis biomass 
extracts, as well as a control trial, varying combinations of seed treatment and foliar application (Table 1). The seed treatment 
(ST) was carried out using Spirulina platensis dry biomass extract at a concentration of 5% (m/v) and an application rate of 1.5 L 
of product per 100 kg of seeds. Foliar application varied in two concentrations of microalgal extract (0.1 and 0.5% m/v), with an 
application volume of 120 L ha-1 of product. To obtain the extracts, the dry biomass of S. platensis was dissolved in distilled water 
and sonicated in an ultrasonic probe (Desruptor, Ultronique) in 5 cycles of 1 min, in order to rupture the cells and provide the 
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extraction of bioactive compounds (Rempel et al., 2018). The seed treatment took place on the day of planting, and the foliar 
applications were made on 19/07/23 and 21/08/23, corresponding to 29 days and 61 days after planting. 

Table 1 Treatments used in the study. 

Treatment ST – Microalgal biostimulant Foliar application 

Control No 0 
T1 No 0.1% 
T2 No 0.5% 
T3 Yes 0 
T4 Yes 0.1% 
T5 Yes 0.5% 

 
Three weeks after the second foliar application, barley samples were collected to evaluate the following parameters: length and 
dry biomass of the root and aerial part of the plant. The length was measured using a graduated ruler and the dry mass was 
measured using an analytical balance after drying in an oven at 65°C for 72 hours (Meneguzzo et al., 2021). The plots were 
harvested on 07/11/23 by specific harvesters and the parameters of productivity, grain classification according to Class I (diameter 
greater than 2.5 mm) and protein content were analyzed.  

The differences between the means of the analyses were evaluated by analysis of variance with a 95% confidence level, and then 
compared using the Fischer test in the Statsoft software. The results were expressed as mean ± standard deviation. 

3 RESULTS & DISCUSSION 

Analysis of the morphology of the barley plants made it possible to verify the influence of the treatments with Spirulina platensis 
microalgal biostimulant on the increase in the roots and shoot part of the plant (Figure 1).  

  
Figure 1 Length (a) and dry biomass (b) of root and shoot of barley plant at 82 days of cultivation, using different treatments of microalgal 

biostimulant. Note: equal letters show no statistical difference (p>0.05). T1 = 0.1% foliar application; T2 = 0.5% foliar application; T3 = TS; T4 = 
TS + 0.1% foliar application; T5 = TS + 0.5% foliar application. 

Treating the seeds with the microalgal biostimulant resulted in an increase mainly in the roots of the barley. It can be seen that 
treatments T3 and T5 (TS only and TS with 0.5% foliar application) showed a statistical difference with the control (p<0.05), 
indicating the influence of the microalgae on root development. With regard to the increase in root dry biomass, T1 and T5 showed 
the best results compared to the control.  

The best results in terms of increasing the length of the shoot of the plant were also recorded in the treatments with the 
biostimulant, with all the treatments being greater than the control (p<0.05). With regard to the dry biomass of the shoot of the 
barley, the trials that differed most were the treatments that used seed treatment with foliar application at the two concentrations 
studied (T4 and T5). This shows that the use of microalgal biostimulants alongside conventional barley treatment can improve the 
physical characteristics of the plant, helping it to develop better. However, there were no significant differences between the two 
concentrations of foliar application tested, indicating the use and study of lower concentrations, reducing the cost of using this 
bioproduct. 

The biomass of the microalga S. platensis stands out as a source of nutrients for the development of crops and its extracts have 
been identified as a potential biostimulant for different crops (Braun; Colla, 2023). Different compounds in this bioproduct have 
been identified as plant development agents, such as proteins and amino acids (Muys et al., 2019, Matos; da Silva; Sant'Anna, 
2021). These compounds can make nitrogen available for the plant to use in its metabolic processes, increasing levels of 
chlorophyll and phenolic compounds, and consequently favoring its growth (González et al., 2020). In addition, microalgae are 
known to have other compounds such as phytohormones and exopolysaccharides (Capek et al., 2023). Phytohormones, such as 
gibberellins, auxins and cytokinins, may be present in the extract or act in a similar way to favor plant growth. These act mainly 
on root growth and plant elongation, thus corroborating the results found in the present study (Alvarez et al., 2021, Zapata et al., 
2021). Exopolysaccharides, in turn, act mainly in plant defense against abiotic stresses and pathogens (Ranglová et al., 2021, El 
Arroussi et al., 2018). 

With regard to the final grain analysis (Table 2), carried out after harvest, there was a significant difference in the amount of starch 
in the grain (T1 compared to the control), and also in the area's productivity, with an increase of up to 607 kg ha-1 in treatment T3 
compared to the control. The protein parameter showed no significant difference between the treatments and the control, so the 
bioproduct did not interfere with protein quality for the brewing industry. There was also no statistical difference between the 
treatments and the control. However, it is thought that the atypical year with a lot of rain from September onwards may have 
affected the area and the expression of better results from the effect of using algal biostimulants. As previously reported, all the 
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benefits that biostimulants bring to plant development, improving its physiological characteristics, can result in increased crop 
productivity (Silambarasan et al., 2021). 

Table 2 Analysis and grain yield of barley in different treatments with microalgal biostimulant. 

Treatment Starch (%) Protein (%) 1st quality grains Grain yield (kg ha-1) 

Control 60.20 ± 0.35 b 11.85 ± 0.75 a 76.0 ± 4.3 a 2969 ± 541 b 
T1 61.60 ± 1.51 a 11.97 ± 0.21 a 75.3 ± 0.6 a 3296 ± 130 ab 
T2 61.30 ± 0.62 ab 11.68 ± 0.49 a 78.3 ± 2.6 a 3242 ± 596 ab 
T3 60.65 ± 0.66 ab 12.13 ± 0.35 a 77.0 ± 0.8 a 3576 ± 373 a 
T4 61.58 ± 1.34 ab 11.70 ± 0.16 a 77.0 ± 3.5 a 3333 ± 173 ab 
T5 61.50 ± 0.53 ab 12.05 ± 0.45 a 78.0 ± 1.6 a 3389 ± 324 ab 

Means followed by equal letters in the same column do not show statistical difference between treatments using Fisher's test (p>0.05) (mean ± 
standard deviation). 

4 CONCLUSION 

The biostimulant produced from extracts of Spirulina platensis biomass was able to improve the development of the root and 

shoot of the barley plant. In addition, a higher production yield was recorded in a trial with microalgal seed treatment compared to 

the control. Thus, the microalgal biostimulant showed potential for use in barley fields and could improve the physical 

characteristics and productivity of crops. In addition, with these results we can continue to study the dosage of foliar application 

and also better verify the effects on barley grain in years when climatic conditions will be less stressful for crops. 
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