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RAMOS, A.R.” ABSTRACT - The use of ripeners has been a common practice in the sugarcane
TIMOSSI. P.C.3 culture. The application of these products is often performed through aerial spraying,

> which increases the chances of drifting of the ripeners- molecules over the
surrounding crops, such as maize. In order to study possible phytointoxication on
maize caused by sulfometuron-methyl application, a field experiment was conducted
to evaluate the effects of sulfometuron-methyl sub doses on maize when applied at
the V4 and V8 development stages. The experiment was installed in a randomized
block design with four replications. The treatments followed a 2 x 5 factor scheme,
with the first factor corresponding to development stages of maize during which the
ripener was applied (V4 and V8) and the second factor was related to sulfometuron-
methyl sub doses (0; 0.45; 0.90; 1.35 and 1.80 g a.i. ha!). The maize crop showed
phytotoxicity with the use of 0.45 g a.i. ha! of sulfometuron-methyl; it was more
severe when the application occurred at the development stage V8, leading the plant
to death at the highest used dose. Furthermore, it was also possible to observe
negative changes in the morphological and production components of maize plants.
The SYN 7G17 maize hybrid is highly susceptible to sulfometuron-methyl. The
occurrence of sulfometuron-methyl deposits at higher doses or at different
development stages of the crop may reflect more severe phytotoxic effects than the
ones observed in this study.
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RESUMO - O uso de maturadores tem sido pratica comum na cultura da cana-de-
agucar. A aplicag¢do desses produtos ocorre muitas vezes por meio de pulveriza¢do
aeérea, o que aumenta as chances de ocorrer a deriva dessas moléculas em culturas
circunvizinhas, como o milho. A fim de estudar possiveis fitointoxica¢oes no milho
ocasionadas pela aplica¢do de sulfometuron-methyl, foi realizado um experimento
em campo com o objetivo de avaliar o efeito de sub doses desse maturador quando
aplicado nos estadios de desenvolvimento V4 e V8 da cultura do milho. O
experimento foi instalado no delineamento de blocos casualizados com quatro
repeticoes. Os tratamentos seguiram o esquema fatorial 2 x 5, com o primeiro fator
correspondente aos estadios de desenvolvimento do milho em que foi aplicado o
maturador (V4 e V8), e o segundo, referente as sub doses de sulfometuron-methyl

* Corresponding author: (0; 0,45; 0,90; 1,35, e 1,80 gi.a. ha!). As plantas de milho apresentaram
<pa_carvalho@ymail.com> fitotoxicidade com o uso da subdose de 0,45 g i.a. ha' de sulfometuron-methyl,
sendo esta mais severa quando a aplica¢do foi feita no estadio de desenvolvimento
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plantas de milho. O hibrido de milho SYN 7G17 é altamente suscetivel ao
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sulfometuron-methyl. A ocorréncia de depositos de sulfometuron-methyl em doses maiores ou ainda em
diferentes estadios de desenvolvimento da cultura pode refletir em efeitos fitotoxicos mais graves do que
os encontrados neste estudo.

Palavras-chave: maturador, seletividade, Zea mays.

INTRODUCTION

The use of ripeners is a common practice in the sugarcane culture and has the goal to
accelerate and homogenize ripening, in order to guarantee a constant production flow during
the year (Caputo et al., 2008; Leite and Crusciol, 2008; Dalley and Richard Jr., 2010); sulfometuron-
methyl is one of the widely used ripeners (Correia and Vilella, 2015). The application of these
products occurs often by aerial spraying, which increases the chances of drifting for the molecules
adopted as ripener in other nearby cultures, such as maize (Felisberto et al., 2015).

