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Abstract

The objective was to evaluate the effect of different light conditions in the cultivation environment on the control of
U. brizantha by glyphosate. The experimental design was in a plot scheme divided into randomized blocks with five
replications. In the plots, environments with light conditions were allocated: full sun, intermittent shading with 3
hours of sun/day, and continuous shading. In the subplots, the herbicide doses: 0, 480, 960, and 1440 g. a. e.
glyphosate ha* applied to U. brizantha plants. The control of U. brizantha by the herbicide glyphosate was more
efficient in shaded environments, either with continuous or intermittent shading, in relation to full sun, indicating that
the conditions of light influenced the action of the herbicide. At 35 DAA, control values of U. brizantha above 80%
were observed from the 765 g. a. e ha dose of glyphosate for treatments with shading. Already in conditions of full
sun, 65% of control values were reached in the highest dose, which is considered unsatisfactory for the management
of this species. U. brizantha submitted to light restriction had the content of epicuticular wax, starch, soluble and total
sugar reduced; however, the leaf area was larger in these environments compared to full sun. The reserve content,
epicuticular wax, and leaf area variables are affected by shading with a direct relationship with the greater control of
U. brizantha by glyphosate in this cultivation condition.

Keywords: Dose reduction; Epicuticular wax; Herbicide; Morphoanatomy; Shading.

Resumo

Objetivou-se avaliar o efeito do ambiente com distintas intensidades luminosas sobre o controle de Urochloa
brizantha pelo glyphosate. Foi utilizado o esquema de parcelas subdivididas em blocos casualizados com cinco
repeti¢des. Nas parcelas foram alocados ambientes com condi¢gBes de luminosidade: pleno sol, sombreamento
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intermitente com 3 horas de sol/dia e sombreamento continuo. Ja nas subparcelas as doses do herbicida: 0, 480, 960 e
1440 g. e. a ha'? de glyphosate aplicadas sobre as plantas de U. brizantha. O controle de U. brizantha pelo herbicida
glyphosate foi mais eficiente nos ambientes sombreados, seja com sombreamento continuo ou intermitente, em
relacdo ao pleno sol, indicando que as condic¢des de luminosidade influenciaram na acéo do herbicida. Observaram-se,
aos 35 DAA, valores de controle de U. brizantha acima dos 80% a partir da dose 765 g. e. a. ha* de glyphosate para
os tratamentos com sombreamento. JA em condicBes de pleno sol foram alcancados valores de 65% de controle na
maior dose, 0 que é considerado insatisfatorio para o manejo dessa espécie. U. brizantha submetida a restricdo
luminosa teve o teor de cera epicuticular, amido, agUcar solGvel e agucar total reduzido, entretanto a area das folhas
foi maior nesses ambientes em comparacédo ao pleno sol. As variaveis teor de reservas, cera epicuticular e area das
folhas sdo afetadas pelo sombreamento e isso influencia diretamente no maior controle de U. brizantha pelo
glyphosate.

Palavras-chave: Reducédo de dose; Cera epicuticular; Herbicida; Morfoanatomia; Sombreamento.

Resumen

El objetivo fue evaluar el efecto del ambiente con diferentes intensidades de luz sobre el control de Urochloa
brizantha por glifosato. Se utilizé un esquema de parcelas divididas en bloques al azar con cinco repeticiones. En las
parcelas se asignaron ambientes con condiciones de luminosidad: pleno sol, sombreado intermitente con 3 horas de
sol/dia y sombreado continuo. En las subparcelas las dosis de herbicida fueron: 0, 480, 960 y 1440 g. y. un ha de
glifosato aplicado en plantas de U. brizantha. El control de U. brizantha por el herbicida glifosato fue mas eficiente en
ambientes sombreados, ya sea con sombreado continuo o intermitente, en relacion a pleno sol, indicando que las
condiciones de luminosidad influyeron en la accién del herbicida. A los 35 DDA se observaron valores control de U.
brizantha superiores al 80% a partir de la dosis de 765 g. y. Los. ha-1 de glifosato para tratamientos de sombreado. En
condiciones de pleno sol se alcanzaron valores del 65% de control a la dosis méas alta, lo que se considera
insatisfactorio para el manejo de esta especie. U. brizantha sometida a restriccion de luz redujo el contenido de cera
epicuticular, almidén, azlcar soluble y azlcar total, sin embargo, el area foliar fue mayor en estos ambientes en
comparacion con pleno sol. Las variables contenido de reserva, cera epicuticular y area foliar se ven afectadas por la
sombra y esto influye directamente en el mayor control de U. brizantha por parte del glifosato.

Palabras clave: Reduccién de dosis; Cera epicuticular; Herbicida; Morfoanatomia. Sombreado.

1. Introduction

Urochloa brizantha L. is a widespread species in the tropics, and its use is associated with its potential application in
different agricultural production systems. It is estimated that in Brazil alone, more than 60 million hectares are planted with
this species due to the high adaptation to climatic conditions and high productivity of biomass and seeds (Duarte et al., 2019;
Santos et al., 2007). With the growth in the last decade of no-tillage and integrated production systems, its use has become
even more widespread (Brant et al., 2018). U. brizantha also compose integrated production systems such as intercropping in
consortium with coffee, fruit, and timber species (Pedrosa et al., 2014; Fidalski et al., 2009; Santos et al., 2017), requiring its
control for production of straw either for direct planting or as soil cover.

However, in many areas, U. brizantha is found as a weed that is difficult to control, causing economic and
environmental damage (Santos et al., 2007; Silva et al., 2016; Lima et al., 2019). Additionally, it occurs as an invader of
conservation areas worldwide, becoming a problem for the growth of native species of interest (Freitas et al., 2019).

Products based on glyphosate are among the main herbicides recommended for the control of U. brizantha in Brazil
(MAPA, 2020). Glyphosate is the most widely used herbicide globally, mainly due to its low cost (Duke and Powles, 2008)
and due to the broad spectrum of action, acting against more than 160 weeds (Dill et al., 2010).

