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Abstract
The use of biostimulants in coffee cultivation stands out as a sustainable option for agricultural efficiency, not only in terms of 
productivity but also in phytosanitary management. This work was developed in order to evaluate the effect of a freshwater 
algae extract, based on Chlorella sp. and enriched with Azospirillum sp., on the growth, yield, and beverage quality of Arabica 
coffee. The experiment was conducted at the IFSULDEMINAS Campus Inconfidentes in a randomized block design with eight 
treatments and three replications, at different phenological stages. Growth, yield, phytosanitary, and coffee quality variables 
were evaluated. Data were subjected to analysis of variance (ANOVA), principal component analysis, and a similarity network, 
in which correlations among data within a set were analyzed, enabling a more illustrative visualization of the relationships 
among variables. No significant differences were observed among the analyzed parameters, a result that may be explained 
by the doses used, which opens possibilities for future research. It is concluded that the application of the freshwater algae-
based biostimulant at various phenological stages did not influence the growth or yield of Arabica coffee.

Keywords: Coffea arabica L. Coffee quality. Sustainability.

Introduction

In Brazil, Arabica coffee (Coffea arabica L.) 
production in 2024, according to the Brazilian 
National Supply Company (CONAB), totaled 39.6 
million 60-kg bags, representing an increase of 
1.8 % compared with the previous year’s harvest 
(CONAB, 2025). This crop constitutes one of the 
main commodities in Brazilian export portfolios.

To maintain this importance, advances in 
Brazilian coffee production must be guided by its 
relationship with socioeconomic efficiency and 
the positive environmental impacts generated, 
meeting new market demands (Siqueira, Souza, 
Ponciano, 2011). In this context, the use of 
alternatives for more sustainable cultivation, such 
as biostimulants, is of paramount importance for 
resilient coffee production.

According to Kapoore, Wood, and Llewellyn 
(2021), rising costs of chemical fertilizers, 
pesticide resistance, and the impacts of climate 

change, combined with the promising potential 
of microalgae-based biostimulants, indicate that 
these biotechnologies offer significant potential 
to make agriculture more sustainable.

Microalgae-based biostimulants are widely 
studied for their various benefits to agricultural 
crops, promoting plant growth, increasing 
metabolic activity, enhancing germination, 
improving photosynthesis, assisting nutrient 
uptake from the soil, and contributing to 
phytosanitary management. In addition, they 
influence productivity in a way that minimizes 
the negative effects of abiotic stress factors 
such as heat, drought, cold, frost, oxidative, 
mechanical, and chemical stresses (Yakhin 
et al., 2017).

Biostimulants are characterized as mixtures 
of two or more plant growth regulators that 
may be associated with other substances, such 
as amino acids, nutrients, and vitamins (Silva 
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et al., 2008). These beneficial effects on coffee 
cultivation remain insufficiently explored by 
scientific research, although they are widely 
used by producers. With the expansion of coffee-
growing areas and the adoption of new cultivation 
methods, the use of approaches to reduce biotic 
and abiotic stresses becomes important (Massia, 
Haddad, Mizubuti, 2009).

In a study conducted by Bettini (2015), 
involving the application of seaweed to coffee 
seedlings grown in pots inside a greenhouse, 
and subjected to water deficit and salt stress, 
the authors concluded that the use of algae for 
the cultivars Obatã and Catuaí 99 resulted in 
increases in leaf number as well as in the fresh 
and dry mass of leaves and branches, based 
on biometric evaluations. Plants subjected to 
salt stress had significant increases in leaf 
area and root fresh mass when treated with 
algae extract.

In another study examining the effects of 
algae-based fertilizers on the initial growth of 
coffee plants, Pedro et al. (2022) concluded that 
a commercial product based on extracts of the 
species Ascophyllum nodosum, applied as a foliar 
spray to one-year-old Arabica coffee seedlings of 
the Arara variety, resulted in substantial increases 
in leaf area index, shoot length, stem diameter, 
total fresh and dry mass, and an improved root-
to-shoot ratio. The recommended dose was 
1000 mL ha-1.

Thus, the use of biostimulants stands out 
as a sustainable option for agricultural efficiency, 
not only in terms of productivity but also in 
relation to environmental preservation. Despite 
these benefits, this practice remains limited in 
dissemination, requiring studies that validate 
its application across various crops (Arejano 
et al., 2022). In this context, this work was 
developed in order to evaluate the effect of 
Chlorella sp. extract enriched with Azospirillum 
sp. on the growth, yield, and beverage quality of 
coffee plants.

Material and methods

The experiment was conducted at the 
Educational Production Unit (UEP) Coffee 
Growing, at the School Farm of the Federal 
Institute of Education, Science, and Technology 
of Minas Gerais (IFSULDEMINAS), Campus 
Inconfidentes, from August 18, 2022, to 
July 4, 2023. The geographic coordinates 
are latitude 22°19’01” S and longitude 
46°19’40” W, at an altitude of 869 m. The 
regional climate is Humid Tropical (Cwb), 
according to the classification of Wladimir 
Köppen (Brasil, 1992).

Information on temperature, precipitation, 
and relative humidity was obtained from a 
meteorological station (Vantage Pro2 – Davis®) 
installed at the IFSULDEMINAS School Farm, 
Campus Inconfidentes, located at latitude 
22°18’37.47” S, longitude 46°19’56.31” W, 
and altitude 914.0 m. Hourly data were recorded 
by the equipment and aggregated to estimate 
mean, maximum, and minimum temperatures 
and precipitation (Figure 1).

The coffee cultivar used was Icatu Amarelo, 
planted at the experimental site in the 1990s 
with a spacing of 2 m × 1 m. The soil of the 
experimental area was classified as dystroferric 
Oxisol (Santos et al., 2018).

In the 2021/2022 growing season, 260 g 
of lime per plant (35 % calcium oxide and 12 % 
magnesium oxide), 70 g of urea per plant, and 
spraying with fungicides containing the active 
ingredients flutriafol and copper oxychloride 
at commercial product rates of 0.5 L ha-1 and 
2 L ha-1, respectively, were applied, in addition 
to zinc sulfate and boric acid fertilizers at 0.5 % 
applied to the leaves. In the 2022/2023 growing 
season, 100 g of lime per plant, 50 g of urea 
per plant, and 180 g per plant of the formulated 
fertilizer 30-00-20 were applied. The safra zero 
(zero-yield) pruning system has been adopted in 
the plantation since 2018.
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The results of the soil chemical analyses for 
the area, at depths of 0–20 cm and 20–40 cm, 
are presented in Table 1. In the 0–20 cm layer, 
the soil contains 27.70 % sand, 38.97 % silt, 
and 33.33 % clay, with an organic matter 
content of 2.93 %.

