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1 RESUMO

A cana-de-actcar ¢ essencial no Brasil, ocupando 8,3 milhdes de hectares e produzindo 30
bilhdes de litros de etanol na safra 2021/2022. A vinhaga, subproduto dessa industria, contém
nutrientes como potassio, nitrogénio e foésforo, podendo beneficiar a fertilidade do solo e a
satde das plantas, promovendo uma agricultura mais sustentdvel. Este estudo avaliou os efeitos
da aplicagdo localizada de vinhaga no crescimento inicial da cana-de-agticar em solo arenoso
na Fazenda Santa Rita (SR), Pirassununga — SP. O experimento foi realizado em um canavial
de 9 ha com 200 linhas de 300 metros, espagadas a 1,5 m, com 4 tratamentos: vinhaga localizada
(Vlocal), vinhaca em area total (Vtotal), 4gua localizada (W) e testemunha (T), cada um com 5
repeticoes. A aplicagdo de vinhaga foi de 3 mm (30 m3/ha). Analisaram-se a condutividade
elétrica do solo, o teor de potassio e o desenvolvimento inicial da cana, com medigdes antes e
ap6s 30 dias. A vinhaga localizada aumentou a salinidade e o teor de potassio na camada
superficial do solo, reduzindo o crescimento inicial das plantas, enquanto a vinhaca total
também teve efeitos negativos, mas menos severos. Recomenda-se cautela no uso da vinhaga e
estudos adicionais em solos arenosos e regides com alta pluviosidade.
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FERTIGATION WITH VINASSE IN SUGARCANE: EVALUATION OF INITIAL
DEVELOPMENT, ELECTRICAL CONDUCTIVITY, AND POTASSIUM CONTENT
IN THE SOIL

2 ABSTRACT

Sugarcane is essential in Brazil, covering 8.3 million hectares and producing 30 billion liters of
ethanol in the 2021/2022 harvest. Vinasse, a byproduct of this industry, contains nutrients such
as potassium, nitrogen, and phosphorus, which can benefit soil fertility and plant health,
promoting more sustainable agriculture. This study evaluated the effects of localized vinasse
application on the initial growth of sugarcane in sandy soil at Fazenda Santa Rita (SR),
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Pirassununga, SP. The experiment was conducted in a 9-hectare sugarcane field with 200 rows
of 300 meters spaced 1.5 meters apart, with 4 treatments: localized vinasse (Vlocal), total area
vinasse (Vtotal), localized water (W), and control (T), each with 5 replications. The vinasse
application was 3 mm (30 m?/ha). The soil electrical conductivity, potassium content, and initial
sugarcane development were analyzed, with measurements taken before and 30 days after
application. Localized vinasse increased salinity and potassium in the surface layer, reducing
initial plant growth, whereas total vinasse also had negative effects, although they were less
severe. Caution is recommended in the use of vinasse, with further studies needed in sandy soils

and high-rainfall areas.

Keywords: Irrigation, Fertilization, Leaching, Sustainability.

3 INTRODUCTION

Sugarcane (Saccharum officinarum)
is one of the main Brazilian crops,
occupying a significant area of 8.3 million
hectares in the 2021/2022 harvest. Brazil's
sugarcane sector plays a crucial role,
contributing to the production of sugar,
electricity, and ethanol. At the same harvest,
total ethanol production, which is composed
of anhydrous ethanol (40%) and hydrated
ethanol (60%), reached an impressive level
of 30 billion liters (Cana-de-Acucar, 2022).

The trajectory of alcohol production
from sugarcane in Brazil, which began in
1925 and was consolidated in 1938 with the
regulation of the mixture of ethanol in
gasoline (Law No. 737), highlights the
historical importance of this sector (Brazil,
1938).

However, this production scenario
presents challenges related to waste
management, especially the most abundant
waste in the ethanol production process:
vinasse. With an average of 12 liters
generated for each liter of ethanol, the
2021/2022  harvest resulted in the
accumulation of an impressive 360 billion
liters of vinasse (Elia Neto, 2019).

Environmental awareness gained
momentum in 1978, with Ordinance No. 323
of the Ministry of the Interior, which
prohibited the dumping of vinasse into water
bodies (Brazil, 1978). Currently, the
application of vinasse follows national

regulations, such as CNRH Resolution No.
15 0f2001 and Ministry of Health Ordinance
No. 518/04 of 2004 (Brazil, 2001, 2004).

In Sao Paulo, the CETESB plays a
crucial role in regulation and monitoring,
establishing guiding values for soil and
groundwater through Board Decisions No.
195--2005-No. 103/2007/C/E (CETESB,
2005, 2007). Technical Standard P4.231,
prepared in 2015, defines criteria and
procedures for the application of vinasse to
agricultural soil (CETESB, 2015).

