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ABSTRACT 

The objective of this study was to assess the physiological quality of sunflower seeds as a function of boron rates 

and seed storage times. The experiment was conducted at the Seed Laboratory of the State University of Goiás, 

Ipameri campus, Goias, Brazil. A completely randomized experimental design was used, in a 6×6 factorial 

arrangement, with four replications. The factors consisted of six boron rates (0, 1, 2, 3, 4, and 5 kg ha
-1

) manually 

applied to the soil using boric acid (17%), and six seed storage times (0, 2, 4, 6, 8, and 10 months). The seeds used 

were from plants grown in 2017 as a second crop, which was fertilized according to the boron treatments. The 

following evaluations were conducted after harvesting for each seed storage time: germination test, first 

germination count, accelerated aging test, total germination, seed moisture content, seedling length and dry weight, 

1,000-seed weight, and tetrazolium test. Boron rates and storage times had positive effects on most analyzed 

variables. The most adequate boron rate found was 2 to 3 kg ha
-1

, with no effect of seed storage times on the 

physiological quality of sunflower seeds. 

Keywords: Viability, Soil fertilization, Post-harvest, Helianthus annuus L., Conservation. 

 

 

Influência da adubação boratada sobre o potencial fisiológico de sementes de girassol 

armazenadas 

RESUMO 

Objetivou-se neste trabalho avaliar a qualidade fisiológica de sementes de girassol, em função da adubação 

boratada e tempos de armazenamento. O trabalho foi desenvolvido no Laboratório de Sementes da Universidade 

Estadual de Goiás, Unidade Universitária de Ipameri. O delineamento experimental utilizado foi inteiramente 

casualizado, arranjado em esquema fatorial 6 x 6, com quatro repetições. O primeiro fator refere-se às doses de 

boro, as quais foram utilizadas seis doses (0, 1, 2, 3, 4 e 5 kg ha
-1

), aplicadas via solo manualmente utilizando como 

fonte de boro o ácido bórico (17%). O segundo fator refere-se aos tempos de armazenamento (pós-colheita, 2; 4; 6; 

8 e 10 meses de armazenamento). As sementes utilizadas foram oriundas de plantas cultivadas na safrinha de 2017 

e adubadas conforme os tratamentos com as doses de boro. Após a colheita foram realizadas as seguintes 

avaliações em cada tempo de armazenamento: teste de germinação, primeira contagem de germinação, 

envelhecimento acelerado, índice de velocidade de germinação, condutividade elétrica, peso de 1000 sementes e 

teste de tetrazólio. As doses de boro e tempo de armazenamento apresentaram influência positiva para a maiorias 

das variáveis analisadas, sendo que a dose mais adequada neste estudo foi entre 2 e 3 kg ha
-1

 de boro não afetando o 

tempo de armazenamento sobre a qualidade fisiológica de sementes. 

Palavras-chave: Viabilidade, Adubação, Pós-colheita, Helianthus annuus L., Conservação. 
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1. Introduction 

Sunflower (Helianthus annuus L.) is a crop species 

used for both human and animal consumption that has a 

high economic importance, which makes growers to 

choose it as a second crop in Brazil. 

It is an annual dicotyledonous plant species native to 

North America, belonging to the Asterales order and the 

Asteraceae family. Sunflower is one of the most 

important oilseed species that produce edible vegetable 

oils (Talamini et al., 2011). Sunflower is an oilseed 

species that presents tolerance to drought, cold, and 

pests; this agronomic characteristic explains its 

adaptability to the different edaphoclimatic conditions 

of Brazil, as it is grown in all regions of the country 

(Nunes et al., 2016). 

Information on aspects related to mineral nutrition 

and fertilizers is essential for successful sunflower 

crops, including the nutrient absorption rate, which is 

significant for defining fertilizer application strategies to 

crops (Zobiole et al., 2010; Freitas et al., 2021). 

Improper use of micronutrients, mainly using 

inappropriate application methods, is among the main 

limiting factors for crop yields (Baraich et al., 2016). 

Foliar application of minerals such as Zn, B, and Fe has 

been considered more effective compared to soil 

application due to their adsorption to soil particles and 

less contact with plant roots (Wissuwa et al., 2008). 

