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ABSTRACT 

The incidence of biotic and abiotic stresses on plants have always affected crop yield and grain quality 

by some extend. Wheat represents an important crop for either human and/or livestock nutrition all 

around the world and, the discovery of new potential products to help the crop to achieve higher yields 

is essential to guarantee a greater food security for countries. With this in mind, this study focused on 

the use of a carrageenan-based biostimulant (Algomel PUSH® 1.0 L ha-1) to enhance the primary and 

secondary metabolism of wheat plants. This experiment was carried out in Chapecó – SC, in 2021, with 

completely randomized block parcels of 1x5m, four treatments and four replicates. The cultivar used in 

this study was the Tbio Noble at a rate of 330 viable seeds m-2. Salicylic acid (SA) and catalase activity 

(CAT) were measured at 0; 24; 48 and 96 hours post first application (HP1A) and at 24 hours post 

second application (HP2A of the biostimulant. At the end of the crop cycle, the yield, hectoliter weight 

(HW) and weight of a thousand kernels (WTK) were assessed. Significant differences were found for 

SA 96 HPA and yield. Carrageenan has not shown to have positively influenced the agronomic 

parameters nor the amount of SA or the activity of CAT in wheat plants during the harvest season of 

2021 under the conditions stablished during the experiment. Small-sized parcels might have influenced 

the results of this experiment. 

Key-words: Algomel PUSH; Salicilic acid; Secondary metabolism; Red-seaweed. 

 

INTRODUCTION 

Reports have shown that seaweeds have been used as agricultural inputs since the 

century VIII A.D. (Pereira et al., 2021). Besides their use as inputs of nutrients and organic 

matter, seaweeds have a great potential to be used in plants due to exclusive molecules capable 

of enhancing the primary and secondary metabolism of plants, such as carrageenans, alginates, 

laminarins, fucoidans and ulvans (Stadnik e Freitas, 2014). 

Carrageenans, for instance, are sulphated polysaccharides exclusively found in red 

macro-seaweeds. These polysaccharides are divided in many different classes and show 

different degrees of solubility. It is believed that the greater the solubility of the carrageenan, 

the greater is its capacity to elicit mechanisms of growth (primary) and defense (secondary) of 

plants (Shanga et al., 2010; Shukla et al., 2016; Shukla et al., 2021). 

On the other hand, commercially grown crops such as, but not only, wheat, corn and 

soybeans are constantly affected by biotic and abiotic conditions/stresses that penalize their 

growth and greatly affect their returns to farmers and industries (Randhawa et al., 2019). 



 

 

 

Therefore, the search for beneficial and eco-friendly products to reduce these stresses and to 

allow greater returns in yield and quality are essential to guarantee reliable food safety for 

countries all around the world. 

With this in mind, this study focused on the use of a carrageenan-based biostimulant to 

enhance the primary and secondary mechanisms of growth and defense of wheat attempting to 

deliver a greater biosynthesis of the secondary metabolite salicylic acid (SA), a greater activity 

of the antioxidant enzyme catalase (CAT) and greater yields. 

 

MATERIAL AND METHODS 

The experiment was carried out during the harvest season of 2021 in the experimental 

area of the Agricultural Research and Rural Extension Company of Santa Catarina (EPAGRI) 

located in Chapecó – SC. The area presents a typical dystroferric red oxisol and is located in a 

Cfa Köppen climatic region. The wheat cultivar used was the Tbio Noble with a sowing density 

of 330 viable seeds m-2. Sowing was performed on June 16th, germination was registered on 

June 24th and harvest was carried out on October 25th. 

The experiment was composed of four treatments (Table 1) and four replicates. Parcels 

had a standard size of 1 x 5 meters with sowing lines spread 20cm apart and parcels separated 

by a distance of 50cm. The area received 62 kg ha-1 of urea + 100 kg ha-1 of 09-33-12 NPK 

fertilizer + 16 kg ha-1 of KCl at sowing and was broadcasted with 100 kg ha-1 of urea divided 

equally at 30 and 40 days after sowing. 

 

Table 1 – Description of the treatments, doses and the time of application of the products. 

EPAGRI, Chapecó – SC, 2021. 

Treatment* 
Algomel 

Push®1** 
Fungicide2*** Insecticide3*** 

Negative control  - - 

Imidacloprid + 

Bifenthrin (200 

mL ha-1) 

Only fungicides (3x) - Trifloxystrobin + 

Prothioconazole 

(500 mL ha-1) 

Carrageenan (1x) + fungicide (3x) 1.0 L ha-1 

Carrageenan (2x) + fungicide (3x) 1.0 L ha-1 

1the application of the carrageenan-based biostimulant (Algomel PUSH®) happened at the beginning of the tillering stage 

(GS20) (1 x 1.0 L ha-1) and, at the beginning of the tillering stage + at the beginning of the flowering stage (GS60) (2 x 1.0 L 

ha-1), in mixture with fungicides and adjuvants (Zadoks et al., 1974). 

2a total of three applications of fungicides were performed in all treatments except for the negative control (application of 

insecticides only). The fungicide used for these applications was Fox® in mixture with the adjuvant Aureo® (500 mL ha-1).  

3the insecticide was applied twice during the experiment in all treatments (including the negative control). The insecticide used 

was Galil® SC in combination with the adjuvant Aureo® (500 mL ha-1).  

*weed control was performed manually. 

