Journal of Agricultural Science; Vol. 12, No. 2; 2020
ISSN 1916-9752  E-ISSN 1916-9760
Published by Canadian Center of Science and Education

Behavior of Five Sulfonylurea Herbicides and a Low-Dose Glyphosate
on Cynodon nlemfuensis Pasture

Alexandre M. Brighentil, Flavio R. G. Benites', Fausto Souza Sobrinho', Carlos E. Martins'
& Wadson S. D. Rocha'

! Embrapa Dairy Cattle, Juiz de Fora, Minas Gerais State, Brazil

Correspondence: Alexandre M. Brighenti, Embrapa Dairy Cattle, Rua Eugénio do Nascimento, n. 610, B. Dom
Bosco, Juiz de Fora, Minas Gerais State, Brazil. Tel: 55-032-3311-7556. E-mail:
alexandre.brighenti@embrapa.br

Received: November 12, 2018 Accepted: February 3, 2019 Online Published: January 15, 2020
doi:10.5539/jas.v12n2p160 URL: https://doi.org/10.5539/jas.v12n2p160

The research is financed by FAPEMIG and CNPq.

Abstract

African star grass (Cynodon nlemfuensis Vanderyst) is an excellent forage for animal feed, especially in tropical
and subtropical climates. However, there is little information on weed management in African star grass
pastures. Two experiments were carried out in 2017 and 2018 to evaluate the response of African star grass to
five herbicides of the sulfonylureas chemical group and glyphosate at a low dose. The treatments were as
follows: metsulfuron-methyl (Ally®) (7.8 and 15.6 g ai ha” plus 0.1% v/v mineral oil); chlorimuron-ethyl
(Staron®) (15.0 and 30.0 g ai ha™' plus 0.05% v/v mineral oil); halosulfuron (Sempra ®) (112.5 and 225.0 g ai
ha! plus 0.1% v/v surfactant); ethoxysulfuron (Gladium®) (150.0 and 300.0 g ai ha™); nicosulfuron (Sanson®)
(60.0 and 120.0 g ai ha™); glyphosate (Roundup Original®) (360 g ae ha); and a control without herbicide
application. The herbicides nicosulfuron (60.0 and 120.0 g ai ha™) and glyphosate were the most phytotoxic
treatments; however, none of the treatments caused the total death of African star grass plants. The herbicides
metsulfuron-methyl, chlorimuron-ethyl, halosulfuron and ethoxysulfuron were selective and are potential
products for use in African star grass pastures.
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1. Introduction

Species of the genus Cynodon exhibit high productive potential and nutritional value. Many genotypes are
widespread throughout the world, especially in tropical and subtropical cultivation conditions (Athayde et al.,
2005). Some genetically improved cultivars have been obtained in the United States (Seghese, 2009). Among the
most promising are Florona and Florico, with are associated with the production of high-quality forage and
resistance to pests, diseases and low temperatures (Mislevy et al., 1989a, 1989b).

One widely cultivated species is African star grass (Cynodon nlemfuensis Vanderyst), which is used as an
alternative for feeding herds and forming new pastures (Pedreira, 2010). The species is perennial, stoloniferous,
without rhizomes, forming a canopy of 0.30 to 0.70 m in height, wide-leafed and, often arched, and has, racemes
of 4 to 10 cm and pale green to purple coloration (Athayde et al., 2005). African star grass is propagated by
stolons, since its seeds have low fertility. This species presents good development in regions with rainfall indices
of over 800 mm/year (Sollenberger, 2008). African star grass plants tolerate short periods of flooding (3 to 5
days) with a water depth of 2 to 5 cm (Vendramini & Mislevy, 2016). In addition, this species is resistant to
drought; however, the plants do not develop satisfactorily in shaded areas (Andrade et al., 2009).

African star grass in rotational grazing conditions, with a 30-day interval, plus a supplement of 2 kg per cow per
day of concentrate, provide the nutritional energy for maintaining and producing 11.7 kg of milk per cow per day
(Favoreto et al., 2008). Plants can be stored satisfactorily as silage (Evangelista et al., 2000). The process of
ensiling is done soon after cutting or after the plants are subjected up to 3 h of wilting.