Vinasse, a byproduct of the sugar and
ethanol industry, is rich in valuable nutrients
for agriculture, such as potassium, which
helps in  water  regulation  and
photosynthesis; nitrogen, which is essential
for growth and protein formation; and
phosphorus, which is important for cellular
energy and root development. In addition,
vinasse provides micronutrients such as
calcium, magnesium and sulfur, which are
crucial for plant health. Its application to soil
can improve soil fertility and structure,
promoting more sustainable agriculture by
reusing useful industrial waste (Silva;
Griebeler; Borges, 2007).

Despite advances in rules and
procedures to assess the environmental
impacts of vinasse application, current
standards have been developed for
traditional methods, such as total area
spraying. These guidelines do not consider
localized application of vinasse, nor do they
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establish appropriate sampling procedures
for these areas.

Another aspect not considered is the
period of the cultivation cycle, in which
sugarcane demands nutrients more sharply.
Studies, such as that of Santana et al. (2007),
highlight that significant  potassium
extraction occurs in the final phase of the
physiological cycle, while the initial
application can result in potassium leaching,
increasing soil salinity.

Given the development limitations
imposed by increased electrical
conductivity, irrigation with water has
emerged as a crucial tool to increase
sugarcane productivity and preserve crop
quality. In a scenario where the irrigated area
in Brazil has significant growth potential,
reaching 55 million hectares, sugarcane
irrigation can not only reduce production
costs but also maintain vital economic
activity, reduce the cultivated area, reduce
the distance between planting and
harvesting, and serve as a vehicle for the
fractional application of nutrients, especially
at the time of greatest demand during the
final cycle (ANA, 2022). This study
explores these critical aspects, providing a
comprehensive understanding of vinasse
management and its implications for
contemporary agricultural scenarios.

In this context, the general
hypothesis is that localized application of
vinasse may lead to an increase in soil
salinity, = compromising  the initial
development of sugarcane and leading to
potassium leaching below the effective root

depth. This investigation aims to contribute
significantly to the understanding and
optimization of this practice, considering its
impacts on agricultural and environmental
aspects. This study aimed to evaluate the
effects of the localized application of vinasse
on the initial development of sugarcane in
comparison with those of the conventional
method.

4 MATERIALS AND METHODS

4.1 Characterization of the study area

The present experiment was
conducted in a sugarcane cultivation area
belonging to Fazenda Santa Rita (SR),
located in Pirassununga, SP, with a
predominant soil class of Neossolo.
Quartzarenic. The area was chosen after the
completion of the first sugarcane harvest,
which occurred on 03/12/2021, and the
variety cultivated was RB966928. The
Koppen  climate  classification  for
Pirassununga is Cwa, characterized by a dry
season in winter (May--October) and a rainy
season in summer (November--April), with
an average temperature of approximately 21
°C and annual rainfall of approximately
1,400 mm.

The physical and chemical attributes
of the soil in the experimental area are
detailed in Table 1. The analyses followed
the guidelines proposed by Raij ez al. (2001).
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Table 1. Physical and chemical attributes of the soil in the experimental area.

Attributes Saint Rita
Field capacity (%) 36
Permanent wilting point (%) 22
Fine sand (g/kg) 550
Coarse sand (g/kg) 260
Total sand (g/kg) 810
Clay (g/kg) 142
Silt (g/kg) 48
Textural class Sandy
pH caciz 4.8
P Resin (mg/dm ¥) 5
K *(mmol ¢ /dm *) 1.9
Ca ?* (mmol ¢ /dm ?) 18
Mg ** (mmol . /dm *) 6
Al 3" (mmol . /dm ?) <1
H + Al (mmol ¢ /dm *) 35
S-SO4 2 (mg/dm *) 14
Sum of Bases (mmol ¢/dm *) 30.4
Cation Exchange Capacity (mmol ¢ /dm ) 44.2
Base Saturation (%) 42.1
Aluminum saturation (%) 1
%K in CTC 2.9
%Ca in CTC 46
%Mg in CTC 12.9
B (mg/i™m) 0.15
Cu (mg/¥™) 1.9
Mn (mg/4m™) 2.1
Fe (mg/i™) 21
Zn (mg/9m3) 0.9
Electrical conductivity (dS/m) 0.065

Source: the authors.
4.2 Experimental design

The experiment was implemented in
a newly sprouted sugarcane field in 9 ha
plots distributed in 200 rows of 300 meters,
with a spacing of 1.5 m. Four treatments
were applied, each with 5 replicates, in the
160 central rows. Each plot consisted of 8
rows, as shown in Figure 1. The treatments

included the application of localized vinasse
(Vlocal), total area vinasse (Vtotal),
localized water (W), and a control (T),
without any application. The vinasse layer
applied was 3 mm (30 m3’ha), and to ensure
uniformity with the “Nonino” truck, long
rows were used to minimize the variation in
the distribution of the product.
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Figure 1. Sketch of the experiment carried out in Santa Rita and the locations of the collected

samples.
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Source: the authors.

