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Abstract

Water magnetization and geoprocessing are increasingly utilized tools in weed management. Our objective was
to study the influence of water magnetization on herbicide efficiency and to verify whether there is a relationship
between control scores and the normalized difference vegetation index (NDVI). In the laboratory experiment,
water was subjected to magnetization and evaluated with respect to four characteristics. In the field experiment,
plots of Brachiaria grass were subjected to treatments in a factorial scheme (6 x 2 + 1). Six herbicidal factors (doses
of glyphosate and glyphosate + 2,4-D) and the magnetization or absence of magnetization of the spray solution
were evaluated and compared against the control treatment (without spraying). Weed control assessments were
carried out six times. Images were obtained using an embedded multispectral camera to determine the NDVI
values. Data related to water characteristics were analyzed using the t test. Weed control and NDVI data were
subjected to analysis of variance and are presented in regression graphs. Dispersion analysis of NDVI data was
performed according to the control scores. The magnetization process decreased the pH of the water and increased
the surface tension, but it did not influence the control scores or the NDVI. As the glyphosate dose was increased,
the control scores were higher and the NDVI values were lower. Magnetized water did not affect the biological
efficiency of the herbicides, and there was a strong correlation between the control scores and the NDVI values.

Keywords: control evaluation, Brachiaria decumbens, NDVI, remote sensing, application technology.

Resumo

A magnetizacdo da dgua e o geoprocessamento sdo ferramentas cada vez mais utilizadas no manejo de ervas
daninhas. Nosso objetivo foi estudar a influéncia da magnetizacdo da dgua na eficiéncia do herbicida e verificar
se existe uma relac¢do entre os escores de controle e o indice de vegetacdo por diferenca normalizada (NDVI). No
experimento de laboratdrio, a agua foi submetida a magnetizagao e avaliada em relagdo a quatro caracteristicas.
No experimento de campo, parcelas de capim-braquiaria foram submetidas a tratamentos em esquema fatorial
(6 x 2 +1). Seis fatores herbicidas (doses de glyphosate e glyphosate + 2,4-D) e a magnetiza¢do ou auséncia de
magnetizacao da calda foram avaliados e comparados com o tratamento controle (sem pulverizagdo). Avaliagdes
de controle de plantas daninhas foram realizadas seis vezes. As imagens foram obtidas usando uma camera
multiespectral incorporada para determinar os valores de NDVI. Os dados relacionados as caracteristicas da agua
foram analisados por meio do teste t. O controle de plantas daninhas e os dados de NDVI foram submetidos a anélise
de variancia e sdo apresentados em graficos de regressdo. A andlise de dispersdo dos dados NDVI foi realizada
de acordo com os escores de controle. O processo de magnetizacdo diminuiu o pH da dgua e aumentou a tensdo
superficial, mas ndo influenciou nos escores de controle ou no NDVI. Conforme a dose de glyphosate foi aumentada,
os escores de controle foram maiores e os valores de NDVI foram menores. A 4gua magnetizada ndo afetou a
eficiéncia biol6gica dos herbicidas, e houve uma forte correlagdo entre os escores de controle e os valores de NDVI.

Palavras-chave: avaliacdo de controle, Brachiaria decumbens, NDVI, sensoriamento remoto, tecnologia de aplicagdo.
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1. Introduction

Herbicides are the most important phytosanitary
products in agriculture. The main herbicides used in Brazil
are glyphosate and dichlorophenoxyacetic acid (2,4-D),
which are commonly applied together, since they have
a synergistic effect when applied as a tank mix (Beckie,
2011). Glyphosate is registered for several operations,
including post-emergent control in genetically modified
crops, cleaning of areas, desiccation for no-till, and control
between the lines of perennial crops. As an additive to
glyphosate, 2,4-D is used in area cleaning operations and
in pre-planting desiccation; in addition, it is registered for
weed control in pasture areas. The main form of application
of these products is liquid, with water being the main
vehicle (Shaner, 2014; Harrington and Ghanizadeh, 2017).

Water has some disadvantages, such as evaporation
and high surface tension. Therefore, techniques have
been studied to improve the deposition of the spray
solution on the target. In this sense, water magnetization
can improve aspects of the application technology. The
magnetic field can alter some physicochemical properties
of water, and such changes modify its hardness. There are
effects on pH, the proportion of soluble solids, electrical
conductivity, viscosity, and surface tension (Huo et al.,
2011; Mohammadi et al., 2019). In many crops, water
is subjected to a magnetization process for irrigation
purposes (Silva and Dobranszki, 2014; Mohammadi et al.,
2019). Once magnetized, water is also used for herbicide
applications. The use of magnetized water in agriculture is
also related to the efficient use of pesticides (Hozayn et al.,
2013; Doklega, 2017).

