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Abstract

Maize stands out as one of the most important crops in succession to soybean in tropic
countries. However, the susceptibility of both crops to nematodes, can cause a continuous
increase in the nematode population, especially in areas where there is the occurrence of
weeds susceptible to the parasites. Thus, the objective was to evaluate the nematodes
dynamics in a growing area with off-season maize under chemical weed management. The
experiment was installed at Tuneiras do Oeste County, Brazil, designed in randomized blocks,
with seven treatments and five replications, constituted by sourgrass (Digitaria insularis)
management systems with glyphosate associated to herbicides inhibitors of the enzyme
acetyl-CoA carboxylase (ACCase) and auxin-mimetic, and complement with glyphosate +
atrazine + tembotrione in post-emergence. The effect of treatments on Pratylenchus spp.
population was observed in roots and soil rhizosphere soil of D. insularis and in maize roots.
Glyphosate application followed by glyphosate + atrazine was inefficient in controlling
sourgrass. Management system with glyphosate + clethodim + 2.4-D followed by glyphosate
+ atrazine + tembotrione reduced the Pratylenchus spp. population in sourgrass, but any
management system repeated this effect in maize. Management systems of D. insularis with
associations of glyphosate + clethodim; glyphosate + clethodim + 2.4-D and glyphosate +
fenoxaprop-p-ethyl, all followed by glyphosate + atrazine + tembotrione, showed excellent
control level of sourgrass without affecting plant height, grain and rank numbers and grain
yield. It is concluded that the management system using herbicides association controlled
sourgrass and may interferer on Pratylenchus spp. population.
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1. Introduction
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Maize is a cereal grown almost everywhere in the world, whose derivatives are commonly
used in human and animal nutrition and biofuel production. In Brazil, maize has become an
important growing option in succession with soybean, being called off-season maize
(“safrinha”), which is of an extemporaneous nature. This practice arose due to the need to
occupy the soil during the off-season and to take advantage of the idle production structure,
which can generate extra income for the grower (Gonglves et al., 1999). The soybean-maize
succession system brings a series of advantages, by inserting plants from different botanical
families, with different root systems, which make it possible to cover the soil practically all
year round (Garcia et al., 2013). Added to this, the advantage of being susceptible to different
pests and diseases, reducing the multiplication of these organisms during consecutive cycles.

Despite these advantages, the system has an important limitation, which is the common
susceptibility of the two crops to some nematodes, especially Pratylenchus brachyurus,
whose reproduction factor can be quite high in soybean and maize (Inomoto, 2011; Favoreto
et al., 2019), and in numerous grass species, forage or not, grown in crop rotation, including
plants of the genus Panicum and Urochloa (Inomoto et al., 2007; Dias-Arieira et al., 2009;
Queir& et al., 2014), and sorghum and millet (Inomoto et al., 2006). Added to these, the
susceptibility to common weeds in the areas of soybean-maize succession, with emphasis on
the sourgrass (Digitaria insularis) (Bell€éet al., 2015; Matias et al., 2018), considered one of
the main invaders in the soybean-maize system, due to resistance to herbicides (Pereira et al.,
2017; Costa et al., 2018).

For the management of nematodes, different practices must be adopted, such as the choice of
resistant genotypes, with less chance of reproduction for the nematode, the planning of crop
rotation, including non-host species or antagonists, in addition to the adequate control of
weeds, which multiply the nematode (Favoreto et al., 2019).

The main strategy used in the management of weeds, in areas of maize growing, is the
chemical control with herbicides. The association of different herbicides with varied
mechanisms of action has been used to expand the action spectrum of applications and the
efficiency on species resistant to one of the herbicides involved in the application (Nicolai
and Christoffoleti, 2016). Thus, it is possible that repetitive use of mixtures of herbicides
induce changes in the abundance of nematode populations living in the growing environment.

Johnson et al. (1975) found that herbicide applications did not significantly affect the populations
of Meloidogyne incognita, P. brachyurus and Pratylenchus zeae in cotton, maize, peanut and
soybean crops. However, some of these substances can influence the hatching and reproduction
of nematodes (Wong et al., 1993; Levene, 1995). Glyphosate, for example, did not affect the
population of Heterodera glycines, but the herbicides chlorimurom-ethyl in association with
lactofen promoted reductions of this nematode in soybean crops (Barbosa et al., 2014).
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Given the above, the hypothesis arose that the application of the herbicide glyphosate, in
addition to controlling weeds, may have effects on the nematode population. Therefore, the
objective was to evaluate the systems of herbicide associations in the control of sourgrass and
in the population dynamics of Pratylenchus spp. in D. insularis and off-season maize.