The quality of seeds used to implement a crop is an 

essential factor for achieving an adequate plant stand 

(Haesbaert et al., 2017). According to Scheeren et al. 

(2010), knowing the seed quality before sowing is the 

most accurate and safe procedure to avoid increases in 

crop production costs. The interaction between genetic, 

physical, physiological, and sanitary components 

determines the seed quality (Talamini et al., 2011). The 

use of seed vigor tests is essential for monitoring seed 

quality from physiological maturation, as a decreased 

vigor indicates viability loss (Dias and Marcos Filho, 

1995). Therefore, the objective of this study was to 

evaluate the physiological quality of sunflower seeds as 

a function of boron rates and seed storage times. 

 

 

2. Material and Methods 

Sunflower seeds of the variety Aguará 4, developed 

by Atlântica Sementes company, were obtained in an 

experimental field implemented in the 2017 second crop 

at the agricultural area of the State University of Goiás, 

Ipameri, Goiás, Brazil (17°43'04"S, 48°08'43"W, and 

altitude of 794 m). 

A completely randomized experimental design was 

used, in a 6×6 factorial arrangement, with four 

replications. The factors consisted of six boron rates (0, 

1, 2, 3, 4, and 5 kg ha
-1

), manually applied to the soil as 

topdressing, using boric acid (17%), and six seed 

storage times: 0 (M0), two (M2), four (M4), six (M6), 

eight (M8), and ten (M10) months. The seeds were 

packed in Kraft paper bags and stored at room 

temperature. 

Seed moisture content was determined after 

harvesting and seed processing, using two subsamples 

of four grams of sunflower seeds, which were placed in 

an oven at 105 °C for 24 hours (Brasil, 2009) and, 

subsequently, subjected to laboratory evaluations. 

Germination test was conducted using 200 seeds 

divided into four 50-seed replications. Germitest filter 

paper was used as substrate. The rolls were placed in 

plastic bags and placed at 45° angle inside a germinator 

maintained at a constant temperature of 25 °C. The 

count was performed on the tenth day after the 

beginning of the test by counting normal seedlings, 

considering as germinated, the seeds that produced 

normal seedlings (Brasil, 2009). The results were 

expressed as mean percentage of normal seedlings. The 

first germination count was carried out simultaneously 

to the germination test, following the recommendations 

of Brasil (2009). 

The accelerated aging test was conducted using four 

50-seed replications, placed transparent plastic boxes 

(11×11×3.5 cm). These boxes were covered and placed 

in a germination chamber at 41 °C for 48 hours (Marcos 

Filho, 2005). The seeds were placed for germination 

following the methodology described for germination 

tests, and evaluated on the fourth day; the results were 

expressed as percentage of normal seedlings. 

One thousand seed weight (g) was determined by 

directly weighing the achenes on a precision balance, 

using eight 100-seed replications, and multiplying the 

means by 10 (Brasil, 2009).  

Tetrazolium test was conducted according to the 

methodology proposed by the Rules for Seed Analysis, 

using 100 seeds divided into four 25-seed replications. 

After staining, the seeds were rinsed in running water 

and then evaluated (Brasil, 2009). 

Seedling length was evaluated using four 

replications of 25 normal seedlings from each treatment. 

The evaluated seedlings were from the germination test, 

which was completed on the tenth day. Total seedling 

length (cm) was measured from the root tip to the 

cotyledon base. Dry weight was determined using 

normal seedlings, without the cotyledons, that were 

selected during the seedling length evaluation, which 

were weighed on a precision balance after drying, as 

described by Nakagawa (1999). 

The data obtained were subjected to analysis of 

variance (F test) and the means were compared using 

the Tukey's test at 5% probability level. Regression 

analysis was performed for the boron rates. The 

statistical analyses were carried out using the program 

SANEST (Zonta et al., 1987). 
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3. Results and Discussion 

The descriptive analysis of sunflower seed moisture 

content showed variations according to the evaluated 

seed storage times and boron rates. The lowest seed 

moisture content (6.2%) was found immediately after 

harvest (M0) and at six months of storage (M6), 

whereas the highest seed moisture contents were found 

at eight (M8) and four (M4) months of storage, which 

were 9.3% and 9.2%, respectively (Table 1). Seeds tend 

to lose the vigor and germination potential during 

storage due to lipid peroxidation, combined with high 

moisture content and temperature, indicating that seed 

moisture content affects the physiological quality of 

seeds during storage (Smaniotto et al., 2014).  