The experiment was conducted in a 
randomized block design with three replications. 
Each plot consisted of six plants, with the four 
central plants evaluated and the two plants at the 
ends used as borders, in addition to one border 
row between treatment rows.

Table 1. Results of soil analysis for the experimental plot at depths of 0–20 cm and 20–40 cm. IFSULDEMINAS 
– Campus Inconfidentes. Inconfidentes – MG, 2025.

Depth
pH P/1 K/1 Al Ca/2 Mg/2 H+Al/2 SB CTC V

H2O mg dm-3 cmolc dm-3 %

0 to 20 cm 5.40 16.1 107.4 0.20 3.3 0.78 5.08 4.30 9.38 45.86

20 to 40 cm 4.95 5.8 82.2 1.30 1.9 0.29 8.37 2.36 10.73 21.99

 m Ca/Mg Mg/K Zn/1 Fe/1 Mn/1 Cu/1 B S P-rem

Depth % cmolc dm-3 mg dm-3 mg L-1

0 to 20 cm 4.44 4.18 2.83 5.0 34.7 12.8 0.2 0.2  26.59

20 to 40 cm 35.5 6.31 1.40        

/1P, K, Fe, Zn, Mn, and Cu extracted with Mehlich 1 (1:10).
/2Ca, Mg, and Al extracted with 1 N KCl (1:10).

Source: Soil Laboratory of IFSULDEMINAS — Campus Inconfidentes.

Figure 1. Meteorological data for Inconfidentes, Minas Gerais: maximum, minimum, and mean temperatures 
and precipitation from August 2022 to July 2023. IFSULDEMINAS – Campus Inconfidentes. Inconfidentes – 
MG, 2025.

Source: authors (2025).
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In the treatments, the commercial product 
Ferticell Universal® (Agroplama 3-0-1) was 
applied. The formulation contains 25 % freshwater 
unicellular algae extract (Azospirillum  sp.), is 
completely neutral and biologically active, and 
also includes 2.72 % nitrogen (N), 2.57 % 
phosphorus (P), 1.14 % potassium (K), 0.52 % 
sulfur (S), 0.15 % zinc (Zn), 0.05 % boron 
(B), 58.7 mg L-1 magnesium (Mg), 0.25 mg L-1 
copper (Cu), and 150.03 mg L-1 manganese 
(Mn) (Nogueira et al., 2025). The commercial 
product was applied during the reproductive 
phenological stages of the crop, including first 
flowering, expansion, grain filling, and maturation 
(Table 2).

Applications were organized into two distinct 
periods according to plant phenological stage 
(Table 2). For the expansion stage, the first 
application (Expansion 1) occurred 30 days 
before the second application (Expansion 2), 
establishing a time interval between treatments.

The concentration of 1.2 mL per four plants 
was applied in all treatments, diluted in water, 
corresponding to 1.5 L, with a spray volume of 
912.5 L ha-1, using a manual backpack sprayer. 
Application was performed after calibration of 
the manual sprayer through a blank test.

At the beginning of the experiment, four 
plagiotropic branches located in the middle 

third of the plant at the four cardinal points 
were marked, and the last growth node from the 
previous season was identified. In July 2023, 
the number of nodes that developed during the 
experiment was counted for each plot.

The variables evaluated in plants included 
percentage of defoliation, chlorophyll index, and 
shoot dieback. For defoliation percentage, the 
number of nodes from the marked node on the 
four branches was counted, and the number of 
senesced leaves was recorded. An equation was 
used to estimate the percentage of defoliation for 
each plant (Equation 1). Any value below two 
leaves per node, such as 1 or 0, was considered 
indicative of defoliation.

Defoliation: (Number of senesced leaves / 
(number of nodes × 2) × 100� (Eq. 1)

The incidence of coffee leaf rust (Hemileia 
vastatrix), Cercospora leaf spot (also known as 
brown eye spot; Cercospora coffeicola), and 
coffee leaf miner (Leucoptera coffeella) was 
evaluated monthly in each plot, considering four 
leaves per plant in the middle third, located at 
the third or fourth pair of leaves. Chlorophyll 
content was measured using a SPAD meter. All 
plots were assessed by measuring the central 
region of leaves in the middle third of the plant, 
at the third node of the plagiotropic branches 
marked at the beginning of the experiment.

Table 2. Description of treatments for algae application at various phenological stages of coffee plants. 
IFSULDEMINAS – Campus Inconfidentes. Inconfidentes – MG, 2025.

Treatment Phenological stage Phenological stage

1 Control Control

2 Expansion 1 Post-first flowering

3 Expansion 1 Grain filling

4 Expansion 1 Maturation

5 Expansion 1 Expansion 2

6 Grain filling Post-first flowering

7 Grain filling Expansion 1

8 Grain filling Maturation

Source: authors (2024).
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Dieback was assessed through visual 
inspection of the previously marked plagiotropic 
branches when brittle, dry, and darkened tips 
were observed. Harvesting was carried out in 
July 2023 by selective hand-harvesting onto a 
raffia harvesting cloth. Yield was measured in 
each plot in 60-kg bags per hectare (Mesquita 
et al., 2016) (Equation 2).

Yield estimate: (480 L of coffee / 8) = 
bags ha-1� (Eq. 2)

After harvest, the coffee fruits were directed 
to post-harvest procedures and subsequently 
sun-dried on a concrete patio.

For patio drying, the area was cleaned and 
prepared, and 24 one-square-meter sections 
were established, one per plot. The coffee 
was turned 8 to 10 times daily using a rake, 
and temperature was measured with a Minipa 
MTH-1300 precision thermo-hygrometer. 
The mean temperature and relative humidity 
during the drying period were 16.94°C and 
81.18 %, respectively.

After reaching the half-dry stage, the coffee 
beans were covered at the end of the day with 
burlap sacks and tarps and remained covered 
until 9:00 a.m. the following day. This procedure 
was repeated until the beans reached a moisture 
content between 11.2 % and 11.6 %. The beans 
were then carefully stored in burlap sacks and 
placed in a storage bin, where they remained for 
21 days.

Physicochemical analyses were conducted 
at the Soil Laboratory and the Food Analysis 
Laboratory of the IFSULDEMINAS — Campus 
Inconfidentes. Evaluated variables included 
moisture content, potential of hydrogen (pH), 
total titratable acidity (TTA), total soluble solids 
(°Brix), ether extract (EE), and protein (P), 
following methodologies of the Association of 
Official Agricultural Chemists (AOAC) (1990) 
and the Adolfo Lutz Institute (IAL) (2008). Color 

and electrical conductivity (EC) were analyzed 
according to the methodology of Prete and 
Abrahão (1995).

