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Abstract

Silicon (Si) is considered a non-essential micronutrient for vegetables, although it has important functions during
vegetative development in some large crops of agricultural interest. This study aimed to evaluate the action of
Silicon on vegetative development in a sunflower cultivar ‘Multissol’. The experiment was carried out in full sun
in February 2024, with five dosages (0; 150; 300; 600 and 900 kg ha*) using potassium silicate as a source of Si.
The vigor variables for humidity, germination, accelerated aging, weight of 100 grains, electrical conductivity,
cold test and emergence in sand and soil were analyzed. Vegetative parameters for plant height, root size, number
of leaves, aerial and root fresh mass and aerial and root dry mass were also evaluated. The germination rate was
greater than 90%, the electrical conductivity was 100 uS cm™.gt, emergence in sand and soil was greater than
90%, regarding the variables of the vegetative phase, there were substantial gains (p < 0.05) in all parameters
analyzed, especially for the highest dosage of 900 kg ha* when compared between the control. Si has a positive
effect on the evaluated parameters and is a non-essential element that has positive effects on sunflower crops,
especially on the Multissol cultivar.
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Silicato de potassio como novo agente micronutriente no desenvolvimento
inicial de girassol (Helianthus annuus L.)

Resumo

Silicio (Si) é considerado um micronutriente ndo essencial para os vegetais, embora apresente funcdes
importantes durante o desenvolvimento vegetativo em algumas grandes culturas de interesse agricola. Este
estudo teve por objetivo, avaliar a acdo do Silicio no desenvolvimento vegetativo em um cultivar de girassol
‘Multissol’. O experimento foi realizado a pleno sol em Fevereiro de 2024, com cinco dosagens (0; 150; 300;
600 e 900 kg ha't) utilizando silicato de potassio como fonte de Si. Foram analisadas as varidveis de vigor para
umidade, germinacgdo, envelhecimento acelerado, peso de 100 gréos, condutividade elétrica, teste de frio e
emergéncia em areia e solo. Foram avaliados também os parametros vegetativos para altura de planta, tamanho
de raizes, nimero de folhas, massa fresca aérea e de raizes e massa seca aérea e de raizes. A taxa de germinacéo
foi superior a 90%, a condutividade elétrica foi de 100 uS cm™.g, emergéncia em areia e solo superior a 90%,
quanto as varidveis da fase vegetativa, houve ganhos substanciais (p < 0,05) em todos os parametros analisados
em especial para a maior dosagem de 900 kg ha quando comparados entre a testemunha. O Si possui efeito
positivo nos parametros avaliados e é um elemento ndo essencial que apresenta efeitos positivos na cultura do
girassol em especial na cultivar Multissol.

Palavras-chave: silicato de potassio, cultura de girassol, cultivar de girassol, efeitos do Silicio, micronutrientes.
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1. Introduction

Among the major crops of global agricultural and economic interest is the sunflower (Helianthus annuus L.)
(Figure 1), belonging to the Asteraceae family, annual and with plant behavior known as heliotropism (Carvalho
et al., 2009), presenting species that do not emit pollen , high diversity of tones and shapes (Schoellhorn et al.,
2003). The center of origin of this culture is remote from areas of Southwest Mexico in North America.
Sunflower is an important source of oil in the world, being considered among the five main oil-producing plant
species (Nobre et al., 2010; Dias et al., 2022). It is cultivated on all continents, being widely diversified in South
American countries. Its socioeconomic importance stands out for its multiple uses, in human and animal
nutrition due to the nutrients, vitamins and fatty acids of importance in the diet, in the production of medicines
and as a basis for biodiesel production (Harris et al., 2016).

As for fertilization, sunflower cultivation is demanding, demonstrating drastic reduction visually and in
production rates when subjected to adverse conditions such as lack of macro and micronutrients, water deficit
resulting in less transpiration; increased efficiency in photosynthesis, resistance against cold; effects of
sailinization and out-of-correction pH (Biscaro et al., 2008). Silicon (Si) is the second most abundant element in
the Earth's crust, where the majority of soil classes that have already undergone the desilicate process, such as
Oxisols, organic and sandy soils such as Quartzarene Neosols, have low soluble levels of this element (Juo;
Sanchez, 1986; Savant et al., 1997), which is considered a non-essential micronutrient for crops, also involving
sunflower cultivation.

