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Abstract

The herbicide nicosulfuron is an important tool for weed control in maize crops; however, its
incorrect use can cause Yield losses to crops due to its high toxicity. The objective of this
work was to evaluate the efficiency of using herbicide safener to increase selectivity of
nicosulfuron to maize crops. The experiment was conducted in field conditions, and the
treatments consisted of dose-response curves, using nicosulfuron at rates of 0, 15, 30, 45, and
60 g ha-1, applied with safener and/or malathion to maize crops at the VV5-V6 stage. The use
of organophosphorus insecticides such as malathion decrease the selectivity of nicosulfuron
to maize crops. Rates of up to 60 g ha-1 were selective to the maize crops when using
nicosulfuron or nicosulfuron + safener. However, plant height decreased 0.19 and 0.91 cm for
each gram of nicosulfuron in the treatments nicosulfuron + safener + malathion, and
nicosulfuron + malathion, respectively, at 28 days after the application. The phytotoxicity
increased 0.19% and 0.97% in the treatments nicosulfuron + safener + malathion and
nicosulfuron + malathion, respectively. The number of grains per row and grain yield were
affected by the treatments with nicosulfuron + malathion, presenting decreases of 0.09 grains

460 http://jas.macrothink.org



ISSN 2166-0379

\\ Macrothi“k Journal of Agricultural Studies
A Ins'titu'te " 2020, \Vol. 8, No. 4

and 52 kg ha-1, respectively. Thus, adding safener to the herbicide mixture increases the
selectivity of nicosulfuron to maize crops, decreases damages regarding plant height and
phytotoxicity, and prevents effects of the herbicide on the number of grains per row and grain
yield, up to the rate of 60 g ha-1.
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1. Introduction

Maize (Zea mays L.) is the main energy ingredient in animal diets, mainly for non-ruminants;
70% to 80% of the maize produced is intended to feed production for animal protein
production (Alves et al., 2015). The planted area with maize in the summer crop season
2018/2019 in Brazil reached 4,966,700 hectares, with enough production to meet the
domestic demand, and an expected increase of 6.4% in planted area for the winter crop
season of 2018/19 (CONAB, 2019).

Maize is very sensitive to competition with weeds, because a high weed population limits
resources, negatively affecting agricultural crops (Ghanizadeh et al., 2014). Weeds can cause
grain yield losses of up to 65%, depending on the infestation duration (Gantoli et al., 2013);
thus, weed management is essential to obtain satisfactory yields.

Herbicide and insecticide can be applied simultaneously in post-emergence, which made this
tank mixture practice frequent due to the lower application cost; however, mixtures of
nicosulfuron with organophosphorus insecticides, such as malathion, can reduce the herbicide
selectivity to crops, causing yield losses (Maciel et al., 2018). Organophosphorus insecticides
reduce the maize tolerance to herbicides of the sulfonylurea group by inhibiting cytochrome
P450 monooxygenase enzymes (Kreuz & Fronn-Pfister, 1992). This enzyme complex is
abundant in maize plants and is responsible for metabolization and detoxification of chemical
toxic compounds (Skipsey et al., 2011), such as the herbicide nicosulfuron (Nelson &
Werck-Reichhart, 2011; Liu et al., 2019).

A formulation of nicosulfuron combined with a safener of undisclosed name was recently
launched in Brazil to ensure the selectivity of nicosulfuron to maize crops. Safeners are
chemical compounds that increase the metabolization of herbicides of plants by inducing the
expression of detox genes such as the Cyp P450 (Riechers et al., 2010; Kraehmer et al., 2014;
Elmore et al., 2015). The safener naphthalic anhydride has shown decreases in damages
caused by nicosulfuron in mixtures with the organophosphorus insecticide terbufos in maize
crops (Siminszky et al., 1995). Moreover, the compound BAS-145138 decreased injuries
caused by nicosulfuron in a sensitive sweet maize cultivar (Robinson et al., 1996). In this
context, the objective of this work was to evaluate the efficiency of using herbicide safener to
increase selectivity of nicosulfuron to maize crops.

