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Adubação orgânica e mineral determina o desempenho agronômico de cultivares
de girassol e atributos químicos do solo

Weslian V. da Silva2 , José H. da S. Taveira3 , Patrick B. Fernandes4* , Patrícia C. Silva5 ,
Ana B. G. da Costa6 , Carolina M. Costa7 , Pedro R. Giongo5 ,

Níbia S. D. Corioletti2  & Antonio L. C. Gurgel8

ABSTRACT: This study aimed to verify the effect of the application of filter cake, via soil and in association 
with mineral fertilization, on sunflower cultivars (Helianthus annuus L.) and the chemical properties of the soil. 
The experimental design used was randomized blocks in a 3 × 2 factorial scheme with six replicates, totaling 36 
experimental units. Three sunflower cultivars (Sany 66, Nusol 4140, and Nusol 4170) and two fertilization strategies 
(mineral fertilization with and without filter cake) were used. Resorting to the filter cake increased the oil concentration 
in Sany 66. Mineral fertilization did not significantly affect achene production, with mean values being 2561.58 kg ha-1. 
However, including filter cake resulted in a 21% increase in phosphorus (P) content in the 0-0.20 m soil layer in 
sunflower crops of the Nusol 4140 variety. Therefore, fertilization with filter cake, in combination with chemical 
fertilizers or alone, can be an effective strategy to increase soil P content and oil concentration in sunflower cultivation.
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RESUMO: Este estudo teve como objetivo verificar o efeito da aplicação de torta de filtro, via solo e em associação 
com a fertilização mineral, em cultivares de girassol (Helianthus annuus L.) e nas propriedades químicas do solo. 
O delineamento experimental utilizado foi em blocos casualizados, em esquema fatorial 3 × 2, com seis repetições, 
totalizando 36 unidades experimentais. Foram utilizadas três cultivares de girassol (Sany 66, Nusol 4140 e Nusol 4170) 
e duas estratégias de fertilização (fertilização mineral com e sem torta de filtro). O uso da torta de filtro aumentou 
a concentração de óleo na cultivar Sany 66. A fertilização mineral não afetou a produção de aquênios, sendo obtido 
valores médios de 2561,58 kg ha-1. No entanto, a inclusão da torta de filtro resultou em um aumento de 21% no teor 
de fósforo (P) na camada de solo de 0-0,20 m em cultivos de girassol da variedade Nusol 4140. Portanto, a fertilização 
com torta de filtro, em combinação com fertilizantes químicos ou isoladamente, pode ser uma estratégia eficaz para 
aumentar o teor de P no solo e a concentração de óleo no cultivo de girassol.

Palavras-chave: Helianthus annuus L., fertilizante orgânico, fósforo, segunda safra

HIGHLIGHTS:
Oil concentration increased in the achenes of the Sany 66 cultivar when filter cake was applied.
The short-term filter cake application enhances phosphorus availability in the 0-0.20 m soil layer.
In the nutritional management of sunflower cultivation, the application of 42 t ha-1 of filter cake can be recommended.
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Introduction

Sunflower (Helianthus annuus L.) is versatile and is used 
in human and animal diets (Polviset et al., 2020; Grasso et 
al., 2021; Oliveira Filho & Egea, 2021). However, sunflower 
production in the Brazilian Cerrado faces challenges due to soil 
acidity and limited phosphorus availability (Alovisi et al., 2020). 
To achieve high yields, the application of 80 kg ha-1 P2O5 and 60 
kg ha-1 K2O as fertilizers is recommended (Sousa & Lobato, 
2004). However, purchasing chemical fertilizers can increase 
production costs (Rezende et al., 2022; Leal et al., 2023).

Co-products from the sugar and ethanol industries are 
promising organic fertilizers because of their nutrient content 
and large-scale production (Carpanez et al., 2022). In 2021, 
sugarcane production was approximately 716 million tons 
(IBGE, 2021), resulting in an estimated 21.48 million tons of 
filter cake, which could provide phosphorus (P) up to 30 kg per 
ton. Filter cake effectively increases the soil’s available P levels 
and promotes plant development (Soltangheisi et al., 2019).