The interaction between the factors (boron rate and 

seed storage time) had a significant effect on first 

germination count, total germination, accelerated aging 

test, seedling dry weight, and 1,000-seed weight. The 

storage time factor had a significant effect only on 

seedling length. However, the boron rates had no 

significant effect on seedling length and tetrazolium test 

(Table 2); thus, the discussion regarding these variables 

were focused on significant effects of the treatments and 

interactions for each variable. 

First germination count was significantly affected by 

the interaction between seed storage time and boron rate 

only for the seed storage times M0 and M4. The data 

fitted to a quadratic regression, with an estimated boron  

 

rate of 3.00 kg ha
-1 

for M0. Regarding M4, the data 

fitted to an increasing linear model (Figure 1A). 

Germination was significantly affected by the 

interaction between boron rate and storage time only for 

the germination time M4, with the data fitting to an 

increasing linear model (Figure 1B). Contrastingly, 

Bonacin et al. (2009) evaluated the effect of boron rates 

on sunflower plants and found no significant effect on 

seed germination. 

The interaction between boron rate and storage time 

had a significant effect on accelerated aging test (Figure 

1C). The percentage of germinated plants for the seed 

storage times M0 and M10 presented a negative linear 

response as the boron rate was increased. Farinelli et al.  

(2006) found 89% seed vigor in the accelerated aging 

test for common bean seeds subjected to foliar 

application of boron and calcium. 

Seedling dry weight was significantly affected by 

the interaction between seed storage times and boron 

rates only for the storage times M0 and M10. The 

seedling dry weight data for M0 fitted to a quadratic 

regression model with an estimated minimum boron rate 

of 2.57 kg ha
-1

, whereas the data for M10 fitted to an 

increasing linear regression (Figure 1D). These results 

differ from those found by Marchetti et al. (2001), who 

found a significant effect of boron sources and rates (1, 

2, and 4 mg dm
-3

), with increasing rates leading to 

decreases in seedling dry weights. 

 

Table 1. Sunflower seed moisture content (%) as a function of boron rates and seed storage times. Ipameri, GO, Brazil. 2017. 

Boron rates (kg ha-1) 
Seed storage time 

M0 M2 M4 M6 M8 M10 

0 8.1 7.1 8.3 7.6 9.3 8.2 

1 6.2 8.2 7.1 6.2 6.6 8.5 

2 8.1 8.8 7.2 7.8 7.7 7.2 

3 8.8 6.7 6.7 7.6 7.6 8.6 

4 7.2 8.4 9.2 8.5 8.4 6.6 

5 7.7 8.4 6.6 7.2 7.0 7.2 

M0 = immediately after harvest; M2 = two months of storage; M4 = four months of storage; M6 = six months of storage; M8 = eight 

months of storage; M10 = 10 months of storage. 

 

 

Table 2. Analysis of variance for first germination count (FGC), total germination (G), accelerated aging test (AA), tetrazolium test 

(TZ), seedling length (SL), seedling dry weight (SDW), and 1,000-seed weight (TSW) of sunflower crops as a function of boron rates 

and seed storage times. Ipameri, GO, Brazil, 2017. 

Source of variation DF FGC G AA TZ SL SDW TSW 

Seed storage time (T) 5 1979.8* 506.12* 1455.62* 2.27ns 13.13* 12.91* 16.89* 

Boron rate (R) 5 3.32* 3.83* 18.89* 0.49ns 0.65ns 2.29* 15.06* 

R×T 25 3.25* 3.27* 11.38* 1.00ns 0.93ns 1.76* 1.93* 

CV (%) --- 4.67 5.34 4.01 6.48 13.89 10.89 8.80 

DF = degrees of freedom; CV = coefficient of variation; * = significant at 5% probability level and ns = not significant as a function 

of application of boron rates and seed storage time. 



4                  . Effects of boron application on the physiological potential of stored sunflower seeds 

 

Revista de Agricultura Neotropical, Cassilândia-MS, v. 10, n. 4, e7421, Oct./Dec. 2023. 

