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1 RESUMO 

 

O uso de resíduos agroindustriais como a vinhaça, associada à fertirrigação, tem se destacado 

como uma prática sustentável e promissora para a maximização do crescimento e 

desenvolvimento das culturas. Objetivou-se assim avaliar o crescimento e desenvolvimento 

do diâmetro de caule e da parte aérea do feijão-comum (cv. BRS Estilo) fertirrigado com 

vinhaça sob os regimes hídricos de sequeiro e irrigado em Latossolo Vermelho distroférrico. 

O delineamento experimental utilizado foi em blocos ao acaso, analisado em esquema fatorial 

4 × 2, com três repetições. Os tratamentos consistiram em quatro doses de vinhaça (0, 100, 

200 e 300 m3 ha-1) e dois regimes hídricos (irrigado e de sequeiro). Foi utilizado um sistema 

de irrigação localizada por gotejamento e a lâmina de irrigação aplicada foi a de 100% da 

reposição hídrica. A fertirrigação com vinhaça foi realizada com 50% da dose antes do plantio 

e os outros 50%, de acordo com os tratamentos, aos 50 dias após o plantio. Foram avaliados o 

diâmetro do caule, massa seca do caule e massa seca da parte aérea. O diâmetro do caule, 

massa seca do caule e massa seca da parte aérea de feijão-comum (cv. BRS Estilo) são 

influenciados pelos cultivos de irrigado e sequeiro. 

 

Palavras-chave: Phaseolus vulgaris L., vinhoto, potássio, irrigação localizada. 
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2 ABSTRACT 

 

The use of agro-industrial residues, such as vinasse, associated with fertigation has stood out 

as a sustainable and promising practice to maximize crop growth and development. The 

objective of this study was to evaluate the growth and development of stem diameter and 
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shoots of common bean (cv. BRS Estilo) fertigated with vinasse under rainfed and irrigated 

water regimes in a dystrophic Red Latosol. The experimental design was a randomized block 

design, analyzed in a 4 × 2 factorial scheme, with three replications. The treatments consisted 

of four vinasse doses (0, 100, 200 and 300 m³ ha) and two water regimes (irrigated and 

rainfed). A localized drip irrigation system was used, with an irrigation depth of 100% of the 

water replacement. In accordance with the treatments, 50% of the dose was applied before 

planting, and the other 50% was applied 50 days after planting. Stem diameter, stem dry 

mass, and shoot dry mass were evaluated. The stem diameter, stem dry mass, and shoot dry 

mass of common bean (cv. BRS Estilo) are influenced by irrigated farming and rainfed 

farming. 

Keywords: Phaseolus vulgaris L., vinasse, potassium, drip irrigation 

 

 

3 INTRODUCTION 

 

The cultivation of common beans 

(Phaseolus vulgaris L.) in Brazil is 

extremely important for both the 

agricultural sector and security. The country 

is among the largest producers and 

consumers of this legume, and bean 

cultivation is central to the economy and 

food production (Antolin; Heinemann; 

Marin, 2021). As one of the largest 

producers and consumers of this legume, 

bean cultivation is central to the economy 

and food production (Lopes; Lima; Reis, 

2021; Nasar et al., 2023). This domain, 

characterized by the predominance of acidic 

soils and low natural fertility, is frequently 

manipulated with the addition of fertilizers 

and soil amendments to reach its potential. 

produces (Asmar Junior et al., 2021; 

Ayarza et al. , 2022). However, the use of 

agro-industrial residues such as vinasse, 

associated with fertigation, has stood out as 

a sustainable and promising practice for 

correcting physical and chemical 

deficiencies in the soil and maximizing 

crop growth and development (Soares et 

al., 2024). 

Bean cultivation, therefore, is 

influenced by several factors, including soil 

conditions, water and nutrient management, 

and the presence of essential nutrients in 

sufficient quantities. balanced (Karavidas) 

and others. , 2022). Fertigation with 

vinasse, especially in Cerrado soils, has 

demonstrated significant potential for 

improving the agronomic characteristics of 

the crop (Abou -Hussien; El- Zemrany; 

Hammad, 2020). 

Plant growth is directly affected by 

nutrient availability, with nutrient potential 

playing a crucial role in regulating 

physiological processes that influence water 

absorption and photosynthesis (Johnson et 

al., 2022). The development of the aerial 

part is essential for capturing sunlight and 

accumulating biomass, which are crucial for 

final yield (Poley; McDermid, 2020). 