Water characteristics are extremely important
at the time of spraying, as water is responsible for
transporting the product from the tank to the plant
tissues. Magnetized water is also related to better plant
development from a morphological and physiological
point of view (Mohammadi et al., 2019). Thus, it is
possible that magnetization of water has an effect on
the mechanism by which glyphosate inhibits the enzyme
5-enolpyruvylshikimate-3-phosphate synthase (EPSPS).
Magnetized water can also influence the mode of action of
2,4-D, which acts at the level of DNA and RNA (Jursik et al.,
2010).

The most commonly used tools for evaluating the
chemical control of weeds are those based on in loco
observation of signs of herbicide injury and the attribution
of control indexes, usually expressed as a percentage
in relation to the control (EWRC, 1964; ALAM, 1974;
Velini et al., 1995). The main signs of toxicity of glyphosate
in plants are related to the change in color and structure
of the aerial part. In the case of 2,4-D, the main symptoms
are leaf shriveling, epinasty, wilt, and stem twisting
(Jursik et al., 2010; Jursik et al., 2011).

With the advent of remote sensing techniques in
agriculture, we have a new technique to assess the
effectiveness of agricultural treatments; i.e., the evaluation
of spectral responses to herbicide applications. For effective
weed control, agricultural researchers and crop managers
have sought the optimized use of herbicides, the location
and identification of weeds, and the use of remote pilotable
aircraft (ARPs), among many other applications (Thorp
and Tian, 2004; Cassol et al., 2014; Weiss et al., 2020).
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ARPs carry sensors that provide RGB (color),
multispectral, or hyperspectral images. The equipment
has been used worldwide for studies involving remote
sensing techniques (Farooq et al., 2019). In addition, time
series derived from remote detection of vegetation indices
makes possible the monitoring of intra-seasonal variations
in land cover (Bell6n et al., 2017). Evaluating the level of
weed control is possible with the use of these vegetation
indices, by monitoring the variable electromagnetic
reflectance of the plant according to the spectral response
generated by the herbicide (Huang et al., 2018).

The objectives of this study were to i) determine
the changes in the characteristics of the water after the
magnetization process, and ii) compare the evaluation of
chemical control of vegetation by traditional techniques
with evaluations made using the remote sensing technique
and NDVI.

2. Material and Methods

Two experiments were carried out, one in the laboratory
and the other in a field area. In the laboratory, the water
was characterized after the magnetization process. The
experiment was carried out in a completely randomized
design, with two treatments (magnetized water and
non-magnetized water) and four repetitions. A magnet
with the capacity to magnetize 5,000 L h! was added to
containers with 15 L of tap water for 60 s. On the side,
four other 15 L containers, filled with tap water, were set
aside as controls. A Sylocimol Rural magnetizer (Timol
Group, Uberldndia, Minas Gerais, Brazil), at a power of
3860 Gauss, released magnetic flux due to the orientation
of the magnets, resulting in the molecular dissociation
of the water. The generated magnetic field promotes
reorganization of the water molecule, making it hexagonal.

Immediately after the magnetization process, samples
of the water were taken from the eight containers and
evaluated for surface tension with a bench tensiometer
(Kruss, K6, Hamburg, Germany), using the Du Nuoy ring
method. In this method, the ring is placed on the liquid
surface, and the force required to separate the ring from
the surface is measured. The pH and electrical conductivity
were measured directly in the solutions, using a pea
meter and a portable conductivity meter (AKSO, AK59,
Sdo Leopoldo, Rio Grande do Sul, Brazil). The viscosity of
the samples was evaluated using a micro-processed rotary
viscometer (Q860M21, Diadema, Sdo Paulo, Brazil). The
device allows us to electronically measure viscosity as a
measure of torsion force.

In the second experiment, we selected a field area
completely occupied by Brachiaria grass (Brachiaria
decumbens Stapf.) in the flowering stage (post-late),
with a height of 0.6 m. The soil is characterized as
dystrophic red latosol (EMBRAPA, 2013), and the
climate is tropical with dry winter (Képpen, 1936). The
experiment was set up in a randomized block design in
a factorial scheme (6 x 2 + 1), with five blocks, totaling
65 experimental units. The first factor consisted of the
application of glyphosate (potassium salt) at dosages of
620, 868, 1,736, and 2,604 g ha' and glyphosate +2,4-D in
a tank mixture at doses of 868 + 670 and 1,736 +670 g ha™'.
The second factor corresponded to the same mixtures of

Brazilian Journal of Biology, 2023, vol. 83, 246579



herbicides in magnetized and non-magnetized water.
Additional treatment contained plots without herbicide
application. The area of each plot was 5 x 2 m. The distance
between each block was 2.0 m and within each block the
distance between plots was 0.5 m. The useful portion of
each block was represented by the central 6.75 m?.

