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Abstract - Herbicides that present long persistence in the soil can cause problems in crops sown
in succession due to the soil's residual effect. That way, the objective of this paper was to evaluate
the effects of herbicides applied in the pre-emergence of the cotton to the productivity of corn
grown in succession. The experiment was installed in the municipality of Santa Helena de Goias -
GO. The application of herbicides treatments were carried out in a pre-emergence state of the cotton
by using isolated clomazone or in mixtures of fomesafen, fomesafen + trifluralin, fomesafen + s-
metolachlor, fomesafen + diuron and fomesafen + prometryn. In the condition in which the
experiment was carried out, the results observed allowed us to see that the application of herbicides
in the pre-emergence state of cotton crops did not have any significant effects in the insertion height
of the cob, insertion height of the tassel, stem diameter and corn productivity, resulting in the
absence of carryover on the hybrid corn RR® AG 7098 PRO 2, considering safe the sowing of corn
264 days after the application of herbicides.

Keywords: residual activity; phytointoxication; persistence

Resumo - Herbicidas que apresentam longa persisténcia no solo podem causar problemas em
culturas semeadas em sucessao, devido ao efeito residual no solo. Desta forma, o objetivo deste
trabalho foi de avaliar os efeitos de herbicidas aplicados em pré-emergéncia do algodoeiro sobre a
produtividade da cultura do milho semeada em sucessdo. O experimento foi instalado no municipio
de Santa Helena de Goias — GO. As aplicacdes dos tratamentos herbicidas foram realizadas em
pré-emergéncia do algodoeiro, utilizando-se clomazone isolado ou em misturas com fomesafen,
fomesafen + trifluralin, fomesafen + s-metolachlor, fomesafen + diuron e fomesafen + prometryne.
Na condicdo que foi conduzido o experimento, os resultados observados permitiram constatar que
a aplicacdo dos herbicidas aplicados em pré-emergéncia na cultura do algodoeiro ndo acarretaram
em efeitos significativos na altura de insercdo de espiga, altura de insercdo do pendao, diametro do
colmo e produtividade de milho, resultando em auséncia de carryover sobre o hibrido de milho
RR® AG 7098 PRO 2, sendo considerada segura a semeadura de milho realizada 264 dias apds a
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Introduction

Brazil is the fifth greatest producer of
cotton in the world, with a production of 1,740
thousand tons of this fiber on the crop of
2013/2014 in 967.7 thousand hectares of crops
(CONAB, 2014). In recent years, a new scenario
in the production of cotton in Brazil has been
noticed with the migration of cultivations of
traditionally producer areas, after the decrease
in domestic production in the 90s, to the
Brazilian cerrado. In this region, the cultivation
of cotton became an activity with a high level of
technology, explored in great modules of
production. Besides, its cultivation has been
one of the main alternatives in the rotation with
soy in the Midwest states of Brazil.

One of the problems faced by the
farmers from its implantation to the harvest is
related to weeds. Cotton is a plant with low
initial growth, which makes it difficult for the
canopy to cover the soil, and it provides
conditions so that the weeds can emerge and
establish  themselves, characterizing an
interference process (Freitas et al., 2002).

To ensure productivity and quality of the
produced fiber, it is crucial to adopt strategies to
control the infecting community, and currently
the chemical method is the most used in Brazil
with herbicides. The rational use of these
products enable the efficient control of weeds,
in addition to facilitating the execution, ensuring
good vyield for the producer. The different
modalities of herbicides application in the
cotton crops include the handling in the pre-
sowing, pre-emergence, post-emergence and
post-emergence in directed jet states (Troxlet et
al., 2002).

The application of herbicides in the pre-
emergence state of the crop and the weeds
constitute a very important modality for the
cultivation of cotton. This form of application
ensures that the initial development of the crop
is free of weeds interference, which is the
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moment of greater sensitivity in the culture
(Raimondi et al., 2010). Usually, these
herbicides present residual activity in the soil,
providing control of the first flows of the
emergence of weeds, until another control
intervention is used.