In this context, fertigation with 

vinasse in bean cultivation can significantly 

contribute to plant development, improved 

production components, and improved 

grain yield, especially in regions where 

climatic conditions are more challenging 

and where water availability is limited 

(Chojnacka et al., 2020; Karavidas et al. , 

2022). Notably, in addition to potassium, 

vinasse contains traces of calcium, 

magnesium, nitrogen, phosphorus, sulfur, 

and micronutrients such as copper, zinc, 

manganese, and iron, which promote 

improvements in soil fertility (Carpanez). 

and others (2022). When applied in a 

controlled manner to soil, it can contribute 

to increasing water retention capacity and 

maintaining moisture levels, which are 

factors that favor bean development in 

climate regions. semiarid (Ebaid) et al., 

2024). 
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Therefore, the application of vinasse 

through fertigation can have several 

benefits, thus improving the growth 

environment for bean crops. The objective 

of this study was to evaluate the growth and 

development of the stem and shoot of 

common bean (cultivar BRS Estilo) 

fertigated with vinasse under rainfed and 

irrigated water regimes. Dystrophic Red 

Latosol. 

 

 

4 MATERIALS AND METHODS 

 

The experiment was conducted 

under field conditions in the experimental 

area of the Federal Institute of Education, 

Science and Technology Goiano – Rio 

Verde Campus - GO. The geographical 

regions of the installation site are 17°48'28" 

S and 50°53'57" W, with an average 

altitude of 720 m above sea level. The 

region’s climate is classified according to 

Köppen and Geiger (1928) (Alvares et al., 

2014)as Aw (tropical), with rainfall 

occurring from October to May and drought 

occurring from June to September. The 

average annual temperature has small 

seasonal variations, averaging 23.8 °C, with 

the highest values concentrated in October, 

at 24.5°C, and the lowest values recorded in 

July, at 20.8°C. The average annual rainfall 

varies between 1430 and 1650 mm and is 

concentrated from October to May, when 

more than 80% of the total rainfall is 

recorded, and the terrain is gently 

undulating (6% slope) (Meteoblue, 2024). 

The soil in the experimental area is 

classified as a dystrophic Red Latosol 

(LVdf) according to the Brazilian Soil 

Classification System, which is typical, 

with a medium texture and cerrado phase 

(Santos et al., 2018). 

The experimental design used was a 

randomized block design, arranged in a 4 × 

2 factorial scheme, totaling 24 experimental 

plots (four vinasse levels: 0, 100, 200 and 

300 m3 ha-1 and two water regimes: irrigated 

and rainfed) with three replications. 

Honesty was conducted using 

digital puncture tensiometry with a 

sensitivity of 0.1 kPa, with tensiometers 

installed at depths of 20, 40, and 60 cm. 

Readings were taken daily. 

Equations 1 and 2 were used to 

calculate the blade thickness (mm) and 

application time (minutes) (Varejão-Silva, 

2006): 

 

LL =  
(𝜃cc−𝜃atual)

10
 ×  𝑍                     (1) 

 

Tempo =  60 × 10−3  (
(LL×𝐴)

𝑄
)         (2) 

 

In what way: 

LL - Blade thickness to be applied (mm); 

θ cc - Moisture at field capacity (cm3 cm3), 

obtained from the soil water retention 

curve; 

θ actual - Soil moisture at the time of 

transparency (cm 3 cm 3); 

Z - Soil depth (cm); 

A - Area of the irrigated plot; 

Q - System flow rate (m³ h⁻¹). 

 

The independent system had a 

filtration system equipped with a 100-mesh 

disc filter to remove any solid particles that 

might have entered the system. A safety 

control head, consisting of a filter, water 

meter, Venturi-type fertilizer injection 

system, pressure gauge, valves, and 

antivacuum valves, was installed in the 

middle of the experimental area. The valves 

release supervision for the irrigated 

treatment; they exit as PVC pipes 

connected to the lateral lines. 

To supply each plot with drip 

irrigation, low-density polyethylene hoses, 

without holes, were installed, carrying 

water from the traditional PVC pipes to the 

beginning of the plot, where the drip tubing 

was connected. 