Although African star grass is considered a forage crop, some barriers to planting and crop conduction need to be
elucidate. The results of chemical weed control in African star grass and the response of this species to
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herbicides are scarce. In addition, there are no registered products for weed control in African star grass pastures
in Brazil (MAPA, 2018).

Thus, studies that elucidate the tolerance of African star grass to herbicides are essential to avoid toxic damage to
plants and prevent from weed interference.

The present study aims to evaluate the response of African star grass to five sulfonylureas herbicides and to
glyphosate at a low dose.

2. Method
2.1 Study Sites

Two experiments were conducted in the municipality of Coronel Pacheco, Minas Gerais State, Brazil
(21°32'51.96" S and 43°15'40.04” W), in 2017 and 2018.

2.2 Treatments and Experimental Design

Sulfonylureas herbicides were applied using the doses normally recommended for cultivation, described on the
herbicide labels (X), as well as double doses (2X) (MAPA, 2018). Glyphosate was applied at a low dose in order
to avoid severe injury to forage plants.The experiments were arranged in randomized complete block design with
four replications. The treatments were as follows: metsulfuron-methyl (Ally®) (7.8 and 15.6 g ai ha™ plus 0.1%
v/v mineral oil); chlorimuron-ethyl (Staron®)(15.0 and 30.0 g ai ha™ plus 0.05% v/v mineral oil); halosulfuron
(Sempra ®)(112.5 and 225.0 g ai ha™ plus 0.1% v/v surfactant); ethoxysulfuron (Gladium®) (150.0 and 300.0 g
ai ha™); nicosulfuron (Sanson®) (60.0 and 120.0 g ai ha™"); glyphosate (Roundup Original®) (360 g ea ha™) and
a control without herbicide application.

2.3 Experimental Implantations and Climate Conditions

The soil of the experimental area is classified as Fluvic Cambisol which has a chemical composition (0-20 cm
depth) as follows: pH (H,0) = 5.8, P = 79.4 mg dm™, K = 370 mg dm~, Ca®* = 3.92 cmolc dm>, Mg>" = 1.5
cmolc dm>, AP" = 0.0 cmolc dm™, H + Al = 5.2 cmolc dm™, CTC (T) = 11.7 cmolc dm™ and V = 55%. The
experimental areas were in established grassland, entirely covered with African star grass. The weeds present in
the area were eliminated manually, leaving only the forage plants. The experimental plots covered an area of 15
m’ (3 x 5 m). The aerial part of the plants was cut one month before herbicide application in order to standardize
the plant stand and avoid overgrowth of the forage.The treatments were applied on November 11, 2017
(experiment 1) and on April 9, 2018 (experiment 2) when the African star grass plant height was approximately
0.30 m. A backpack sprayer at constant CO, pressure (2 kgf cm™) was used to deliver a volume of 150 L ha™.
The spray boom was composed of four flat fan nozzles 110.02 (Magno ADGA), spaced 0.5 m apart. The climatic
conditions during the application of the treatments were as follows: experiment 1 (temperature 25 °C, relative
humidity 80% and wind speed 2.5 m s™) and experiment 2 (temperature 22 °C, relative humidity 75% and wind
speed 2.0 m s™).

The temperatures (maximum and minimum average) and rainfall during the experimental periods are shown in
Table 1.