The application of localized vinasse
was carried out by truck, simultaneously
reaching 8 rows, while the total area vinasse
was dispersed with a diffuser that spread the
product throughout the area; the vinasse
used contained 6 kg of potassium per m?,
resulting in 180 kg of potassium/ha,
according to the limits established by
CETESB for areas with potassium-saturated
CTC. The experiment was conducted during
the low rainfall season (March to July 2021),
with a rain gauge installed in the area to
record rainfall.

4.3 Sample collection and procedures

Soil samples were collected at four
different times in relation to treatment
application (1 day before (D-1), 1 day after
(D+1), 30 days after (D+30) and 75 days
after (D+75)), with collection carried out at
three points along the 5 central lines
(beginning, middle and end), totaling 15
samples per plot (Figure 1), with each
sample composed of 5 subsamples. In

amostra composta por 5 sub
amostras)

addition, the number of tillers was assessed
at three points along the lines, which were
marked with strings, totaling 5 streets, each
with 3 points of 20 m.

With the beginning and end defined
by the string template, the soil samples were
sent to the associated laboratories of
Fazenda Santa Rita for analysis of the
potassium content in the layers of 0—20 cm,
20—40 cm and 75-85 cm, in addition to the
electrical conductivity in the layers of 0-20
cm and 20-40 cm; the collection of the 75—
85 cm layer was carried out in the period
D+75 to evaluate potassium leaching, which
coincided with the end of the initial
development of the sugarcane, according to
the objective of the work.

The green mass samples were
weighed in the field via a precision scale,
from which samples were taken to determine
the average moisture percentage, and the
tiller count was also determined in the field.
The dates of each operation, as well as the
periods in days between them, are presented
in Table 2.
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Rita Farm area.

Table 2. Dates and time intervals for sampling and events in the cultivation cycle in the Santa

Event Santa Rita Farm
plot Al8
Planting Date 10/02/2020
Last Harvest Date 03/12/2021
Initial Sampling Date (D-1) 03/23/2021
Days between Sampling (D-1) and Harvest 11
Date of Application of Treatments 04/13/2021
Days between Application of Treatments and Harvest 32
Sampling Date (D+1) 04/14/2021
Days between Sampling (D+1) and Harvest 33
Days between Sampling (D+1) and Application 1
Sampling Date (D+30) 05/18/2021
Days between Sampling (D+30) and Harvest 67
Days between Sampling (D+30) and Application 35
Tiller Sampling Date 06/25/2021
Days between Productivity and Tillers and Harvest 105
Days between Productivity and Profiles and Application 73
Sampling Date (D+75) 02/07/2021

(D-1): one day before the application of the treatments; (D+1): one day after the application of the treatments;
(D+30): 30 days after the application of the treatments; (D+75): 75 days after the application of the treatments.

Source: the authors.
4.4 Data analysis

The statistical analysis  stage
included comparisons between treatments
and evaluation periods for each variable
studied, including potassium content,
electrical conductivity, number of tillers and
green mass. In the presence of interaction
between the application period and the
treatment, the data were segregated,
allowing different analyses for each period.

In all the analytical procedures,
crucial checks were performed to ensure the
robustness and reliability of the results. The
normality of the residuals was assessed via
the Shapiro-Wilk test, whereas the
homogeneity of the variances was verified
via the Levene test. In cases where the
residuals did not meet the normality criteria
and/or the variances were not homogeneous,
the data were transformed via the Box—Cox
method (Box; Cox, 1964).

When data transformation was
effective in resolving the identified
discrepancies, ANOVA and Tukey's test
(95%) were applied for paired comparisons.
In situations where the transformation was
not sufficient, the nonparametric robust
ANOVA test was chosen (Mair; Wilcox,
2020), with the comparison being made via
the Wilcoxon test (Wilcox, 2017).

[lustrative graphs were constructed
with the help of the ggplot?2 package
(Wickham, 2016), providing a clear and
informative visualization of the results. All
analyses were conducted in the R
environment (R Core Team, 2020), ensuring
consistency and accuracy in the statistical
procedures applied to the collected dataset.
This meticulous approach aims to ensure the
reliability and accurate interpretation of the
results obtained during the experiment.
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S RESULTS AND DISCUSSION
5.1 Monthly rainfall

Table 3  presents  significant
variations in precipitation at Fazenda Santa
Rita during the experiment. In March, 35
mm of precipitation was recorded, which
may have provided important initial soil
moisture. However, the absence of
precipitation in April and July likely resulted

availability and requiring management
adjustments, such as additional irrigation.
Low precipitation in May and June (3.5 mm
and 2.5 mm, respectively) may have affected
the soil moisture and the effectiveness of the
treatments applied. The interaction between
precipitation and management practices is
crucial to understanding the impact of
weather conditions on the effectiveness of
treatments and on the variables studied, such
as plant growth and nutrient uptake.

in dry conditions, impacting water
Table 3. Monthly and periodic rainfall at Fazendas Santa Rita during the experiment.
Period Precipitation
2021 mm
March 10-31 35
April 0
May 3.5
June 2.5
July 0

Source: the authors.