The herbicides were applied using a backpack sprayer,
with working pressure maintained by compressed CO,.
In the spray boom, four flat-spray air induction nozzles,
model AD-IA 02, were installed at a working pressure of
200 kPa. The bar was positioned 0.5 m from the target,
and 200 L ha' of spray solution was applied. At the time
of application, the average air temperature and relative
humidity were 27.3 °C and 57%, respectively. The wind
speed was 8.3 km h.

At1,5,8,12, 16, and 21 days after application (DAA), the
plants were evaluated for visual symptoms of toxicity by
three evaluators. Scores from 0 to 40 indicate poor control,
from 41 to 60 regular control, from 61 to 70 sufficient
control, from 71 to 80 good control, from 81 to 90 very good
control, and from 91 to 100 excellent control. Evaluations
were always performed at the same time (ALAM, 1974).

On the same days, flights were performed with a DJI
brand ARP, Phantom 4 Pro model (RGB 20 MP camera)
that carried an embedded Mapir camera (Survey 3W).
The ARP flew over the area, at a height of 30 m, between
12:00 pm and 1:00 pm (Brasilia time, DF), with no clouds.
Aradiometric calibration target was placed on the ground
to calibrate the camera.

For image processing, the program Solvi (solvi.nu)
was used. An orthomosaic and soil brachiaria grass
segmentation was generated with the effect of herbicides,
using NDVI, according to Papadopoulos et al. (2018).
To determine the NDVI, the parameters used were the
reflectance in the near infrared (IVP) and reflectance in
the red band (V) (Equation 1).

wpP-v (1)

NDVI = ————
(VP + V)

The data related to the characteristics of the water
after the magnetization process were compared using
the t test. The assumptions of homogeneity of variances
and the normality of the residuals were tested using the
Oneill-Mathews and Shapiro-Wilk tests, respectively.
Afterwards, the control scores (%) and NDVI were subjected
to analysis of variance, and linear regression graphs were
made according to the time. The relationship between
control scores and NDVI was determined by linear
regression and Pearson’s correlation coefficient. For the
analyses we used R software (R Core Team, 2019).

3. Results

The magnetization process promoted changes in the
physicochemical properties of the water by reducing
the pH values and increasing the surface tension of the
water (Table 1).

There was no effect of the water magnetization
process on the plant control scores. On the other hand,
the increase in the dose of glyphosate and the addition
of 2,4-D influenced the control efficacy. The treatment
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corresponding to a dose of 2,604 g ha' glyphosate, at
15 days after spraying, provided more than 80% control. In
the plots treated with 1,736 g ha' glyphosate, 71 percent
control was achieved by the end of the trial. The mixture
of glyphosate (1,736 g ha") with 2,4-D provided sufficient
control (greater than 60%) only at 21 days. The treatments
consisting of the 620 g ha' dose of glyphosate and the
mixture with 2,4-D (868 + 670 g ha™) did not provide
satisfactory control results (Figure 1).

The flights, image capture, and image processing provided
the formation of the orthomosaic most representative of
the experiment. NDVI values ranged between -0.21 and
-0.44 and showed quadratic polynomial behavior in the
plots treated with the herbicides. The analysis of the
individualized plots (Figure 2) and photographs allowed
easy and accurate determination of the NDVI values. In
the plots without herbicides, there was no variation in the
NDVI values (average value of -0.17). The increase in NDVI

Table 1. Water characterization after the magnetization process.

Conductivity Viscosity Superficial
Water pH tension
(mS cm) (mPas) (mN m1)
Magnetized 6.06 b 0.047 a 1.05a 634a
Natural  6.24a 0.048 a 111a 51.9b
CV (%) 1.62 2.89 3.36 4.95

Means followed by different letters in the column differ from each
other by the t test (a <0.05); CV: coefficient of variation.