A localized monitoring system was 

used, employing a surface method and 

applying irrigation water at 100% of the 
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field capacity water configuration. The 

technical characteristics of the dripper 

model used in the experiment included thin-

walled dripper tubing with a diameter of 16 

mm, a flow rate of 1.0 L h⁻¹, an operating 
pressure of 1.0 bar, and a spacing between 

drippers of 0.20 m. The lateral lines were 6 

m long, and the original spacing between 

the drippers was maintained so that the 

actual manufacturing conditions could not 

be modified; thus, one lateral monitoring 

line was used for each row of beans. 

In accordance with the treatments, 

50% of the fertilizer was applied before 

planting, and the other 50% was applied 50 

days after planting (Sousa; Lobato, 2004). 

Table 1 presents the chemical 

characteristics of the vinasse, detailing the 

following elements and compounds present; 

bean seeds of the BRS Estilo cultivar were 

used.

 

Table 1. Chemical characteristics of vinasse. 

N P 2 O 5 K2O Dog MgO SO 4 MO Ass Zn Mn Faith 

------------------------kg m -3 ------------------------ ----------gm -3 ----------- 

0.30 0.12 4.63 0.50 0.34 1.45 19.60 6.00 2.00 3.50 7.50 
Matter (MO). 

Source: Authors (2025). 

 

Nitrogen fertilization in the form of 

urea was split into two applications, in the 

planting furrow and as topdressing, applied 

20 and 35 days after emergence (DAE). All 

the treatments involved fertilization in the 

planting furrow with phosphorus (P2O5) in 

the form of triple superphosphate and 

micronutrients, if necessary, according to 

the soil analysis results (Table 2) and the 

second recommendations of [reference 

needed Sousa e Lobato (2004)]. 

 

Table 2. Chemical, physical, and hydrological characteristics; particle size distribution; and 

textural classification of the soil in the experimental area. 

Teacher pH MO P K Here Mg Al H+Al 

cm H₂O g kg-1 mg dm-3 --------------------mmol dm -3 -------------------- 

0-20 6.2 63.4 7.1 2.0 20.4 16.8 0 57.8 

20-40 6.6 44.5 2.7 4.1 14.4 13.2 0 44.6 

Teacher S CTC V B Ass Faith Mn Zn 

cm ---mmol dm-3 --- % ---------------------mg dm -3 --------------------- 

0-20 41.8 99.5 41.9 0.17 4.10 35.85 18.80 1.45 

20-40 31.7 76.2 41.6 0.16 2.85 35.80 16.10 1.35 

Teacher Particle size θ CC θ PMP Ds PT TC 

cm ------------gkg-1 ------------ m3 m-3 g cm-3  cm-3 cm-3 

0-20 458.3 150.2 391.5 51.83 30.50 1.27 0.55 FARG 

20-40 374.9 158.3 466.8 55.00 31.33 1.28 0.51 ARG 
1. Field capacity (FC); Permanent wilting point (PWP); Textural classification (TC); Clay loam (CL); Clay (CL); 

P, K, Ca and Mg: Resin; S: Calcium phosphate 0.01 mol L⁻¹; Al: KCl 1 mol L⁻¹; H +Al: SMP; B: Hot water; Cu, 

Fe, Mn and Zn: DTP A; OM - Organic matter organic; pH- in CaCl2; CEC - Cation exchange capacity; V - CEC 

saturation by bases. 

Source: Authors (2025). 
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The experimental plots measured 6 

m × 2 m, with each plot containing four 

rows of beans spaced 0.5 m apart and 

planted at a density of 12 to 15 seeds per 

meter, to obtain a final stand as 

recommended for the cultivar, with the two 

outer bean rows of the plot considered 

borders. 

Cultural practices related to the use 

of herbicides, insecticides, fungicides, and 

other products for weed control, as well as 

practical applications and disease 

management, were implemented in 

accordance with the needs and infestation 

assessments, as is commercially performed. 

In the central rows of each plot, the 

stem diameter (SD) was evaluated. The SD 

was measured near the soil surface using a 

digital electronic caliper of the “fine tip" 

type with a precision of 0.01 mm or 

0.0005". 