The wide use of glyphosate involves its application in agriculture (Tomlin, 2000), as a plant growth regulator and
desiccant (FAO / WHO, 2016) and in non-agricultural applications (Dill et al., 2010). With the advent of genetically modified
crops, the use of glyphosate in agriculture has expanded (Myers et al., 2016). The global use of glyphosate-based products in
agricultural and non-agricultural areas went from 67 million kg in 1995 to 826 million kg in 2014 (Benbrook, 2016), with a
continuous increase of about one million tons per year worldwide (Landrigan and Belpoggi, 2018).

The intensive use of glyphosate and its negative impacts on the contamination of human beings (Agostini et al., 2020),
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water (La Cecilia et al., 2018; Aparicio et al., 2013), soil (Travaglia et al., 2015; Cassigneul et al., 2016) and food (Gélinas et
al., 2018; Zoller et al., 2018) are questioned by society. In the literature, weed resistance to glyphosate cases is also of concern
(Beckie, 2011; Green, 2012; Shaner et al., 2012). All of these problems are related in part to the quantity of the product used in
the applications. An alternative to reduce the negative impacts of using this molecule would be to reduce the doses used or
adapt the product's use according to the need and the environment.

In shading conditions of the environment, changes are found in the plants, such as in the angle of inclination of the
leaves (Meng et al., 2014), in the leaf area index (Li et al., 2010), in the deposition of cutin and wax in leaves (Skoss, 1995),
photosynthetic rate (Jiang et al., 2011) and dry mass partition (Artru et al., 2018) which can alter its sensitivity to herbicides. In
the case of glyphosate, the product's action can be influenced by the barriers against the penetration and absorption of this
product in the leaf (Machado et al., 2009) and energy available for the metabolism of the herbicidal molecule (Fernando et al.,
2016).

There is still little elucidated in the literature about the change in herbicides' dynamics applied to plants with some
light restriction. Also, the recommendation of herbicide doses always takes into account plants in full sun. However, in many
crops or growing conditions, weeds have light restrictions, and the literature neglects this. Therefore, this research's objective
was to evaluate the effect of different light conditions in the cultivation environment on the control of U. brizantha by
glyphosate.

2. Methodology

The experiment was carried out under field conditions at the Institute of Agricultural Sciences at UFMG, located at
43°50'18.31 "W longitude, at 16 ° 40'59.22" S latitude and 650 m altitude. Képpen classifies the climate of the region, as Aw
(Tropical with dry winter) (Alvares et al., 2013), the data of precipitation, radiation, and temperature in the city of Montes
Claros - MG of the experimental period are shown in Figure 1.

Figure 1 - Precipitation (Prec), hours of radiation per day (Rad), minimum temperature (Temp min), and maximum

temperature (Temp max) in the period of conducting the experiment.
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The soil of the experimental area was classified as Cambisolo Haplico with the following chemical characteristics in
the 0-20 cm layer: pH in water: 6.8; P Mehlich (mg dm): 2.61; Remaining P (mg L%): 31.74; K (mg dm): 3.48; Ca (cmolc
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dm3): 6.1; Mg (cmolc dm3): 1.7; Al (cmolc dm®): 0.00; H + Al (cmolc dm3): 1.3; SB (cmolc dm®): 7.81; t (cmolc dm3):
7.81; m (%): 0; T (cmolc dm3): 9.11. The granulometric characterization showed, respectively: 30, 38 and 32 dag kg™ of sand,
silt and clay, being, therefore, of medium texture.

The test was designed in split plots with five repetitions in a randomized block design, totaling 60 experimental units.
In the plots, three different environments were allocated according to the luminosity, full sun, intermittent shading with 3 hours
of sun daily, and continuous shading. In the subplots, the doses of 0 (control), 480, 960, and 1440 g a. e. ha* of glyphosate.

The experimental plots had 4x4 meters (16m?) and were demarcated in an open area, without interference from trees
and shrubs, with soil previously prepared with a leveling grid. Urochloa brizantha cv. Marandu was sown in the plots at a
distance of 0.5 meters between lines. The subplots had an area of 2 x 2 meters (4 m2) with four cultivation lines for evaluation.
The fertilization was with 300 Kg ha™* of the fertilizer formulated 4-30-10 (N-P-K) based on the soil analysis. In the absence
of precipitation, daily irrigations were carried out to raise the soil moisture to the field capacity. Polyethylene tubes were
distributed along with the experimental plots and installation of Top RSB model micro sprinklers, working pressure of 20 mca,
and nominal flow of 100 L ha™.

In the plots with continuous and discontinuous shading, a structure was built to support the use of black polyethylene
screens, restricting 70% of the solar radiation, with all sides remaining completely closed. The structures allowed the
movement of the shade, which, when closed, remained completely fixed for the treatments with discontinuous shading, to
provide direct radiation of 3 hours between 08:00 and 11:00 am.

In the different light conditions, photosynthetically active radiation (PAR) was determined with the Ceptometer
device (AccuPar model LP-80, Decagon Devices Inc, Pullman, WA, USA) to characterize the environments (Figure 2). This

determination was made to characterize the environments and demonstrate the difference in radiation in each treatment.
Figure 2 - Photosynthetically active radiation in different environments.
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After planting the U. brizantha, which took place in February 2019, four uniform cuts were made in march, april, may
and june, to encourage the tillering and the uniformity of the plots. After each cut, the equivalent per plot was applied to 60 kg
ha'* of nitrogen in coverage, with agricultural urea (45% N). After the third uniform cut, the plants were air-conditioned in the
respective environments for two months until the herbicide application.

The herbicide was applied using a CO sprayer pressurized to CO, (Herbicat, Catanduva - SP, Brazil), equipped with a
4
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bar with a Teejet AL8002 tip (Teejet Technologies, Louisville - KY, USA) and pressure regulating valve (GP15S model,
Enerpac, Menomonee Falls, Wisconsin, USA) constant at 200 kPa, with a volume of 250 L ha? of application. PVC barriers
that separated each of the subplots were used to avoid drift and contamination of the parallel subplots at the time of
application. At the time of application, the plants were fully established with an average height of 40 cm.