Grain color was evaluated using a Konica 
Minolta portable spectrophotometer (Model CM-
2300). The instrument was calibrated with a 
standard white ceramic calibration plate provided 
by the manufacturer, using illuminant D65 (z = 
93.6; x = 0.3133; y = 0.3195). Readings were 
obtained using the CIELab system, in which L 
ranges from 0 (black) to 100 (white), indicating 
luminosity; a* ranges from −a* (green) to +a* 
(red); and b* ranges from −b* (blue) to +b* 
(yellow) (Gennadios, Hanna, Kurth, 1997).

After moisture equilibration in storage, 
the beans were subjected to physical analysis 
following the Brazilian Normative Instruction 
(IN) No. 8 of June 11, 2003, which establishes 
the Technical Regulation of Identity and Quality 
for the Classification of Processed Green Coffee 
Beans (Brasil, 2003).

Particle size distribution and the percentage 
of defects were determined according to IN No. 
8/2003 (Brasil, 2003). Granulometric analysis 
was performed using a set of sieves with variable 
openings and dimensions, with a total sample 
of 300 g of defect-free beans. The following 
sieves were used: sieve 17 (flat beans), sieve 
11 (Peaberry beans), sieve 16 (flat beans), 
sieve 10 (small flat beans), and sieve 15 (small 
flat beans).

Beverage quality (sensory analysis) was 
evaluated through cup testing, in which flavor 
and aroma were assessed. Sensory analyses 
were conducted at IFSULDEMINAS — Campus 
Machado by trained and certified Q-Graders 
using the methodology of the Specialty Coffee 
Association of America (SCAA) (2009), described 
by Lingle (2011).

Data were subjected to analysis of variance 
using the Sisvar software (Ferreira, 2011), 
and treatment means were compared using 
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the Scott–Knott clustering test (1974) at the 
5 % probability level. Normality was tested 
using the Lilliefors test in the Genes software. 
When data did not show normal distribution, 
transformations were applied. Principal 
component analysis (PCA) was performed for 
pest incidence, disease incidence, growth, 
chlorophyll content, defoliation, dieback, 
and yield variables. A similarity network was 
constructed using correlation analysis among 
variables with the Genes statistical software 
(Cruz, 2013).

Results and discussion

Data distribution was found not normal for 
the following variables: chlorophyll, growth, yield, 
Cercospora leaf spot, soluble solids, electrical 
conductivity, nitrogen, protein, coordinate a*, 
Peaberry beans, black-green defect, shell, green 
beans, sieve size of Peaberry 10 and below, sieve 
size of flat beans 15 and below, and sensory 
analysis. The following transformations were 
applied: (x^0.5); (x+0.5)^0.5, (x+1)^0.5; 

and Log (x). No significant differences were 
observed between treatments.

No differences were observed between 
treatments for defoliation percentage or dieback; 
however, severe defoliation across treatments may 
have influenced the high level of dieback observed 
(Table 3). Damatta et al. (2018) reported that 
climatic factors such as drought and high yield 
have been empirically correlated with extensive 
branch mortality. This symptom may also be 
associated with nutritional deficiency resulting 
from nitrogen limitation combined with high fruit 
load, as well as boron and potassium deficiency.

The incidence of coffee leaf miner, coffee 
leaf rust, Cercospora leaf spot, and the variables 
growth, chlorophyll content, and yield did not 
differ significantly between treatments (Table 3).

The intensity of coffee leaf miner attack on 
coffee plants is influenced by biotic and abiotic 
factors. According to Androcioli et al. (2018), 
cultivation in association with rubber trees 
increases the predation of mines by wasps. Thus, 
environmental variables can directly affect the 

Table 3. Mean values for defoliation (DEF - %), shoot dieback (SD - %), coffee leaf miner (CLM - %), coffee 
leaf rust (CLR - %), Cercospora leaf spot (CLS - %), node growth (NG), chlorophyll content (CHL), and yield 
in bags ha-1 (YLD) for algae-based biostimulant application at various phenological stages of coffee plants. 
IFSULDEMINAS – Campus Inconfidentes. Inconfidentes – MG, 2025.

Treatment DEF SD CLM CLR CLS NG CHL YLD

Control3 Control 47.41 a 76.3 a 6.5 a 19.6 a 6.2 a 3.7 a 36.2 a 84.7 a

Expan.14 Post-FF5 43.3 a 48.6 a 11.6 a 21.7 a 7.4 a 5.5 a 51.6 a 70.3 a

Expan.1 Grain filling 53.0 a 34.0 a 7.7 a 19.3 a 7.1 a 3.9 a 54.5 a 77.8 a

Expan.1 Maturation 36.3 a 47.4 a 8.0 a 20.2 a 9.5 a 5.2 a 50.1 a 60.5 a

Expan.1 Expan.26 40.5 a 57.6 a 8.3 a 18.1 a 6.8 a 3.7 a 49.7 a 89.8 a

Grain filling Post-FF 46.4 a 45.1 a 7.7 a 21.4 a 4.4 a 3.5 a 54.2 a 74.8 a

Grain filling Expan.1 47.4 a 65.2 a 8.6 a 16.3 a 7.7 a 4.1 a 48.5 a 73.0 a

Grain filling Maturation 41.9 a 63.8 a 6.2 a 18.7 a 5.9 a 4.4 a 49.1 a 109.6 a

CV (%)2 23.84 38.99 38.28 15.06 41.62 25.75 26.94 23.13

1Means followed by the same letter in the column do not differ from each other according to the Scott-Knott 
clustering test (1974) at the 5 % probability level.
2CV: coefficient of variation in percentage; 3Control: Untreated; 4Expan.1: Expansion 1; 5Post-FF.: Post-first 
flowering; 6Expan.2: Expansion 2.

Source: authors (2025).
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activity of phytophagous insects, resulting in 
increased populations in hot, dry, and unshaded 
regions (Reis et al., 2000; Leite et al., 2020). 
The economic injury level of this pest is reached 
when 14.65 % of the leaves sampled from the 
middle third of the plant are mined (Picanço 
Filho et al., 2024). In the present study, values 
from 6.25 to 11.61 % of mined leaves were 
recorded, which are considered below the 
economic injury level.

Castillo et al. (2022) emphasized that, for 
any coffee cultivar, nutrient availability is essential 
for growth and for the immune system, reducing 
the rate of fungal spread; due to their nutritional 
composition, algae-based biostimulants may 
provide satisfactory management of coffee leaf rust.

Delgado-Baquerizo  et al. (2020) and 
Chaloner, Gurr, and Bebber (2021) reported that 
climatic factors such as relative humidity and 
leaf wetness are key determinants for disease 
development. Among these diseases, Cercospora 
leaf spot is noteworthy, as it is favored by leaf 
wetness. In regions with conditions conducive 
to Cercospora leaf spot development, losses 
may reach up to 30 % of production, causing a 
significant impact on yield (Zambolim, 1999).