A\\ Macrothi“k Journal of Agricultural Studies

2. Material and Methods
2.1 Characterization of Experimental Area

The experiment was conducted, between March and August 2015, in a commercial growing
area, under the coordinates 23° 57' 38.7” S and 52° 57' 49.4” W, at an altitude of 353 meters.
The region's climate is classified by K&ppen as Cfa, with hot summers, uncommon frosts
and a tendency for concentrated rain in the summer months, without a defined dry season
(Caviglione et al., 2000). The daily meteorological data of temperature (maximum and
minimum) and rainfall recorded in the region during the conduction of the experiment is
shown in Figure 1.
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Figure 1. Daily meteorological data of temperature (°C) and precipitation (mm) during field
experiment in off-season maize crop 2015. Tuneiras do Oeste - Paran&State, Brazil

The history of the area in recent years is a succession of soybean and off-season maize, the
soil being composed of 48.56% sand, 9.28% silt and 42.16% clay. By chemical analysis, the
following values were established: pH in H20 of 5.66; 7.28 cmolc dm™ of CEC (effective
cation exchange capacity); Base saturation (V%) of 65.37%; 10.39 mg dm of phosphorus
(P); 1.45 mg dm™ of potassium (K*); 4.57 cmolc dm of calcium (Ca*?); 1.26 cmolc dm™ of
magnesium (Mg*?).
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2.2 Experiment Installation and Conduction

The experiment was designed in randomized blocks, with seven treatments and five
replications. The experimental units were composed of five lines of maize, spaced 0.45 m
between the lines and 5 m in length. As a useful area, the two central lines were considered,
with 0.5 m of the ends of the plots being considered a border area.

The treatments used were applied in two stages, the first in the burndown, and the second in
the post-emergence application of maize and sourgrass plants (Table 1). In all applications, a
backpack sprayer pressurized with CO2 was used, equipped with four TTi 110.15 nozzles
(Teejet manufacturer), spaced 0.5 m apart, working pressure of 210 kPa and application rate
of 200 L ha*. The application time was always between 10:30 and 11:00 a.m.

The application of treatments in the burndown management of sourgrass occurred on
03/10/2015, with perennialized plants (%15 tillers), right after the first root sampling and soil
from the rhizosphere of the plants, for analyzes of the previous initial population of
nematodes. Between the beginning and the end of the burndown application, the
environmental conditions of air temperature, relative humidity and wind speed varied from
30.4 and 30.8 €, 66 and 68% and 1.0 to 1.6 km h™, respectively. The application of
treatments in the post-emergence of the crop was carried out on 04/17/2015, when the maize
plants were in a phenological stage of six expanded leaves, and the sourgrass was completely
controlled and without regrowth. The environmental conditions of air temperature, relative
humidity and wind speed between the beginning and end of the post-emergence application,
varied from 25.2 and 25.9 €, 64 and 65% and 1.1 to 1.6 km h™%, respectively, maintaining the
same application times.
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Table 1. Composition of herbicide treatments used in burndown and post-emergence
applications for management of sourgrass (Digitaria insularis) in the off-season maize crop
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Doses Doses
Treat. Burndown . Post-emergence .
(g aiorae (g aiorae
ha ¥ ha 31
1 Weeded control - Weeded control -
2 Control without hoeing - Control without hoeing -
3 glyphosate’ 1440 glyphosate’*+atrazine’ 960+1000
4 GLF”+clethodim/*® 1440+192  GLF3+atrazine’+tembotrione’®'® 960+1000+84

5  GLF?+fenoxapro-p-ethyl®  1440+220  GLF3+atrazine’+tembotrione’®® 960+1000+84
6  GLF2+clethodim/*+2.4-D’%® 1440+192+670 GLF3+atrazine’+tembotrione’®® 960+1000+84

7  GLF?+fenoxaprop®+2.4-D’® 1440+220+670 GLF3+atrazine’+tembotrione’®® 960+1000+84

"fai = active ingredient; ae = acid equivalent; ?Roundup Original™ (360 g L); *Roundup
Transorb R™ (480 g L?); “Select™ (240 g L*); *Podium EW™ (110 g L%); ®DMA 806
BR™ (670 g LY); ""Primoleo™ (400 g L); Soberan™ (420 g L!); addition of 0.5% v/v of
PLanzar™ and *°Aureo™ adjuvants.

Three-way hybrid maize 2B712 PowerCore™ (Dow AgroSciences) was used, which has an
early cycle and resistance to insects, as well as to the glyphosate and ammonium glufosinate
herbicides. Sowing took place on 03/14/2015, using 0.45 m interline spacing and a final
population of 41,000 plants ha. The seeds were previously treated with the insecticide
thiametoxan 350 g L (Cruiser™ 350 FS, Syngenta), in the dose of 100 ml of the commercial
product for 60,000 seeds. The area was fertilized with 268 kg ha* of the formulated 6-24-12
of N-P-K, on 03/14/2015.