From the standpoint of agricultural
exploration, when the persistence of residual
activity of a certain herbicide exceeds the crop
cycle where it was used and it persists in enough
intensity to cause damage to the species
cultivated in succession, a phenomenon called
carryover happens (Oliveira Jr., 2011). The
potential of such phenomenon depends on the
herbicide used, on the crop in succession and on
the environmental conditions after the
application of herbicides (Mancuso et al., 2011).
However, there is a lack of results in the
literature about carryover of herbicides used in
cotton crops for the crops in succession.

Thus, the objective of this paper is to
evaluate whether the treatments with herbicides
applied in the pre-emergence stage of cotton
cultivation can compromise the cultivation of
corn grown in succession.

Material and Methods

The experiment was installed in the
municipality of Santa Helena de Goias, GO
(17°50°19,40” 1latitude South, 50°35°98,60”
longitude West and 553 meters altitude), in the
period of February 2012 to April 2013, in an
area with soil classified as Dystrophic Red
Latosol, presenting 470 g kg™ of clay, 50 g kg
! of silt, 480 g kg of sand, saturation of basis
51%, 1.68% of Organic Carbon and pH in water
of 6.2.

The handling of weeds preceding the
sowing of cotton was done through two
applications of paraquat (600 g ha), carried out
at seven and one day before sowing. The sowing
of cotton crop DP 555 BGRR® was carried out
in a mechanized way on February 2, 2012. The
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seeds were treated with abamectin (0.150 L 100
kg seeds™) and thiamethoxam (0.210 L 100 kg
seeds™). The spacing between the rows was of
0.76 m and the density of sowing was of 10
seeds per meter, resulting in 131500 plants ha™.
Simultaneously, there was a basis fertilization
with 400 kg ha* of the 02-20-18 formulate. The
additional top dressing was carried out with 100
kg ha! of N at 35 days after emergence (DAE),
in the form of urea, applied by fertilizer discs.

The herbicides were applied in pre-
emergence on the same day of the sowing, with
the following environmental conditions:
average temperature of 29.1 °C, average RH of
52%, wind speed of 3.7 km h** and humid soil.
The applications were carried out with a
backpack sprayer based on CO3, equipped with
XR 110.02 tips, kept at a pressure of 35 Ib.pol?,
resulting in a spray volume equivalent to 200 L
hat.

All treatments were weeded during the
whole cotton cycle to eliminate possible
interferences of weeds regarding the applied
herbicides. The harvest of cotton was carried out
on 07/17/2012.

The handling of weeds after the cotton
harvest and before the sowing of cotton was
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carried out by two desiccations, the first being
taking place 20 days before sowing, using the
mixture in a glyphosate tank (1920 g ha™) and
2.4 D (806 g hal), and the second happening
one day before sowing, using paraquat (400 g
ha?).

The fertilization of corn sowing
consisted in the application of 400 kg ha'* of the
08-20-18 formulate. The sowing was carried out
on 10/23/2012, using the AG 7098 PRO 2
simple hybrid. The spacing adopted was of 0.45
m between the rows, with density of 2.7 seed m
!, An additional top dressing was used with 100
kg ha! of N, in the form of urea, when the crop
was in the V4 development stage.

The outline used was of randomized
blocks, with four repetitions and double control,
where for each parcel with a herbicide treatment
tested there are two adjacent parcels without the
application of herbicide, according to the
methodology previously described by Fagliari et
al. (2001) and Constantin et al. (2007). The
herbicide treatments with their respective doses
applied in the pre-emergence state of the cotton
crop are described according to Table 1.

Table 1. Herbicides and their respective doses used in the cotton crop 264 days before corn sowing.

Application in pre-emergence

Dose (g ha?)

T1 - clomazone

T2 - clomazone + fomesafen

T3 - clomazone + fomesafen

T4 - clomazone + fomesafen + diuron

T5 - clomazone + fomesafen + prometryn
T6 - clomazone + fomesafen + trifluralin

T7 - clomazone + fomesafen + s-metolachlor

1000
1000 + 450
1000 + 625
1000 + 450 + 1250
1000 + 450 + 1250
1000 + 450 + 1818
1000 + 450 + 768

Each experimental unit was composed
of seven rows of corn with six meters in length.
In the evaluations, 0.5 m of each end of the
parcels were disregarded. The data regarding
precipitation and maximum and minimum
temperature during the period of the study is
presented on Figure 1.