According to Pascuti et al. (2023), in a 
study conducted with different doses of Cerrado 
Mineiro coffee crops during the 2019/2020 
season using extracts of Ascophyllum nodosum, 
no significant differences were observed between 
treatments for yield or plant growth at the end 
of the cycle.

According to Long (2006), identifying the 
effects of products with biostimulant action, 
such as algae-based biostimulant, is easier under 
stress conditions. In environments favorable to 
plant development, application of these products 
is often unnecessary, making their effects less 
evident in crops. This may explain the lack 
of significant effects on coffee plants for the 
variables analyzed, as the crop was managed 

appropriately during the study period and 
meteorological conditions were also favorable 
(Figure 1).

No significant differences were observed 
among treatments for pH, total titratable acidity 
(TTA), total soluble solids (TSS), electrical 
conductivity (EC), ether extract (EE), protein 
content, or color coordinates L*, a*, and b* 
(Table 4). During the physical, chemical, and 
microbiological analyses of coffee fruits, some 
methodological adaptations were required due 
to variations in the equipment used (including 
brand and calibration) and differences in 
materials, such as filter paper type. These 
modifications may have influenced the results 
obtained, generating discrepancies relative to 
values reported in the literature.

Certainly, for the pH variable, the lack of 
significant results is a consequence of adopting 
the same post-harvest management for all 
treatments. According to Silva et al. (2019), 
acidity is a crucial indicator of coffee quality, 
reflecting the presence of various organic 
acids that influence the beverage’s sensory 
characteristics. Moreover, its variation is directly 
associated with fruit maturation stage, region of 
origin, drying method, among other factors.

The influence of ether extract on beverage 
quality in Arabica coffee depends on the 
production region, but levels are generally 
reported to range from 12 % to 16 % (Mazzafera 
et al., 1998; Folstar, 1985; Martinez et al., 
2014); the values found in this study were below 
this range, largely due to adaptations made to the 
methodology used. Campos et al. (2022) found 
that different coffee processing methods strongly 
influence protein quality and, consequently, 
beverage aroma.

No significant differences were observed 
among treatments for the physical classification 
of coffee—defect sorting, sieve size distribution, 
and sensory analysis—indicating no influence of 
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algae application (Table 5). The initial hypothesis 
was that algae-based biostimulant could affect 
coffee bean quality, as more appropriate crop 
management practices are essential for reducing 
defects and increasing bean size (screen size). 
This is supported by Kurniawan et al. (2024), 
who reported that balanced fertilization combining 
chemical and organic fertilizers increased coffee 
bean weight.

Even with the high defect sorting rate 
and disease incidence, which were influenced 
by meteorological conditions, the beans had 
excellent sieve classification and high sensory 
quality. This resulted in specialty coffee 
scores above 80, demonstrating that despite 
phytosanitary challenges, the final product 
quality remained high.

According to the Specialty Coffee Association 
of America (SCAA) (2009), coffee is considered 
specialty when it scores from 80 to 100 points 

based on the association’s criteria. Thus, although 
treatments did not differ from one another, all 
reached the specialty grade, with scores ranging 
from 81.50 to 82.75 points.

In the principal component analysis (PCA) 
(Figure 2), the statistical result explained 
63.39 % of the total variance. The treatments 
most associated with yield were algae applications 
at stages T8 (maturation and grain filling), T7 
(grain filling and expansion 1), T5 (expansion 1 
and expansion 2), and the control.

Greater defoliation and shoot dieback were 
correlated with higher crop yield. According to 
Khalajabadi, Poveda, and Sáens (2025), nutrient 
dynamics and growth of coffee plants differ 
markedly between flowering and yield stages. 
These authors observed greater defoliation after 
anthesis, noting that fewer leaves per node with 
fruits indicates that most defoliation occurred 
during the reproductive phase. In addition, nutrient 

Table 4. Mean values for hydrogen potential (pH), total titratable acidity as a percentage (TTA - %), total soluble 
solids as a percentage (TSS - %), electrical conductivity (EC - µS cm-1 g-1 sample), ether extract as a percentage 
(EE - %), protein as a percentage (PRO - %), and colorimetric coordinates L, a*, and b* for algae application 
at various phenological stages of coffee plants. IFSULDEMINAS – Campus Inconfidentes. Inconfidentes – MG, 
2025.

Treatment pH TTA TSS EC EE PRO L a* b*

Control3 Control 6.01 a 11.8 a 1.1 a 2.7 a 4.3 a 14.6 a 52.6 a 3.1 a 22.5 a

Expan.14 Post-FF5 6.0 a 12.0 a 1.1 a 2.9 a 4.6 a 14.4 a 53.4 a 2.9 a 22.2 a

Expan.1 Grain 
filling

6.0 a 12.3 a 1.1 a 3.1 a 4.5 a 11.6 a 55.3 a 2.7 a 23.0 a

Expan.1 Maturation 5.9 a 12.6 a 1.1 a 3.1 a 4.8 a 12.3 a 54.6 a 3.0 a 23.1 a

Expan.1 Expan.26 5.9 a 9.5 a 1.1 a 3.2 a 4.7 a 12.0 a 54.9 a 3.5 a 23.4 a

Grain 
filling

Post-FF 6.0 a 9.6 a 1.1 a 3.3 a 4.3 a 11.9 a 55.0 a 3.2 a 22.9 a

Grain 
filling

Expan.1 6.0 a 12.3 a 1.1 a 3.5 a 4.4 a 11.2 a 55.0 a 3.3 a 23.4 a

Grain 
filling

Maturation 6.0 a 11.6 a 1.1 a 10.6 a 3.7 a 13.3 a 55.4 a 10.6 a 22.3 a

CV (%)2 0.98 15.97 9.66 28.58 14.95 13.18 7.07 112.63 5.79

1Means followed by the same letter in the column do not differ by the Scott-Knott test (1974) at 5 % probability.
2CV: coefficient of variation in percentage; 3Control: Untreated; 4Expan.1: Expansion 1; 5Post-FF.: Post-first 
flowering; 6Expan.2: Expansion 2.

Source: authors (2025).
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concentrations in branches and leaves were lower 
at harvest than at anthesis due to mobilization 
of photosynthates. These findings highlight the 
importance of well-nourished branches and 
leaves to meet both vegetative and reproductive 
demands, thereby reducing shoot dieback.