The dry mass production of the stem 

(DM) and the dry mass of the shoot (DM) 

were evaluated. The plants were dried to 

obtain dry biomass by placing separate 

leaves and stems from each plant in 

numbered paper bags according to each 

treatment and then drying them in a drying 

oven with air circulation and renewal for 48 

hours at a temperature of 65°C (Lacerda; 

Freitas; Silva, 2009). All dry matter weights 

were measured using a balance with a 

precision of 0.01 g. 

The data were subjected to analysis of 

variance using the F test (p<0.05), and in 

cases of significance, regression analysis 

was performed for the fertigation levels 

with vinasse, and for the water regimes, the 

means were compared using Tukey's test 

(5%) with the SISVAR® statistical 

software. (Ferreira, 2011). 

 

 

5 RESULTS AND DISCUSSION 

 

The stem diameter of irrigated beans 

was 12.43, 8.77, 3.98, and 4.53% greater 

than the stem diameter of beans under 

rainfed conditions for vinasse levels of 0, 

100, 200, and 300 m³ ha⁻¹, respectively 
(Figure 1A). With respect to stem diameter, 

it is usually possible to observe a difference 

for different levels of water available in the 

soil; this fact may be related to the 

intensification of secondary growth (Souza 

et al., 2016). 
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Figure 1. Stem diameter (A), stem dry mass (B), and shoot dry mass (C) of common bean as 

a function of vinasse level for rainfed and irrigated water regimes. Means followed 

by the same lowercase letter, not reduced from each other according to Tukey's test 

(5%). 

 
Source: Authors (2025) 

 

The dry mass of the stem of the 

rainfed bean was 12.02, 9.14, 9.06, and 

6.15% greater than the dry mass of the stem 

of the rainfed bean for vinasse levels of 0, 

100, 200, and 300 m³ ha⁻¹, respectively 

(Figure 1B). This safety benefits the growth 

and development of the common bean crop, 

which favors biomass production (Barroti; 

Nahas, 2000; Costa et al., 2023). 

Irrigated water regimes for the shoot 

dry mass of common bean without 

fertigation with vinasse (0 m³ ha⁻¹) (Figure 

1C). The shoot dry mass of rainfed beans 

was 8.69, 11.53, and 8.51% greater than the 

shoot dry mass of rainfed beans for vinasse 

levels of 100, 200, and 300 m³ ha⁻¹, 

respectively (Figure 1C). Water stress 

generally implies a reduction in the shoot 

dry matter of common beans (Mendes et 

al., 2007; Moraes, 2023). 

The crop density (CD) of irrigated 

and rainfed beans (cv. BRS Estilo) as a 

function of vinasse level fit quadratic 

models with an average R² of 95.07% 

(Figure 2A). 
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Figure 2. Stem diameter (A), stem dry mass (B) and shoot dry mass (C) of common bean as a 

function of vinasse level for rainfed and irrigated water regimes. 

 
Source: Authors (2025) 

 

The increase in the fertigation dose 

with vinasse in irrigated areas resulted in an 

increase in the bean growth rate (GR) to 

247.88 m³ ha⁻¹ of vinasse beans. With the 

application of this vinasse dose, the 

maximum GR of approximately 8.25 mm 

was reached. The maximum GRs at the 

vinasse dose of 247.88 m³ ha⁻¹ were 9.68, 

3.45, 0.36, and 0.43% greater than the GRs 

distributed at vinasse levels of 0, 100, 200, 

and 300 m³ ha⁻¹, respectively (Figure 2A). 

The stem diameter of common 

beans plays an important role in the 

mechanization process, since larger stem 

diameters provide better plant support, thus 

preventing a high rate of lodging (Oliveira 

et al., 2014; Silva; Moreira, 2022). 

Increasing the fertigation dose with 

vinasse in rainfed beans resulted in 

increased stem diameter (SD) up to a 

vinasse dose of 264.62 m³ ha⁻¹. At this 

vinasse dose, a maximum SD of 

approximately 7.89 mm was achieved. The 

maximum SDs observed at a vinasse dose 

of 264.62 m³ ha⁻¹ were 17.74, 6.87, 1.06, 

and 0.32% greater than the SDs observed at 

vinasse doses of 0, 100, 200, and 300 m³ 

ha⁻¹, respectively (Figure 2A). Reduced 

water and nutrient availability affect crop 

growth and development, potentially 

causing delays in stem diameter 

development (Crotser; Witt; Spomer, 2003; 

Teixeira et al., 2023). 