The results related to the treatments
are presented for the four variables
evaluated: potassium content in the soil,
electrical conductivity in the soil, number of
tillers and green mass.

5.2 Potassium content

5.2.1 Potassium content in the 0--20 cm
depth layer

Table 4 presents the soil potassium
levels in the 0--20 cm layer measured 1 and
30 days after application of the treatments:
control (T), localized vinasse (Vlocal), total
vinasse (Vtotal) and localized water (W).
Analysis of the results provides insights into
the effectiveness of each treatment in
altering soil potassium levels over time.
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Table 4. Potassium content in the soil (mg/kg - 0 to 20 cm) at 1 and 30 days after application
of localized vinasse (Vlocal), total vinasse (Vtotal), localized water (W) and the

control (T).

Treatment Average DevPad Min. Max. Wilcox
1 day after application
T 2.37 0.24 2.10 2.7 B
Vlocal 4.87 0.73 4.13 5.67 THE
Vtotal 4.04 0.65 3.07 4.80 B
Y 2.34 0.53 1.62 2.92 B
30 days after application
T 2.25 0.11 2.13 2.40 B
Vlocal 3.75 0.20 3.53 4.03 THE
Vtotal 3.44 0.42 2.73 3.83 THE
W 2.09 0.16 1.87 2.30 B

Source: the authors.

The Vlocal treatment presented the
highest potassium concentration
immediately after application, with a mean
value of 4.87 mg/kg, a standard deviation of
0.73 and a range of values between 4.13 and
5.67 mg/kg. The "A" classification in the
Wilcoxon test indicates that this treatment is
statistically superior to the other treatments
in terms of the immediate increase in
potassium levels. This is due to the direct
application of vinasse in specific areas,
allowing plants to quickly access the high
concentration of potassium in the soil, as
suggested by Marschner (2012), who
highlighted the effectiveness of localized
application of fertilizers to optimize nutrient
availability. On the other hand, compared
with the localized treatment, the total vinasse
treatment resulted in a significant increase in
potassium levels (4.04 mg/kg), although
with less intensity. The "B" rating suggests
that although the effect is positive, it is not
as pronounced as that of Vlocal, possibly
because of the dilution of potassium
concentration by uniform application, which
is corroborated by Fageria and Baligar

(2005), who explain how  uniform
application can reduce nutrient
concentration.

Both the control (2.37 mg/kg) and
localized water (2.34 mg/kg) treatments
resulted in similar and relatively low
potassium levels, with a "B" classification.
These findings confirm that the application
of water alone and the absence of nutrients
do not significantly affect the increase in
potassium levels in the soil.

After 30 days, the Vlocal treatment
still resulted in the highest mean potassium
concentration (3.75 mg/kg), with a standard
deviation of 0.20 and values ranging from
3.53 to 4.03 mg/kg. The persistence of the
effectiveness of Vlocal in maintaining high
potassium levels is evidenced by the "A"
rating, suggesting that localized application
remains the most effective approach for
maintaining soil potassium levels over time.
Studies have shown that localized
application of fertilizers can significantly
improve nutrient use efficiency and,
therefore, crop results (Marschner, 2012).
The potassium level for Vtotal (3.44 mg/kg)
was significantly lower than that for Vlocal
but still higher than those for T and W. The
"B" rating indicates that the effect of total
vinasse remains positive, although its
effectiveness is lower than that of localized
application. This difference may be
attributed to the wider dispersion of
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potassium by total application, which may
result in a lower soil concentration, as
discussed in research on fertilizer
distribution and efficiency (Nkebiwe et al.,
2016).

The data indicate that localized
application of vinasse (Vlocal) is the most
effective at increasing and maintaining soil
potassium levels, both immediately after
application and after 30 days. Direct
application of vinasse at specific points
provides a relatively high concentration of
potassium where plants can quickly access
it, resulting in relatively good results in the
short and medium terms. The total
application of vinasse (Vtotal) also increased
the soil potassium level, but its effectiveness
was lower than that of localized application.
This may be due to the dilution of potassium
over a larger area.

Localized water (W) and the control
(T) did not have a significant effect on
potassium  levels,  highlighting  the
importance of using treatments that add
nutrients to the soil to obtain significant
improvements.

5.1.2 Potassium content in the 20--40 cm
depth layer

The potassium content in the 2040
cm layer is shown in Table 5. One day after
application, the Vtotal treatment resulted in
the highest mean potassium content (2.87
mg/kg), indicating rapid release and an
increase in potassium in the soil. The "AB"
classification suggests that the effect is
significant, although it is not the most
prominent among all the treatments. The
relatively high standard deviation (0.47) and
the range of values (2.33 to 3.50 mg/kg)
indicate some variability in efficacy. The
Vlocal treatment also resulted in a high
potassium concentration (2.58 mg/kg) one
day after application, with less variability
(standard deviation of 0.32). The "AB"
classification suggests an intermediate
effect, demonstrating that localized
application is effective but not as intense as
total application (Nkebiwe et al., 2016).