Regarding the incidence of coffee leaf miner, 
coffee leaf rust, and Cercospora leaf spot, the 
data were associated with greater vegetative 
growth and lower yield (Figure 2), represented 
by treatments 2 (Expansion 1 and post-first 
flowering), 3 (Expansion 1 and grain filling), 
and 4 (Expansion 1 and maturation). However, 
treatments with higher yield also showed 
greater defoliation, which hindered monitoring 
of the same leaves throughout the evaluation 
period and therefore likely underestimated 
pest and disease incidence. Since coffee has a 
biennial phenological cycle, plants with greater 
node growth tend to have lower productivity, a 
pattern observed among treatments 4, 3, and 
2 (Figure 2). PCA enabled identification of 

trends not detected by conventional parametric 
analyses, indicating phenological stages more 
favorable for algae application with effects on 
coffee growth and yield.

A similarity network was used to evaluate 
relationships among variables. The association 
measure ranged from −1 to +1 (Figure 3); 
values closer to these extremes indicate stronger 
associations. Positive relationships indicate 
that both variables increase simultaneously, 
whereas negative relationships indicate that 
one variable decreases as the other increases. 
Red lines represent negative correlations and 
green lines represent positive correlations, with 
thicker lines indicating stronger relationships. 
Only correlations with weight greater than 0.8 
were considered.

Negative correlations were identified 
between shoot dieback and chlorophyll, growth 
and moisture, pH and electrical conductivity, 
pH and color coordinate b*, nitrogen and color 

Table 5. Physical classification of coffee for the variables percentage of defect sorting, sieve size distribution for 
screen 17 (flat beans), screen 11 (Peaberry beans), screen 16 (flat beans), screen 10 (small Peaberry beans), 
screen 15 (small flat beans), and sensory analysis (score) for algae application at various phenological stages 
of coffee plants. IFSULDEMINAS – Campus Inconfidentes. Inconfidentes – MG, 2025.

Treatment
Defect 
sorting

S17 flat
S11 

Peaberry
S16 flat

S10 
small 

Peaberry

S15 
small flat

Sensory 
analysis

Control3 Control 33.381 a 58.62 a 7.63 a 22.39 a 3.06 a 8.38 a 82.08 a

Expan.14 Post-FF5 34.83 a 58.62 a 8.58 a 21.82 a 4.13 a 7.33 a 82.33 a

Expan.1 Grain filling 30.91 a 64.69 a 7.14 a 19.48 a 2.74 a 6.39 a 82.75 a

Expan.1 Maturation 31.56 a 57.82 a 9.71 a 19.88 a 2.74 a 8.74 a 81.58 a

Expan.1 Expan.26 34.35 a 59.40 a 8.34 a 22.47 a 4.16 a 6.37 a 81.50 a

Grain filling Post-FF 31.32 a 54.22 a 9.27 a 24.32 a 5.05 a 8.11 a 82.53 a

Grain filling Expan.1 32.53 a 67.62 a 6.22 a 18.45 a 1.97 a 5.85 a 82.17 a

Grain filling Maturation 29.84 a 65.95 a 7.38 a 19.98 a 2.49 a 5.18 a 82.17 a

CV (%)2 19.73 15.83 36.32 23.05 59.75 30.51 1.56

1Means followed by the same letter in the column do not differ from each other according to the Scott-Knott 
clustering test (1974) at the 5 % probability level.
2CV: coefficient of variation in percentage; 3Control: Untreated; 4Expan.1: Expansion 1; 5Post-FF.: Post-first 
flowering; 6Expan.2: Expansion 2.

Source: authors (2025).
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coordinate b*, protein and color coordinate b*, 
growth and shell core defect, black-green defects 
and defect-free beans, defect-free beans and 
defect sorting, screen 17 and screen 11, screen 
17 and screen 16, screen 17 and screen 10, and 
screen 17 and screen 15. Positive correlations 
were observed between yield and total soluble 
solids, nitrogen and protein, yield and color 
coordinate a*, electrical conductivity and color 
coordinate b*, moisture and shell core defect, 
black-green defects and defect sorting, and 
screen 11 and screen 10.

It is important to emphasize that these 
associations are not necessarily related to the 
applied treatments, as numerous analyses were 
conducted. For future studies, it will not be 
necessary to evaluate the “black-green” defect and 

“defect sorting” variables simultaneously, as both 
show a strong positive relationship and therefore 
tend to increase together. This simplification will 
reduce costs and effort, requiring evaluation of 
only one of these variables.

Conclusion

Application of the freshwater algae-based 
biostimulant at various phenological stages does 
not influence the growth or yield of Arabica coffee.
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Figure 2. Principal component analysis for growth and yield variables of coffee plants subjected to algae 
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Source: authors (2025).



11

Revista Agrogeoambiental, v.18, e20262014, 2026

Revista Agrogeoambiental, v.18, e20262014, 2026

References

ANDROCIOLI, H. G.; HOSHINO, A. T.; MENEZES 
JÚNIOR, A. de O.; MORAIS, H.; BIANCO, R.; 
CARAMORI, P. H. Coffee leaf miner incidence 
and its predation by wasp in coffee intercropped 
with rubber trees. Coffee Science, v. 13, n. 3, 
p. 389-400, 2018. Disponível em: https://​
coffeescience.​ufla.​br/​index.​php/​Coffeescience/​
article/​view/​1487. Acesso em: 22 set. 2025.

AOAC - Association of Official Analytical 
Chemists. Official methods of the Association of 
Official Analytical Chemists. 15.ed. Washington, 
1990. 84 p.

AREJANO, L. M.; BARTZ, R. M.; SANTOS, T. S. 
dos; RAMOS, G. H.; GADOTTI, G. I.; QUADRO, 
M. S. Uso de bioestimulantes na produção 
agrícola. In: SILVA, R.F. (Org.) Aspectos 
da biotecnologia agrícola aplicada. Mérida 
Publishers, 2022. p. 53-72. DOI: 10.4322/
mp.978-65-84548-08-4.c2. Disponível em: 
https://​​​www.​​​meridapublishers.​com/​abaa/​cap2.​
pdf. Acessoe m: 14 fev. 2025.

BETTINI, M. de O. Aplicação de extratos de 
algas marinhas em cafeeiro sob deficiência 
hídrica e estresse salino. 2015. 171f. Tese 
(Doutorado em Irrigação e Drenagem). 
Universidade Estadual Paulista, Faculdade de 

Figure 3. Similarity network for growth, yield, and physicochemical quality variables of coffee subjected to algae 
application at various phenological stages. IFSULDEMINAS – Campus Inconfidentes. Inconfidentes – MG, 2025.