2. Method
2.1 Experiment Site

The experiment was conducted in field condition in the municipality of Ibiraiaras, RS, Brazil
(28<26'49"S, 5137'50"W, and altitude of 768 m) from October 2018 to April 2019. The
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climate of the region is Cfa, according to the K&ppen classification. The soil of the area was
classified as Typic Hapludox (Latossolo Vermelho Distroferrico humico) (STRECK et al.,
2018).
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2.2 Treatments and Experimental Design

The experiment was conducted in a randomized block design with four replications; the
treatments consisted of dose-response curves, using nicosulfuron at rates of 0, 15, 30, 45, and
60 g ha-1, applied with safener and/or malathion to maize crops at the V5-V6 stage. The
malathion rate used in the curves was of 1,000 ml ha-1 for all nicosulfuron rates. The
recommended rate of nicosulfuron for weed control in maize crops is 60 g ha-1 (ADAPAR,
2019). The experimental units consisted of four 5-meter rows spaced 0.8 m apart (area of 16

m=.

2.3 Experiment Details

The experiment was conducted in a no-till system area with black oat plants, used for grazing
in the winter. These plants were desiccated at 14 days before the maize planting, using
glyphosate (720 g a.e. ha-1), clethodim (108 g ha-1), and amicarbazone (280 g ha-1). Seeds
of the maize hybrid JM-4M50 (Jmen Sementes), which present tolerance to nicosulfuron
herbicide, were sowed on October 20, 2018 with spacing of 0.8 m between rows, using 4.8
seeds per linear meter. Soil fertilization at sowing consisted of applying 300 kg ha-1 of the
8-20-20 (N-P-K) formulation. Topdressing was carried out when the maize was at the
vegetative stage (V7), using 250 kg ha-1 of urea (112.5 kg of N ha-1). Weeds were controlled
during the experiment by weekly hoeing.

The treatments were applied when the maize plants were at the V5-V6 stage, using a
CO2-pressurized sprayer and a solution volume of 180 L ha-1. The spray boom had four flat
jet nozzles (Micron Air 11002) spaced 0.5 m apart.

2.4 Data Collect

Plant height and phytotoxicity were evaluated at 7, 14, 21, and 28 days after application
(DAA) of the treatments. Plant height was measured in three linear meters of plants in the
center of each plot, from the ground up to the insertion of the last leaf. Phytotoxicity was
evaluated visually based on a percentage scale, in which 0% represents the absence of
symptoms and 100% represents the death of the plant.

The maize grains of plants in two linear meters of the two central rows of each plot (3.2 m=
were harvested manually on April 12, 2019. The number of grains per row and 1,000-grain
weight were evaluated. The number of grains per row was counted in 5 ears per plot; the ears
were threshed and the grains were weighed to evaluated grain yield, which was expressed in
kg ha-1; the moisture of the grains was corrected to 13%.

2.5 Statistical Analysis

The data were subjected to regression analyses using the SigmaPlot 12.5 program,
establishing a linear correlation between the variables analyzed and herbicide rates used.

462 http://jas.macrothink.org



ISSN 2166-0379

\\ Macrothi“k Journal of Agricultural Studies
A Ins'titu'te " 2020, \Vol. 8, No. 4

3. Results and Discussion

Considering that the same nicosulfuron rates were used for all dose-response curves, all
differences between treatments are assumed to be due to the presence or absence of safener
and/or insecticide malathion.

The dose-response curves of nicosulfuron and nicosulfuron + safener were not significant for
plant height, phytotoxicity, number of grains per row, and grain yield, with no expressive
variations for the rates used when compared to the rate zero (Figure 1A, 1B, 1C, 1D, 2A, and
2B). This was expected, since the hybrid used is tolerant to nicosulfuron and the rates used
are within the recommended rates. Maciel et al (2018) treated maize plants of the hybrid
2B-710 with nicosulfuron applied single at the V6 stage and found low toxicity levels,
reaching 5% and 3% at 7 and 14 DAA, respectively, and no effect on plant height in relation
to the control. Tolerant hybrids are little damaged by nicosulfuron; these plants have the
cytochrome P450 monooxygenase enzyme that detox nicosulfuron molecules (Powles & Yu,
2010; Nadula et al., 2018; Ye et al., 2019). The herbicide nicosulfuron belong to the
sulfonylurea group, which is among the groups that present sensitivity to the action of
cytochrome P450 (Carvalho et al, 2009).