Sunflower plants are considered non-Si accumulators; however, they benefit from the application of this element.
The effects of Si have been studied in sunflower crops, as research has demonstrated good results from this
element, minimizing various stress factors suffered by sunflower plants, both biotic and abiotic throughout their
vegetative and reproductive cycle (Carvalho et al., 2009; Dias et al., 2022). Rodrigues (2010) discuss plants that
develop in Si-rich soil where there are differences from other plants with deficiency conditions for this element.
Since, Si influences the chemical composition, mechanical resistance of cells, characteristics of the leaf surface,
tolerance to various abiotic stresses and attacks by pests and phytopathogens.

Ma & Yamaji (2016) adds that plants where there is a rich source of Si, have greater tolerance to toxic metals
such as Aluminum (Al), Manganese (Mn) and Iron (Fe) and heavy Cadmium (Cd) and Lead (Pb) and gains in
quality and productivity in agricultural crops. Carvalho et al. (2009) and Zando Junior et al. (2017) further
discusses that Si considerably influences sunflower plants grown in pots for floristic or experimental interest
where they report gains in production and quality of flowering and seed production.

The mechanisms of action on Si absorption are still poorly elucidated, but what we know is that the defense
mode of the plant that goes through biotic or abiotic stress tends to absorb more Si, and therefore, resists this
disorder better (Dallagnol et al., 2014). Among major crops, the ability to absorb Si differs; for rice, barley and
wheat, absorption occurs through the active process (Rains et al., 2006). In sunflower, absorption processes
mainly of HiSiO4 or another labile source of Si such as K;SiO4 present transport from the root to the shoot
through the xylem occurring in both active and passive forms.

These types of forms of transport are determined by the concentration of this mineral, where at low
concentration it leads to mass flow transport as discussed by Gunes et al. (2008). Plants belonging to the families
Poaceae, Equisetaceae and Ciperaceae have a greater absorption capacity and consequently, the Si contents are
higher, this difference occurs due to the type of physiological mechanism by which Si is absorbed (Ma et al.,
2001).

Thus, for there to be accumulation, like any essential element, Si must be in its labile form, capable of absorption
by sunflower plants, and not be precipitated, adsorbed or polymerized. Considering the benefits of Si for plants,
this study verified the action of different dosages of K3SiO. in the sunflower (Helianthus annuus L.) crop where
attributes were verified in the vegetative period in a ‘Multissol’ cultivar regarding their effects during the
evaluated period.
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Figure 1. Sunflower plant (Helianthus annuus L.) cultivar Multissol in flowering period. Source: Authors, 2024.

2. Materials and Methods
2.1 Experimental location

The experiment was conducted in a rural area (Fazenda Anténio Menezes & Filho) in the municipality of Rio
Verde, Goiés, Brazil, at coordinates (17°43°06.6”’S and 50°53°06.8W) between November 2023 and January
2024. The average altitude of the region is 748 m; the region's climate is classified according to Kdppen as
humid mesothermal, with two well-defined seasons: a rainy season between October and April, and a dry season
between May and September; the average temperature is 25.5 °C.

2.2 Sunflower cultivar

The sunflower cultivar was Multissol (rajado muido aguara 6), an erect shrub, with a height between 1.3 and 1.7
m, an average flower diameter of 22 cm. Characteristics: without branches and with rough hairs, annual
vegetative cycle between 60 and 130 days, resistance to diseases moderately susceptible to Alternaria sp., and
Sclerotinia sp.

2.3 Seed analyzes
2.3.1 Moisture content

The water content was determined from the percentage difference in initial and final mass of 5 samples with 5 g
of seeds, after drying in an oven with forced air circulation at 105 °C for 24 h. The result was expressed as a
percentage (%) as described by Hilgert et al. (2021).

2.3.2 Germination test

Germination was performed on germitest paper sheets rolled into a roulade and moistened with distilled water in
an ratio of 2.5 x the weight of the paper. The seeds were stored in plastic bags inside the BOD greenhouse at
25 °C for 10 days (Brasil, 2009), and the number of seeds were counted every day. Germinated seeds were those
which showed development of the essential embryo structures (root system and aerial part). The germination
assay was expressed in (%) (Oliveira et al., 2023).

2.3.3 Accelerated aging

Sunflower seeds were exposed to a temperature of 42 °C for 72 h in a B.O.D chamber. In this test, a germination
box with metal mesh was used. 100 mL of distilled water was added and then the seed screen described by
Ducatti et al. (2014). After this time, the seeds were germinated according to subtopic 2.3.2.