Sulfometuron-methyl belongs to the chemical group of sulfonylurea, from the herbicide class
of acetolactate synthase enzyme (ALS) inhibitors, also called acetohydroxy acid synthase (AHAS).
ALS is the first enzyme of the branched chain amino acids synthesis route, valine, leucine
and isoleucine (Zhou et al., 2007; Warwick et al., 2010). Herbicides derived from sulfonylurea,
even when used in reduced doses or as ripeners, present high activity level and may have
important implications, such as the alteration of metabolite processes balance and plant morpho-
physiology, which may interfere negatively on production (Meschede et al., 2010, 2011). They
are active both via leaf and soil, and, after absorption, they are quickly transferred to active
growth areas, meristems, apexes, where growth is inhibited in sensitive plants (Oliveira Junior,
2011).

Visual phytotoxicity symptoms caused by sulfonylurea on plants that are sensitive to this
chemical group are chlorotic leaf margins and laminas and reddish or purplish veins. In addition,
leaves become wrinkled and with reduction or paralysis of the plant growth and development.
Stronger symptoms include the appearance of a brownish color, death of terminal buds, with
sprouting of lateral buds and inhibition of the root growth (Roman et al., 2007). Thus, plants may
die due to the incapacity of producing the essential amino acids they need (Oliveira Junior,
2011).

In literature, there are works about plant phytointoxication caused by the application of
sugarcane ripeners, such as ethephon and sulfometuron-methyl (Correia and Leite, 2012; Correia
and Villela, 2015; Felisberto et al., 2015), as well as studies about the selectivity of herbicides
derived from sulfonylurea (Burney and Jacobs, 2009; Pfleeger et al., 2010; Osiecka and Minogue,
2015). However, studies about the effect and the characterization of possible phytotoxicity
symptoms, caused by sub-doses of sulfometuron-methyl on maize culture have not been conducted
yet.

Similarly to other cultures (Correia and Leite, 2012; Correia and Vilella, 2015), maize culture
is subjected to drifting risk or application errors of products such as ripeners (Felisberto et al.,
2016). In this context, starting from the possible sensitivity of the maize culture to sulfometuron-
methyl, the goal was to evaluate the effect of sub-doses of sulfometuron-methyl on maize culture
when applied at the development stages V4 and V8.

MATERIAL AND METHODS

The experiment was conducted between January and June 2014, in an experimental area
located in the city of Jatai, Goias state. The geographical coordinates of the area are 17°55°37,3” S,
51°43’4,7” O and altitude of 663 m. The climate, according to Képpen (1931), is classified as Awa,
savanna tropical, mesothermal, with two well-defined seasons, with rainy summer and dry winter,
which helps two high yield annual crops under soybean-maize rotation system. According to the
data registered by INMET (2014), the average maximum and minimum temperature of the region,
during the conduction of the experiment, was 23.4 °C and 21.8 °C, respectively, with total rainfall
of approximately 796 mm.
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The soil of the experimental area was classified as Distroferric Red Latosol with clayey
texture; before the installation of the experiment, the soil analysis of the O to 0.2 m layer, for
fertility purposes, presented the following characteristics: pH (CaCl,) = 4.7; soil organic
matter = 40 g dm=3, P (Mehlich-1) = 4.82 mg dm™>; and K, Ca, Mg and CTC =0.12; 1.75; 0.31 and
6.72 cmol_ dm3, respectively.

The experiment consisted in 10 treatments, established in a randomized block design with
2 x 5 factor scheme, with four replications. The first factor corresponded to the application at the
development stages V4 and V8 of the maize culture, and the second one corresponded to sub
doses of 0, 0.45, 0.90, 1.35 and 1.80 g a.i. ha! of sulfometuron-methyl, which corresponded to 0, 3,
6, 9 and 12% of the recommended dose of sulfometuron-methyl as sugarcane ripener (15 g a.i. ha?).

Maize sowing was performed on 01/22/2014 with a fertilization of 500 kg ha! 08-20-18 +
0.3% Zn. Each experimental unit was represented by 10 rows of the maize hybrid SYN 7G17, with
a length of 9 meters. The distance between the rows was 0.45 m, with an estimated population
of 66,0667 plants ha'. Nine days after sowing (DAS), the application of the herbicide atrazine and
tembotrione was performed for the management of weeds on total area. Top dressing was performed
on day 24 DAS with 250 kg ha! of urea.