Table 1. Average maximum and minimum monthly air temperatures (T) and rainfall during the experimental
periods. Coronel Pacheco, Minas Gerais State, Brazil

Sites Experiment 1 Experiment 2
Month/Year Nov/17 Dec/17 Apr/18 May/18
Maximum T (°C) 25.5 27.0 24.6 22.5
Minimum T (°C) 24.3 25.7 22.5 21.0
Rainfall (mm) 160.6 147.4 111.0 42.0

2.4 Sampling and Measurements

The percentage of herbicide phytotoxicity on African star grass plants was evaluated at 7, 14, 21 and 28 days
after application of the treatments (DAA). A 0-100% scale was used, where zero corresponded to no symptoms
of phytotoxicity on African star grass plants and 100% corresponded to total death of the plants (SBCPD 2005).
SPAD (Soil Plant Analysis Development) indices were determined at 14 DAA using a SPAD 502 portable
chlorophyllometer from Konica Minolta, Japan. Plant height was determined at 23 and 35 DAA using a
graduated ruler. Fresh matter from the aerial part of African star grass plants was collected within the net area of
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each plot at 35 DAA, simulating the recommended rest period for Cynodon species of 3-5 weeks, in which it is
possible to obtain highly digestible and crude protein forage (Fontaneli et al., 2012). The plants were cut on the
soil surface within a quadrat (0.5 x 0.5 m — 0.25 m?). The samples were packed in paper bags and placed in a
forced-air ventilation oven at 65 °C for 72 h. The dry matter weight was obtained by weighing the samples on a
scale and the data were converted to kg ha™.

2.5 Statistical Analysis

Percent phytotoxicity values were normalized by square root transformation of (x + 1) in order to perform
analysis of variance (ANOVA) tests. Data were submitted to ANOVA, and means were compared by the
Scott-Knott test (P < 0.05). Statistical analyses were performed using SAEG (Statistical and Genetic Analysis
System) software (Ribeiro Junior 2001).

3. Results and Discussion

The phytotoxicity percentages of the herbicides on African star grass plants for experiments 1 and 2 are shown in
Tables 2 and 3, respectively.

Table 2. Percentage of phytotoxicity at 7 (P7), 14 (P14), 21 (P21) and 28 (P28) days after application of
treatments. Coronel Pacheco, Minas Gerais State, Brazil, 2017. Experiment 1

Treatments Doses (g ha™) P7 P14 P21 P28
Metsulfuron 7.8 0.0D' 0.0D 0.0D 0.0D
15.6 0.0D 0.0D 0.0D 0.0D
' Chlonmumn ”””””””””””” 150 00D 00D 00D 00D
30.0 00D 00D 00D 00D
' Ha]osulfuron ”””””””””””” 1nzs 00D 00D 00D 00D
225.0 00D 0.0D 0.0D 00D
' Ethoxysulfuron _______________ 1500 00D 00D 00D 00D
300.0 0.0D 0.0D 0.0D 0.0D
Nlcosulﬁlmn ________________ 6.0 17.0Cc 122C 100C 87C
120.0 23.0B 15.7B 13.5B 12.5B
Glyphosate 3600 255A 202A 165A 150A
Control - 00D 00D 00D 00D
 Coefficient of Variation - 20 29 27 26

Note. ' Mean values followed by different letters are significantly (P < 0.05) different by Scott-Knott test.

Table 3. Percentage of phytotoxicity at 7 (P7), 14 (P14), 21 (P21) and 28 (P28) days after application of
treatments. Coronel Pacheco, Minas Gerais State, Brazil, 2018. Experiment 2

Treatments Doses (g ha™) P7 P14 P21 P28
Metsulfuron 7.8 2.5D' 00D 0.0D 00D
15.6 25D 00D 00D 0.0D
Chlonmuron """""""""""" 150 00E 00D ¢ 00D 00D
30.0 0.0E 0.0D 00D 0.0D
Halosulfumn """"""""""" s 00E 00D 00D 00D
225.0 00E 00D 00D 0.0D
’ Ethoxysul fumn ”””””””””” 1500 00E 00D 00D 00D
300.0 00E 00D 00D 0.0D
Nlcosu]fumn ””””””””””” 600 155C 20C 177¢  47C
120.0 21.0B 26.0B 21.0B 75B
“Glyphosate . 3600 252A 61.0A 695A  212A
Control - 00E 00D 00D 00D
“Coefficient of Variation - - 35 16 20 32

Note." Mean values followed by different letters are significantly (P < 0.05) different by Scott-Knott test.