Table 5. Potassium content in the soil (mg/kg - 20 to 40 cm) at 1 and 30 days after application
of localized vinasse (Vlocal), total vinasse (Vtotal), localized water (W) and the

control (T).

Treatment Average DevPad Min. Max. Wilcox
1 day after application
T 2.20 0.34 1.70 2.53 THE
Vlocal 2.58 0.32 2.13 2.90 AB
Vtotal 2.87 0.47 2.33 3.50 AB
\Y 2.05 0.37 1.62 2.55 B
30 days after application
T 1.95 0.11 1.77 2.07 THE
Vlocal 2.86 0.38 2.23 3.17 B
Vtotal 2.25 0.19 2.03 2.43 B
W 2.02 0.25 1.63 2.30 B

Source: the authors.

The control (2.20 mg/kg) and
localized water (2.05 mg/kg) treatments
presented the lowest potassium levels, with

the “B” classification indicating that these
treatments had similar impacts and were not
significantly different from each other. This
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confirms that water does not contribute to
the increase in soil potassium levels
(Mendes et al., 2016). After 30 days of
application, the soil potassium level
remained high for the localized vinasse
treatment (Vlocal), with an average of 2.86
mg/kg, although the “B” classification
indicated that its effect was not significantly
different from that of the other nonfertilizer
treatments. This  suggests that the
effectiveness of Vlocal may not be as long-
lasting as initially observed. On the other
hand, the total vinasse treatment (Vtotal)
resulted in a reduction in potassium levels to
2.25 mg/kg, which was higher than the
values found in the control (T) and localized
water (W) treatments, which were 1.95
mg/kg and 2.02 mg/kg, respectively. The
“B” rating for these treatments suggested
that after 30 days, there was no significant

effect on the long-term increase in potassium
levels (Qiu et al., 2014).

5.1.3 Potassium content in the 75--85 cm
depth layer

Figure 2 shows the boxplot of the
potassium content in the 75--85 cm layer for
the 75-day period after the application of the
treatments. Statistical analysis revealed no
significant difference in potassium values
between treatments, indicating that the
application of vinasse, whether localized or
in the total area, did not increase the
potassium content below the root zone,
minimizing the risk of soil and groundwater
contamination. Similarly, when applied
correctly, vinasse does not tend to move
significantly to deeper soil layers, which
helps to avoid groundwater contamination
(Buvaneshwari et al., 2020).

Figure 2. Boxplot of potassium contents in the 75-85 cm layer in the different treatments:
Vtotal: vinasse in the total area; Vlocal: localized vinasse; W: localized water; T:

control.
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5.2 Electrical conductivity of the soil

5.2.1 Electrical conductivity in the 0--20 cm
deep layer

Compared with the other treatments,
the localized vinasse treatment (Vlocal)
resulted in an average electrical conductivity
of 1.43 dS/m (Table 6), with a standard
deviation of 0.05, indicating a substantial
and significant increase, corroborating
similar results described by Carmo, Lima
and Silva (2016) with the application of
organic residues in the soil. Although the "B"

classification suggests that this effect is not
significantly different from that of the total
vinasse treatment (Vtotal), which had an
average of 037 dS/m, Vlocal still
demonstrated a more pronounced increase.
On the other hand, the control (T) and
localized water (W) treatments presented
very low levels of electrical conductivity,
both with an average of 0.1 dS/m, and
received the "A" classification, indicating
that there was no significant increase in
electrical conductivity due to these
treatments.

Table 6. Electrical conductivity values (dS/m - 0 to 20 cm) at 1 and 30 days after the application
of localized vinasse (Vlocal), total vinasse (Vtotal), localized water (W) and the

control (T).

Treatment Average DevPad Min. Max. Wilcox
1 day after application
T 0.10 0.01 0.09 0.11 THE
Vlocal 1.43 0.05 1.37 1.51 B
Vtotal 0.37 0.18 0.18 0.65 THE
W 0.10 0.01 0.10 0.11 THE
30 days after application
T 0.10 0.01 0.09 0.11 THE
Vlocal 1.20 0.16 1.01 1.40 B
Vtotal 0.36 0.14 0.24 0.58 THE
W 0.07 0.01 0.07 0.09 THE

Source: the authors.