All treatments were weeded during the
whole cycle of the corn to eliminate the weed
competition effect on the productivity of the
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crop, leaving the plants exposed to the herbicide
effect.

Phytointoxication evaluations of corn
plants were carried out at 7, 14 and 28 DAE
through the phytointoxication visual scale
(EWRC, 1964). Two evaluations were also
carried out at 80 DAE, one of insertion height of
the cob (measuring the height from the soil level
up to the insertion of the cob in the stem, in ten
random plants in the useful area of the parcel),
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and another of insertion height of the tassel
(measuring the height from the soil level up to
the insertion of the tassel at the top of the stem,
in ten random plants in the useful area of the
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parcel). At 120 DAE, we evaluated the diameter
of the stem right below the insertion of the cob,
in ten random plants in the useful area of the
parcel.
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*Days after the application of treatments with herbic'\g/es in the pre-emergence state in cotton crops.
Figure 1. Maximum and minimum daily temperature and daily rainfall during the conduction of
the experiments with different herbicide treatments used in the cotton crop. Santa Helena de Goias

(GO) 2012/2013.

To determine the corn productivity of
each treatment, we proceeded to the harvest of
all cobs from the useful area. The cobs collected
were threshed with the help of a manual thresher
of parcels, and the grains were later on separated
from the impurities and heavy substances.
Samples were taken to determine the humidity
(portable humidity determiner model Mini
GAC) of each parcel, and the productivity data
was converted to 13% of humidity.

After collecting and tabling the data,
they were subjected to a variance analysis, and
the averages of these significant variables were
compared by the F test (p<0,05).

Results and Discussion

The long period between the application
of herbicides and the sowing of corn (264 days)
contributed to justify the results obtained, once
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none of the treatments with herbicides applied
in the pre-emergence of the cotton caused
visible injuries to the corn plants, in addition to
not having affected the insertion height of the
first cob, the insertion height of the tassel, the
stem diameter and the crop productivity (Table
2 and 3). We should also consider that in this
period the total rainfall was of 900 mm in the
experimental area.

A number of factors are responsible for
the residual activity of an herbicide in the soil.
Among them, we can highlight the physical-
chemical and microbiological characteristics of
the soil, in addition to the soil and weather
conditions of a certain region (Oliveira Jr. et al.,
1999). The process of spreading herbicides in
the environment is also related to the physical-
chemical properties of the herbicide, with the
handling applied, and with the crop system used
(Niekamp and Johnson, 2001). In the present
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paper, most herbicides are sensitive to the
degradation activity of microorganisms existent
in the soil. In agricultural areas that use the
tillage system, an increase in the superficial
amount of organic matter and reduction of width
variations of temperature and humidity is
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observed, which increases the diversity, the
activity and the microbial biomass in the soil
environment, emphasizing the degradation of
herbicides (Weed et al., 1995; Mueller et al.,
1999).

Table 2. Insertion height of the cob (cm), insertion height of the tassel (cm) in function of the

application of herbicides in cotton crops.

Insertion height of the Insertion height of the

Treatments cob (cm) tassel (cm)
Treat! Contr? Diff¥ Treat.  Contr.  Diff.
T1 - clomazone 13245 133.70 1.25 23430 236.35 2.05
T2 - clomazone + fomesafen®“9) 140.95 13445 -650 24595 237.47 -8.48
T3 - clomazone + fomesafen(®©2> 138.80 13592 -2.88 240.90 236.92 -3.98
T4 - clomazone + fomesafen + diuron 12795 13135 3.40 233.85 23182 -2.03
T5 - clomazone + fomesafen + prometryn 137.10 13435 -2.75 24365 240.15 -3.50
T6 - clomazone + fomesafen + trifluralin 135.20 134.07 -1.13 238.70 238.07 -0.63
T7 - clomazone + fomesafen + s-metolachlor 135.80 13242 -3.38 239.60 241.10 1.50
CV (%) 3.94 - 3.38 -
F 2.16™ - 1.39m -

Y Treatments with herbicide; ZControl without herbicide; ¥Difference between control without herbicide and the treatment with

herbicide; "™ Non-significant by the F test (p<0,05).