Related variables: total titratable acidity (TTA); soluble solids (SS); electrical conductivity (EC); moisture (Moist.); 
shell core defect (SC); screen 16 (S16); screen 11 (S11); Cercospora leaf spot (CLS); screen 17 (S17); screen 
10 (S10); yield (Yld.); green beans (GB); growth (Gr.); defoliation (Def.); screen 15 (S15); coffee leaf rust (CLR); 
color coordinate a* (a*); ether extract (EE); color coordinate b* (b*); hydrogen potential (pH); shoot dieback 
(SD); black-green beans (BG); coffee leaf miner (CLM); protein (Prot.); nitrogen (N); color coordinate L* (L*); 
defect-free beans (DF); defect sorting (DS); chlorophyll (Chl.); and sensory analysis (Sn.).

**Significant at 1 %; *cutoff value for correlation = 0.8.

Source: authors (2025).



12 Revista Agrogeoambiental, v.18, e20262014, 2026

Coffee crop management using algae-based biostimulants﻿﻿﻿﻿

Ciências Agronômicas, Campus de Botucatu, 
2015. Disponível em: https://​repositorio.​unesp.​
br/​server/​api/​core/​bitstreams/​1982a439-​e2c3-​
409a-​9805-​7408f95adeec/​content. Acesso em: 
14 fev. 2025.

BRASIL. Ministério da Agricultura. Escritório de 
Meteorologia. Normas climatológicas. 1961-
1990. Brasília. 1992, 84 p.

BRASIL. Ministério da Agricultura, Pecuária 
e Abastecimento. Instrução Normativa nº. 8. 
Regulamento técnico de identidade e de qualidade 
para a classificação do café beneficiado grão 
cru. Brasília, 2003. Disponível em: https://​abic.​
com.​br/​wp-​content/​uploads/​2021/​07/​Instrucao-​
Normativa-​08-​03.​pdf. Acesso em: 14 fev. 2025.

CAMPOS, G. A. F.; KRUIZENGA, J. G. K. T.; SAGU, 
S. T.; SCHWARZ, S.; HOMANN, T.; TAUBERT, 
A.; RAWEL, H. M. Effect of the post-harvest 
processing on protein modification in green 
coffee beans by phenolic compounds.  Foods, 
v. 11, n. 2, 159, 2022. DOI: 10.3390/
foods11020159. Disponível em: https://​www.​
mdpi.​com/​2304-​8158/​11/​2/​159. Acesso em: 
14 fev. 2025.

CASTILLO, N. E. T.; ACOSTA, Y. A.; PARRA-
ARROYO, L.; MARTÍNEZ-PRADO, M. A.; 
RIVAS-GALINDO, V. M.; IQBAL, H. M. N.; 
BONACCORSO, A. D.; MELCHOR-MARTÍNEZ, 
E. M.; PARRA-SALDÍVAR, R. Towards an eco-
friendly coffee rust control: compilation of natural 
alternatives from a nutritional and antifungal 
perspective. Plants, v. 11, n. 20, 2745, 2022. 
DOI: 10.3390/plants11202745. Disponível 
em: https://​www.​mdpi.​com/​2223-​7747/​11/​20/​
2745. Acesso em: 14 fev. 2025.

CONAB - Companhia Nacional de Abastecimento. 
Acompanhamento da safra brasileira. Disponível 
em: https://​www.​conab.​gov.​br/​info-​agro/​safras/​

cafe/​boletim-​da-​safra-​de-​cafe. Acesso: 14 fev. 
2025.

CHALONER, T. M.; GURR, S. J.; BEBBER, D. P. 
Plant pathogen infection risk tracks global crop 
yields under climate change.  Nature Climate 
Change, v. 11, p. 710-715, 2021. DOI: 
10.1038/s41558-021-01104-8. Disponível 
em: https://​www.​nature.​com/​articles/​s41558-​
021-​01104-​8. Acesso em: 14 fev. 2025.

CRUZ, C. D. GENES: a software package for 
analysis in experimental statistics and quantitative 
genetics. Acta Scientiarum, v. 35, n. 3, p. 271-
276, 2013. DOI: 10.4025/actasciagron.
v35i3.21251. Disponível em: https://​www.​
scielo.​br/​j/​asagr/​a/​7rm4LJLC37hGrFj49byTdwR/​
?​format=​pdf&​lang=​en. Acesso em: 14 fev. 
2025.

DAMATTA, F. M.; AVILA, R. T.; CARDOSO, 
A. A.; MARTINS, S. C. V.; RAMALHO, J. C. 
Physiological and agronomic performance of the 
coffee crop in the context of climate change and 
global warming: a review. Journal of Agricultural 
and Food Chemistry, v. 66, n. 21, p. 5264-
5274, 2018. DOI: 10.1021/acs.jafc.7b04537. 
Disponível em: https://​pubs.​acs.​org/​doi/​10.​
1021/​acs.​jafc.​7b04537. Acesso em: 14 fev. 
2025.

DELGADO-BAQUERIZO, M.; GUERRA, C. 
A.; CANO-DÍAZ, C.; EGIDI, E.; WANG, J-T.; 
EISENHAUER, N.; SINGH, B. K.; MAESTRE, F. T. 
The proportion of soil-borne pathogens increases 
with warming at the global scale. Nature Climate 
Change, v. 10, p. 550-554, 2020. DOI: 
10.1038/s41558-020-0759-3. Disponível em: 
https://​www.​nature.​com/​articles/​s41558-​020-​
0759-​3. Acesso em: 14 fev. 2025.

FERREIRA, D. F. Sisvar: a computer statistical 
analysis system. Ciência e Agrotecnologia, 
v. 35, n. 6, p. 1039-1042, 2011. DOI: 



13

Revista Agrogeoambiental, v.18, e20262014, 2026

Revista Agrogeoambiental, v.18, e20262014, 2026

10.1590/S1413-70542011000600001. 
Disponível em: https://​www.​scielo.​br/​j/​cagro/​a/​
yjKLJXN9KysfmX6rvL93TSh/​?​lang=​en. Acesso 
em: 02 fev. 2025.

FOLSTAR, P. Lipids. In: CLARKE, R. J.; MACRAE, 
R. Coffee: chemistry. Londres; Nova York: 
Elsevier Applied Science Publishers Co Ltd., 
1985. p. 203-222.

GENNADIOS, A; HANNA, M. A; KURTH, L. 
B. Application of edible coatings on meats, 
poultry and seafoods: a review. Food Science 
and Technology-Lebensmittel-Wissenschaft & 
Technologie, v. 30, n. 4, p. 337-350, 1997. 
DOI: 10.1006/fstl.1996.0202. Disponível 
em: https://​www.​infona.​pl/​resource/​bwmeta1.​
element.​elsevier-​9ae59304-​c7ab-​3972-​9f89-​
5faf830d056d. Acesso em: 02 fev. 2025.