2.3 Evaluations

The evaluations of control efficiency sourgrass by the treatments applied in the burndown
were carried out at 7, 14, 21 and 35 days after burndown (DAB). For post-emergent
application, evaluations were performed at 7, 14, 21, 28, 35 and 55 days after application
(DAA). The notes were made about the control percentage of sourgrass, on a scale from 0
(zero) absence of control to 100 (one hundred), which indicates the death of the plants
(SBCPD, 1995).

Samples of soil and rhizosphere of sourgrass and maize, for nematological analysis, were
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done monthly in March (1 day before burndown), April (37 DAB), May (30 DAA) and June
2015 (60 DAA). The samples were composed of three sub-samples, taken from 0 to 20 cm
deep and homogenized. After sampling, the samples were packed in plastic packages, duly
identified, and kept in a refrigerated environment (£8 <C), until the time of analysis.

Before the nematode extractions, the samples were standardized in portions of 10 grams of
roots, which were cut into 2 cm pieces and subjected to extraction (Coolen and D’Herde,
1972). For the extraction of nematodes from the soil, the sample content was homogenized,
using 100 cm?® of soil for extraction, according to the centrifugal fluctuation method in
sucrose solution (Jenkins, 1964). The samples obtained were evaluated using a Peters
chamber, under an optical microscope. To estimate the reproduction of the nematode
Pratylenchus spp. the reproduction factor (RF) was calculated in the periods between the
months of May / April and June / April, determined by the ratio between the final population
(FP) and the initial population (IP) (Oostenbrink, 1966).

At the end of the crop cycle, agronomic characteristics were evaluated: plant height (cm),
number of grain rows per ear, number of grains per row, 100 grain mass (g) and yield (kg
hal).

2.4 Statistic Analysis

The assumptions of normality were attended by the data related to the management of the
weed (sourgrass) and of the maize culture and were subjected to the variance analysis. When
significant, the treatment averages were compared by the Tukey test with 5% of probability,
using the Sisvar 5.3™ statistical software (Ferreira, 2011). Regarding the nematode
Pratylenchus spp. data, they did not attend the assumption of normality. Therefore, the
Friedman test with 5% of probability was applied, based on the Qui-square distribution
(Friedman, 1937; PimenteL-Gomes, 2009), using the Assistat 7.7™ statistical software.

3. Results and Discussion

In the evaluation of sourgrass control at 7 DAB, the lowest levels of efficiency were found
for the herbicide glyphosate used alone (6.8%), followed by the association of glyphosate +
fenoxaprop-p-ethyl + 2.4-D which, despite higher than glyphosate, it was still considered
unsatisfactory (70%) (Table 2). For glyphosate + clethodim + 2,4-D and glyphosate +
fenoxaprop-p-ethyl, satisfactory levels of control (82.2% and 83.6%) were found, according
to SBCPD (1995) criteria, but significantly lower than glyphosate + clethodim, which
reached excellent efficiency (92.2%). At 14 DAB, the associations of glyphosate + clethodim
and glyphosate + fenoxaprop-p-ethyl stood out for the levels of sourgrass control, but
evidenced the initial negative influence of 2.4-D when associated with these treatments.
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Table 2. Control (%) of sourgrass submitted to the burndown management in off-season
maize crop at 7, 14, 21 and 35 days after burndown (DAB)
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Doses 7DAB  14DAB  2IDAB  35DAB

Burndown (g }?;_;5 ie " " " %
Weeded control - 100.0 a 100.0 a 100.0 a 100.0 a
Control without hoeing - 00 e 00 d 0.0 d 00 d
Glyphosate’ 1440 6.8 d 8.6 ¢C 10.8 ¢ 116 ¢
GLF”+clethodim”/® 1440+192 92.2 a 99.4 a 100.0 a  100.0 a

GLF”+fenoxaprop-p-ethyl* 14404220 83.6 b 96.2 a 96.4 a 920 a

GLF?+clethodim®+2.4-D"®  1440+192+670 82.2 b 91.8 a 96.0 a 95.8 a
GLF?+fenoxaprop’*+2.4-D’® 1440+220+670 70.0 ¢ 84.0 b 86.2 b 84.2 b
Calculated F - 620* 634* 1.549* 1.676*
Coefficient of variation (%) - 4.67 4.59 2.86 2.71
MSD (5%) - 0.67 0.70 0.44 0.42

"fai = active ingredient; ae = acid equivalent; Roundup Original™ (360 g L?); "*Select™
(240 g LY); “Podium EW™ (110 g L); ®"DMA 806 BR™ (670 g L%); 8addition of 0.5% v/v
of Lanzar™ adjuvant. *Averages in the same column followed by the same letter do not
differ by Tukey's test (p<0.05). MSD = minimal significant difference.