Table 3. Stem diameter (mm) and corn productivity (kg ha) in function of the application of

herbicides in cotton crops.

Stem diameter (mm)

Productivity (kg ha't)

Treatments

TreatY Contr? Diff¥  Treat Contr. Diff.

T1 - clomazone 16.94 16.63 -0.31 9186.90 8767.10 -419.80
T2 - clomazone + fomesafen®“9) 16.42 16.45 0.03 9661.30 8573.00 -1088.30
T3 - clomazone + fomesafen() 16.52 16.76 0.24 9031.10 9820.80  789.60
T4 - clomazone + fomesafen + diuron 16.50 17.09 0.59 881450 7889.40 -925.10
T5 - clomazone + fomesafen + prometryn 16.69 17.32 0.63  9793.70 944420 -349.40
T6 - clomazone + fomesafen + trifluralin 17.18 17.57 0.39 854750 9179.70 632.20
T7 - clomazone + fomesafen + s-metolachlor 17.41 17.89 0.48 9610.10 9064.10 -546.00
CV (%) 7.28 - 13.12 -

F 0.47m - 0.99" -

Y Treatments with herbicide; ZControl without herbicide; ¥Difference between control without herbicide and the treatment with

herbicide; "™ Non-significant by the F test (p<0,05).

According to McBride (1994), many
microorganisms have enzymes that immediately
decompose the NO: radicals existent in the
functional groups of the fomesafen molecule,
showing the importance of this degradation
pathway for this herbicide. Also for the
trifluralin molecule, according to Tavares et al.
(1996), the soil degradation is affected by
aerobic and anaerobic conditions, which
determine the predominance of oxidative or
reductive degradation. Seasonal variations favor

REBH

the degradation of both forms simultaneously.
Such seasonal variations occur in agriculture
regions of cerrado, mainly due to the greater
rainfall during spring and summer and lower
rainfall during autumn and winter.

Regarding the clomazone herbicide, the
biological degradation is favored in conditions
that stimulate an elevated bacterial activity, such
as temperature, humidity and organic matter
(GAMIT, 1999). Mervosh et al. (1995) analyzed
the microbial activity, temperature and soil
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humidity in the presence of the clomazone
herbicide. The results showed that the
degradation depends on microorganisms, and 84
days after the application of the herbicide, 41%
of the clomazone had been mineralized. Liu et
al. (1996), on the other hand, studied the
degradation pathway of clomazone and its
metabolites in 41 microorganisms of different
species capable of metabolizing this herbicide.
The results obtained by the analysis of HPLC
indicated that most of the microbial reactions
involved the hydroxylation of the methylene
carbon of the isoxazolidine ring and the
hydroxylation of the methyl group of the
oxazolidine ring, and some metabolic routes
included dihydroxylation of clomazone in the
aromatic ring, cleaving the connection of
carbon-nitrogen (C-N) of the isoxazolidine ring
or forming chlorobenzyl alcohol, reinforcing the
importance of the microbial activity existent in
the soil in the degradation of this compound.

Another  factor that may have
contributed to the absence of carryover is that,
in the adoption of a direct cultivation system, the
redistribution of herbicides in the soil can occur
in a different way (Albuquerque et al., 2011).
That can happen because the vegetable residues
of the previous crop existent in the soil surface
at the moment the herbicide is applied can
prevent a direct contact with the soil. When they
are retained in the straw, the herbicides may be
absorbed by it, resulting in a low leaching for
the soil, even after raining (Rodrigues et al.,
2000).

The interactions among the physical-
chemical properties of the herbicides with the
environment allow us to understand the results
obtained. Formesafen herbicide is considered a
weak acid herbicide (pKa: 2.83) (Rodrigues and
Almeida, 2011), being predominant in its
neutral form when the medium pH is below its
pKa and in the anionic form when the medium
pH is higher than the pKa. The soil of the
experimental area presented a 6.2 pH. Thus, due
to the predominance of the anionic form of
fomesafen, there must have been a low sorption
to the soil, which enabled greater leaching
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(Oliveira et al.,, 2005), decreasing its
concentration in the soil solution. Moreover,
higher pH values may increase solubility and
bioavailability of fomesafen (Weber, 1993).