Treatments with metsulfuron-methyl, chlorimuron-ethyl, halosulfuron and ethoxysulfuron at X and 2X caused
no phytotoxic symptoms at any evaluation, except for the two metsulfuron-methyl doses at the first evaluation
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(experiment 2) (Table 3). Although metsulfuron caused leaf chlorosis at the first evaluation, values were low
(2.5%) and disappeared at 14 DAA. Janak et al. (2015) verified that the application of metsulfuron methyl (0.02
kg ha™) on Tifton 85 Bermudagrass (Cynodon dactylon) exhibited little chlorosis and no necrosis, growth or
yield reduction at any time. The herbicides halosulfuron (112.5 g ai ha™), metsulfuron-methyl (2.4 g ai ha™),
chlorimuron-ethyl (15 g ai ha™") were previously applied on Bermuda grass plants (Tifton 419—C. dactylon x C.
transvaalensis) (Dias, 2018). None of the herbicides caused injury to the plants, and the herbicides were
considered selective to Tifton 419. Halosulfuron methyl 75% WG at 3.3 g/10 L was applied on Bermuda grass
(Cynodon spp.) (Desai et al., 2017). The herbicide provided efficient control of purple nutsedge (Cyperus
rotundus L.) and caused no phytotoxic symptoms on Bermuda grass plants. According to Christoffoletti and
Aranda (2001), halosulfuron (112.5 g ai ha™) caused slight symptoms when applied on Bermudagrass plants (C.
dactylon), with a total recovery of the plants at 50 DAA. Single application of halosulfuron (70 g ai ha™)
controlled yellow nutsedge (Cyperus esculentus) greater than 80% when nutsedge was in Bermuda grass
(Cynodon dactylon) fields (Blum et al., 2000).

Among the herbicides that belong to the chemical group of sulfonylureas, nicosulfuron was the most phytotoxic.
The percentages of phytotoxicity reached values ranging from 15.5% to 23% at the first evaluation for both
experiments. The characteristic symptoms were the chlorosis on younger leaves that persisted up to 21 DAA.
Symptoms were still visible in the last phytotoxic evaluation, even with plant recovery. Regarding corn tolerance
to nicosulfuron, phytotoxic symptoms caused by a dose of 40 g ai ha” were observed by Méro and Damiso Filho
(1999). The intensity of symptoms was genotype dependent, and symptoms were intense mainly 7 to 14 days
after application. The characteristics of injury were chlorosis and wrinkling of the blades of the expanding
central leaves. Nicosulfuron was previously applied at 40 g ai ha” on African star grass pasture to control
Brachiaria (Alves et al., 2012). Brachiaria control was effective; however, nicosulfuron was highly phytotoxic
to African star grass.

Glyphosate was the most phytotoxic treatment. The percentage of injury was 25.5% at 7 DAA (experiment 1)
(Table 2). The characteristic symptoms were yellowing of the leaf blades, and necrosis of the tips of the leaves.
The plants were observed to recover from the second evaluation until 28 DAA (15%). The symptoms were more
pronounced in experiment 2 and reached values of 69% at 21 DAA (Table 3). Plant recovery reached 21% at 28
DAA. Plant recovery in the glyphosate treatment was faster in experiment 1 than in experiment 2. This fact may
be related to the season during which the experiments were conducted. Temperatures and rainfall conditions
were higher during experiment 1 (Table 1), which probably favored the faster recovery of plants. Tifton 85
(Cynodon spp.) also tends to show greater tolerance to glyphosate in the summer (Santos et al., 2010) which is
probably due to favorable conditions for growth and development, such as temperature, which may be related to
the ease of metabolism, conjugation and/or exudation of the herbicide by the plants.

SPAD indices, plant heights and dry matter weights are shown in Tables 4 and 5 for experiments 1 and 2,
respectively.