100 4 ke

Control

0 5 10 15 20 25

Days after application

o] Glyphosate (1736) + 2.4-D (670)
Y =0.6479 +3.4405*X R*=0.96

[ ] Glyphosate (868) + 2.4-D (670)
——————————— Y=14321+24545*X R*=097

A Glyphosate (1736)

55 Y=-4.1891+4.0207*X R*=0.96

* Glyphosate (2604)
————————————— Y =-3.9986 + 5.1966*X R>=0.93

© Glyphosate (620)
—————— Y =0.2096 +2.1752*X R*=098

v Glyphosate (868)

Y =-2.8940 + 3.3971*X R’ = 0.99

Figure 1. Trend in control scores of Brachiaria grass (Brachiaria
decumbens) treated with glyphosate and glyphosate + 2,4-D.
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values was greater in the plots treated with glyphosate at
adose of 2,604 g ha'!, followed by glyphosate at a dose of
1,736 g ha'. The highest NDVI values were determined in
the plots that received the lowest dose of glyphosate and
glyphosate +2,4-D (868 + 670 g ha') (Figure 3).

A significant correlation was observed between the
control scores (%), determined in the field by technicians
and the NDVIvalues determined by analyzing the spectral
responses of the Brachiaria plants. The dispersion of the
data in ordered pairs is presented as a line with Pearson’s
correlation coefficient ® equal to 0.92 (Figure 4).

4. Discussion

The water magnetization process promotes molecular
reorganization and makes the water molecules hexagonal.
Temporal changes in water characteristics promote positive
responses in agriculture (Silva and Dobranszki, 2014;
Hasan et al., 2020). For this reason, in some areas of Brazil,
water is magnetized for use in irrigation. In many cultivated
areas, the magnetizer is positioned in the general reservoir,
from which water is drawn for irrigation and application
of phytosanitary products. In this way, farmers also use
magnetized water to apply herbicides. In the present study,

12 DAA

it was observed that the magnetization caused changes
in the pH and surface tension of the water.

Improved biological action of glyphosate is related to
pH reduction in the spray solution (Cunha et al., 2017).
Electrical conductivity is related to the size of the droplet
and has the potential to interfere with the biological
efficacy of control depending on interactions with electrical
charges, formulation, and concentration of products.
Viscosity is a factor that is relevant to the safety of the
workers using the applicators, environmental safety, and
the protection of neighboring crops. A less viscous spray
solution can result in smaller drops, which have a greater
propensity to be carried by the wind (Cunha et al., 2017;
Assungdo et al., 2019). Surface tension is the result of
interactions that occur between the spray components, and
high surface tension contributes to less effective spraying
of herbicides (Almeida et al., 2020). In the present study,
magnetization increased the surface tension of the spray
solution, thereby reducing the spreading ability of the
drop on the vegetable target.

Despite changes in the two water characteristics, the
magnetization process had no effect on the results of
biological control effectiveness. In the application, a spray
volume of 200 L ha"' was used, which can be considered
high in the context of applied systemic herbicides, given

e

21 DAA

Figure 2. Partial view of the experimental area and change in the normalized difference vegetation index (NDVI) over four time periods
(DAA: days after herbicide application). Each image presents, from left to right: color image (RGB), mapping image without radiometric

calibration, image with radiometric calibration, and NDVI image.
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NDVI

-0.6

0 5 10 15 20 25

Days after application

. Glyphosate (1736) + 2.4-D (670)
Y =-0.1802 - 0.0111*X R*=0.85
[ ] Glyphosate (868) +2.4-D (670)
——————————— Y =-0.1726 - 0.0088*X R*=0.82
A Glyphosate (1736)
Y =-0.1540 -0.0143*X R>=0.92
* Glyphosate (2604)
——— Y =-0.1563 - 0.0159*X R>=0.95
. Glyphosate (620)
—————— Y = -0.1634- 0.075*X R*=0.70
v Glyphosate (868)

Y =-0.1649 - 0.0114*X R’ =0.89

Figure 3. Changes in the NDVI in an area with Brachiaria grass
plants treated with glyphosate and glyphosate + 2,4-D.

120

Control (%)

—— Y=-44.55-27339*X R’= 086

I]iﬂ
NDVI
Figure 4. Dispersion of control data (%) as a function of NDVI values

generated after the application of glyphosate and glyphosate +2,4-D
in Brachiaria plants.

the high solubility in water of glyphosate and 2,4-D (Shaner,
2014). Thus, characteristics related to water magnetization
did not influence the control scores, due to the large volume
of water applied. Under similar conditions in a cotton crop,
when the herbicide trifluralin was applied in a low volume
of spray solution, with magnetized water, an improvement
in weed control was observed (Al-Farttoosi et al., 2013).
It is possible that the use of magnetized water for the
application of other herbicides (especially those with low
translocation) or in lower spray volumes, influences the
weed control scores.