Clomazone, an isoxazolidinone, is a
non-ionic herbicide with solubility in water of
1,1 g L, octanol-water partition coefficient
(Kow) of 350, sorption coefficient (Koc) equal
to 300 mL g and steam pressure of 19.2 mPa at
25°C, being an extremely volatile compound
(Senseman, 2007). This volatilization is
accentuated both in the conditions where the soil
presents humidity of 20% above its field
capacity and in those with humidity 20% below
(Halstead and Harvey, 1988). It is assumed that
the mean contents of clay and organic matter
present in the soil where this experiment was
conducted must have contributed to the
adsorption of clomazone, decreasing its
concentration in the soil solution during the
period until the sowing of corn.

Prometryn is a basic dissociation
herbicide to which the retention of molecules is
influenced mainly by the content of carbon and
clay in the soil, and that presents a sorption
index (Koc) between 400 and 500 mL g* of soil
(Oliveira Jr., 2007). Cao et al. (2008) studied the
mobility of prometryn in two different soils. The
first soil presented 9.36 g kg* of M.O; 29.5 g
kg of clay and 7.65 pH in water. The second
one presented 20.9 g kg of M.O; 49.4 g kg™ of
clay and 4.92 pH in water. The authors found
moderate mobility for the first soil, especially in
function of the high pH, because the prometryn
herbicide presents pKa of 4.09 (Rodrigues and
Almeida, 2011). Therefore, its basic
dissociation character caused the predominance
of neutral loads, decreasing the sorption of this
herbicide to soil colloids, having a higher
occurrence of leaching when compared to the
second soil, whose pH was closer to the pKa of
prometryn, resulting in lower mobility.

Several studies indicate that the sorption
behavior of diuron presents a positive
correlation with the organic matter and CTC
contents of the soil (Spurlock and Biggar, 1994,
Rocha, 2003), especially by the organic fraction,
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being considered little leachable in clay soils
(Liu et al., 1970; Luchini, 1987). On the other
hand, in soils with low content of organic matter
it presents a greater leaching potential.

The herbicides desorption is very
important because it determines the release rate
and the mobility potential of these compounds
in the soils. The herbicides with a lower
desorption rate can present higher risk to
succession crops (Liu et al., 2010). In that sense,
Rocha et al. (2013) found distinctive desorption
rates among these soils by evaluating the
sorption and desorption behavior in four
latosols. Those authors saw that in extremely
loamy soils (590 and 690 g kg?') and with
elevated organic matter contents (43 e 37 g kg
1, usually there was high sorption and low
desorption, decreasing the availability of diuron
in the soil solution. In contrast, soils with low
contents of organic matter (8 g kg?) and clay
(270 g kg™, present high desorption percentage,
which can benefit a greater movement of the
herbicide in the soil profile.

Due to the average levels of clay (47 g
kgl) and organic matter (28,9 g kg?), it is
assumed that diuron, at a first moment, may
have been absorbed by the soil and, as the
desorption process occurred along the great
period between its application and the sowing of
corn, the molecule was exposed to the degrading
action of the microorganisms, photolysis and
leaching.

That hypothesis corroborates the results
found by Inoue et al. (2006), who determined
the importance of microbiological degradation
for this herbicide in samples of two contrasting
soils by studying the effect of different methods
to reduce the microbial activity in diuron
degradation with or without the presence of
light. Those authors saw that, in the presence of
light, there was an increase in diuron
degradation capacity, mainly in function of the
herbicide's photolysis. Dehalogenation is the
most common photochemical reaction to
herbicides such as diuron. In this type of
reaction, due to the elevated energy involved,
the ultraviolet irradiation can perform direct
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dehalogenation even on more stable halogens
connected to aromatic rings (Vulliet et al.,
2002).

Conclusions
In the conditions in which the
experiment was carried out, the use of

herbicides in the pre-emergence stage of cotton
crop did not cause carryover on the corn hybrid
RR® AG 7098 PRO 2, sown 264 days after the
application of products.
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