Regarding 1,000-seed weight, the effect of the 

interaction between seed storage time and boron rate 

was significant only for M0, with the data fitting to a 

quadratic regression with an estimated minimum boron 

rate of 2.31 kg ha
-1

 (Figure 1C). The results found for 

boron rates contrast with those of Lima et al. (2013), 

who found significant effect of boron rates (1 to 5 kg ha
-

1
) on 1,000-achene weight. 

According to Carvalho and Nakagawa (2012), seed 

weight may be associated with seed size, as larger 

seeds have higher amounts of reserve, resulting in 

higher growth and seedling dry weight, favoring plant 

development, resulting in higher yields for plants 

originating from lots of seeds with higher vigor 

according Braz and Rossetto (2009) and Toledo et al. 

(2009). 

 
 

 

 

Figure 1. First germination count (A), total germination (B), accelerated aging test (C), seedling dry weight (D), and 1,000-seed 

weight (E) as a function of the interaction between seed storage time and boron rate culture sunflower. Ipameri, GO, Brazil, 2017. 
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The seed storage times had no significant effect on 

seed viability, according to the tetrazolium test, viable 

seeds ranged between 23.21% and 24.25%. The 

evaluated boron rates had no significant effect on the 

viability of seeds subjected to the tetrazolium test (Table 

3). These findings are consistent with those of Silva et 

al. (2013), who assessed sunflower seed vigor through 

the tetrazolium test. However, Caldeira et al. (2014) 

reported that sunflower seed lots stored for four months 

presented similar germination speed index, initial 

germination count, and tetrazolium test results.  

According to Silva et al. (2013), tetrazolium test can 

be used to assess sunflower seed vigor due to its high 

correlation with seedling emergence in the field and by 

providing reliability for seed lot classification. Seedling 

length was not significantly affected by boron rates 

(Table 3), but it was significantly affected by the seed 

storage times. Seedlings from seeds stored for ten 

months presented longer lengths, with a mean of 10.30 

cm, however not significantly differing from those 

originated from seeds germinated immediately after 

harvest (mean of 9.34 cm).  

The shortest seedling length (7.73 cm) was found for 

seeds stored for four months (M4), not differing from 

those stored for two (M2), six (M6), and eight months 

(M8). Seedling length is an important characteristic for 

differentiating seed lots. In general, longer seedling 

lengths correspond to lots of higher vigor seeds 

(Nakagawa, 1999). Thus, seedling length is a sensitive 

parameter for classifying seed lots with subtle differences 

in physiological potential (Guedes et al., 2009). 

Table 3. Tetrazolium test and seedling length of sunflower 

seeds as a function of boron rates and seed storage times. 

Ipameri, GO, Brazil, 2017. 

Seed storage time Tetrazolium (%) 
Seedling 

length (cm) 

M0 94.64 a 9.34 ab 

M2 93.16 a 8.65 bc 

M4 92.84 a 7.73 c 

M6 93.00 a 8.51 bc 

M8 96.68 a 8.27 c 

M10 97.00 a 10.30 a 

Boron Rate 

(kg ha-1) 0 
 

0 91.68 8.62 

1 96.16 9.13 

2 98.48 8.75 

3 96.00 8.67 

4 91.64 8.94 

5 97.16 8.67 

CV (%) 6.48 13.89 

M0-immediately after harvest; M2-two months of storage; M4-

four months of storage; M6-six months of storage; M8-eight 

months of storage; M10-10 months of storage; CV-coefficient 

of variation. Means followed by the same lowercase letter in the 

column, for each evaluated factor, are not significantly different 

from each other by the Tukey's test at 5% probability level. 

Therefore, the use of seed vigor tests is essential to 

assess characteristics that determine the potential for 

rapid and uniform emergence of normal seedlings under 

a wide range of environmental conditions (Marcos 

Filho, 2005). Additionally, the combination of 

application of boron rates and adequate seed storage 

times provides positive results for sunflower seed 

germination percentage. 

 

 

4. Conclusions 

The evaluated boron rates and seed storage times 

had significant positive effects on most of analyzed 

sunflower variables. The most adequate boron rate was 

between 2 and 3 kg ha
-1

, with no effect of seed storage 

times on the physiological quality of sunflower seeds. 
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