Between 21 and 35 DAB, the control of sourgrass with the associations of glyphosate +
clethodim, glyphosate + fenoxaprop-p-ethyl and glyphosate + clethodim + 2.4-D maintained
the levels of efficiency excellent and close to those observed at 14 DAB, surpassing
significantly the glyphosate + fenoxaprop-p-ethyl + 2.4-D treatment (Table 2). These results
corroborate with Grigolli (2014) and Fornarolli et al. (2015), who highlighted the possibility
of antagonistic effects at varying levels in the control of sourgrass when using 2.4-D
associations with ACCase enzyme inhibiting herbicides, with clethodim being the least
affected. Marcon (2015) also found a significant reduction in the control and deposition of
the spray mixture in sourgrass for associations of glyphosate + ACCase + 2.4-D, and among
the graminicides, clethodim was the one that presented the least interference when mixed
with 2.4-D.
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The antagonistic effect of 2.4-D on the action of ACCase-inhibiting graminicides has been
related to a reduction in translocation and an increase in the metabolism of herbicides in the
aryloxyphenoxypropionic group (Roman et al., 2007; Trezzi et al., 2007). However, the
information that considers the negative action of 2.4-D, when associated with glyphosate and
ACCase inhibitors in the same tank mixture, has been questioned, both in the control of
voluntary plants, as in the case of RR® maize, as well as other weed species resistant and/or
tolerant to herbicides (Maciel et al., 2013).

A\\ Macrothi“k Journal of Agricultural Studies

In addition, even for the burndown management condition, it is important to consider that the
application of glyphosate alone did not effectively control sourgrass until 35 DAB (11.6%),
which shows that these are biotypes with a high level of resistance to glyphosate, with the
efficiency for this plant population much lower than the values observed by Correia and
Durigan (2009) at 28 DAB (41.2%), Melo et al. (2012) at 35 DAB (65.0%), Gemelli et al.
(2013a) at 30 DAB (30.0%) and Barroso et al. (2014) at 28 DAB (47.7%).

Regarding the continuity of sourgrass control through the application in post-emergence of
the off-season maize, it was observed that the association of glyphosate + atrazine did not
provide satisfactory control until 55 DAA, presenting maximum efficiency of 26.5% at 35
DAA (Table 3), since this treatment came from plants that were not satisfactorily controlled
with glyphosate in the burndown management (Table 2). However, the application of
glyphosate + atrazine + tembotrione in post-emergence of RR off-season maize maintained
excellent levels of sourgrass control from 7 DAA (> 96%), when pre-planting burndown was
carried out with associations of glyphosate + clethodim, glyphosate + fenoxaprop-p-ethyl and
glyphosate + clethodim + 2.4-D, and from 14 DAA (> 92.0%), using glyphosate +
fenoxaprop-p-ethyl + 2.4-D (Table 2). It is noteworthy that the post-emergence application of
the associations of glyphosate + atrazine and glyphosate + atrazine + tembotrione did not
cause visual aspects of phytotoxic injuries in the shoot of the hybrid maize 2B712
PowerCore™. In terms of selectivity, other studies also did not mention phytotoxic effects for
associations with the same herbicides, when used in conventional maize or RR® (Zagonel et
al., 2010; Gemelli et al., 2013b; Ulguim et al., 2013; Vieira Jr et al., 2015).
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Table 3. Control (%) of sourgrass submitted to application in post-emergence of off-season
maize crop at 7, 14, 21, 28, 35 and 55 days after application (DAA)
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Doses 7DAA 14DAA 21DAA 28DAA 35DAA 55DAA
Post-emergence

gaioracha® % % % % % %
Weeded control - 100.0 a 100.0 a 100.0 a 100.0 a 100.0 a 100.0 a
Control without hoeing - 00d 00c 00c 00d 00c 00c
Glyphosate’?+atrazine’® 960+1000 16.0c 20.0b 212b 252c 266b 242D

GLF2+atrazine’*+tembotrione’*> 960+1000+84 100.0 a 100.0 a 100.0 a 100.0 a 100.0 a 100.0 a
GLF2+atrazine’*+tembotrione’*> 960+1000+84 96.0 a 99.0 a 100.0 a 100.0 a 100.0 a 100.0 a
GLF2+atrazine’*+tembotrione’*> 960+1000+84 96.0 a 98.0 a 100.0 a 100.0 a 100.0 a 100.0 a