Visual analysis was performed at 35 DAA to determine the level of control, assigning scores from 0 to 100%, where 0
corresponds to a non-intoxicated plant and 100% to a dead plant according to the methodology described by Alam (1974). The
control evaluation was carried out by three duly trained people with experience in this type of evaluation, the values being
expressed by the arithmetic mean of the observations. In the same period, the aerial part of the plants' surviving biomass was
collected close to the soil. For this sampling, a hollow metal frame in the dimension of 1m?2 was used. Subsequently, its green
mass weight was measured on a precision scale (Shimadzu Corp., Kyoto, Japan). To determine the aerial part's dry mass,
approximately 100 grams of the collected material were taken to a forced circulation oven at 65°C for 72 hours. The dry weight
was measured on a precision scale extrapolated to the total value of the sample.

Before the application, leaf samples were collected in the subplots to estimate the leaf area, soluble sugar levels,
starch, and epicuticular wax. After drying at 65°C for 72 hours, the samples were ground in a Willey mill (Marconi Equipment
for laboratories, Piracicaba, Brazil) with a 2 mm sieve to perform chemical analysis. The soluble sugar content was determined
according to the methodology of McCready et al. (1950) and the quantification of the starch content by the reaction with
anthrone solution (Hodge and Hofreiter, 1962; Plummer, 1978).

The epicuticular wax was quantified by exposing the leaf blades of U. brizantha in a test tube of known weight with
about 30 ml of dichloromethane for 90 seconds, shaking lightly to not to overflow the cell content. After removing the wax
from the leaves, the dichloromethane solution plus wax was taken to a water bath; after the evaporation of the liquid, the
amount of wax was measured on a precision scale. The leaf area was estimated using two leaves per m2 representative of the
subplot collected in the middle third of the plants.

The data were considered normal by the Shapiro - Wilk test when performing the analysis of variance. The regression
equations were adjusted for the intoxication and dry mass of the remaining aerial biomass, considering the environments and
herbicide doses. For the content of soluble sugar, starch, epicuticular wax, and leaf area, the Tukey test (p<0.05) was
performed considering the different cultivation environments. The variables were correlated through multiple Pearson
correlation analysis. Statistical analyzes were performed using the R Studio version 3.3.1 statistical program (R CORE TEAM,
2020).

3. Results

The glyphosate herbicide was more efficient in the control of U. brizantha in shaded environments, either with
continuous or intermittent shading, in relation to full sun, indicating that the light conditions influenced the herbicide action.
Ambient light conditions and glyphosate doses showed interaction for U. brizantha control variable (P<0.05). At 35 days after
application of the herbicide (DAA), control values of U. brizantha above 80% were observed in the 765 g ha dose of
glyphosate in continuous shading and the 1.075 g ha! dose in intermittent shading. In full sun conditions, 65% control values
were achieved at the highest dose tested (Figure 3A). To obtain 80% control in the U. brizantha in full sun conditions, it is

necessary to apply a dose of 1,663 g ha™.
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Figure 3 - Percentage of control (A) and remaining dry biomass (g m) (B) of U. brizantha under different light conditions
and glyphosate doses, at 35 days after herbicide application.
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In shaded and full sun environments, quadratic and linear equations were adjusted, respectively, for the control of U.
brizantha as a function of glyphosate doses. The tested doses reached maximum intoxication in environments with light
restriction, which was not observed when cultivated in full sun (Figure 3A).

The light restriction and the increase in the glyphosate doses reduced the remaining dry mass of the aerial part of U.
brizantha at 35 DAA, with an interaction between the light conditions and the glyphosate doses (P<0.05) (Figure 3B). On
shading, U. brizantha had a greater reduction in the remaining dry mass after applying glyphosate and a higher percentage of
control (Figure 3).

In continuous and intermittent shading, the remaining biomass reduced 99.4% and 95%, respectively, from the control
for the highest tested dose, while in full sun, the reduction was 77.3%. Full sun at a dose of 1,440 g ha™ showed 33.17 g m* of
dry mass, while at a dose of 1,663 g ha*, where it is estimated that it would have 80% control, the remaining biomass was 16 g
m-2. In intermittent shading, 23 g m2 of remaining biomass was observed at a dose of 1,075 g ha'™. In intermittent shading, 23 g
m2 of remaining biomass was observed at a dose of 1,075 g ha. Meanwhile, U. Brizantha grown in continuous shading
remaining biomass was 16 g m in a dose 765 g ha. The remaining biomass of U. brizantha followed the same pattern as the
control percentage, with reductions in shaded environments from the dose 765 g ha*. However, even in the full sun, the
percentage of control was not satisfactory (Figure 3A) at the highest tested dose, the remaining biomass showed a 77%
reduction in this treatment compared to the zero dose.

The shading of U. brizantha influenced its dry mass of the aerial part. However, when exposed to 3 hours of direct
light a day, its productivity was similar (P> 0.05) to full sun. Continuous shading reduced the dry mass of the shoot by 36.8%
compared to full sun. Therefore, the shading of 70% presents an interesting result to assist in controlling U. brizantha by
glyphosate (Table 1). Also, it can be observed that in full sun, there was satisfactory production of dry mass, indicating the
good development of the plants.
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Table 1 - Remaining dry mass of the aerial part of U. brizantha at 35 DAA without herbicide application under different light
conditions.

Cultivation environment Remaining dry mass (g m?)
Full sun 146.45a
Intermittent shading 128.77 a
Continuous shading 92.48b
CV 1 (%): 275
CV 2 (%): 214

Means followed by the same letter in the column do not differ by the Tukey test at 5% probability. CV 1: coefficient of variation in
environments; CV 2: coefficient of variation in the doses. Source: Authors.

The light conditions of the growing environment influenced (P<0.05) the starch levels, soluble sugars, and total leaf
sugars in the aerial part of U. brizantha. The plants of U. brizantha accumulated lower reserves in environments with light
restriction compared to plants grown in full sun (Table 2).

Table 2 - Starch content, soluble sugars, and total sugars of U. brizantha under different light conditions.

o . Starch Soluble sugars Total sugars
Cultivation environment
(%) (%) (%)

Full sun 8.98a 10.05a 19.03a
Intermittent shading 4.23b 8.59% 12.83b
Continuous shading 4.37b 6.43b 10.81c

CV (%) 16.79 13.77 4.78

Averages followed by the same letter in the column do not differ by the Tukey test at 5% probability. Source: Authors.