IAL - Instituto Adolfo Lutz. Métodos químicos 
e físicos para análise de alimentos. 4.ed. São 
Paulo, 2008. Disponível em: http://​www.​ial.​sp.​
gov.​br/​resources/​editorinplace/​ial/​2016_​3_​19/​
analisedealimentosial_​2008.​pdf. Acesso em: 
14 fev. 2025.

KAPOORE, R. V.; WOOD, E. E.; LLEWELLYN, 
C. A. Algae biostimulants: a critical look 
at microalgal biostimulants for sustainable 
agricultural practices. Biotechnology Advances, 
v. 49, p. 107754, 2021. DOI: 10.1016/j.
biotechadv.2021.107754. Disponível em: 
https://​www.​sciencedirect.​com/​science/​article/​
abs/​pii/​S0734975021000604. Acesso em: 14 
fev. 2025.

KHALAJABADI, S.; POVEDA, V. C. D.; SÁENZ, 
J. R. R. Coffee productive branch growth, 
development and nutrient accumulation from 
flowering to harvest under Colombian conditions. 
Coffee Science, v. 20, p. 1-11, 2025. DOI: 
10.25186/.v20i.2274. Disponível em: https://​

coffeescience.​ufla.​br/​index.​php/​Coffeescience/​
article/​view/​2274. Acesso em: 08 nov. 2025.

KURNIAWAN, S.; NUGROHO, R. M. Y. A. 
P.; USTIATIK, R.; NITA, I.; NUGROHO, G. 
A.; PRAYOGO, C.; ANDERSON, C. W. N. Soil 
nitrogen dynamics affected by coffee (Coffea 
arabica) canopy and fertilizer management in 
coffee-based agroforestry. Agroforest Systems, 
v. 98, p. 1323-1341, 2024. DOI: 10.1007/
s10457-024-01004-8. Disponível em: https://​
link.​springer.​com/​article/​10.​1007/​s10457-​024-​
01004-​8. Acesso em: 14 fev. 2025.

LEITE, S.A.; DOS SANTOS, M.P.; RESENDE-
SILVA, G.A.; DA COSTA, D.R.; MOREIRA, A.A.; 
LEMOS, O.L.; GUEDES, R.N.; CASTELLANI, 
M.A. Area-wide survey of chlorantraniliprole 
resistance and control failure likelihood of 
the Neotropical coffee leaf miner Leucoptera 
coffeella (Lepidoptera: Lyonetiidae). Journal 
of Economic Entomology, v. 113, p. 1399–
1410, 2020. DOI: https://​doi.​org/​10.​1093/​jee/​
toaa017. Acesso em: 14 fev. 2025

LINGLE, T. R. The coffee cupper´s handbook: 
a systematic guide to the sensory evaluation of 
coffee´s flavor. 4 ed. SCAA: Long Beach, 2011. 
67 p. Disponível em: https://​static1.​squarespace.​
com/​static/​587af1d4db29d69a1a226b95/​
t / ​6 0 c b c c 1 0 5 2 e a c 9 4 f e 8 4 8 7 a 3 9 /​
1623968786983/​CUPPERS+​HANDBOOK+​
01-​12-​2015.​pdf. Acesso em: 14 fev. 2025.

LONG, E. The importance of biostimulants in 
turfgrass management. 2006. Disponível em: 
http://​www.​golfenviro.​com/​article%​20Archive/​
BioestimulantsRoots.​htm. Acesso em: 14 fev. 
2025.

MAFFIA, L. A.; HADDAD, F.; MIZUBUTI, E. S.G. 
Controle biológico da ferrugem do cafeeiro. In: 
BETTIOL, W.; MORANDI, M. A. B. Biocontrole 
de doenças de plantas: usos e perspectivas. 



14 Revista Agrogeoambiental, v.18, e20262014, 2026

Coffee crop management using algae-based biostimulants﻿﻿﻿﻿

Jaguariúna: Embrapa Meio Ambiente, 2009. 
p. 263-269. Disponível em: https://​www.​alice.​
cnptia.​embrapa.​br/​alice/​bitstream/​doc/​579954/​
1/​livrobiocontrole.​pdf. Acesso em: 14 fev. 2025.

MARTINEZ, H. E. P.; CLEMENTE, J. M.; LACERDA, 
J. S. de; NEVES, Y. P.; PEDROSA, A. W. Nutrição 
mineral do cafeeiro e qualidade da bebida. 
Revista Ceres, v. 61 (suppl), p. 838-848, 2014. 
DOI: 10.1590/0034-737x201461000009. 
Disponível em: https://​www.​scielo.​br/​j/​rceres/​a/​
3VMNV5GmFyKtqJbR9Y9qtbP/​?​format=​html&​
lang=​pt. Acesso em: 14 fev. 2025.

MAZZAFERA, P.; SOAVE, D.; ZULLO, M. 
A. T.; GUERREIRO FILHO, O. Oil content 
of green beans from some coffee species. 
Bragantia, v. 57, n. 1, p. 45-48, 1998. DOI: 
10.1590/S0006-87051998000100006. 
Disponível em: https://​www.​scielo.​br/​j/​brag/​a/​
H3hb649nrT7RXhGLTcKg6Vv/​?​format=​html&​
lang=​en#. Acesso em: 14 fev. 2025.

MESQUITA, C. M. de; REZENDE, J. E. de; 
CARVALHO, J. S.; FABRI JUNIOR, M. A.; 
MORAES, N. C.; DIAS, P. T.; CARVALHO, R. M. 
de; ARAUJO, W. G. de. Manual do café: colheita 
e preparo (Coffea arabica L.). Belo Horizonte: 
EMATER-MG, 2016. 52 p. Disponível em: 
http://​www.​sapc.​embrapa.​br/​arquivos/​consorcio/​
publicacoes_​tecnicas/​livro_​colheita_​preparo. 
Acesso em: 14 fev. 2025.

NOGUEIRA, J. C.; CALAÇA, J. dos S. G.; GOMES, 
C. V. B. de; MENEZES, L. E. C.; SILVA, J. R. I.; 
JARDIM, A. M. da R. F.; PESSOA, L. G. M.; SILVA, 
J. H. B. da; SILVA, R. F. da; DIAS, T. J.; BARROS 
JUNIOR, G. Freshwater algae biostimulant 
in mitigating impacts of saline irrigation on 
onions. Plants, v. 14, n. 10, p. 1559, 2025. 
DOI: 10.3390/plants14101559. Disponível 
em: https://​www.​mdpi.​com/​2223-​7747/​14/​10/​
1559#. Acesso em: 07 nov. 2025.