GLF2+atrazine’*+tembotrione’”® 960+1000+84 87.0b 920a 942a 946b 926a 916a

Calculated F - 2.333* 1.566* 2.311* 11.319* 2.241* 2.253*
Coefficient of variation (%) - 2.18 2.61 2.12 0.94 211 2.12
MSD (5%) - 034 042 0.34 0.15 034 034

"ai = active ingredient; ae = acid equivalent; ’Roundup Transorb R (480 g L); ®*Primdeo
(400 g L1); Soberan (420 g L™); addition of 0.5% v/v of adjuvant Aureo™. *Averages in
the same column followed by the same letter do not differ by Tukey's test (p<0.05). MSD =
minimal significant difference.

No significant differences were found for Pratylenchus spp. 10 g of sourgrass root, by
Friedman's non-parametric test, among the treatments studied in the burndown management
and post-emergence, in the analysis carried out in March (previous), April, May and June
(Table 4). For these evaluations, a calculated fr of 1.72, 3.52, 9.11 and 11.85 was established,
respectively. The results of the previous evaluation in March indicated a tendency towards
balance in the abundance of the population of Pratylenchus spp. between treatments.
However, in April, despite the fact that no significant difference was detected between
treatments, it was possible to observe a trend towards an average reduction in the abundance
of the nematode in relation to the evaluation in the previous month. This estimate of a
reduction in the population of Pratylenchus spp. in April, when sourgrass was under the
effects of burndown management, was characterized as medium intensity for the control
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without weeding (53.6%) and glyphosate (34.1%) and more expressive for associations of
glyphosate + clethodim (76.1%); glyphosate + clethodim + 2.4-D (76.5%); glyphosate +
fenoxaprop-p-ethyl (67.2%) and glyphosate + fenoxaprop-p-ethyl + 2.4-D (77.8%) (Table 4).
The absence of statistical difference can be attributed to the high population variation that the
nematodes present in the field, which makes the analysis difficult.

Table 4. Average abundance of Pratylenchus spp. recovered in 10 grams of plant roots of
sourgrass plants submitted to burndown and post-emergence management of the off-season
maize crop

Pratylenchus spp. 10 g™* root of
sourgrass

Burndown Post-emergence March

(previou  April May June

S)
Weeded control Weeded control - - - -
Control without hoeing  Control without hoeing 1364 633 1466 338
Glyphosate’ Glyphosate’*+atrazine’ 949 625 902 580
34 ina+ i
GLF2+clethodim™® Se';g,Flo atrazine™+tembotrio y5a9 260 2342 0

GLF?+fenoxapro-p-eth GLF3+atrazine’+tembotrio

yIs ne/8/10 1132 266 2057 0

GLF?2+clethodim/+2.4- GLF3+atrazine’+tembotrio

D/6/9 ne/8/10 710 238 3418 0

GLF?+fenoxaprop’®+2. GLF3+atrazine’+tembotrio

4_D/6 ne/g/lo 1397 310 1316 0

Calculated Friedman
test

172N 352N 911N 11.85N8

Critical difference (5%) 3.37 3.37 3.37 3.37

"2Roundup Original™ (360 g L); “Roundup Transorb R™ (480 g L1); “Select™ (240 g L'Y);
BPodium EW™ (110 g LY); ®DMA 806 BR™ (670 g L%); /"Primoleo™ (400 g L%);
BSoberan™ (420 g LY); addition of 0.5% v/v of °Lanzar™ and ""°Aureo™ adjuvants.
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*=significant; NS=not significant.
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Conversely, in May, there was a significant increase in the population of Pratylenchus spp. in
the roots of sourgrass, mainly in relation to the evaluation in April and, with some exceptions,
in relation to March (Table 4). In general, the increase in population was more evident for
treatments with associations of post-emergence management herbicides, except for the
application of glyphosate + fenoxaprop-p-ethyl + 2.4-D/glyphosate + atrazine + tembotrione.
It should be noted that, in May, the sourgrass plants were under the effects of burndown
management and post-emergence treatments. However, in June, densities of Pratylenchus spp.
were found in the sourgrass roots of the treatments control without weeding and glyphosate,
certainly due to the presence of live plants in these plots (Table 4). For the other treatments,
possibly the advanced stage of decomposition of the root system of sourgrass and the
reduction in rainfall, may have contributed to a reduction in the viable roots of the host plant.