After 30 days, the average electrical
conductivity for the localized vinasse
treatment (Vlocal) was 1.2 dS/m, which was
still significantly greater than that of the
other treatments but slightly lower than the
initial value of 143 dS/m. The "B"
classification suggests that, despite the
reduction, the soil electrical conductivity
remains high, although the effect is more
moderate than the initial increase (Carmo;
Lima; Silva, 2016). The total vinasse
treatment (Vtotal) resulted in a small
reduction to 0.36 dS/m, which was greater
than that of the control and localized water
treatments. The "A" classification indicates

that, after one month, the -electrical
conductivity of Vtotal does not differ
significantly from the levels observed for the
control and localized water treatments. Both
the control (T) and localized water (W)
samples presented low electrical
conductivity values, 0.1 dS/m and 0.07
dS/m, respectively, and were classified as
"A", indicating that there was no significant
difference in the long term (Qiu et al., 2014).
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5.2.2 Electrical conductivity in the 20--40
cm deep layer

Compared with the other treatments,
the localized vinasse treatment (Vlocal)
resulted in the highest mean electrical
conductivity of 0.99 dS/m, with a standard
deviation of 0.18 (Table 7), indicating a
significant increase and a more pronounced
immediate impact. In contrast, total vinasse
(Vtotal) had a mean electrical conductivity
0f 0.42 dS/m, which was higher than that of

the control and localized water treatments
but lower than that of Vlocal, resulting in the
classification "B", which reflects a notable
effect but is less intense than that of Vlocal.
On the other hand, the Control (T) and
Localized Water (W) treatments presented
very low electrical conductivities, with
means of 0.11 and 0.08 dS/m, respectively,
with the classification "D" for W and "C" for
T, indicating that these treatments do not
have a significant effect on electrical
conductivity (Mendes ef al., 2016).

Table 7. Electrical conductivity values (dS/m - 20 to 40 cm) at 1 and 30 days after the
application of localized vinasse (Vlocal), total vinasse (Vtotal), localized water (W)

and the control (T).

Treatment Average DevPad Min. Max. Wilcox
1 day after application
T 0.11 0.01 0.10 0.12 W
Vlocal 0.99 0.18 0.74 1.23 THE
Vtotal 0.42 0.15 0.21 0.57 B
W 0.08 0.01 0.08 0.09 D
30 days after application
T 0.08 0.02 0.07 0.11 THE
Vlocal 0.67 0.10 0.52 0.75 W
Vtotal 0.24 0.04 0.20 0.27 B
W 0.10 0.01 0.09 0.11 THE

Source: the authors.

After 30 days, Vlocal showed a
reduced average electrical conductivity of
0.67 dS/m, which was still significantly
greater than that of the control and localized
water treatments. The "C" classification
reflects that although the conductivity
decreased, it remained high in relation to the
other treatments but had a moderate effect
compared with the initial increase (Carmo;
Lima; Silva, 2016). The Vtotal decreased to
0.24 dS/m, which was greater than that of the
control and localized water treatments. The
"B" classification indicates that after 30
days, the effect of total vinasse was still
significant but less pronounced than that of
localized vinasse. The control (T) and
localized water (W) treatments resulted in

low electrical conductivities, with averages
of 0.08 and 0.10 dS/m, respectively, and
received the "A" classification, indicating
that there was no significant difference in
long-term electrical conductivity between
these treatments.

5.3 Number of tillers and green mass

The T, W and Vtotal treatments
resulted in more tillers than did the Vlocal
treatment (Table 8). For the number of
tillers, the treatments with localized vinasse
(Vlocal) and total vinasse (Vtotal) presented
averages of 115.50 and 134.94, respectively,
both of which were lower than those of the
control (T) and localized water (W)
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treatments, which presented averages of
139.84 and 137.30, respectively. The
classification "A" for T and W suggests that
these treatments resulted in a significantly
greater number of tillers than Vlocal, which
resulted in the classification "B". These
findings indicate that the use of vinasse, both
in the total and localized areas, may not have

been as effective in promoting tiller
development as the control treatments. The
reduced number of tillers in the vinasse
treatment can be attributed to adverse effects
of vinasse on the plant, such as high salinity
or excess nutrients that can inhibit growth
(Holanda et al., 2011).

Table 8. Comparison of the number of tillers and green mass in the four treatments (Vtotal:
vinasse in the total area; Vlocal: localized vinasse; W: localized water; T: control).

Standard

Treatment Average . L. Min. Max. Wilcox
Deviation
Number of Tillers
T 139.84 21.35 104 210 THE
Vlocal 115.50 12,14 88 142 B
W 137.30 15.29 102 175 THE
Vtotal 134.94 12.01 99 161 THE
Green mass (g)
Treatment Average DevPad Min. Max Wilcox
T 4.25 0.56 3.15 5.15 THE
Vlocal 3.20 1.01 1.90 5.60 W
W 4.35 1.17 2.20 7.10 AB
Vtotal 3.84 0.81 2.80 5.90 B

Source: the authors.

In terms of green mass, the control
treatment (T) presented the highest average
value of 4.25 g, followed by the localized
water (W) treatment (4.35 g), both with
classification "A" and "AB", respectively,
indicating significantly high values. In
contrast, the Localized Vinasse treatment
(Vlocal) had the lowest average green mass
(3.20 g) and obtained the classification "C",
suggesting that the application of localized
vinasse may have had a negative effect on
the mass of the plants. The total Vinasse
(Vtotal), with an average of 3.84 g, also
presented lower values than did the controls,
but with a classification of "B", indicating a
less severe but still adverse effect on the
growth of the green mass.