PASCUTI, L. S.; ZANCHETA, G. H. M.; BORTONIO, 
M. V. de M.; FRAGA JÚNIOR, E. F. Uso de 
diferentes doses do extrato de algas Ascophyllum 
nodosum na cultura do café no Cerrado Mineiro 
safra 19/20. 2023. In: SIMPÓSIO DE CIÊNCIAS 
AGRÁRIAS E AMBIENTAIS, Edição Especial 
10 anos. Disponível em: https://​grcmlesydpcd.​
objectstorage.​sa-​saopaulo-​1.​oci.​customer-​oci.​
com/​p/​OQwc​vnO-​c63O08​Gc2K​v4OTbJ​ttj5ik​
60dg​uiD​IyyQ0​wuo5SWn-​jHOLW9wNbylNqI/​n/​
grcmlesydpcd/​b/​dtysppobjmntbkp01/​o/​media/​
doity/​submissoes/​artigo-​3f003​2da13​70b3c46​
f7326​0d27​ee26327​40b732a-​arquivo_​
revisado.​pdf. Acesso em: 14 fev. 2025.

PEDRO, S. F.; FRANCO JÚNIOR, K. S.; RIBEIRO, 
V. M.; BRIGANTE, G. P. Effects of fertilizer based 
on seaweed extracts on the initial growth of coffee 
trees. Research, Society and Development, 
v. 11, n. 17, e79111738844, 2022. DOI: 
10.33448/rsd-v11i17.38844. Disponível em: 
https://​rsdjournal.​org/​index.​php/​rsd/​article/​
download/​38844/​32078/​422024. Acesso em: 
14 fev. 2025.

PICANÇO FILHO, M. C.; LIMA, E.; CARMO, D. 
das G. do; PALLINI, A.; WALERIUS, A. H.; SILVA, 
R. S. da; SANT’ANA, L. C. da S.; LOPES, P. H. 
Q.; PICANÇO, M. C. Economic injury levels and 
economic thresholds for Leucoptera coffeella as 
a function of insecticide application technology in 
organic and conventional coffee (Coffea arabica), 
Farms. Plants, v. 13, n. 5, p. 585, 2024. DOI: 
10.3390/plants13050585. Disponível em: 
https://​www.​mdpi.​com/​2223-​7747/​13/​5/​585. 
Acesso em: 14 fev. 2025.

PRETE, C. E. C.; ABRAHÃO, J. T. M. 
Condutividade elétrica dos exsudatos de grãos de 
café (Coffea arabica L.). I. Desenvolvimento da 
metodologia. Semina: Ciências Agrárias, v. 16, 
n. 1, p. 21-27, 1995. Disponível em: https://​ojs.​
uel.​br/​revistas/​uel/​index.​php/​semagrarias/​article/​
view/​4298/​3559. Acesso em: 14 fev. 2025.



15

Revista Agrogeoambiental, v.18, e20262014, 2026

Revista Agrogeoambiental, v.18, e20262014, 2026

REIS JUNIOR, R.; LIMA, E. R.; VILELA, E. F.; 
BARROS, R. S. Method for maintenance of coffee 
leaves in vitro for mass rearing of Leucoptera 
coffeellum (Guerin-Meneville) (Lepidoptera: 
Lyonetiidae). Anais da Sociedade Entomologica 
do Brasil, v. 29, p. 849-854, 2000. 
Disponível em: https://​www.​scielo.​br/​j/​aseb/​a/​
4NVcGJV5zzMZbym57zMGRhJ/​?​format=​pdf&​
lang=​en. Acesso em: 14 fev. 2025.

SANTOS, H. G. dos; JACOMINE, P. K. T.; ANJOS, 
L. H. C. dos; OLIVEIRA, V. Á. de; LUMBRERAS, J. 
F.; COELHO, M. R.; ALMEIDA, J. A. de; ARAÚJO 
FILHO, J. C. de; OLIVEIRA, J. B. de; CUNHA, T. 
J. F. Sistema brasileiro de classificação de solos. 
5.ed. rev. e ampl. Brasília: Embrapa, 2018. 356 
p.

SCAA - Specialty Coffee Association of America. 
Metodologia SCAA de avaliação de cafés 
especiais. Guia Rápido - Green Coffee. 7 
p. 2009.

SCOTT, A.; KNOTT, M. Cluster-analysis method 
for grouping means in analysis of variance. 
Biometrics, v. 30, n. 3, p. 507-512, 1974. 
Disponível em: https://​www.​jstor.​org/​stable/​
2529204. Acesso em: 14 fev. 2025.

SILVA, T. T. de A.; PINHO, É. V. de R. V.; CARDOSO, 
D. L.; FERREIRA, C. A.; ALVIM, P. de O.; COSTA, 
A. A. F. da. Qualidade fisiológica de sementes de 
milho na presença de bioestimulantes. Ciência e 
Agrotecnologia, v. 32, n. 3, p. 840-846, 2008. 
DOI: 10.1590/S1413-70542008000300021. 
Disponível em: https://​www.​scielo.​br/​j/​cagro/​a/​
jBhDKXN5Fn7LdkqgqBDNzgF/​. Acesso em: 14 
fev. 2025.

SILVA, J. C.; SILVA, N. A. B.; SILVA, S. L. dos R.; 
SILVA, L. S.; JUNQUEIRA, M. S.; TRONBETE, 
F. M. Avaliação microscópica e físico-química 
de café torrado e moído comercializado em Sete 
Lagoas-MG. Scientia Plena, v. 15, n. 6, 061501, 

2019. DOI: 10.14808/sci.plena.2019.061501. 
Disponível em: https://​scientiaplena.​org.​br/​sp/​
article/​view/​4885/​2181. Acesso em: 14 fev. 
2025.

SIQUEIRA, H. M. de; SOUZA, P. M. de; PONCIANO, 
N. J. Café convencional versus café orgânico: 
perspectivas de sustentabilidade socioeconômica 
dos agricultores familiares do Espírito Santo. 
Revista Ceres, v. 58, p. 155-160, 2011. DOI: 
10.1590/S0034-737X2011000200004. 
Disponível em: https://​www.​scielo.​br/​j/​rceres/​a/​
nXpDxNXnfwddZN4Qh4rmn7S/​?​format=​pdf&​
lang=​pt. Acesso em: 02 fev. 2025.

YAKHIN, O. I.; LUBYANOV, A. A.; YAKHIN, 
I. A.; BROWN, P. H. Biostimulants in plant 
science: a global perspective. Frontiers in Plant 
Science, v. 7, p. 2049, 2017. DOI: 10.3389/
fpls.2016.02049. Disponível em: https://​www.​
frontiersin.​org/​journals/​plant-​science/​articles/​10.​
3389/​fpls.​2016.​02049/​full. Acesso em: 14 fev. 
2025.

ZAMBOLIM, L. Primeiro Encontro sobre 
produção de café com qualidade. 1.ed. Viçosa: 
Suprema Gráfica e Editora, 1999. 259 p.