Plants grown in full sun had a higher content of starch and total sugars (P> 0.05) (Table 02). Plants grown in full sun
and intermittent shading showed higher soluble sugar contents than plants grown in continuous shading (Table 02).

The plants of U. brizantha maintained in light restriction showed greater leaf area. When shaded, the leaf area of U.
brizantha reaches 42% greater than that of plants without light restriction (Table 3).

Table 3 - Leaf area and amount of epicuticular wax of U. brizantha under different light conditions.

o . Leaf area Epicuticular wax
Cultivation environment
(cm2) (mg cm-?)
Full sun 30.42b 0.480a
Intermittent shading 51.67a 0.039b
Continuous shading 52.53a 0.036b
CV (%) 11.05 15.59

Averages followed by the same letter in the column do not differ by the Tukey test at 5% probability. Source: Authors.

U. brizantha maintained in full sun showed higher epicuticular wax content (Table 3). The shading reduced by up to
92.5% the amount of U. brizantha epicuticular wax compared to non-shaded plants.

The control of U. brizantha at 35 DAA had a negative correlation above -0.9 with the variables of remaining biomass,
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starch content, soluble sugar, total sugar, and epicuticular wax (Figure 4). Thus, with a lower content of reserves and
epicuticular wax, the control of U. brizantha by glyphosate is greater, observed in treatments with light restriction. Following
the same pattern, the biomass remaining after applying the herbicide reduces as the control of the plants by glyphosate

increases.

Figure 4 - Pearson's correlation between each variable analyzed in the study.
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The leaf area of U. brizantha had a correlation of 0.94 with the control at 35 DAA (Figure 4). Thus, by increasing the
leaf area, U. brizantha becomes more sensitive to glyphosate; this fact was observed in plants subjected to light restrictions in
this experiment.

The reserve content and remaining biomass were positively correlated with values above 0.8 (Figure 4). The leaf area

had a negative correlation above -0.8 with all variables of reserve content and remaining biomass (Figure 4).

4. Discussion

The 65% control observed in plants in full sun, with the application of the manufacturer's dose recommended, is
considered unsatisfactory for the management of the species (Silva et al., 2013). The restriction of luminosity in the cultivation
environment of U. brizantha, whether with continuous or intermittent shading with 3 hours of direct light, increases the
efficiency of the species control by glyphosate (Figure 3). The changes in the accumulation of carbohydrates (Table 2) and the
morphological and anatomical characteristics (Table 3) of U. brizantha are directly related to the lower sensitivity of the
species to glyphosate in environments with light restriction (Figure 4).

The higher sensitivity of U. brizantha and Meghatirsus maximus to glyphosate in an environment with 50% light
restriction, compared to plants kept in full sun, was reported Brant et al. (2018). The higher sensitivity to glyphosate by weeds
grown in shaded environments, compared to plants kept in full sun, was also observed for Commelina benghalensis (Santos et
al., 2015), Macroptilium atropurpureum (Costa et al., 2020), Cyperus rotundus (Santos et al., 2015), Merremia cissoides
(Ferreira et al., 2022a), and for Euphorbia heterophylla (Ferreira et al., 2022b) corroborating what was found in the present
study.
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This research study innovates in relation to Brant et al. (2018) for testing intermittent shading in simulation of what
happens in field conditions with shading by other larger species. Studies on the response of plants to light restriction use the
shade of trees in cultivation environments (Santos et al., 2017), or artificial shading with sombrite (Parissi and Koukoura,
2009; Martins et al., 2014, Costa et al., 2020, Santos et al., 2015, Brant et al. 2018, Ferreira et al., 2022a). However, these two
types of light restriction differ in light incidence since, in natural conditions, there is an alternation between direct and diffuse
radiation that affects the understory, which does not occur in artificial shading. In this sense, when beams of direct radiation
stimulate a shaded plant, it needs some time to respond to the light stimulus, increasing its photosynthesis (Salisbury et al.,
1992). It is also worth mentioning that the present study was carried out in field conditions, and a more intense shading of 70%
was used, similar to what happens in the forest and fruit plantation understory (Schmidt et al., 2017), while Brant et al. (2018)
used 50% light restriction.

The greater control observed in shading treatments can be related to plants’ morphological and chemical
characteristics in these environments that use their protection sources to adapt to the new environment (Costa et al., 2018).
With changes in dry mass, leaf area, amount of reserves, and amount of epicuticular wax, the herbicide's action dynamics are
altered (Brant et al., 2018; Costa et al., 2018; Tuffi Santos et al., 2015). These factors can increase the exposure of plants to
glyphosate; besides, with less reserve, they tend to decrease their ability to recover after intoxication (Silva & Silva, 2007;
Santos et al., 2015).

In the present study, the content of epicuticular wax, starch, soluble sugar, and total sugar showed a strong inverse
correlation with U. brizantha intoxication. On the other hand, the larger the leaf area, the greater the control (Figure 4). The
shading provided a reduction in the reserve and epicuticular wax content, in addition to an increase in the leaf area, with which
plants in these environments became more sensitive to glyphosate. The smaller amount of wax and the larger leaf area
increases the plants' exposure to glyphosate, increasing its interception and absorption (Costa et al., 2018). The reduction of the
amount of reserves in U. brizantha cultivated in shaded environments can increase the lack of essential amino acids caused by
glyphosate, thereby increasing control efficiency.

The reduction in the remaining dry mass of U. brizantha after applying the herbicide in continuous shading is related
to the lesser capacity of the plant to accumulate photoassimilates. With 70% light restriction, plants have less electron capture
by the antenna complex, consequently lower electron transport rate and less energy for the formation of soluble sugars, starch,
and various enzymes (Taiz et al., 2017). On the other hand, this response can be attributed to the role of glyphosate in
inhibiting the shikimate route, and this route is responsible for about 20% of the carbon assimilated in the plant when
photoassimilation is inhibited, thus reducing the accumulation of energy, which can potentiate intoxication in plants with less
total carbohydrate content (Silva and Silva, 2007; Taiz et al., 2017). Additionally, glyphosate inhibits the formation of the
amino acids phenylalanine, tyrosine, and tryptophan in sensitive plants (Almeida et al., 2019), which can affect the functioning
of different metabolic routes. Some perennial plants such as U. brizantha, because they accumulate reserves mainly in
rhizomes, may not be completely killed by glyphosate due to their ability to use their reserves to supply the deficiencies caused
by the herbicide, as was observed in plants under full sun. However, this lack of nutrients may not be supplied in shaded plants
with less reserves and, consequently, are killed by the herbicide even in lower doses.