Using filter cake as organic manure has multiple benefits, 
including improved soil quality and enhanced nutritional 
content of sunflowers, leading to increased oil production 
(Alzamel et al., 2022). This sustainable practice reduces 
the dependency on chemical fertilizers, emphasizing its 
importance in promoting environmental responsibility and 
resource efficiency.

This study hypothesized that applying filter cake in 
conjunction with mineral fertilizer can enhance achene 
production and improve soil chemical properties, aiming 
to enhance the practicality of using co-products as organic 
fertilizers in sunflower production. 

This study aimed to examine the impact of filter cake 
application and mineral fertilization on sunflower cultivars 
and the chemical properties of Oxisols in the Cerrado.

Material and Methods

The study was carried out in the experimental area of the 
Universidade Estadual de Goiás – Campus Sudoeste –Santa 

Helena de Goiás, located in the southwest of the state of Goiás, 
Brazil (17° 49’ 34.3” S, 50° 36’ 24.4” W and 570 m of altitude); 
it was implemented in February 2019 and conducted until 
June 2019.

According to the Köppen classification, the climate in 
the region is of the Aw type, with an average temperature of 
23.5 °C, ranging from 20.7 °C (June) to 25.0 °C (December) 
(Figure 1); the average annual rainfall is 1,785 mm, of which, 
87% is concentrated between October and March. The region 
has an average yearly rainfall deficit of four months (Alvares 
et al., 2014).

The experimental design was composed of randomized 
blocks in a factorial scheme (3 × 2), with six replicates, 
totaling 36 experimental units. Three sunflower cultivars 
(Sany 66, Nusol 4140, and Nusol 4170) were grown under two 
fertilization strategies (mineral fertilization with and without 
filter cake).

The total area of the experiment was 916.2 m², where each 
unit contained seven cultivation lines (0.50 m apart) measuring 
6.3 m in length (density of 2.22 plants per linear meter), totaling 
98 plants per unit. The observation area for the experiment 
consisted of five central lines. 

The sunflower cultivars used in the experiment presented 
the following production characteristics: hybrid cultivar Sany 
66 flowers between 58 and 62 days after sowing, has potential 
for silage production, good health, and productivity in the 
second crop; cultivar Nusol 4140 starts flowering at 70 days 
after sowing, presents resistance to diseases, and intermediate 
production of achenes; and cultivar Nusol 4170 flowers at 65 
days after sowing and is a hybrid with high oil content. 

Before the experiment, the experimental area was used 
to cultivate Brachiaria brizantha as a cover crop. Therefore, 
the soil was prepared conventionally (plowing and light 
harrowing). Subsequently, the cultivars were sown in the 
second crop season (February/2019: this sowing time was 
chosen because the commercial company that provided the 
seeds recommended this cultivation strategy for the region 
where the experiment was implemented, with manual sowing, 
using 0.45 m in between plants, totaling 44,444 plants ha-1. At 

Figure 1. Rainfall, temperature (maximum, minimum, and average) from January 2019 to June 2019
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the time of sowing, three seeds were placed per hole. Thinning 
was performed 15 days after seedling emergence, leaving only 
one plant per hole.

Before the experiment, the soil was chemically and 
physically characterized, and 20 samples were collected from 
the 0-0.20 m layer. Subsequently, a composite sample was 
formed and analyzed (Teixeira et al., 2017). 

The soil was classified as eutrophic, such as an Oxisol 
(United States, 2014), with medium texture (480, 240, and 280 
g kg-1 of sand, silt, and clay, respectively), as shown in Table 1.

