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Abstract
Eggplant (Solanum melongena L.) belongs to the Solanaceae family and is among the 10 most consumed vegetables in 
Brazil. Among the cultivation systems, the production of seedlings is one of the most important steps to obtain quality plants 
and to reduce dependence on chemical products, in addition to ensuring crop stability. Currently, biostimulants are being used 
to improve agricultural performance. Ascophyllum nodosum L. algae are the most used for this purpose, being a source of 
organic matter, amino acids, carbohydrates, and nutrients that can favor plant development. This study aimed to evaluate 
eggplant seedlings development under different concentrations of the Acadian® biostimulant. The experimental design was 
conducted in randomized blocks and included five treatments, which consisted of doses of: 0, 3, 6, 9, and 12 mL p c L−1 
of water, with 10 replications. The ‘Classic F 1’ hybrid eggplant seeds were used. Then, 34 days after sowing, the following 
morphological analyses were performed: plant height, root length, stem diameter, and root and shoot dry mass. The results 
were subjected to analysis of variance and regression analysis using the Sisvar statistical analysis program. The use of the 
biostimulant derived from Ascophyllum nodosum can increase the growth and development of plant height, root length, stem 
diameter, and root and shoot dry mass during the production phase of eggplant seedlings.

Keywords: Ascophyllum nodosum L.; Solanum melongena; Seedling production; Microorganisms; Sustainability.

Introduction

Eggplant (Solanum melongena  L.) is a 
vegetable plant belonging to the Solanaceae 
family that bears a fleshy, berry-like fruit 
presenting varied shape and colors, being used 
in salads, soups, and preserves preparations. 
In addition, due to its nutraceutical properties, 
it can be used to formulate medicines and 
cosmetics, and is increasingly present in the 
diet and daily life of Brazilians, which means 
expanded marketing possibilities.

Among the cultivation systems, the success 
of vegetable production begins in the nurseries, 
since high-quality seedlings guarantee the 
uniformity and stability of the crop, optimizing 
the development and yield of the plants in the 
field (BHARATHI, RAVISHANKAB, 2018).

Seedling production is one of the most 
important stages in the vegetable production 
chain, as it will directly influence crop yield 
(CAMPANHARO et al., 2006). In this sense, 
healthy seedlings can increase production and 
promote early harvesting, whereas poorly formed 
seedlings can compromise plant development, 
negatively influencing production and the final 
quality of the product (GUIMARÃES, ECHER, 
MINAMI, 2002).

Currently, transplanting seedlings is the 
most widely used method in olericulture. To this 
end, the commercialization of seedlings is based 
on the morphological characteristics of the plant, 
such as height, stem diameter, leaf color, and 
root development. Thus, initial protection and 
appropriate cultural treatments are necessary 
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to ensure homogeneity, growth, and initial 
development, so that after transplanting the 
seedlings can withstand the adverse conditions 
found in the field, reducing the costs of 
replanting and cultural treatments (FERREIRA 
et al., 2007).

Horticultural species hold a poor nutrient 
use efficiency, thus being necessary high doses 
of fertilizers to achieve high yields (ZANDONADI 
et al., 2014). The use of biostimulants has 
increased worldwide as they derive from organic 
substances and there are various sources of 
natural compounds that act positively on plant 
development. Therefore, it is an alternative form 
of management that can replace the use of 
chemicals, resulting in a more sustainable method 
that can reduce costs in seedling production.

Biostimulants include products based on 
seaweed extract which, when applied, can act on 
the hormonal balance, and promote changes in 
the physiological and structural processes of plants 
(SILVA et al., 2008). Furthermore, the seaweed 
used for composting is both biodegradable and 
non-toxic and can be used by organic farmers. 
In Brazil, the biostimulant formulations are 
regulated under Normative Instruction No. 64, 
of December 18, 2008, from the Ministry of 
Agriculture, Livestock, and Food Supply (MAPA), 
in liquid and powder form (MAPA, 2008).