These results indicate that although
vinasse may have beneficial effects under
some conditions, it may also have negative
impacts on plant growth, especially in terms

of tiller number and green mass. The
reduction in plant performance in response
to vinasse treatment may be related to factors
such as high salt concentrations or nutrient
imbalances, which may require adjustments
in management practices to mitigate these
adverse effects (Santana et al., 2007). The
difference observed between the treatments
highlights the need for a careful balance
when vinasse is used as a fertilizer, with the
aim of optimizing the benefits while
minimizing the negative impacts on plant
growth.

6 CONCLUSIONS

Localized application of vinasse
increased soil potassium availability, but its
beneficial effect diminished after 30 days.
Furthermore, there was no leaching to
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deeper layers during periods of extremely
low precipitation. Compared with the
control and localized water treatments,
localized vinasse resulted in lower tiller
numbers and green masses during early
sugarcane development. Total vinasse also
had negative effects but was less severe than
localized vinasse. In summary, although the
localized application of vinasse effectively
provides potassium, its adverse impact on
sugarcane growth suggests that its use
should be managed carefully to avoid
negative effects.

7 REFERENCES

ANA. Irrigation Atlas : water use in
irrigated agriculture. 2nd ed. Brasilia, DF:
ANA, 2022.

BOX, GEP; COX, DR An analysis of
transformations. Journal of the Royal
Statistical Society: Series B
(Methodological) , Oxford, v. 26, no. 2, p.
211-243, 1964.

BRAZIL. Decree-Law No. 737 of
September 23, 1938. Makes the addition of
anhydrous alcohol to gasoline produced in
the country mandatory, regardless of the
method or process of its manufacture, and
contains other provisions. Rio de Janeiro:
Chamber of Deputies, 1938. Available at:
https://www2.camara.leg.br/legin/fed/declei
/1930-1939/decreto-lei-737-23-setembro-
1938-350748-publicacaooriginal-1-
pe.html#:~:text=Torna%?20obrigat%C3%B3
11a%20a%20adi%C3%A7%C3%A30%20d
c,
fabrica%C3%A7%C3%A30%2C%20e%20
d%C3%A1%200utras%20provid%C3%AA
ncias. Accessed on: September 10, 2024.

BRAZIL. Ordinance 323, of November
29, 1978. Prohibits the direct or indirect
release of vinasse into any water collection
by alcohol distilleries in the country.

Brasilia, DF: Ministry of the Interior, 1978.
Available at:
https://faolex.fao.org/docs/pdf/bral4330.pd
f. Accessed on: April 14, 2025.

BRAZIL. Ordinance No. 518, of March
25, 2004. Establishes the procedures and
responsibilities related to the control and
surveillance of the quality of water for
human consumption and its potability
standard, and contains other provisions.
Brasilia, DF: Ministry of Health, 2004.
Available at:
http://189.28.128.100/dab/docs/legislacao/p
ortaria518 25 03 04.pdf. Accessed on:
September 10, 2024.

BRAZIL. Resolution No. 15 of January
11, 2001 . Establishes general guidelines for
groundwater management. Brasilia, DF:
CNRH, 2001. Available at:
https://cetesb.sp.gov.br/aguas-
subterraneas/wp-
content/uploads/sites/13/2013/11/Resolucao
_CNRH-15_2001.pdf. Accessed on: April
14, 2025.

BUVANESHWARI, S.; RIOTTE, J.;
SEKHAR, M.; SHARMA, AK;
HELLIWELL, R.; KUMAR, MSM;
BRAUN, J1J; RUIZ, L. Potash fertilizer
promotes incipient salinization in
groundwater irrigated semiarid agriculture.
Scientific Reports , London, vol. 10, p.
e3691, 2020. DOL:
https://doi.org/10.1038/s41598-020-60365-
z. Available at:
https://www.nature.com/articles/s41598-
020-60365-z. Accessed on: 14 April. 2025.

SUGARCANE . Monitoring of the
Brazilian sugarcane harvest, Brasilia, DF,
v. 8, n. 4, p. 1-59, 2022. 2021/22 Harvest,
Fourth survey. Available at:
https://www.conab.gov.br/info-
agro/safras/cana/boletim-da-safra-de-cana-
de-acucar. Access on : May 5, 2022.

Irriga, Botucatu, v. 28, n. 4, p. 805-820, outubro-dezembro, 2023



Lance, et al. 819

CARMO, DL; LIMA, LB; SILVA, CA Soil
fertility and electrical conductivity affected
by organic waste rates and nutrient inputs.

Brazilian Journal of Soil Science , Vicosa,
v. 40, p. 0150152, 2016.

CETESB. Board Decision No.
103/2007/C/E, of June 22, 2007. Provides
for the procedure for the management of
contaminated areas. Official Gazette of the
State of Sido Paulo : section 1, Sdo Paulo,
executive notebook 1, p. 34, June 27, 2007.
Available at: https://cetesb.sp.gov.br/wp-
content/uploads/sites/17/2015/07/DD-103-
07-CE-Procedimento-para-Gerenciamento-
de-Areas-Contaminadas.pdf. Accessed on:
September 10, 2024.