Plants with light restriction tend to have a larger area of their leaves to enhance light capture. With this, the
probability of intercepting the herbicide by these plants is greater, in relation to full sun, with positive reflexes on control
(Tuffi Santos et al., 2015; Costa et al., 2018).

Costa et al. 2018 attribute the greater sensitivity to the glyphosate of Macroptilium atropurpureum grown in the shade

to the morphoanatomical characteristics favorable to the penetration and translocation of the herbicide. Also, shaded plants
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tend to accumulate more nitrate, which can be an aggravating factor in glyphosate poisoning since this herbicide potentiates the
accumulation of this compound in plants, causing toxicity (Bellaloui et al., 2006).

The penetration of the herbicide in the plant is an important factor for its efficiency; without adequate penetration, the
herbicide cannot be transported to the cells of the parenchyma and be translocated to the site of action (Silva and Silva; 2007).
U. brizantha and other plants in full sun tend to protect themselves from water loss by depositing wax on the leaf surface (Taiz
et al., 2017). This protective compound is generally nonpolar and tends to repel water and some herbicides such as glyphosate,
which are polar (Viana et al., 2010). Thus, the penetration of the herbicide in leaves with higher epicuticular wax content is
less efficient (Costa et al., 2018). However, the deposition of wax in plants in shaded environments is less, facilitating the
herbicide's penetration and action (Procépio et al., 2003; Gomes et al., 2017).

The U. brizantha, being an efficient species in the accumulation of reserves, with several points of growth, perennial,
and fast establishment, the control by herbicides has not been efficient if used alone, needing in certain cases of high doses for
a satisfactory result. For glyphosate, the minimum recommended dose is 1440 g hal; however, in most cases, for efficient
control, the dosage exceeds 2000 g ha* (Silva et al., 2013). For this reason, integrated weed management should be used to
provide resource savings and less environmental degradation when it comes to the control of U. brizantha and similar species.
The light restriction is recurrent in many cultivation systems and often affects weed growth. Therefore, it should be considered

in the integrated weed management strategy, as changes in plants may influence glyphosate action, as verified in this work.

5. Conclusion

Urochloa brizantha cultivated in shaded environments presents greater sensitivity to the herbicide, making the species
control efficient with 765 g ha* in continuous shading and 1075 g ha! in intermittent shading. In full sun, a higher dose than
those tested is necessary for the species' efficient control.

Changes in the morphology of plants and a reduction in the accumulation of reserves when subjected to light
restriction have a high correlation with the control of U. brizantha, which confirms the involvement of these characteristics
with the greater efficiency of glyphosate in shaded environments.

The response of weeds grown in shaded environments to glyphosate and other herbicides needs to be studied to
contribute to the adequate recommendation of product doses and their sustainable management in different cultivation

situations.

Acknowledgments
The authors are grateful to the supported by funding from Fundagdo de Amparo a Pesquisa do Estado de Minas Gerais
(FAPEMIG), a Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico (CNPq), and scholarships from Coordenagédo

de Aperfeigoamento de Pessoal de Nivel Superior (CAPES).

References

Agostini, L. P., Dettogni, R. S., dos Reis, R. S., Stur, E., dos Santos, E. V. W., Ventorim, D. P., & Louro, I. D. (2020). Effects of glyphosate exposure on
human  health:  Insights from  epidemiological and in  vitro  studies. Science of The Total  Environment, 705,  135808.
https://doi.org/10.1016/j.scitotenv.2019.135808

ALAM., (1974). Recomendaciones sobre unificacion de los sistemas de evaluacion en ensayos de control de malezas. Associacion latinoamericana de
malezas, 1(1), 35-38.

Almeida, P. R., Rodrigues, M. V., & Imperador, A. M. (2019). Toxicidade aguda (LC50) e efeitos comportamentais e morfoldgicos de formulado comercial
com principio ativo glifosato em girinos de Physalaemus cuvieri (Anura, Leptodactylidae) e Rhinella icterica (Anura, Bufonidae). Engenharia Sanitaria e
Ambiental, 24(6), 1115-1125. https://doi.org/10.1590/s1413-41522019166886

10


http://dx.doi.org/10.33448/rsd-v11i17.38758
https://doi.org/10.1016/j.scitotenv.2019.135808
https://doi.org/10.1590/s1413-41522019166886

Research, Society and Development, v. 11, n. 17, e177111738758, 2022
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v11i17.38758

Alvares, C. A, Stape, J. L., Sentelhas, P. C., de Moraes Gongalves, J. L., & Sparovek, G. (2013). Koppen’s climate classification map for
Brazil. Meteorologische Zeitschrift, 22(6), 711-728. https://doi.org/10.1127/0941-2948/2013/0507

Aparicio, V. C., De Ger6nimo, E., Marino, D., Primost, J., Carriquiriborde, P., & Costa, J. L. (2013). Environmental fate of glyphosate and
aminomethylphosphonic acid in surface waters and soil of agricultural basins. Chemosphere, 93(9), 1866-1873.
https://doi.org/10.1016/j.chemosphere.2013.06.041

Artru, S., Lassois, L., Vancutsem, F., Reubens, B., & Garré, S. (2018). Sugar beet development under dynamic shade environments in temperate
conditions. European Journal of Agronomy, 97, 38-47. https://doi.org/10.1016/j.eja.2018.04.011

Beckie, H. J. (2011). Herbicide-resistant weed management: Focus on glyphosate. Pest Management Science, n/a-n/a. https://doi.org/10.1002/ps.2195

Bellaloui, N., Reddy, K. N., Zablotowicz, R. M., & Mengistu, A. (2006). Simulated glyphosate drift influences nitrate assimilation and nitrogen fixation in
non-glyphosate-resistant soybean. Journal of Agricultural and Food Chemistry, 54(9), 3357-3364. https://doi.org/10.1021/jf053198I