On day 20 and 36 DAS, when maize plants had 4 (V4) and 8 (V8) fully expanded leaves, sub-
doses of sulfometuron-methyl were applied on six central rows of the plot, leaving two rows on
each side with no application, to be used as side control samples of visual evaluations. To apply
the treatments, a CO, pressurized backpack sprayer was used, equipped with a six DG 11002 flat
spray nozzle bar, spaced 0.50 m apart, with a constant pressure of 2.8 bar and a spray volume
equivalent to 200 L ha-. A plastic sheet was placed beside the application, in order to avoid the
contamination of the adjoining plots. During the application on day 20 DAS, the climate conditions
at application time (11:08 AM) were 28.8 °C temperature, 71% relative air humidity and 8.4 km h'!
wind speed. During the application on day 36 DAS, the climate conditions at application time
(09:26 AM) were 33.9 °C temperature, 50.1% relative air humidity and winds at 3.2 km h'! speed.

Visual evaluations of the phytotoxicity effects were performed 7, 14, 21, 28 and 42 days after the
application (DAA), considering the lateral control sample as a reference, based on the plant
intoxication rating scale of the EWRC (1964), which varies from 1 to 9, where the lowest value
represents the absence of phytotoxicity and the highest one, the most extreme case, that is, plant
death.

At the R1 development stage (flowering), stalk diameter (SD), first ear insertion height (EIH),
plant height (PH) and photosynthetically active leaf number count (PAL). In order to determine
the SD, a digital millimeter caliper was used on the second internode from the soil surface. PH
and EIH were determined with a centimeter topographic ruler and, to do so, the distance between
the soil surface and the insertion point of the flag leaf and the first ear were considered,
respectively. Leaves with more than 70% of green leaf area were considered in the PAL count.
All evaluations were performed randomly on 10 plants from each experimental unit.

In each experimental unit, three four-meter long central maize rows (usable area) were
harvested, totalizing 5.4 m? of harvested area. Ten ears were separated randomly, in order to
determine the number of rows of kernels (RK), number of kernels per row (KR) and ear length
(EL). RK and KR were obtained from a simple count. EL was determined with the help of a measuring
tape, starting from the ear base up to where it contains kernels. The kernel size (KS) was
calculated starting from the subtraction of the value found between ear diameter and cob diameter
and the division of the result by two.

Productivity was obtained from the mass of the kernels contained in the usable area of each
experimental unit, through weighing (expressed in kg ha!), and adjusted to 13% water content.
In order to determine the thousand kernel weight, two random counts were performed on eight
replications with one hundred kernels (Brazil, 2009), which had their weight determined and
adjusted to 13% water content, making it possible to estimate, through the average, the thousand
kernel weight.

The obtained data were submitted to analysis of variance by F test (p<0.05), and quantitative
data (sub-doses of sulfometuron-methyl), when significant, were submitted to regression analysis,
through the statistical software GraphPad Prism© Software 6.0.
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RESULTS AND DISCUSSION
Visual symptom characterization

It is possible to observe in Figure 1 that maize plants submitted to sub doses of sulfometuron-
methyl at the development stages V4 and V8 presented altered development. The was an evolution
in the phytotoxicity of the maize culture starting from sub-doses 0of 0.90 g a.i. ha! of sulfometuron-
methyl, equivalent to 6% of the dose that was indicated as a sugarcane ripener, for the
development stage V4, and starting from 0.45 g a.i. ha! of sulfometuron-methyl, for the
development stage V8. Similar results were found by Miranda Filho and Novo (2006) when they
studied the phytotoxicity of sulfonylurea on potato cultures. These authors reported that
phytotoxicity increased according to the used dose and that, for metsulfuron-methyl and
sulfometuron-methyl, plants had a remarkable delay of the vegetative cycle even at low doses.
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Figure 1 - Mode of the grades given in the evaluations of phytotoxicity symptoms for sulfometuron-methyl sub-doses on maize
culture, according to the application at the development stages V4 and V8, following the EWRC grade scale (1964).