2.3.4 Weight 100 seeds

The weight of 100 seeds (W100) was evaluated with four subsamples, according to the methodology for the
weight of a thousand seeds recommended in the Rules for Seed Analysis (Brasil, 2009). The result was expressed
in grams (g).

2.3.5 Electrical conductivity (EC)
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Approximately 10 g of seeds were soaked in distilled and deionized water at 25 °C for 24 h and then electrical
conductivity was determined using a digital conductivity meter. The result was expressed in (uS cm=2.g?) as
proposed by Oliveira et al. (2012).

2.3.6 Cold test

The cold test was conducted on a germitest paper substrate for seven days at a temperature of 10 °C, in the
absence of light (Murcia et al., 2001). Subsequently, the rolls were kept at 25 °C. Assessments were carried out
after 10 days (Brasil, 1992), and the result was expressed as a percentage (%).

2.3.7 Seeding emergence assay

The seedling emergence test was conducted in plastic boxes containing sterilized washed sand and/or soil
moistened with distilled water, aiming to reach 60% of retention capacity. The boxes were kept in ambient
conditions, and evaluations were carried out four and 10 days after the test was installed (Nakagawa, 1999). The
result was expressed as a percentage (%).

2.4 Soil type and parameters

The soil in the region is classified as a typical dystroferric red latosol. The physicochemical characteristics of the
soil sampled from the experimental area at a depth of 0-20 cm. Calcium (Ca) 2.13, Magnesium (Mg 1.43, Ca +
Mg 3.56, Aluminum (Al) 0.0, H + Al 8.09 and Potassium (K) 0.3 cmol. dm=; K 117, Sulfur (S) 9, Phosphorus (P)
3.0 mg dm and pH 4.9; Sodium (Na) 1.0 mg dm; organic matter (OM) 61.1 g dm; clay 30.3, silt 25.2 and
sand 44.4 (%). In the area where soil was collected, the previous crop was soybeans with a direct planting
system.

2.4 Experiment design

The experimental design used was a randomized block design with six replications, four treatments (150; 300;
600 and 900 kg hal) + a control (6x4+1). The experiment was installed in full sun in 5.5 L black flexible
polyethylene pots. Potassium silicate was applied to the soil 10 days before sowing with the following
composition of K;SiO4 with 25% Si, 10% K, 3% Mg and 0.01% Ca. The soil after application was previously
disturbed and on alternate days watering was carried out with water from a natural lagoon.

Sowing was carried out at a depth of 2 cm. A uniform and vigorous emergence was observed six days after
sowing. Fifteen days after emergence, uniform thinning was carried out with just two plants per pot. At 30 days
after plant emergence (DPE), Nitrogen (N) fertilization was carried out together with Boron (B), following the
recommendations for sunflower cultivation. The harvest took place at 50 DPE, with 50% of the plants on the
stand in studio R4 (initial flowering). Irrigation was performed in one period (morning) daily according to the
needs of the culture and the measurement of temperature and relative humidity monitored by a
thermo-hygrometer.

2.5 Variables analyzed (vegetative period)

The variables plant lenght (PL), root length (RL) were determined using a measuring tape and the results
expressed in centimeters (cm), the number of leaves was determined by visually counting developed petioles, the
aerial fresh mass (AFM) and root fresh mass (RFM) were determined on an analytical balance and the results
expressed in grams (g), for aerial dry mass (ADM) and root dry mass (RDM) after fresh determination , the
material was dried in an oven with forced air circulation for 48 h at 65 °C and the results expressed in (g)
(Guedes et al., 2023).

2.6 Statistical analysis

The results obtained were subjected to regression analysis using the F test and the means were grouped using the
Tukey test with 5% probability using the SISVAR statistical program (Ferreira, 2019).

3. Results

In our results, the moisture content was 7%, the germination rate was 92%, accelerated aging was 52%, weight
of 100 grains was 6 g, electrical conductivity was 100 uS cm*.g™* and cold test with 71% germination (Table 1).
The seedling emergence rate in sand was 94.6% + 1.14 with (CV% = 0.01) and seedling emergence in soil with
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94.4% £ 1.51 and (CV% = 0.01).

Table 1. Average parameters of moisture, germination, accelerated aging, weight of 100 grains, electrical
conductivity and cold test in sunflower seeds cultivar ‘Multissol’.