The Ascophyllum nodosum  L. species 
belongs to the brown macroalgae group and is 
the most widely used in agriculture (UGARTE, 
SHARP, MOORE, 2006). They are known as 
natural biostimulants due to holding organic 
matter, amino acids (proline, isoleucine, glutamic 
acid, glycine, lysine, tryptophan), carbohydrates 
(starch, sucrose, raffinose), macro and micro 
nutrients, and growth hormones (auxins, 
gibberellins, cytokinins, and abscisic acid) 
that can be used in different crops and with 
different functionalities, such as: rooting agents, 
biostimulants, bioprotectors, and mitigators of 
adverse environmental conditions (SILVA, 2010).

A. nodosum extract offers versatile 
applications, such as foliar sprays and root 
immersion, and can also be added to irrigation 
and fertigation systems. The literature shows 
positive results when it is used in seed 
treatment, seedling production, and on plants 
already established in the field (NORRIE, 2008). 
Therefore, this study aimed to evaluate the 
effect of different doses of a seaweed-derived 
biostimulant, more specifically Ascophyllum 
nodosum L. extract, during the development of 
eggplant seedlings.

Material and methods

The experiment was conducted from 
September 14 to October 21, 2021, at the 
Horticulture Sector of the Federal Institute 
of Education, Science, and Technology of 
Southern Minas, Machado Campus (MG) 
(IFSULDEMINAS), Latitude 21° 41’ 57.09” S 
and Longitude 45° 53’ 11.01” W; 907 m above 
sea level.

The ‘Classic F 1’ eggplant seedlings were 
produced using commercial seeds, distributed 
in 200-cell plastic trays, duly filled with the 
commercial Max Fértil substrate (Figure 1A), 
with one seed inserted per cell. The trays were 
placed on metal benches in a Pad and Fan 
type greenhouse.

The experimental design adopted was 
randomized blocks, with five different doses 
(0, 3, 6, 9, 12 mL p c L−1) of the Ascophyllum 
nodosum  L. seaweed extract and 10 
replicates, consisting of five plants per plot. 
The concentrations of the commercial product 
(Acadian®) were diluted in water and applied 
by root immersion, using recipients filled with 
one liter of syrup and immersing the pots 
individually in 22 L plastic boxes, measuring 
15 × 36 × 56 cm, for three minutes in the 
solution (Figure 1B). The first application 
occurred 17 days after sowing and the second 
seven days after the first application.
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After 34 days since sowing, the plants were 
removed from the pots and the roots washed in 
running water to completely remove the substrate 
(Figure 1C). After this process, the seedlings were 
subjected to morphological growth analyses: 
plant height—in cm, determined using a ruler, 
measuring the distance from the neck to the 
last leaf; root length—in cm, determined using 
a ruler, measuring the distance from the neck 
to the end of the root; stem diameter—in mm, 
determined using a digital caliper, positioned to 
measure the diameter of the mid-stem region, 
just below the first leaves; root dry mass and 
shoot dry mass—lastly, seedlings were placed 
in an oven with forced air circulation at 65° C 
for 48 h, after which their mass was determined 
using a digital semi-analytical balance.

The data obtained in the experiment were 
subjected to analysis of variance (ANOVA) 
at 5% probability. When the F test was 
significant, regression analysis was performed 
for the dose factor. All statistical analyses were 
performed using the Sisvar® statistical program 
(FERREIRA, 2010).

Results and discussion

According to the ANOVA results, there was 
a significant effect by the F test (p<0.05) for the 
characteristics evaluated under different doses of 

the biostimulant on the production of ‘Classic F 1’ 
hybrid eggplant seedlings. It was observed that 
plant height, root and shoot dry mass, and stem 
diameter, when subjected to regression analysis, 
developed a polynomial trend of degree 3, and 
root length had a polynomial trend of degree 2.

In this study, for the plant height variable 
(Figure 2), it was observed that, in the 
applications at doses of 3 and 6 mL L−1, the 
highest means were found, with 16.31 and 
15.42 cm, respectively, an increase of 4.01 
and 3.29 cm compared with the treatment that 
was not treated. The value of the coefficient 
of determination (R2) of 0.9589 indicates 
an adequate fit of the data to the polynomial 
equation obtained to estimate the ideal dose of 
3.42 mL L−1, which achieved a seedling height 
of 16.16 cm.