At the development stage V4, maize plants that received a 0.45 g a.i. ha! sub-dose of
metsulfuron-methyl recovered starting from day 21 DAA. Thus, on day 7 DAA they obtained a
grade 3 from the EWRC, that is, slight yellowing of the leaves and slight development delay that
could be visible on many plants. Starting from day 28 DAA, damages became more perceptible
(grade 2), remaining until day 42 DAA, that is, small alterations were visible on some plants. In
a study conducted by Correia and Villela (2015), it was possible to observe that eucalyptus seedlings
exposed to the application of sulfometuron-methyl also recovered from the damages and stopped
presenting visual phytotoxicity symptoms of abnormal growth on day 60 DAA.

At the development stage V8, unlike what was observed on plants that received 0.45 g a.i. ha'!
of sulfometuron-methyl at the development stage V4, plants did not show recovery during the
evaluations and presented EWRC grade of 2, 3, 4, 4 and 4 on day 7, 14, 21, 28 and 42 DAA,
respectively. Thus, on day 7 DAA plants presented a slight yellowing on the apex of the new
leaves, and on day 14 DAA, this yellowing became more marked as the leaf developed. Starting
from day 21 DAA, plants did not present symptom evolution and maintained a grade 4, that is,
they presented the yellowing described on day 14 DAA, with reasonable wrinkling and development
delay, without the occurrence of necrosis.

At the 0.90 g a.i. ha! sub-dose of sulfometuron-methyl, on day 7 DAA, plants that received
the application at the V4 stage and the ones receiving it at the V8 stage presented small visible
alterations on some plants, such as slight yellowing and a small development delay. On day
14 DAA, phytotoxicity symptoms were more pronounced on plants that received the sub-dose at

Planta Daninha 2017; v35:e017166504




FELISBERTO, P.A.C. etal. Maize crop phytotoxicity in response to sub-doses of sulfometuron-methyl

V4, since they presented chlorosis, wrinkling and a more pronounced development delay than
plants sprayed at V8. On day 21 DAA, the EWRC grade was 5 for both stages, which presented
remarkable development delay. In addition, when the application was at V4 there was the
occurrence of tanning, wrinkling, leaf deformation and totally deformed apical bud and, at V8,
there were plants with more rosettes, due to the shortening of the internodes. On day 28 and
42 DAA, the previously described symptoms at V4 contributed to an uneven stand, and at V8
symptoms evolved to the beginning of leaf necrosis.

At sulfometuron-methyl sub-doses of 1.35 and 1.80 g a.i. ha'!, plants that received them at
the development stage V4 showed symptom evolution; at the highest sub-dose, on day 28 DAA,
plants reached an EWRC grade equal to 8, that is, they presented extremely severe damages,
which led to the death of most plants. It is worth highlighting that this grade was obtained in the
evaluation of the plot as a whole, and that a few plants in the plot were able to recover, but
without presenting productive potential, because of the deficient development. As for plants that
received these sub doses at the development stage V8 there was symptom evolution, but until
day 42 DAA the EWRC grade did not exceed number 6, characterized by a hard delay in plant
development, wrinkling and necrosis of the leaves from the most pronounced apex. However, at
least 80% of the leaves were not destroyed yet and, thus, until this evaluation it was not possible
to consider these plants as dead, according to the EWRC grade scale.

In another study, Correia and Leite (2012) verified that coffee, citrus, cassava and rubber
plants, when exposed to 15 g a.i. ha! of sulfometuron-methyl (100% of the dose as ripener), did
not show visual phytotoxicity symptoms. Thus, it is possible to state that maize culture is highly
susceptible to this molecule, since with the 0.45 g a.i. ha'! of sulfometuron-methyl maize plants
presented phytotoxicity; it was more severe when the application occurred at the development
stage V8.