Benbrook, C. M. (2016). Trends in glyphosate herbicide use in the United States and globally. Environmental Sciences Europe, 28(1), 3.
https://doi.org/10.1186/s12302-016-0070-0

Brant, M. C., Tuffi Santos, L. D., Freitas, I. C., Frazdo, L. A, Silva, M. S. N., Machado, V. D., & Santos, M. V. (2018). Productivity, control, and
decomposition of irrigated forage species under glyphosate doses and shading. Planta Daninha, 36, e€018175761. https://doi.org/10.1590/s0100-
83582018360100130

Cassigneul, A., Benoit, P., Bergheaud, V., Dumeny, V., Etiévant, V., Goubard, Y., & Alletto, L. (2016). Fate of glyphosate and degradates in cover crop
residues and underlying soil: A laboratory study. Science of The Total Environment, 545-546, 582-590. https://doi.org/10.1016/j.scitotenv.2015.12.052

Costa, G. A, Santos, L. D. T., Ferreira, G. A. de P., Cruz, L. R. da, Machado, V. D., & Rocha, L. M. (2018). Levels of shading and application of glyphosate
and carfentrazone-ethyl in the control of Macroptilium atropurpureum. Revista Brasileira de Engenharia Agricola e Ambiental, 22(12), 819-824.
https://doi.org/10.1590/1807-1929/agriambi.v22n12p819-824

Costa, G. A., Tuffi-Santos, L. D., Santos, S. A. dos, da Cruz, L. R., Sant’Anna-Santos, B. F., Santos, I. T. dos, & Tanaka, F. A. O. (2020). Efficiency of
glyphosate and carfentrazone-ethyl in the control of Macroptilium atropurpureum (Dc.) Urb. Under different light intensities. South African Journal of
Botany, 131, 302-309. https://doi.org/10.1016/j.sajb.2020.02.028

Dill, G. M., Sammons, R. D., Feng, P. C. C., Kohn, F., Kretzmer, K., Mehrsheikh, A., & Haupfear, E. A. (2010). Glyphosate: Discovery, development,
applications, and properties. In V. K. Nandula (Org.), Glyphosate Resistance in Crops and Weeds (p. 1-33). Hoboken, NJ, USA: John Wiley & Sons, Inc.
https://doi.org/10.1002/9780470634394.ch1l

Duarte, C. F. D., Prochera, D. L., Paiva, L. M., Fernandes, H. J., Biserra, T. T., Cassaro, L. H., ... Fernandes, R. L. (2019). Morfogénese de braquiarias sob
estresse hidrico. Arquivo Brasileiro de Medicina Veterinaria e Zootecnia, 71(5), 1669-1676. https://doi.org/10.1590/1678-4162-10844

Duke, S. O., & Powles, S. B. (2008). Glyphosate: A once-in-a-century herbicide: Glyphosate: a once-in-a-century herbicide. Pest Management Science, 64(4),
319-325. https://doi.org/10.1002/ps.1518

Fernando, N., Manalil, S., Florentine, S. K., Chauhan, B. S., & Seneweera, S. (2016). Glyphosate resistance of C3 and C4 weeds under rising atmospheric
CO2. Frontiers in Plant Science, 7. https://doi.org/10.3389/fpls.2016.00910

Ferreira, G. A. P., Donato, L. M. S., Souza, R. F., Montes, W. G., Vaz, V., & Tuffi Santos, L. D. (2022a). Adequacy of glyphosate doses in the Merremia
cissoides (Lam.) Hallier f. Control as a function of light intensity in the growth environments. Journal of Environmental Science and Health, Part B, 1-10.
https://doi.org/10.1080/03601234.2022.2151790

Ferreira, G. A. de P., Montes, W. G., Silva Donato, L. M., Faria, R. M., & Tuffi Santos, L. D. (2022b). Glyphosate doses should be lower for shaded
environments: Light and the  sensitivity  of Euphorbia  heterophylla. International ~ Journal ~ of  Pest = Management, 1-8.
https://doi.org/10.1080/09670874.2022.2056254

Fidalski, J., Barbosa, G. M. de C., Auler, P. A. M., Pavan, M. A., & Beraldo, J. M. G. (2009). Qualidade fisica do solo sob sistemas de preparo e cobertura
morta em pomar de laranja. Pesquisa Agropecuaria Brasileira, 44(1), 76-83. https://doi.org/10.1590/S0100-204X2009000100011

Food and Agriculture Organization of the United Nations/World Health Organization (FAO), (2016). Pesticide Residues in Food 2016: toxicological
evaluations. Geneva.

Freitas, A. F., Maciel, J. C., Silva, M. M., & Santos, J. B. (2019). Urochloa brizantha interference in the phaseolus vulgaris radicular system fertilized with
phosphorus. Planta Daninha, 37, €019185690. https://doi.org/10.1590/s0100-83582019370100055

Gélinas, P., Gagnon, F., & McKinnon, C. (2018). Wheat preharvest herbicide application, whole-grain flour properties, yeast activity and the degradation of
glyphosate in bread. International Journal of Food Science & Technology, 53(7), 1597-1602. https://doi.org/10.1111/ijfs.13741

Gomes, L. J. P., Santos, J. I., Gasparino, E. C., & Correia, N. M. (2017). Chemical control and morphoanatomical analysis of leaves of different populations of
sourgrass. Planta Daninha, 35(0). https://doi.org/10.1590/s0100-83582017350100008

Green, J. M. (2012). The benefits of herbicide-resistant crops: Benefits of herbicide-resistant crops. Pest Management Science, 68(10), 1323-1331.
https://doi.org/10.1002/ps.3374

Hodge, J.E., & Hofreiter, B.T., (1962). Determination of reducing sugars and carbohydrates. In: Whistler, R.L. & Wolfrom, M.L., Eds., Methods in
Carbohydrate Chemistry, Academic Press, New York, 380-394.