As for root length (Figure 3), positive behavior 
was observed from the first dose onwards, so 
that the highest means were obtained at doses 
of 9 and 12 mL L−1, which recorded 9.44 and 
9.25 cm—an increase of 1.89 and 1.70 cm 
compared to the zero dose. However, using the 
maximum point of the equation, the ideal dose 
of 6.78 mL L−1 was estimated, which achieved 
an average root length of 9.57 cm.

Amorim Neto (2019) obtained opposite 
results when using the biostimulant in the 

Figure 1. Tray structure, root immersion of seedlings in solution, and variable sampling, considering the 
development of eggplant seedlings under different doses of biostimulant. A: trays used for sowing; B: application 
of Acadian® treatments; and C: cleaning the seedlings for evaluation. Machado (MG), 2021
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production of tomato ‘Salad Special’ seedlings, 
recording an average 13.01 cm of shoot height 
at concentrations higher than 7 mL L−1, and 
lower root development when doses higher than 
2.5 mL L−1 were used. Results presented by 
Araújo et al. (2011) were similar to our data, 
showing an increase in the height of yellow 
passion fruit seedlings when the dose of 4 mL L−1 
of the Ascophyllum nodosum L. extract was used.

The increase in root length may be associated 
with the use of seaweed extract. As evidenced 

by Rayorath et al. (2008), root development is 
induced by increased expression of genes pertinent 
to auxin, a hormone that acts as a growth regulator 
and participates in cell elongation; however, high 
doses of auxin can induce phytotoxicity (TAIZ, 
ZEIGER, 2009). Therefore, root length is relevant 
to acquire adequate seedling establishment after 
transplanting in the field, favoring soil fixation 
and root exploration.

The cytokinins found in the seaweed may 
explain the increase in plant height (KHAN et al., 

Figure 2. Average values obtained for the variable plant height (in cm) according to different doses of the 
Acadian® biostimulant. Machado (MG), 2021. **F-test at 5% significance level.

Figure 3. Average values obtained for the variable root length (in cm) according to different doses of the Acadian® 
biostimulant. Machado (MG), 2021. **F-test at 5% significance level.
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2009). This hormone is synthesized by the roots 
and conducted by the xylem to the aerial part of 
the plant and provides greater plant development 
(SALISBURY, ROSS, 2012). Seaweed also 
present micronutrients and amino acids capable 
of inducing plant growth.

Commercial products derived from seaweed 
extract with higher concentrations of auxin 
are associated with lower concentrations of 
cytokinins and abscisic acid, which explains 
the increase in root growth and reduction in 
shoot development (WALLY et al., 2013). This 
variation occurs due to the difference between 
the species used, the time of collection, and the 
form of extraction, influencing the composition of 
the products and promoting different effects on 
the plants (CARVALHO, CASTRO, 2014).

The reduction in shoot development may 
be caused by the high doses of biostimulants 
since higher concentrations of these products are 
only beneficial when used in unfavorable growing 
conditions (FERNANDES, SILVA, 2011).

Regarding stem diameter (Figure 4), a positive 
response was obtained, with the highest values 
associated to concentrations of 3 and 9 mL L−1, 
ranging from 2.32 and 2.28 mm, meaning an 
increase of 0.57 and 0.51 mm compared to 

the zero dose. The ideal dose estimated by the 
equation was 5.33 mL L−1, where the stem 
diameter reached values of 2.37 mm.

Santos et al. (2011) found that the 
application of Acadian® resulted in a positive 
response in stem diameter, with an average 
of 1.7 mm at the maximum concentration of 
0.9 mL L−1 in IPA 6 tomato plants. On the other 
hand, Gonçalves et al. (2018) concluded that 
the application of the Stimulate® biostimulant 
to passion fruit cultivar ‘BRS Rubi do Cerrado’ 
reduced the plants’ stem diameter.