Moisture ~ Germination  Accelerate w100 Electrical Cold test
(%) (%) aging () conductivity (%)
(%) (uS cm™.g™)
759+0.38 928+258 526+3.20 6.90+0.49 100.12 £ 0.98 71.2+1.30
*0.05 *0.02 *0.05 *1.24 *0.88 *0.01

Note: *coefficient variation in (CV%).

Table 2 presents the results of the ANOVA of the ‘Multissol’ cultivar based on the effects of the K,SiO4 dosages
evaluated. All variables AL, RL, AFM, RFM, ADM, RDM and Number of Leaves showed significant effects
depending on the KSi doses. Second order polynomial regression was performed.

Table 2. Mean squares (M.S.) obtained in the analysis of variance of the application of doses of K,SiOs via soil
in the ‘Multissol’ cultivar. AL = aerial length; RL = root length; AFM = aerial fresh mass; RFM = root fresh mass;
ADM = aerial dry mass; RDM = root dry mass, and N° Leaves = number leaves.

SV MS
AL RL AFM RFM  ADM RDM N° Leaves
Doses 510.06* 863.42* 838.41* 37.19* 18.29* 1.39*  19.44*
Residue  53.21 57.22 154.85 6.66 1.79 0.14 1.38
CV% 14.30 17.98 4489 4134 3227 37.33 9.80

Note: SV = Source of variation. MS = Mean squares. CV% = coefficient of variation. *Significative a 5%.
Source: Authors, 2024.

In Figure 2 (A) increasing doses of K2SiO4 provided a significant change for AL with greater length for the dose
of 900 kg ha* with 56.33 cm and in (Figure 2 B) the RL with the highest value of 51.88 cm for the dose of 300
kg hal, higher doses had a negative effect. Both positive effects for the variables analyzed.
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Figure 2. Parameters aerial length (A) and root length (B) of sunflower plants in different doses of potassium
silicate. Source: Authors, 2024.

The number of leaves was significant where at the highest dose of 900 kg ha (K;SiO,) sunflower plants in R4
presented an average of 13.67 leaves versus control with 9.50 (0 kg ha?) leaves (Figure 3).
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Figure 3. Number of leaves per sunflower plant at different doses of potassium silicate. Source: Authors, 2024.

Regarding the parameters of AFM and RFM our results, the production of fresh matter demonstrated incremental
gains at the dose of 150 kg ha* with 38.52 g compared to the control 0 kg ha™* with 11.45 g (p < 0.05) (Figure 4,
A). Gains in the RFM increment were also observed at the highest dose of 900 kg ha* with an average value of
7.90 g compared to the control with 2.54 g for dose 0 kg ha (p < 0.05) (Figure 4, B).
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Figure 4. Parameters of aerial dry mass (A) and root dry mass (B) of sunflower plants in different doses of
potassium silicate. Source: Authors, 2024.

The production of dry matter (straw) of ADM and RDM showed a significant increase (p < 0.05) both, at the
highest dose of K;SiO4. For ADM (Figure 5, A) a dry mass yield of 5.97 was obtained and for RDM with 1.47 g
for a dose of 900 kg ha (Figure 5, B).
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Figure 5. Parameters of aerial dry mass (A) and root dry mass (B) of sunflower plants in different concentrations
of potassium silicate. Source: Authors, 2024.

4. Discussion
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The average vigor parameters for humidity, germination, accelerated aging, weight of 100 grains, electrical
conductivity and cold test presented similar and also higher averages for the parameters evaluated in other
studies with the same cultivar and compared with different sunflower cultivars. The percentage of germination
and seedling emergence (sand and soil) were above 90%, indicating satisfactory physiological quality.

In other studies, Oliveira et al. (2012) studied the same cultivar as in this study where they obtained results for
seedling emergence above 81%, humidity between 6.2-6.7%, germination between 90-99% and for another
cultivar 'Catissol' humidity between 5.0-5.9% and germination between 92-97%. As for EC Oliveira and
collaborators, they found lower results than this study between 48.7-75.6 and 45.3-94.3 uS cm.g? for the
‘Multissol’ and “Catissol’ cultivars. Braz & Rossetto (2006) verified germination, accelerated aging, cold test and
seedling emergence in sand values between 82-87% for different lots of the ‘Embrapa 1222000’ cultivar;
50-70%; 90-97% and between 72-80%, respectively.