The filter cakes used in the experiment were obtained 
from private companies in Santa Helena, Brazil. To verify the 
chemical composition of the vinasse, an analysis was performed 
following EMBRAPA (2009) to obtain the following values 
for the filter cake: 0.730 g kg-1 nitrogen (N), 1.97 g kg-1 P, and 
0.350 g kg-1 K.

Based on soil analysis, an attempt was made 60 days before 
sowing to raise the base saturation to 70% by applying 
2.55 t ha-¹ of limestone filler. Fertilization management 
followed the recommendations of Sousa & Lobato (2004), 
using urea as a source of N, single superphosphate as a source 
of P, and potassium chloride to meet the K requirements in 
proportions of 40, 60, and 20 kg ha-1, respectively. A total of 42 t ha-1 
of filter cake associated with mineral fertilization was used.

Crop management techniques were carried out when 
necessary: manual weeding and application of insecticide 
(Curyom 500) from the chemical group Bezoylurea + 
Organophosphate at a proportion of 200 mL ha-1, and PRIORI 
XTRA fungicide from the chemical group Strobilurin + 
triazole at a rate of 250 mL ha-1. Boric acid (0.5 kg ha-1) or 
glyphosate (6.55 L ha-1) was applied (site-specific application) 
to provide B to the crop.

In June 2019, when the crop completed its cycle, 113 days 
after sowing (DAS), the capitula were manually harvested when 
the achenes had a moisture content of approximately 7%. The 
capitula was removed using pruning shears for subsequent 
manual threshing and laboratory analysis. 

The achene yield was obtained from the material collected 
from 20 plants in the observation area of the plot, with 
conversion per hectare. One thousand achenes were weighed 
using a digital precision scale.

Oil was extracted at the Post-Harvest of Plant Products 
Laboratory located at the Goiás Instituto Federal de Educação, 

Ciência e Tecnologia Goiano, Rio Verde Campus in the 
municipality of Rio Verde, Goiás. For oil extraction, the seeds 
were first crushed, 50 g of the seed sample and 300 mL of 
hexane were added to the beaker and left for 24 hours to extract 
the oil. After 24 hours, the mixture was strained with filter 
paper to separate the oil and hexane mixture from the residue. 
To completely separate the oil/hexane mixture, firstly, the scale 
was tared with a volumetric flask, where the mixture was placed 
to evaporate, thus separating the oil from the hexane; after that, 
it was taken to an oven at 60 °C, to remove traces of hexane in 
the oil, which was weighed at room temperature. Subsequently, 
the obtained oil fraction was converted into a percentage (%) 
for each kilogram of achene produced.

The leaves of the plants were removed at the beginning of 
flowering (50 DAS) using the methodology of Ranjith et al. 
(1995), which consisted of collecting the 5th or 6th leaf below 
the capitulum from 30 plants from each plot. The collected 
leaves were sent to the laboratory at Universidade Federal de 
Goiás. Leaf analysis was conducted for P and K following the 
nitric, perchloric digestion method (EMBRAPA et al., 2009).

In June 2019, after harvesting, soil analysis was performed 
between rows. Thus, the following chemical parameters were 
verified: active acidity - pH (in CaCl2); organic matter - OM 
(g dm-3); phosphorus - P (mg dm-3); potassium - K (mg dm-3); 
calcium - Ca (cmolc dm-3); magnesium - Mg (cmolc dm-3); 
potential acidity - H+Al (cmolc dm-3), cation exchange capacity 
- CEC (cmolc dm-3); base saturation - V%; iron - Fe (mg dm-3); 
copper - Cu (mg dm-3); manganese - Mn (mg dm-3); zinc - Zn 
(mg dm-3); following methodologies recommended by Teixeira 
et al. (2017).