11


http://dx.doi.org/10.33448/rsd-v11i17.38758
https://doi.org/10.1127/0941-2948/2013/0507
https://doi.org/10.1016/j.chemosphere.2013.06.041
https://doi.org/10.1016/j.eja.2018.04.011
https://doi.org/10.1002/ps.2195
https://doi.org/10.1021/jf053198l
https://doi.org/10.1186/s12302-016-0070-0
https://doi.org/10.1590/s0100-83582018360100130
https://doi.org/10.1590/s0100-83582018360100130
https://doi.org/10.1016/j.scitotenv.2015.12.052
https://doi.org/10.1590/1807-1929/agriambi.v22n12p819-824
https://doi.org/10.1016/j.sajb.2020.02.028
https://doi.org/10.1002/9780470634394.ch1
https://doi.org/10.1590/1678-4162-10844
https://doi.org/10.1002/ps.1518
https://doi.org/10.3389/fpls.2016.00910
https://doi.org/10.1080/03601234.2022.2151790
https://doi.org/10.1080/09670874.2022.2056254
https://doi.org/10.1590/S0100-204X2009000100011
https://doi.org/10.1590/s0100-83582019370100055
https://doi.org/10.1111/ijfs.13741
https://doi.org/10.1590/s0100-83582017350100008
https://doi.org/10.1002/ps.3374

Research, Society and Development, v. 11, n. 17, e177111738758, 2022
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v11i17.38758

Jiang, C.-D., Wang, X., Gao, H.-Y., Shi, L., & Chow, W. S. (2011). Systemic regulation of leaf anatomical structure, photosynthetic performance, and high-
light tolerance in sorghum. Plant Physiology, 155(3), 1416-1424. https://doi.org/10.1104/pp.111.172213

La Cecilia, D., Tang, F. H. M., Coleman, N. V., Conoley, C., Vervoort, R. W., & Maggi, F. (2018). Glyphosate dispersion, degradation, and aquifer
contamination in vineyards and wheat fields in the Po Valley, Italy. Water Research, 146, 37-54. https://doi.org/10.1016/j.watres.2018.09.008

Landrigan, P. J., & Belpoggi, F. (2018). The need for independent research on the health effects of glyphosate-based herbicides. Environmental Health, 17(1),
51. https://doi.org/10.1186/s12940-018-0392-z

Li, H., Jiang, D., Wollenweber, B., Dai, T., & Cao, W. (2010). Effects of shading on morphology, physiology and grain yield of winter wheat. European
Journal of Agronomy, 33(4), 267-275. https://doi.org/10.1016/j.eja.2010.07.002

Lima, S. F., Pereira, L. S., Sousa, G. D. D., Oliveira, G. S. D., & Jakelaitis, A. (2019). Suppression of Urochloa brizantha and U. ruziziensis by glyphosate
underdoses. Revista Caatinga, 32(3), 581-589. https://doi.org/10.1590/1983-21252019v32n302rc

Martins, A. D., Sousa, L. F., Nébrega, E. B. da, Donizetti, J. G. dos S., Santos, A. C. dos, & Sousa, J. T. L. de. (2014). Relagéo do nivel de sombreamento
artificial e da adubacéo sobre o desenvolvimento da forrageira Urochloa brizantha cv. Marandu. Revista Brasileira de Salde e Produgdo Animal, 15(4), 994—
1005. https://doi.org/10.1590/S1519-99402014000400005

Machado, A. F. L., Ferreira, L. R, Santos, L. D. T., Santos, J. B., Ferreira, F. A., & Viana, R. G. (2009). Absor¢do, translocacdo e exsudacéo radicular de
glyphosate em clones de eucalipto: Clones. Planta Daninha, 27(3), 549-554. https://doi.org/10.1590/S0100-83582009000300016

McCready, R. M., Guggolz, Jack., Silviera, Vernon., & Owens, H. S. (1950). Determination of starch and amylose in vegetables. Analytical Chemistry, 22(9),
1156-1158. https://doi.org/10.1021/ac60045a016

Meng, F., Cao, R., Yang, D., Niklas, K. J., & Sun, S. (2014). Trade-offs between light interception and leaf water shedding: A comparison of shade- and sun-
adapted species in a subtropical rainforest. Oecologia, 174(1), 13-22. https://doi.org/10.1007/s00442-013-2746-0

Ministério da Agricultura Pecudria e Abastecimento (MAPA) (2020), AGROFIT. agrofit.agricultura.gov.br/agrofit_cons/principal_agrofit_cons.

Myers, J. P., Antoniou, M. N., Blumberg, B., Carroll, L., Colborn, T., Everett, L. G., & Benbrook, C. M. (2016). Concerns over use of glyphosate-based
herbicides and risks associated with exposures: A consensus statement. Environmental Health, 15(1), 19. https://doi.org/10.1186/s12940-016-0117-0

Parissi Z.M., & Koukoura Z., (2009). Effect of fertilization and artificial shading on N and various mineral content of herbaceous species. In : Papachristou
T.G. (ed.), Parissi Z.M. (ed.), Ben Salem H. (ed.), Morand-Fehr P. (ed.). Nutritional and foraging ecology of sheep and goats. Zaragoza : CIHEAM / FAO /
NAGREF, p. 159-164 (Options Méditerranéennes : Série A. Séminaires Méditerranéens; n. 85).

Pedrosa, A.W.; Favarin, J.L.; Vasconcelos, A.L.S. de; Carvalho, B.V.; Oliveira, F.B.; & Neves, G.B., (2014). Brachiaria residues fertilized with nitrogen in
coffee fertilization. Coffee Science, 9(3), 366-373.

Plummer, D.T. (1978). An introduction to practical biochemistry. (2nd ed.), McGraw-Hill.

Procopio, S. O., Ferreira, E. A, Silva, E. A. M., Silva, A. A, Rufino, R. J. N., & Santos, J. B. (2003). Estudos anatdmicos de folhas de espécies de plantas
daninhas de grande ocorréncia no Brasil: 11l - Galinsoga parviflora, Crotalaria incana, Conyza bonariensis e Ipomoea cairica. Planta Daninha, 21(1), 1-9.
https://doi.org/10.1590/S0100-83582003000100001

R Development Core Team., (2020). R: A Language and Environment for Statistical Computing. Vienna: R Foundation for Statistical Computing.

Salisbury, F.B.; & Ross, C.W., (1992). Photosynthesis: environmental and agricultural aspects. Plant physiology. Wadsworth publishing company, Belmont,
CA, 286, 249-265.