Our EC result was higher than that obtained in the study by Braz & Rossetto where there was a variation
between 28.7-41.93 uS cm.g* for sunflower seeds. According to Aradjo et al. (2011) electrical conductivity is
one of the vigor tests recommended for other countries, mainly for pea seeds, and is suggested for soybeans
according to the Association of Official Seed Analysts (AOSA) Canadian Food Inspection Agency (CFIA, 2023),
in Brazil, it is used as a vigor test with results promising seeds for peanuts, soybeans, cowpeas, snap beans, okra,
pumpkin and peppers. However, several other variables can interfere negatively in EC tests, this is presented and
discussed by Vieira (1994) where in his study he comments that there are several factors that negatively affect
the results such as seed age, genotypes, water quality, temperature, duration of the imbibition period, degree of
humidity and number of seeds.

Our results were satisfactory using K2SiO4 in the Multissol cultivar in the large sunflower crop. The effects were
positive for all variables analyzed (p < 0.05). Encouraging results were also obtained by other authors, such as
Carvalho et al. (2009) where they studied the ornamental sunflower cultivar 'hybrid F1 Pollenless Sunbright'
where they found that doses of Si had a positive influence on AL and when checking the Si content in the roots,
they showed that there was an increase in the percentage of this element in them. Still in this study, the
researchers did not notice changes in the concentration of Si in the leaves, inflorescences, leaf litter and stem
diameter with split application. For this, there is a justification, where the Si content is higher in young leaves,
this is easily explained, as Si, after being absorbed and deposited, becomes immobile forming hydrated
amorphous silica (SiO2.nH20) or biogenic silica (Balastra et al., 1989). When the Si element was applied to the
substrate, the results were positive and encouraging as they found that different doses of Si improved the
production of dry matter in inflorescences, roots and aerial parts.

In addition to these studies, our results corroborate other research, Gunes and collaborators (2008) found positive
results when they applied Si to the soil in sunflower crops, verifying an increase in the production of ADM and
RDM. In the study by Hussain et al. (2018) researchers demonstrated beneficial effects with the use of Si in
sunflower plants irrigated with saline solution and Sodium water where they measured increases in diameter
between 22-30% of the sunflower flower and consecutively an increase in achene yield between 15-25% . These
authors add that the incorporation of Si in soil fertilization is a potential strategy to increase productivity against
brackish water stress.

Si also has an effect when applied by air, Abd EI-Gwad & Salem (2013), tested a Si solution by spraying and
biofertilization where they described in their results, positive effects on improving the parameters plant height,
number of leaves, leaf surface area, fresh and dry mass of leaves and plants, stem and inflorescence diameter and
weight of 100 sunflower seeds (W2100). The use of K,SiO4 also has positive effects on other crops, as discussed
by Souza and collaborators (2015), where they found satisfactory results evaluating different doses of K3SiO, in
transgenic corn for plant height, stalk diameter, leaf area, root dry matter, in However, for aerial part dry matter,
researchers found negative effects obtained at all dosages of K,SiOs. Zando Janior et al. (2009), studying the
effects of Si doses on rice crops, found encouraging results for the production of straw from shoots and roots.

Some studies present negative results regarding the use of Si as a micronutrient, these results can be strongly
influenced due to the low concentration of the doses that were applied, in this theory, Zando Junior (2007) also
emphasizes this fact, in addition, complement that very high doses high may also present false negative results.
Birchall (1995) says that Si can polymerize and produce colloidal particles of hydrated silica (SiO2.H;0).
Furthermore, the low solubility Si source interferes with the results (Kamenidou et al., 2008; Hurtado et al.,
2020).

Si in large and small crops, in addition to its positive aspects of plant productivity already discussed, also
indirectly influences pest control. This was verified by Assis et al. (2012) where the use of Si in sunflower plants
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induced resistance to aphids (Myzus persicae) through the mechanism of non-preference for feeding and/or
reproduction. Antunes et al. (2010) where they evaluated doses of Si that did not directly affect the infestation of
Spodoptera frugiperda in corn cultivar ‘hybrid Dow Agrosciences 2301°, however, it favored the occurrence of
the predator Dorus spp., consecutively, there was a reduction of Chlosyne lacinia saumdersii (largate
-do-sunflower) in sunflower plants cultivar ‘HF 358°. The number of ladybugs being significantly higher is
found on sunflower plants.

5. Conclusions

The application of potassium silicate improved vegetative growth in the sunflower cultivar ‘Multissol’,
especially at a dose of 900 kg ha*. Further studies should be carried out checking the Si content in different parts
of sunflower plants in the vegetative and reproductive phases to know what the final deposits of this element are
in this crop.
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