Before conducting the analysis, the obtained data were 
subjected to the Shapiro-Wilk normality test. Subsequently, 
the following procedures were carried out: Data were analyzed 
following a randomized-block model in a factorial scheme 
(Yijk = μ + Ai + Bk + Cj + [Ai × Cij] + εijk), in which: Yijk: 
observed value; μ: general constant; Ai: fertilization strategy 
effect (i = mineral fertilization with filter cake, and mineral 
fertilization without filter cake); Bk: block effect (k = I, II, 
II, IV, V, and VI); Cj: cultivar effect (j = Nusol 4170, Sany 66, 
and Nusol 4140); Ai × Cij: effect of the interaction between 
fertilization strategies and cultivar; εijk: random error, 
associated with each observed value. Subsequently, Tukey’s 
mean test was applied at a probability of 0.05. The ExpDes 
package in R software, version 4.2.1, was used (R Development 
Core Team, 2022).

Results and Discussion

The interaction between mineral fertilization and cultivar 
significantly impacted oil concentration. However, no 
interaction was observed between mineral fertilization and 
cultivar regarding achene yield. Additionally, no interaction 
was found between the K and P concentrations in the leaves 
(Table 2). We hypothesized that this could be because of the 
cultivation season, as climatic factors may affect the absorption 
of these nutrients and achene yield.

Mineral fertilization with filter cake increased the oil 
concentration in the Sany 66 cultivar. Without the filter cake, 1 Mehlich

Table 1. Chemical composition of the soil in the 0-0.20 m layer
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the sunflower cultivars had an oil concentration of 11.80% 
(Table 3). Although sunflower plants can have oil levels of 
up to 38.90% (Dantas et al., 2019), three sunflower cultivars 
(Nusol 4170, Sany 66, and Nusol 4140) produced oil levels 
lower than 15% (Table 3). According to Thomaz et al. (2012), 
when sunflowers are sown as a second crop (February or 
March), flowering begins during the low rainfall period, which 
compromises the filling of achenes and oil accumulation 
(Mostafa & Afify, 2022).

Mineral fertilization had no influence, with an estimated 
mean value of 2561.58 kg ha-1. However, there was a difference 
among the cultivars, with the Sany 66 cultivar showing 
a higher production of achenes (Table 4). These results 
indicate that this cultivar performed better in the second 
crop. However, to maximize the use of this cultivar in low 

rainfall scenarios, it is necessary to associate it with other 
cultivation strategies.

No effect of mineral fertilization or cultivar was observed 
on K concentrations of 1.83 and 1.87 g kg-1 in the leaves, 
respectively. No differences were observed between mineral 
fertilization and cultivars in terms of P concentration, which 
was 0.463 g kg-1 in the fertilization treatments and 0.445 g kg-1 
in the cultivars (Table 4).

Regarding the chemical composition of sunflower leaves, 
Ribeirinho et al. (2012) and Soares et al. (2020) found that a 
sufficient level of P in the leaves should be between 3 and 
5 g kg-1. In contrast, values between 30 and 45 g kg-1 should be 
quantified for K. Lower values of these macronutrients indicate 
that the plants did not receive an adequate supply of P and K 
during the production cycle. Furthermore, during this period, 
there is a reduction in soil moisture, which leads to a decrease 
in nutrient solubility, compromising the plants’ absorption 
capacity (Giannini et al., 2022).

For the chemical components of the soil (pH, OM, V%, H 
+ Al, CEC, Ca, Mg, and K), no interaction effect (p > 0.05) was 
observed between mineral fertilization and cultivars. However, 
an interaction effect between cultivar and fertilization was 
observed for P fractions in the soil (Table 5). However, the 
observed interaction effect between cultivar and fertilization 
for P fractions indicated that the soil’s response to these 
nutrients was influenced by the specific cultivar used and the 
type of fertilization applied. This finding suggests that different 
cultivars may have varying abilities to take up and utilize P, 
depending on the fertilization strategy employed.