This outcome may be associated with the 
presence of gibberellins, which synthesis is 
induced by the application of seaweed extract 
(TAIZ, ZEIGEIR, 2017). This hormone acts on the 
elongation of meristematic cells that, associated 
with auxins, provide greater elasticity and 
plasticity to cells, thus acting on cell division and, 
consequently, increasing stem diameter in plants 
(CELEDONIO, 2020; FERNANDES, SANTOS, 
RIBEIRO, 2001). Larger stem diameter can 
favor the transport of high amounts of nutrients 
and water to the shoot, providing growth and 
accumulation of biomass, in addition to acting 
on metabolic and photosynthetic processes 
(MAZZONI-VIVEIROS, TRUFEM, 2004).

Figure 4. Average values obtained for stem diameter (in cm) according to different doses of the Acadian® 
biostimulant. Machado (MG), 2021. **F-test at 5% significance level.
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When applied in high doses, endogenous 
auxins promote root development and inhibit 
stem growth, an effect that may have been 
influenced by the application of seaweed extract 
(KERBAUY, 2012), which promoted a reduction 
in the growth of plant organs.

Regarding shoot dry mass (Figure 5) and root 
dry mass (Figure 6), a behavior similar to the other 
analyzed characteristics was observed, in which 
the highest values were reached with doses ranging 
from 3 to 6 mL L−1, with averages of MSPA at 
0.15 and 0.12 g, and MSR at 0.052 and 0.052 g. 
Optimally, a dose of 4.08 mL L−1 should be used 
for the dry mass of the shoot, which reached an 
average of 0.14 g; and a dose of 3.49 mL L−1 for 
the dry mass of the root, resulting in 0.052 g.

Vandruscolo, Martins, and Seleguini 
(2016) achieved very similar outcomes, in 
which concentrations lower than 5.5 ml L−1 
yielded higher dry mass averages for tomato 
crops. Positive data were also obtained on the 
increase of dry matter in tomato seedlings using 
Ascophyllum nodosum extract (SOUZA et al., 
2017). A value of 0.046 g of total dry matter was 
found using the maximum dose of 0.9 mL L−1, 
thus encouraging the use of biofertilizer to 
produce seedlings.

Mógor et al. (2018) reported that the 
amino acids present in biostimulants can act on 
plant metabolism, as they contribute to protein 
synthesis. Therefore, according to the results 
found for these variables, the use of Acadian® 
promotes the best initial development of 
seedlings, possibly due to its growth hormones, 
which cause a synergistic effect and contribute 
to greater production and accumulation of 
carbohydrates and, consequently, greater 
production of dry matter (AL-ABBASI, 
ABDULLAH, and HUSSEIN, 2017).

Biostimulant positively influences root 
tissues and interfere with the hormonal balance 
of plants, providing greater exploration capacity 
and, consequently, greater absorption of 
water and nutrients, which are related to the 
metabolism and structuring of plant organs 
(NARDI et al., 2016).

Notably, high concentration doses caused a 
small reduction in the evaluated characteristics. 
Except for root length, this decrease may be 
associated with the stimulation of ethylene 
synthesis, caused by the excess of auxins in 
plant tissues (SALISBURY, ROSS, 2012). 
Consequently, the accumulation of ethylene can 
negatively influence cell growth and elongation. 

Figure 5. Average values obtained for the variable shoot dry mass according to different doses of the Acadian® 
biostimulant. Machado (MG), 2021. **F-test at 5% significance level.
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Another factor that may have influenced the 
research is that the study was conducted 
under controlled environmental conditions, and 
biostimulants have greater effects when used in 
stressful situations (POVERO et al., 2016)

Therefore, the seaweed extract Ascophyllum 
nodosum  L. can be an important ally in the 
production of eggplant seedlings, showing its great 
potential to contribute to plant development, as 
well as being a natural source of nutrients, amino 
acids, and plant hormones. However, further 
studies should be conducted with lower doses 
associated with seed treatment and foliar spraying 
since there are variations in the composition of 
commercial products and plant species.

Conclusion

The use of Ascophyllum nodosum-derived 
biostimulant can increase the growth and 
development of plant height, root length, stem 
diameter, and root and shoot dry mass during the 
production phase of eggplant seedlings.
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