Glyphosate is recommended at higher dosages for
perennials and for plants in the reproductive stage.
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At lower doses, control is inefficient due to the ability
of the target plant to metabolize the herbicide or hinder
its translocation (Beckie, 2011). The herbicide 2,4-D,
widely used in a mixture with glyphosate, is selective
for Brachiaria species. These species exhibit differential
translocation of the herbicide and protection of vascular
bundles by sclerenchyma, which prevents intoxication
symptoms from being observed (Shaner, 2014). Although
2,4-D is selective for Brachiaria, the herbicide can cause
some disturbance that probably hinders the translocation
of glyphosate in the plant. Because 2,4-D promotes the
formation of tumors in the vascular bundles, when the
glyphosate dose in the herbicide mixture was increased,
the control improved. Brachiaria is one of the main weeds
in Brazil and, in most cases, Brachiaria species occur in
areas infested with eudicotyledonous plants or plants
resistant to glyphosate. Therefore, it is very common to
use glyphosate + 2,4-D.

NDVI is a reflectance indicator and is expressed as
the ratio of the difference and the sum of the reflectance
values in the near infrared and red regions. The values vary
between -1 and 1, and smaller values are related to near
infrared, which indicates unhealthy vegetation (Jiang et al.,
2006). In this study, it was possible to observe variation and
temporal trend in NDVI as the herbicides caused symptoms
of toxicity in the plants. In addition, the slope coefficients
in the regression squares were higher in treatments with
higher dosages of glyphosate, which indicates the sensitivity
of the indicator to biological response. It is evident that the
toxicity symptoms identified by the NDVI values relate to
the action of glyphosate (homogeneous chlorosis followed
by necrosis), since 2,4-D is selective for Brachiaria.

In the analyzed period, it was possible to observe that the
trend in NDVI values did not change; that is, the symptoms
of toxicity increased and remained constant. This means
that the reflectance in Brachiaria plants has evolved steadily
towards the near-infrared range. NDVI is highly correlated
with the nutritional status of plants, especially with regard
to chlorophyll content (B- Bariscu et al., 2016). In view
of the increased penetration in the plant and injuries
caused by glyphosate in the aerial part, development of
symptoms of toxicity was evident. Once absorbed, the
glyphosate is distributed via the symplast until it reaches
the phloem. Once in the phloem, the herbicide follows the
flow of movement of the photo-assimilates. Therefore, the
herbicide is homogeneously distributed throughout the
plant and promotes a reduction in photosynthetic capacity
and aromatic amino acid production (Singh et al., 2020).
The symptoms increase as the herbicide is distributed
in the plant.

Upon analyzing the images obtained from the ARP,
we found a strong correlation between the visual
assessment of injuries caused by herbicides and the
NDVI values. There are a number of agricultural studies
that have associated methods for determining vegetation
responses with NDVI (Jiang et al., 2006; Glenn and Tabb,
2019; Shanmugapriya et al., 2019). In visual assessments
of toxicity in plants, technicians must go to the field to
obtain the results. Such assessments are subjective, as
they depend on factors inherent to the observer, such as
health, attention, environmental conditions, and vision
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(Liakos et al., 2018; Patricio and Rieder, 2018). In contrast,
visual assessments made from images captured and
processed with the aid of remote sensing equipment can
be performed with greater accuracy and speed.
According to the model conventionally used to
evaluate the effectiveness of weed control (ALAM, 1974)
and the strong correlation between the two variables in
the present study, vegetation NDVI values of less than
-0.39 can be indicators of sufficient control of Brachiaria
grass by glyphosate. In this way, the determination and
interpretation of NDVI values can be used to manage
glyphosate spraying. The effects of other herbicides and
the sensitivity of other weeds must be studied through
the spectral responses of the vegetation, but it is evident
that many geoprocessing tools need to be more accessible
(Hunter 3rd et al., 2020). Understanding the relationship
between NDVI values and the effect of glyphosate can help
crop managers accomplish several tasks: evaluate different
errors in herbicide spraying, identify resistant weeds, and
prevent or mitigate poisoning in non-target areas.

5. Conclusions

The magnetization process reduced the pH and increased
the surface tension of the water, but did not influence the
control scores or NDVI values in Brachiaria grass treated
with glyphosate and glyphosate + 2,4-D.

NDVI is related to the control notes in Brachiaria grass
plants treated with glyphosate and glyphosate + 2,4-D.
NDVI is an accurate technique for determining herbicide
control effectiveness.
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