Previous studies, in field and greenhouse conditions, also did not show effects of glyphosate
or haloxyfop (ACCase) herbicides on the nematode density of this genus in soybean roots
(Macedo, 2012). On the other hand, the herbicides pendimethalin, atrazine and acetochlor,
applied in pre-emergence, and 2.4-D, dicamba, dicamba + atrazine and nicosulfuron, applied
in post-emergence of maize, in an area infested with Johnson grass (Sorghum halepense),
sunflower (Helianthus annuus), purslane (Portulaca oleracea) and sweet clover (Melilotus
indicus), promoted the reduction of Pratylenchus spp. on the soil, in the evaluations
performed 60 days after application (Castro-Carvajal et al., 2015). Similarly, paraquat and
carfentrazone-ethyl reduced the population of P. brachyurus in soybean (Riboldi et al., 2013).
The results obtained in other pathosystems involving weeds and nematodes are also variable
depending on the active ingredient and time of application, however, in general, herbicides do
not affect or reduce nematodes (Levene, 1995; Nelson et al., 2006; Werle et al., 2013).

In this study, a gradual decline in the population of Pratylenchus spp. in the roots of sourgrass
over time (sampling) was expected, especially in treatments with the application of herbicide
combinations consisting of ACCase inhibitors, for the efficient control of sourgrass, in
addition to the gradual drop in temperature averages during the crop cycle (fall and winter).
However, this trend was discontinued by the increase in the population density of the
nematode in the roots of sourgrass in May, regardless of the association of herbicides used.
Such an effect may be associated with changes in environmental conditions, especially in
rainfall accumulated in May, 102 mm higher than the previous evaluation (Figure 1). It is
known that the population density of nematode species has a positive correlation with rainfall,
as already observed for Pratylenchus penetrans in maize crops (Jordaan et al., 1989;
McDonald and Van Den Berg, 1993). Added to this, there is the natural senescence of plants,
reducing the number of viable roots.

The Friedman test, performed on the total of Pratylenchus spp. recovered in the joint samples
of roots (10 g) and soil (100 cm®) of sourgrass rhizosphere, did not indicate significant
differences between the management systems in the samples of March, April and May.
However, in June there was a significant difference between the systems with the herbicide
associations, with glyphosate + clethodim + 2.4-D/glyphosate + atrazine + tembotrione
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standing out for the lower abundance of the population of Pratylenchus spp. (Table 5). This
result shows that the efficient management of the weed can positively interfere in the
nematode control, as already reported when comparing the effect of ghyphosate with paraquat
and carfentrazone-ethyl (Riboldi et al., 2013).

Table 5. Average abundance of Pratylenchus spp. total, recovered from 10 g roots and 100
cm?® soil from the rhizosphere of sourgrass plants submitted to burndown and post-emergence
management of the off-season maize crop

Total number of Pratylenchus spp.

(root+soil)
Burndown Post-emergence
March
April May June
(previous)
Weeded control Weeded control - - - -
Control without hoeing  Control without hoeing 1391 664 1519 406 a
Glyphosate’ Glyphosate’*+atrazine’ 994 651 931  603ab
134 ina/T+ i
GLF+clethodim™® nGe';,Flo atrazine™tembotrio 1115 560 2385 42ab
124 -n- 134 ina/T+ i
GEEF fenoxapro-p-eth GI/_8|/:10 atrazine'’+tembotrio 1159 266 2068 29 ab
yl ne
GLF?+clethodim™+2.4- GLF3+atrazine/’+tembotrio
D6l e/8110 760 238 3458 12b
124 ) 134 ina/T+ i
G|7é: fenoxaprop™+2.4 GI/_8|/:10 atrazine'’+tembotrio 1433 394 1338 25 ab
-D ne

Calculated Friedman
test

1.34NS 483N 374NS 12,05

Critical difference (5%) 3.37 3.37 3.37 3.37

"2Roundup Original™ (360 g L); “Roundup Transorb R™ (480 g L1); “Select™ (240 g LY);
BPodium EW™ (110 g L); ®DMA 806 BR™ (670 g L%); /"Primoleo™ (400 g L%);
BSoberan™ (420 g LY); addition of 0.5% v/v of °Lanzar™ and "°Aureo™ adjuvants.
*=significant; NS=not significant.

In the April evaluation, although there were no significant differences by the Friedman test,

741 http://jas.macrothink.org



A ISSN 2166-0379
Institute™ 2020, Vol. 8, No. 2

an average increase in the population of Pratylenchus spp. in maize roots was observed for
herbicide management systems compared to weeding and no weeding controls, in the order of
55.4% and 4.8%, respectively (Table 6). This result highlights the importance of the sourgrass
as a host of Pratylenchus spp., even in plants submitted to the management systems with the
studied herbicide associations and corroborates previous research that showed the sourgrass
susceptibility to the lesion nematode (Bell€et al., 2015; Matias et al., 2018), which may be
similar to that observed for maize (Matias et al., 2018). The nematode population found in the
maize rhizosphere was very low and uniform, with no difference between treatments or
contributing significantly to the total population (data not shown).