CETESB. Board Decision No. 195-2005 -
E, November 23, 2005 . Sao Paulo:
CETESB, 2005. Available at:
https://cetesb.sp.gov.br/wp-
content/uploads/2022/09/DD-195-05-E-
Aprovacao-dos-val.Orientadores-para-
solos-e-aguas-subt.no-Estado-de-Sao-
Paulo.pdf. Accessed on: September 10,
2024.

CETESB. Vinasse — Criteria and
procedures for application in agricultural
soil. 3rd ed. Sao Paulo: CETESB, 2015.
(Technical standard P4.231). Available at:
https://cetesb.sp.gov.br/wp-
content/uploads/2013/11/P4.231 Vinha%C
3%A7a -Crit%C3%A9rios-e-
procedimentos-para-
aplica%C3%A7%C3%A30-no-solo-
agr%C3%ADcola-3%C2%AA-Ed-
2%C2%AA-VERS%C3%8°pdf. Accessed
on: September 10, 2024.

ELIA NETO, A. Vinhaga : biofertilizer and
sustainable energy. Sdo Paulo: UNICA,
2019. Available at:
https://unica.com.br/noticias/vinhaca-
biofertilizante-e-energia-sustentavel/.
Access on : Aug 8§, 2022.

FAGERIA, NK; BALIGAR, VC Enhancing
nitrogen use efficiency in crop plants.
Advances in Agronomy , Amsterdam, v.
88, p. 97-185, 2005.

HOLANDA, SJR; ARAUJO, FS;
GALLAO, MI; MEDEIROS FILHO, S.
Impact of salinity on the development and
growth of carnauba seedlings (Copernicia
prunifera (Miller) H. E. Moore). Brazilian
Journal of Agricultural and

Environmental Engineering . Campina
Grande, v. 15, n. 1, p. 47-52, 2011.

MAIR, P.; WILCOX, RR Robust Statistical
Methods in R Using the WRS2 Package.
Behavior Research Methods , London,
vol. 52, p. 464-488, 2020.

MARSCHNER, H. Mineral nutrition of
higher plants . 3rd ed. London: Academic
Press, 2012.

MENDES, WC; ALVES JUNIOR, J.;
CUNHA, PCR; SILVA, AR;
EVANGELIST, A.

WP; CASAROLLI, D. Potassium leaching in
different soils as a function of irrigation
depths. Brazilian Journal of Agricultural
and Environmental Engineering ,
Campina Grande, v. 20, n. 11, p. 972-977,
2016.

NKEBIWE, PM; WEINMANN, M.; BAR-
TAL, A.; MULLER, T. Fertilizer placement
to improve crop nutrient acquisition and
yield: A review and meta-analysis, Field
Crops Research , Amsterdam, v. 196, p.
389-401, 2016.

QIU, S.; Xie, J.; ZHAO, S.; XU, X.; HOU,
Y; WANG, X.; ZHOU, W.; HE, P.;
JOHNSTON, AM; CHRISTIE, P.; JIN, J.
Long-term effects of potassium fertilization
on yield, efficiency, and soil fertility status
in a rain-fed maize system in northeast
China. Field Crops Research , Amsterdam,
vol. 163, p. 1-9, 2014.

Irriga, Botucatu, v. 28, n. 4, p. 805-820, outubro-dezembro, 2023



820 Fertirrigacdo com vinhaga...

R CORE TEAM. A : A language and
environment for statistical computing.
Vienna: R Foundation for Statistics
Computing . Available at: https://www.R-

project.org/. Accessed on: August 8, 2022.

RAILJ, BV; ANDRADE, JC;
CANTARELLA, H.; QUAGGIO, JA
Chemical Analysis for Evaluation of
Tropical Soil Fertility . Campinas:
Agronomic Institute, 2001.

SANTANA, MJ; CARVALHO, JA;
SOUZA, KJ; SOUSA, AMG;
VASCONCELOS, CL; ANDRADE, LAB
Effects of irrigation water salinity on
sprouting and initial development of
sugarcane (Saccharum spp .) spp) and in

soils with different textural levels. Science
and Agrotechnology , Lavras, v. 31, n. 5,
p. 1470-1476, 2007.

SILVA, MAS; GRIEBELER, NP;
BORGES, LC Use of vinasse and impacts
on soil and groundwater properties.
Brazilian Journal of Agricultural and
Environmental Engineering , Campina
Grande, v. 11, n. 1, p. 108-114, 2007.

WICKHAM, H. ggplot2 : Elegant Graphics
for Data Analysis. New York: Springer-
Verlag, 2016.

WILCOX, RR Introduction to robust
estimation and hypothesis testing . 4th ed.
London: Academic Press, 2017.

Irriga, Botucatu, v. 28, n. 4, p. 805-820, outubro-dezembro, 2023