No interaction effect was observed between cultivar 
and fertilization for Cu, Mn, or Zn. However, a fertilization 
effect was observed on Zn concentrations in the soil. An 
interaction effect was also observed for the Fe fractions (Table 
6). On the one hand, the impact of fertilizer application on 
Zn concentrations in the soil indicates that the choice of 
fertilization strategy can significantly affect the availability 
and accumulation of Zn, influencing soil health. However, 
the observed interaction effect for the Fe fractions suggests 

Table 2. Summary of the analysis of variance for the percentage 
of oil (O), achene yield (A), and potassium (K) and phosphorus 
(P) concentration in the leaf of sunflower cultivars (C) 
subjected to mineral fertilization (M), with and without filter 
cake

ns, *, **, - respectively not significant, significant at a p ≤ 0.05 and ≤ 0.01 by F test; 
DF - Degrees of freedom; CV - Coefficient of variation. B: Block; R: Residual; T: Total

Means followed by the same lowercase letters in rows do not differ from each other according to Tukey’s test (p > 0.05)

Table 4. Achene yield and potassium and phosphorus concentration in the leaves of the sunflower cultivars subjected to mineral 
fertilization, with and without filter cake

Means followed by the same uppercase letters in columns and lowercase letters in rows 
do not differ from each other according to Tukey’s test (p > 0.05)

Table 3. Oil production (%) for sunflower cultivars subjected 
to mineral fertilization, with and without filter cake

Table 5. Summary of the analysis of variance for active acidity (pH in CaCl2), organic matter (OM), base saturation (V%), 
potential acidity (H+Al), cation exchange capacity (CEC), calcium (Ca), magnesium (Mg), phosphorus (P), potassium (K), in 
the 0-0.20 m soil layer managed with sunflower cultivars (C) subjected to mineral fertilization (M) with and without filter cake

ns, *, **, - respectively not significant, significant at p ≤ 0.05 and p ≤ 0.01 by F test; DF - Degrees of freedom; CV - Coefficient of variation. B - Block; R - Residual; T - Total
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that both the cultivar and fertilization practices play a role 
in the distribution and availability of Fe in the soil. This 
finding highlights the importance of selecting an appropriate 
combination of cultivar and fertilizer to maintain optimal Fe 
levels in the soil, which ultimately affects nutrient uptake and 
plant growth during sunflower cultivation.

There was no effect of mineral fertilization on pH, OM, 
V%, H+Al, CEC, Ca, Mg, K, Cu, and Mn, with the following 
mean values obtained: 5.74±0.047 (pH in CaCl2), 4.31±0.080 
g dm-3, 66.48%±1.36, 2.43±0.095 cmolc dm-3, 7.33±0.030 
cmolc dm-3, 3.57±0.128 cmolc dm-3, 1.22±0.030 cmolc dm-3, 
45.28±2.56 mg dm-3, 1.67±0.039 mg dm-3, 65.55±2.35 mg 
dm-3, respectively. Using filter cake combined with mineral 
fertilization did not significantly change soil chemical 
composition in the 0-0.20 m layer. However, there are some 
observations regarding soil acidity values, as pH values are 
lower than 6.0, which impair the availability of essential 
macronutrients (Oliveira et al., 2022; Tomazello et al., 
2023). Additionally, the observed acidity level increased the 
accessibility of toxic nutrients, such as Fe and Al.

In the short term, filter cake did not influence OM 
deposition in the 0-0.20 m soil layers. Therefore, long-term 
studies are recommended to verify the effects of filter cakes 
on medium-textured soils. Additionally, it should be noted 
that soils located in the Cerrado, when managed under 
monoculture with annual crops, are more exposed to elements 
such as solar radiation, which reduces the accumulation and 
efficiency of OM mineralization (Almeida et al., 2021).

Although the filter cake did not influence most of the 
chemical components of the soil, this finding implies that 
adding this type of organic fertilizer does not cause significant 
changes in nutrient levels or the overall balance in the soil. 
These findings are highly relevant to agricultural practices, 
particularly for promoting sustainable and environmentally 
friendly approaches to soil management. Using filter cake 
as a fertilizer can be considered an alternative to synthetic 
mineral fertilizers, reducing dependence on chemical inputs 
and promoting organic farming practices (Fatokun et al., 2022; 
Almeida et al., 2023).