\ MacrOthi“k Journal of Agricultural Studies

Table 6. Abundance averages of Pratylenchus spp., recovered in 10 g of maize roots
submitted to burndown and post-emergence management of the off-season maize crop

Pratylenchus spp. 10 g root of maize

Burndown Post-emergence
April May June

Weeded control Weeded control 645 1924 0
Control without hoeing Control without hoeing 1373 1727 0
Glyphosate' Glyphosate”+atrazine’ 1671 1800 0
GLF"?+clethodim™® GLF*+atrazine'’+tembotrione’®® 1354 2378 366
GLF+fenoxapro-p-ethyl®  GLF*+atrazine/’+tembotrione®'® 1855 1933 998
GLF?+clethodim™+2.4-D’®° GLF*+atrazine/’+tembotrione’®® 1270 1691 387
GLF?+fenoxaprop®+2.4-D’® GLF*+atrazine/’+tembotrione®® 1125 1952 1338
Calculated Friedman test 497N 5.22N° 9.91N®
Critical difference (5%) 4.03 4.03 4.03

2R oundup Original™ (360 g L'1); ®Roundup Transorb R™ (480 g L1); “Select™ (240 g LY);
Bpodium EW™ (110 g L7); ®DMA 806 BR™ (670 g L); /"Primoleo™ (400 g L™b);
BSoberan™ (420 g L1); addition of 0.5% v/v of °Lanzar™ and "®Aureo™ adjuvants.
*=gignificant; NS=not significant.

The reproduction factor averages of Pratylenchus spp. in the periods of May/April and
June/April were 6.50 and 0.24, respectively (Table 7). Therefore, under the conditions studied,
the nematode population multiplied more in the first evaluation interval, since the
environmental conditions and the host's root system were becoming inadequate throughout
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the experimental period, as previously discussed. Still in the May/April period, it was
observed that, with the exception of the application of glyphosate, all other management
systems had increases in the reproduction factors of Pratylenchus spp., varying from 0.8 to
5.2 times higher than the control without weeding (Table 7). This result differs from other
reports in the literature, in which herbicides do not affect or reduce lesion nematodes (Jordaan
and Waele, 1988; Castro-Carvajal et al., 2015) and points to the need for further research to
understand whether herbicides can, somehow, positively influence the nematode reproduction
in sourgrass, even if temporarily. In the period of June/April, the RF was very low for all
treatments, for reasons previously discussed.

\ MacrOthi“k Journal of Agricultural Studies

Table 7. Reproduction factor (RF) of Pratylenchus spp. in sourgrass and maize plants,
submitted to burndown and post-emergence management, in evaluations between the periods
of May/April and June/April

Sourgrass Maize Sourgrass Maize

Burndown Post-emergence E—
RF May/April RF June/April
Weeded control Weeded control - 2.98 - 0.00
Control without hoeing Control without hoeing 2.31 1.26 0.53 0.00
Glyphosate’ Glyphosate+atrazine’ 1.44 1.08  0.93 0.00
GLF?+clethodim™® GLF"*+atrazine/’+tembotrione®® 898 176  0.00 0.27

GLF+fenoxapro-p-ethyl®  GLF?+atrazine/’+tembotrione®®  7.71 1.04  0.00 0.54
GLF?+clethodim™+2.4-D’®° GLF?*+atrazine/’+tembotrione®®  14.32  1.33 0.00 0.31

GLF?+fenoxaprop+2.4-D"®* GLF*+atrazine/’+tembotrione®®  4.24 1.74  0.00 1.19

Medias 6.50 1.60 0.24 0.33

2R oundup Original™ (360 g L'); ®Roundup Transorb R™ (480 g L1); “Select™ (240 g LY);
Bpodium EW™ (110 g L?); ®DMA 806 BR™ (670 g L); /"Primoleo™ (400 g L™);
"Soberan™ (420 g L1); addition of 0.5% v/v of ®Lanzar™ and ®Aureo™ adjuvants.

The analysis of variance did not identify significant differences between treatments for
agronomic characteristics, 100 grain mass and number of rows per ear (Table 8). However,
the lowest observed averages of these variables occurred for the control without weeding and
the glyphosate/glyphosate + atrazine management system, which constitutes the presence of
the weed competition between sourgrass and the crop, since the control was inefficient in
those treatments. This result was also confirmed for the number of grains per row, with a
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significant reduction only for the same treatments, confirming the interference of weed
competition for this characteristic (Table 8).