Morphological and production components

As for the evaluated morphological and production components, there was interaction between
applications at the development stages V4 and V8 and the sub doses of sulfometuron-methyl for
plant height, ear insertion height, stalk diameter, ear length, kernel size, rows of kernels number,
number of kernels per row, final stand and thousand kernel weight. Only for the number of
photosynthetically active leaves and kernel productivity there was no significant interaction.

Staring from the 0.45 g a.i. ha! sub-dose of sulfometuron-methyl, it was noticed that, when
the application occurred at the development stage V4, plants obtained greater height, ear insertion
height and kernel size, compared to the application at the development stage V8. The stalk
diameter was lower in plants that received the application at the development stage V4, starting
from 0.90 g a.i. ha'! of sulfometuron-methyl. The ear length was higher in plants that received
the application at the development stage V4. It is worth highlighting that the application of 1.35
and 1.80 g a.i. ha! of sulfometuron-methyl sub doses at the development stage V8 of the maize
culture resulted in plant death (Table 1).

The number of photosynthetically active leaves reduced with the increase of sulfometuron-
methyl sub-doses, regardless of the phenological stage of maize (Figure 2). As for the stalk
diameter, there was no difference for the sulfometuron-methyl application at V8, regardless of
the sub dose. This was already expected, due to the fact that the application occurred when
plants were at a more advanced development. On the contrary, for V4 applications, it was noticed
that as the applied sub-dose increased, the stalk diameter reduced.

Similar results were observed in relation to the variables plant height, ear insertion height,
ear length and kernel size, where it was possible to observe a reduction in these parameters
according the applied dose increased. It is worth highlighting that applications at the development
stage V8 were more damaging to plants, leading them to death at higher sub-doses.

It is recorded on Table 2 that the number of kernel rows, final stand and thousand kernel
weight was higher for applications at V4 compared to V8 at sub doses of 1.35 and 1.80 g a.i. ha'!
of sulfometuron-methyl, once that plants that received these sub-doses at the development stage
V8 died and did not produce kernels. The number of kernels per row on plants that received the
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Table 1 - Application split at the development stages V4 and V8 of maize culture within each sulfometuron-methyl sub-dose as
for plant height, ear insertion height, stalk diameter, ear length and kernel size

L Sulfometuron methyl, g a.i. ha™
Application
0.00 0.45 0.90 1.35 1.80
Plant height, m
V4 2.37 2.11 1.76 1.60 1.57
A% 2.37 1.85 1.55 0.00 0.00
Pr>Fc 1.0000 0.0019 0.0093 0.0000 0.0000
VC (%) 6.99
Ear insertion height, m
V4 1.43 1.17 0.90 0.72 0.62
A% 1.43 0.93 0.76 0.00 0.00
Pr>Fc 1.0000 0.0006 0.0304 0.0000 0.0000
VC (%) 11.11
Stalk diameter, mm
V4 26.14 23.76 20.59 17.09 16.47
V8 26.14 25.32 27.28 26.57 26.73
Pr>Fc 1.0000 0.1819 0.0000 0.0000 0.0000
VC (%) 6.82
Ear length, cm
V4 15.77 14.41 12.07 9.73 7.36
V8 15.77 12.58 10.62 0.00 0.00
Pr>Fc 1.0000 0.1943 0.3032 0.0000 0.0000
VC (%) 19.81
Kernel size, mm

V4 10.77 9.70 8.53 8.63 8.86
V8 10.77 8.52 7.23 0.00 0.00
Pr>Fc 1.0000 0.0176 0.0096 0.0000 0.0000
VC (%) 9.04

Pr>Fc, probability > calculated F. VC variation coefficient.

sub-dose of 0.45 g a.i. ha! of sulfometuron-methyl at V4 was also higher in relation to those
receiving the application at V8.

It was verified that, for the number of rows of kernels, number of kernels per row, final stand
and thousand kernel weight, as the applied sub-dose increased, there was a reduction in these
evaluated components in both application periods, except for the thousand kernel weight, there
was no difference for the application of sulfometuron-methyl at V4, regardless of the sub-dose
(Figure 3).