However, fertilization affected the Zn concentration, with a 
26.6% increase observed when mineral fertilization with filter 
cake was used (Table 7). Zn is an essential micronutrient for 
plants. However, at elevated concentrations, this metal can 

Table 6. Summary of the analysis of variance for copper (Cu), 
manganese (Mn), zinc (Zn), iron (Fe), and boron (B) in the 
0-0.20 m soil layer managed with sunflower cultivars (C) 
subjected to mineral fertilization (M) with and without filter 
cake

ns, *, **, - respectively not significant, significant at p ≤ 0.05 and p ≤ 0.01 by F test; DF - Degrees 
of freedom; CV - Coefficient of variation. B - Block; R - Residual; T - Total

Means followed by the same lowercase letters in rows do not differ from each other 
according to Tukey’s test (p > 0.05)

Table 7. Chemical properties of the 0-0.20 m soil layer 
cultivated with sunflower cultivars subjected to mineral 
fertilization, with and without filter cake

reach toxic levels in the environment, affecting the growth and 
metabolism of plants (Kaur & Garg, 2021). Therefore, when 
consistently using a filter cake, it is advisable to monitor the 
levels of this element in the soil.

There was no significant difference among the cultivars in 
terms of pH, OM, V%, H+Al, CEC, Ca, Mg, K, Cu, Mn, and Zn, 
with the following means obtained:5.74 (pH in CaCl2), 4.30 
g dm-3, 66.47%, 2.42 cmolc dm-3, 7.33 cmolc dm-3, 3.56 
cmolc dm-3, 1.22 cmolc dm-3, 45.27 mg dm-3, 1.66 mg dm-3, 65.55 
mg dm-3, 0.591 mg dm-3, respectively (Table 7). The cultivars 
used in this study may have had similar tolerance and nutrient 
absorption capacity characteristics during the second crop 
season, resulting in similar nutrient levels and soil properties.

The interaction between mineral fertilization and cultivar 
with respect to P and Fe levels (Table 8) was influenced by 
multiple factors. The genetic characteristics of cultivars play 
a crucial role in determining their responses to fertilization. 
Additionally, complex interactions between the nutrients 
present in the soil affect the availability and absorption of 
these elements by plants. Plant absorption capacity and 
soil conditions such as pH and organic matter content also 
influence this interaction. It is important to emphasize that 
these results are specific to the experimental conditions of this 
study and may not be directly applicable to other regions or 
cultivation practices (Gmach et al., 2019).

These results suggest a notable influence of the interaction 
between mineral fertilization and cultivar on sunflower crops’ 
oil concentration and achene yield. However, it is essential to 
note that the effects differed depending on the specific nutrients 
and cultivars under consideration. Additionally, using filter 

Table 8. Phosphorus and iron contents in the 0-0.20 m soil 
layer cultivated with sunflower cultivars subjected to mineral 
fertilization, with and without filter cake

Means followed by the same uppercase letters in columns and lowercase letters in rows 
do not differ from each other, according to Tukey’s test (p > 0.05)
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cake as a mineral fertilizer may impact various soil properties 
and levels of nutrients (Soltangheisi et al., 2019), such as Zn 
concentration (Table 7). 

These findings emphasize the these interactions to enhance 
agricultural practices and support sustainable crop production. 
Nevertheless, further research is required to investigate filter 
cake application’s long-term consequences and assess its 
efficacy across different agricultural systems and environmental 
conditions. This contributed to a more comprehensive 
understanding of the subject.

Conclusions

1. Using filter cake in conjunction with mineral fertilization 
while cultivating second-crop sunflowers enhanced oil content 
in the Sany 66 cultivar.

2. Conversely, in the initial stages of the productive cycle, 
the application of cake-based fertilization did not affect the 
chemical composition of the medium-textured Oxisol of 
Cerrado.
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