**Algomel PUSH® is a commercial product based on the red macro-seaweed entitled Solieria chordalis.  



 

 

 

***the application of all the products was performed using a CO2 compressed sprayer calibrated to apply a liquid volume of 

200 L ha-1 (100 mL per parcel).  

 

Leaf samples from the central line of each parcel were collected at 0, 24, 48 and 96 

hours post first application (HP1A) and at 24 hours post second application (HP2A)of the 

carrageenan-based biostimulant. These samples were kept in liquid nitrogen from collection 

and thereafter were transferred and kept in ultra-freezer until evaluation of the SA content and 

CAT activity. Salicylic acid content was assessed following the methodology proposed by 

Warrier et al. (2013). Catalase activity, measured per mg of fresh matter (FM), was performed 

through the methodology proposed by Monteiro e Lima (2017). After harvest, kernels from 

each parcel were measured for their moisture content and their total weight was adjusted to a 

standard moisture of 13% for the assessment of the hectoliter weight (HW) and the weight of a 

thousand kernels (WTK). 

All data were checked for their normality (Shapiro-Wilk Test) and the presence of 

outliers. Data were submitted to analysis of variance (ANOVA) and their means, when 

significant, were compared through Tukey’s HSD statistical method at a 95% confidence level. 

All statistical analyses were performed via JMP® Pro 14.0.0 (SAS) software. 
 

 

RESULTS AND DISCUSSION 

The application of the carrageenan-based biostimulant has not shown to contribute to 

the SA content (Figure 1), nor to the CAT activity (Figure 2) under the conditions encountered 

during the experiment. 

Many authors and reports have shown the ability of carrageenan as an eliciting 

compound for many different crops (Shanga et al., 2010; Saucedo et al., 2015; Shukla et al., 

2016; Shukla et al., 2021), however, this was not seen for the experiment conducted in 2021 

with wheat grown under the conditions encountered in the experimental area of EPAGRI. One 

of the reasons for these “not-seen-positive-eliciting results” might be linked to the proximity 

and size of the parcels. 

 In an experiment performed by Piesik et al. (2013) with wheat and barley, these authors 

showed that elicited plants have influenced the production of secondary metabolites in non-

elicited plants up to 25-50% and 10-25% when these non-elicited plants were placed at a 

distance of 1 to 3 meters from the elicited plants, respectively. This shows the capacity that  the 

volatile organic compounds (VOCs) produced after elicitation have on communicating other 

plants to, beforehand, produce metabolites of defense to prime themselves against possible 

threats. Also, this might explain why eliciting experiments are usually performed in more 

controlled environments such as greenhouses, or in open fields with larger parcels. 

 

 



 

 

 

 

Figure 1. Salicylic acid content in wheat plants (Tbio Noble) treated with carrageenan at 0, 24, 

48 and 96 hours post first application (HP1A) and 24 hours post second application (HP2A). 

EPAGRI, Chapecó – SC, 2021. Different letters within each box represent means that are 

statistically different according to Tukey’s HSD at 95% confidence level. *ns = not significant. 

 

 

Figure 2. Catalase (CAT) activity in wheat plants (Tbio Noble) treated with carrageenan at 0, 

24, 48 and 96 hours post first application (HP1A) and 24 hours post second application (HP2A). 

EPAGRI, Chapecó – SC, 2021. FM = fresh matter. *ns = not significant. 

 



 

 

 

  

 In experiments run during the years of 2019, 2020 and 2021 in commercial fields with 

large-size parcels, where the interference from treatments over controls is lower, Ducatti et al. 

(2021a,b; 2022) showed the ability of carrageenan to produce positive effects on plants 

regarding its eliciting capacity. Moreover, the hypothesis that carrageenan has a long-lasting 

eliciting effect on plants has been raised by these authors as to the results encountered for 

mycotoxin production/accumulation on harvested kernels after plants have received 

carrageenan in the tillering stage of growth. 

 Regarding the agronomic parameters of the crop, a significant difference was seen for 

yield but not for the HW or the WTK (Table 2). By looking at the results of table 2, one could 

infer and agree that the use of fungicides for wheat production has a large importance as to the 

productivity of the crop. 

 

Table 2. Yield, hectoliter weight (HW) and weight of a thousand kernels (WTK) of wheat plants 

(Tbio Noble). EPAGRI, Chapecó – SC, 2021. 

Treatment Yield ± SE* HW ± SE WTK ± SE 

Negative control  3392.73 ± 92.96 b 78.20 ± 0.23 ns 54.63 ± 1.60 ns 

Only fungicides (3x) 4033.81 ± 84.35 a 78.14 ± 0.11 52.65 ± 0.35 

Carrageenan (1x) + fungicide (3x) 4202.63 ± 113.2 a 77.71 ± 0.15 52.34 ± 1.13 

Carrageenan (2x) + fungicide (3x) 4110.81 ± 126.7 a 78.05 ± 0.10 52.89 ± 1.62 

*SE = standard error. Different letters within each column represent means that are statistically different according to Tukey’s 

HSD at 95% confidence level. ns = not significant 

 

Doubling the application of the carrageenan-based biostimulant (GS20 + GS60) has not 

produced any positive/extra effect on the yield of the crop when compared to its singular 

application. 

 

CONCLUSIONS 

The application of the carrageenan-based biostimulant has not produced any positive 

effects on wheat plants under the conditions encountered for the experiment performed in 

EPAGRI during the harvest season of 2021. 
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