Santos, M. V., Ferreira, E. A., Valaddo, D., Oliveira, F. L. R. de, Machado, V. D., Silveira, R. R., & Souza, M. de F. (2017). Brachiaria physiological
parameters in agroforestry systems. Ciéncia Rural, 47(5). https://doi.org/10.1590/0103-8478¢cr20160150

Santos, M. V., Ferreira, F. A., Freitas, F. C. L., Tuffi Santos, L. D., Viana, J. M., Rocha, D. C. C., & Fialho, C. M. T. (2007). Controle de Brachiaria
brizantha, com uso do glyphosate, na formagéo de pastagem de Tifton 85 (Cynodon spp.). Planta Daninha, 25(1), 149-155. https://doi.org/10.1590/S0100-
83582007000100016

Santos, S.A. dos ; Tuffi Santos, L.D. ; Sant'Anna-Santos, B.F.; Tanaka, F.A.O. ; Silva, L.F.; Santos Junior, A. dos., (2015). Influence of shading on the leaf
morphoanatomy and tolerance to glyphosate in Commelina benghalensis L. and Cyperus rotundus L. Australian Journal of Crop Science. 9, 135-142.
http://www.cropj.com/santos_9_2_2015 135_142.pdf

Shaner, D. L., Lindenmeyer, R. B., & Ostlie, M. H. (2012). What have the mechanisms of resistance to glyphosate taught us?: Glyphosate mechanisms of
resistance. Pest Management Science, 68(1), 3-9. https://doi.org/10.1002/ps.2261

Silva, A A; Silva J.F., (2007). Biologia de Plantas Daninhas. In: SILVA, Antdnio Alberto. Tépicos em Manejo de Plantas Daninhas. Vigosa: UFV.

Silva, D. V., Freitas, M. A. M., Souza, M. F., Queiroz, G. P., Melo, C. A. D, Silva, A. A, ... Reis, M. R. (2016). Glyphosate herbicide use in Urochloa
brizantha management in intercropping with herbicide-resistant maize. Planta Daninha, 34(1), 133-141. https://doi.org/10.1590/S0100-83582016340100014

Silva, U. R. da, Timossi, P. C., Almeida, D. P., & Lima, S. F. (2013). Eficécia do glyphosate na dessecacéo de espécies de Urochloa. Revista Brasileira de
Herbicidas, 12(2), 202. https://doi.org/10.7824/rbh.v12i2.221

12


http://dx.doi.org/10.33448/rsd-v11i17.38758
https://doi.org/10.1104/pp.111.172213
https://doi.org/10.1016/j.watres.2018.09.008
https://doi.org/10.1186/s12940-018-0392-z
https://doi.org/10.1016/j.eja.2010.07.002
https://doi.org/10.1590/1983-21252019v32n302rc
https://doi.org/10.1590/S1519-99402014000400005
https://doi.org/10.1590/S0100-83582009000300016
https://doi.org/10.1021/ac60045a016
https://doi.org/10.1007/s00442-013-2746-0
https://doi.org/10.1186/s12940-016-0117-0
https://doi.org/10.1590/S0100-83582003000100001
https://doi.org/10.1590/0103-8478cr20160150
https://doi.org/10.1590/S0100-83582007000100016
https://doi.org/10.1590/S0100-83582007000100016
http://www.cropj.com/santos_9_2_2015_135_142.pdf
https://doi.org/10.1002/ps.2261
https://doi.org/10.1590/S0100-83582016340100014
https://doi.org/10.7824/rbh.v12i2.221

Research, Society and Development, v. 11, n. 17, e177111738758, 2022
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v11i17.38758

Schmidt, D., Caron, B. O., Pilau, J., Nardino, M., & Elli, E. F. (2017). Morfoanatomia foliar de azevém no sub-bosque de espécies arbdreas em sistemas
agroflorestais. Revista Ceres, 64(4), 368-375. https://doi.org/10.1590/0034-737x201764040005

Skoss, J. D. (1955). Structure and composition of plant cuticle in relation to environmental factors and permeability. Botanical Gazette, 117(1), 55-72.
https://doi.org/10.1086/335891

Taiz L, Zeiger E, Maller IM, Murphy A., (2017). Fisiologia e desenvolvimento vegetal. (6th. Ed.) Artmed
Tomlin, C., (2000). British crop protection council (Orgs.). The pesticide manual: a world compendium. (12th ed.), Farnham: British Crop Protection Council.

Travaglia, C., Masciarelli, O., Fortuna, J., Marchetti, G., Cardozo, P., Lucero, M., & Reinoso, H. (2015). Towards sustainable maize production: Glyphosate
detoxification by Azospirillum sp. and Pseudomonas sp. Crop Protection, 77, 102-109. https://doi.org/10.1016/j.cropro.2015.07.003

Tuffi Santos, L. D., Cruz, L. R. D., Santos, S. A. D., Sant’Anna-Santos, B. F., Santos, I. T. D., Oliveira, A. M. D., & Faria, R. M. (2015). Phenotypic plasticity
of Neonotonia wightii and Pueraria phaseoloidesgrown under different light intensities. Anais da Academia Brasileira de Ciéncias, 87(1), 519-528.
https://doi.org/10.1590/0001-3765201520140017

Viana, R. G., Tuffi Santos, L. D., Demuner, A. J., Ferreira, F. A, Ferreira, L. R., Ferreira, E. A., & Santos, M. V. (2010). Quantificagdo e composicdo quimica
de cera epicuticular de folhas de eucalipto. Planta Daninha, 28(4), 753-758. https://doi.org/10.1590/S0100-83582010000400007

Zoller, O., Rhyn, P., Rupp, H., Zarn, J. A., & Geiser, C. (2018). Glyphosate residues in Swiss market foods: Monitoring and risk evaluation. Food Additives &
Contaminants: Part B, 11(2), 83-91. https://doi.org/10.1080/19393210.2017.1419509

13


http://dx.doi.org/10.33448/rsd-v11i17.38758
https://doi.org/10.1590/0034-737x201764040005
https://doi.org/10.1086/335891
https://doi.org/10.1016/j.cropro.2015.07.003
https://doi.org/10.1590/0001-3765201520140017
https://doi.org/10.1590/S0100-83582010000400007
https://doi.org/10.1080/19393210.2017.1419509