Table 8. Height, number of grain rows per ear (NRE), number of grains per row (NGR), 100
grain mass (M100) and vyield of the off-season maize, submitted to burndown and
post-emergence management of the sourgrass in the maize crop

Height M100 Yield
Burndown Post-emergence NRE NGR
(m) (9) (kgha?)
Weeded control Weeded control 232a 18 37a 37 11553 a
Control without hoeing Control without hoeing 142c¢ 15 20b 34 3557 ¢
Glyphosate'? Glyphosate’*+atrazine/” 145¢ 16 23b 35 3629c
/3 inal7 i
GLF2+clethodim’® s;&;atrazme Hembolrio 5 5an 18 35a 36 10782a
12 -n- /3 inal7 ;
GlgF +fenoxapro-p-eth GI/_8|/310+atraZ|ne +tembotrio 229ab 18 342 36 9764
yl ne ab
124 im/4+2. 134 ine/T+ i
GI7(59 clethodim™+2.4 GI/_BIZO atrazine’’+tembotrio 231a 17 36a 38 11508 a
-D ne

GLF/2+fenoxaprop™+2. GLF*+atrazine/’+tembotrio

4_D/6 ne/g/lo 2.11 b 16 36 a 36 8380 b

Calculated F 107.9* 1.0NS 51.04 2.0NS  29.6*

Coefficient of

variation (%) 150 420 297 3.00 9.72

MSD (5%) 0.05 034 034 037 17.67

"2Roundup Original™ (360 g L); ®Roundup Transorb R™ (480 g L1); “Select™ (240 g LY);
Bpodium EW™ (110 g L7); ®DMA 806 BR™ (670 g L); /"Primoleo™ (400 g L™b);
BSoberan™ (420 g L1); addition of 0.5% v/v of ®Lanzar™ and ""°’Aureo™ adjuvants. -
Averages in the same column followed by the same letter do not differ by Tukey's test
(p<0.05). MSD = minimal significant difference. *=significant; NS=not significant.

For the plant height and grain yield characteristics, the greatest losses occurred for the control
without weeding and the glyphosate/glyphosate + atrazine management system, in which
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average reductions of 38.4% and 68.9% were characterized, respectively, in relation to the
weeding control (Table 8). The sourgrass management system with the association of
glyphosate + fenoxaprop-p-ethyl + 2.4-D, followed by glyphosate + atrazine + tembotrione in
post-emergence, also promoted a reduction in height and yield close to 9.0% and 27.5%,
respectively, in relation to the weeded control. This treatment, in spite of promoting efficient
control of the sourgrass, did not reach maximum efficiency until the end of the crop cycle,
thus resulting in direct losses related to weed interference in the development of the crop. In
this way, the management systems of sourgrass with the associations of the herbicides
glyphosate + clethodim; glyphosate + clethodim + 2.4-D and glyphosate +
fenoxaprop-p-ethyl, all followed by glyphosate + atrazine + tembotrione, did not differ
significantly from the weeded control for all agronomic characteristics evaluated (Table 8).

It is important to note that despite the glyphosate + clethodim associations; glyphosate +
clethodim + 2.4-D and glyphosate + fenoxaprop-p-ethyl, followed by the application of
glyphosate + atrazine + tembotrione have been the best management systems in the control of
glyphosate-resistant sourgrass, the results obtained do not allow to state with accuracy their
contribution to reducing possible damage caused by Pratylenchus spp. in the off-season
maize crop. The results showed that, for the management system situation in which the
sourgrass control was not highly efficient (100%), the crop lived with competition pressure
and a larger nematode population, which resulted in reduced development and yield of the
off-season maize. However, it was observed that the management system with glyphosate +
clethodim + 2.4-D, followed by glyphosate + atrazine + tembotrione induced a reduction in
the population of Pratylenchus spp. in sourgrass, but any management system has repeated
this effect in off-season maize plants. In this context, further research is still needed to better
clarify the results of the interaction between management practices and nematode dynamics
both in the host plant and in the off-season maize crop.

4. Conclusion

It is concluded that the management system with glyphosate + clethodim + 2.4-D followed by
glyphosate + atrazine + tembotrione reduced the Pratylenchus spp. population in sourgrass,
but any management system repeated this effect in maize. Management systems of D.
insularis with associations of glyphosate + clethodim; glyphosate + clethodim + 2.4-D and
glyphosate + fenoxaprop-p-ethyl, all followed by glyphosate + atrazine + tembotrione,
showed excellent control level of sourgrass without affecting plant height, grain and rank
numbers and grain yield. Lastly, management system with used herbicides associated
controlled sourgrass and may interferer on Pratylenchus spp. population.
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