The dry matter yield (DMS) of 

irrigated and rainfed beans (cv. BRS Estilo) 

as a function of vinasse level fit quadratic 

models, with an average R² of 97.68% 

(Figure 2B). Increasing the fertigation dose 

with vinasse in irrigated beans resulted in 

an increase in DMS to a dose of 218.32 m³ 

ha⁻¹ of vinasse. At this vinasse dose, a 

maximum DMS of approximately 9.72 g 

was reached. The maximum DMS observed 

at the vinasse dose of 218.32 m³ ha⁻¹ was 

25.50, 7.49, 0.18, and 3.57% greater than 

the DMS observed at vinasse levels of 0, 

100, 200, and 300 m³ ha⁻¹, respectively 

(Figure 2B). A lack of water and nutrients 

can lead to negative consequences for crop 

growth and development, directly affecting 
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biomass production, production 

components, and yield (Dutra et al., 2015; 

Heinemann et al., 2022). 

Increasing the fertigation dose with 

vinasse in rainfed beans resulted in 

increases in bean dry matter content (DMC) 

up to a dose of 235.43 m³ ha⁻¹ of vinasse. At 

this vinasse dose, a maximum DMC of 

approximately 8.94 g was achieved. The 

maximum DMC observed at the vinasse 

dose of 235.43 m³ ha⁻¹ was 28.52%, 9.44%, 

0.65%, and 2.14% greater than the DMC 

observed at vinasse levels of 0, 100, 200, 

and 300 m³ ha⁻¹, respectively (Figure 2B). 

For maximum biomass accumulation in 

common beans, it is essential that the crop 

does not present deficiencies. nutritional, 

underlying the importance of vinasse as a 

fertilizer for the crop, as it is composed of 

macro- and micronutrients fundamental for 

the healthy growth and biomass production 

of the crop (Vieira et al., 2009; Teixeira et 

al., 2023). 

The dry matter intake (DMI) of 

irrigated and rainfed beans (cv. BRS Estilo) 

as a function of vinasse level fit quadratic 

models, with an average R² of 93.79% 

(Figure 5C). Increasing the fertigation dose 

with vinasse in irrigated beans led to an 

increase in the DMI to a dose of 192.26 m³ 

ha⁻¹ of vinasse. At this dose, a maximum 

DMI of approximately 24.32 g was 

reached. The maximum DMI observed at 

the vinasse dose of 192.26 m³ ha⁻¹ was 

17.17%, 3.95%, 0.03%, and 5.39% greater 

than the DMI observed at vinasse levels of 

0, 100, 200, and 300 m³ ha⁻¹, respectively 

(Figure 2C). 

Silva et al. (2012) reported 

quadratic results when the matric potential 

was evaluated, and the greater the 

availability of water was, the greater the dry 

mass of the aerial part of the common bean. 

The increase in the fertigation dose 

with vinasse in rainfed beans increased the 

dry matter intake (DMI) of the beans to 

193.82 m³ ha⁻¹ of vinasse. With the 

application of this vinasse dose, a 

maximum DMI of approximately 21.66 g 

was reached. The maximum DMI observed 

at the vinasse dose of 193.82 m³ ha⁻¹ was 

9.19, 2.15, 0.01, and 2.76% greater than the 

DMI observed at vinasse levels of 0, 100, 

200, and 300 m³ ha⁻¹, respectively (Figure 

2C). With respect to the growth of the aerial 

part of the bean plant, the leaves and stems 

are responsible for 100% of the relative 

accumulation of bean biomass, with the 

leaves representing approximately 63% 

(Nascente; Carvalho, 2018). 

 

 

6 CONCLUSIONS 

 

The stem diameter, stem dry mass, 

and shoot dry mass of common bean (cv. 

BRS Estilo) are influenced by irrigated and 

rainfed cultivation methods. 

Increasing the fertigation dose with 

vinasse in irrigated and rainfed common 

beans led to increases in the stem diameter, 

stem dry mass, and shoot dry mass of the 

bean up to vinasse doses of approximately 

219.50 and 231.29 m3 ha -1, respectively. 

Honesty increases the growth and 

development of the stems of common bean 

crops fertigated with vinasse by 12.43%. 

Compared with those under rainfed 

cultivation, the dry masses of the aerial 

parts of irrigated common beans under 

fertigation with vinasse increase above 

11.00%. 
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