However, this effect is not maintained when adding organophosphorus insecticides to the
applied solution. The dose-response curve of nicosulfuron + malathion showed that the plant
height decreased 0.62 and 0.91 cm at 21 and 28 DAA, respectively, for each gram of
nicosulfuron (Figure 1A and 1B). The same result was found for phytotoxicity; each gram of
nicosulfuron increased phytotoxicity in 1.0% and 0.97% at 21 and 28 DAA, respectively
(Figure 1C and 1D).
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Figure 1. Plant height and phytotoxicity in maize plants as a function of nicosulfuron rates
combined with safener and/or malathion, at 21 and 28 days after application (DAA).
Ibiraiaras, RS, Brazil, 2019

The CYP P450 activity is suppressed when malathion is added to the applied solution,
making a tolerant cultivar, susceptible to the herbicide (Paporisch & Rubin, 2017). The maize
hybrid 2B-710 treated with nicosulfuron combined with the organophosphorus insecticide
chlorpyrifos presented 24.4% higher phytotoxicity and 37% lower plant height at 14 DAA
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when compared to plants treated only with nicosulfuron (Maciel et al, 2018).

The treatment nicosulfuron + safener + malathion showed less expressive decreases in plant
height than the treatment nicosulfuron + malathion. The plant height decreased 0.16 cm at per
gram of nicosulfuron added, at 21 DAA (Figure 1A), reaching 0.19 cm at 28 DAA (Figure
1B). Phytotoxicity, increased 0.21% and 0.19% at 21 and 28 DAA, respectively (Figure 1C
and 1D). The biomass yield of sweet maize plants of tolerant lines and hybrids treated with
malathion followed by foramsulfuron decreased 35% and 50%, respectively; whereas plants
treated with malathion followed by foramsulfuron + safener (isoxadifen) showed no
decreases in biomass yield (Paporisch & Rubin, 2017). The application of nicosulfuron +
malathion inhibited the growth of sweet maize plants in 57%; however, when including
safener (isoxadifen) in the application, the decrease in plant growth was 20% (Sun et al,
2017). The safener added to the solution induces the expression of genes that codify
cytochrome P450 monooxygenase enzymes (Riechers et al, 2010), which metabolize the
herbicide transforming it into metabolites without herbicide action (Duhoux et al, 2017).

The dose-response curve of nicosulfuron + safener + malathion was not significant for
number of grains per row and grain yield (Figure 2A and 2B). The dose-response of
nicosulfuron + malathion decreased grain yield in 52 kg, and grains per row in 0.09 per gram
of nicosulfuron per hectare added (Figure 2A and 2B). The 1,000-grain weights of all
treatments were similar (data not presented). The nicosulfuron rates of up to 40 g ha-1 had no
effect on grain yield of a tolerant maize hybrid (Pioneer P30F80); however, the yield was
7,333 and 4,957 kg ha-1 for the rates of 10 and 40 g ha-1, respectively, when the
organophosphorus insecticide chlorpyrifos was added (Silva et al., 2005).
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Figure 2. Number of grains per row (A) and grain yield (B) of maize as a function of
nicosulfuron rates combined with safener and/or malathion. Ibiraiaras, RS, Brazil, 2019
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The addition of safener in the formulated mixture (nicosulfuron + safener) increased the
selectivity of nicosulfuron to maize crops and was an important tool for the use of
nicosulfuron in cases of application of inappropriate rates, superposition of deposition during
application, application before the limit of seven days after the application of nitrogen soil
fertilizers and organophosphorus insecticides, and when using hybrids with low tolerance to
the herbicide.

4. Conclusion

The addition of safener to the formulated mixture (nicosulfuron + safener) increased the
selectivity of nicosulfuron to maize crops. When not adequately applied, each gram of
nicosulfuron applied per hectare of maize crop increases the toxicity by approximately 1%
and reduces the grain yield by 52 kg ha-1.
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