Correia and Leite (2012) study the selectivity of the sulfometuron-methyl ripener on some
cultures and concluded that at the dose of 7.5 g ha'! it was selective for peanuts and, at the two
studied doses (7.5 and 15 g ha‘!), selective for coffee, citrus, cassava and rubber tree. Cotton,
potato, bean, sunflower and grape cultures appeared susceptible to sulfometuron-methyl, due to
the phytointoxication caused by this molecule. Silva et al. (2012) studied the phytotoxicity of
sulfometuron-methyl on soybean culture and stated that small doses affected kernel productivity.
Thus, it is evident that, depending on the species, the development stage and the ripener dose,
plants that were submitted to sulfometuron-methyl drifting may respond differently, that is,
they may present phytotoxicity or not.

At 0.45 g a.i. ha! of sulfometuron-methyl sub-doses, the estimated productivity was
4,829.15 kg ha'l, that is, approximately 3,250.00 kg ha'!less, when compared to the control sample
treatment. Thus, with the results obtained from the kernel productivity of maize culture, it is
possible to say that this culture is not tolerant to sulfometuron-methyl sub-doses; it is very
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Figure 2 - Photosynthetically active leaves (A), plant height (B), ear insertion height (C), stalk diameter (D), ear length (E) and
kernel size (F) according to the application of sulfometuron-methyl sub-doses at the development stages V4 and V8.

susceptible to sub-doses up to 1.8 g a.i. ha! of this sugarcane ripener (Figure 4). Novo and Miranda
Filho (2006), when studying the effects of sulfometuron-methyl sub-doses on two potato cultivars
as for tuber quality, reported that, as the sulfometuron-methyl sub-doses increased, more tubers
emerged with protuberances and abnormalities, that is, the productive potential of this culture
was negatively affected in response to the effect of this sulfonylurea.

The results showed that the maize hybrid SYN 7G17 is not selective to sulfometuron-methyl
sub-doses as it is for sub-doses of ethephon and glyphosate (Felisberto et al., 2015, 2016).

Planta Daninha 2017; v35:e017166504




FELISBERTO, P.A.C.
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for number of kernel rows, number of kernels per row, final stand and thousand kernel weight

L Sulfometuron-methyl, g a.i. ha™
Application
0.00 0.45 0.90 1.35 1.80
Number of kernel rows
V4 15.98 15.43 13.79 13.73 12.04
V8 15.98 15.68 14.72 0.00 0.00
Pr>Fc 1.0000 0.7319 0.2087 0.0000 0.0000
VC (%) 8.70
Number of kernels per row
V4 31.05 29.78 24.40 22.48 19.23
V8 31.05 22.98 18.68 0.00 0.00
Pr>Fc 1.0000 0.0019 0.0073 0.0000 0.0000
VC (%) 13.96
Final stand, plants m™
V4 7.27 7.55 6.57 4.63 2.59
V8 7.27 7.59 7.36 0.00 0.00
Pr>Fc 1.0000 0.9140 0.0749 0.0000 0.0000
VC (%) 11.82
Thousand kernel weight (g)
V4 285.50 258.74 240.75 247.09 297.51
V8 285.50 270.01 238.45 0.00 0.00
Pr>Fc 1.0000 0.6640 0.9291 0.0000 0.0000
VC (%) 17.08
Pr>Fc, probability > calculated F. VC variation coefficient.
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Figure 3 - Number of kernel rows (A), number of kernels per row (B), final stand (C) and thousand kernel weight (D) according to
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the application of sulfometuron-methyl sub-doses at the development stages V4 and V8.
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Figure 4 - Kernel productivity according to the application of sulfometuron-methyl sub-doses at the development stages V4 and
V8.

Applications of sulfometuron-methyl at the development stage V8 of maize culture were more
damaging to plants, leading them to death at most used sub-doses. It was verified that reduced
doses of sulfometuron-methyl affected negatively the culture of maize. However, the occurrence
of deposits of this product at higher doses or even at different development stages of the culture
may reflect into more severe phytotoxic effects than the ones found in this study.
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