Table 4. SPAD indices at 23 days after application of the treatments (DAA), plant heights (cm) at 23 DAA (H1)
and 35 DAA (H2), and dry matter weight (DMW) (kg ha™"). Coronel Pacheco, Minas Gerais State, Brazil, 2017.
Experiment 1

Treatments Doses (g ha™) SPAD H1 H2 DMW
Metsulfuron 7.8 32.5A" 709 B 81.2A 5,096.9 A
15.6 31.0A 71.1 B 82.0A 4,559.5 A
) Chlonmuron """""""""""" 150  295A T17A 820A  5166.1A
30.0 293 A 70.8 B 81.7A 5,246.7 A
Halosulfuron ””””””””””” 125 297A 71.0B  827A  53999A
225.0 31.0A 723 A 822A 4,7842 A
’ Ethoxysul fumn ”””””””””” 1500  307A 71.8A  827A  49451A
300.0 29.8 A 71.7A 82.7A 5,186.6 A
Nlcosu}fumn ””””””””””” 600 170B 292C  505B  4,0224B
120.0 14.7C 206D 43.0C 4,152.8 B
“Glyphosate 3600 120D 17.1E 382D  3,1857B
Control - 312A 707B  835A  59788A
Coefficient of Variation - - s 11 19 133

Note. ' Mean values followed by different letters are significantly (P < 0.05) different by Scott-Knott test.
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Table 5. SPAD indices at 14 days after application of the treatments (DAA), plant heights (cm) at 23 DAA (H1)
and 35 DAA (H2), and dry matter weight (DMW) (kg ha™"). Coronel Pacheco, Minas Gerais State, Brazil, 2018.
Experiment 2

Treatments Doses (g ha™) SPAD H1 H2 DMW
Metsulfuron 7.8 18.0 B! 555B 85.0A 9,682.7A
15.6 173 B 555B 855A 11,563.8 A
Chlonmuron ”””””””””””” 150 217A  557B  850A  11,7713A
30.0 21.1A 63.7A 84.0 A 11,652.5A
Halosulfumn ””””””””””” 1nzs 220A  650A  857A  12,1423A
225.0 21.5A 63.5A 852A 11,805.6 A
Ethoxysul furon """""""""" 1500 2L1A 642A  85TA 11,6656 A
300.0 21.8 A 64.0 A 852A 12,630.8 A
Nlcosulfur0n600 """""""""" 156C 305C  51.5B o 6,769.0B
120.0 145C 302C 50.2B 7,136.8 B
‘Glyphosate 3600 113D 307C  377C 51729B
Control 26A 63.0A  86.0A 13,541.9A
Coefficient of Variation - 61 24 ] 18 147

Note. ' Mean values followed by different letters are significantly (P < 0.05) different by Scott-Knott test.

SPAD indices did not differ statistically from those of the control, except for the herbicides nicosulfuron and
glyphosate (experiment 1) (Table 4). The results were similar in experiment 2. However, in addition to
nicosulfuron and glyphosate, metsulfuron-methyl also caused a reduction in SPAD indices (Table 5). This fact
confirms the initial visible symptoms caused by metsulfuron-methyl on African star grass plants (2.5%) (Table
3).

No treatments caused a reduction in African star grass plant height at 35 DAA and dry matter yield, except for
nicosulfuron and glyphosate (Tables 3 and 5).

Both nicosulfuron and glyphosate caused phytotoxic effects on African star grass plants by reducing plant size
and dry matter production. However, there was no total plant death. This observation was also verified in Tifton
85 which showed tolerance to glyphosate at 720 g ha™ (Santos et al., 2007, 2008). This same behavior was also
previously observed in African star grass pasture (Brighenti et al., 2012, 2013). Lower doses of glyphosate were
tolerated by African star grass that had been established over 8 years; thus, such application is a viable tool for
chemical weed control in African star grass pastures.

4. Conclusions

The herbicides nicosulfuron (60 and 120 g ha™") and glyphosate (360 g ha™) were the most phytotoxic treatments;
however, no total death was observed in the African star grass plants. The herbicides metsulfuron-methyl,
chlorimuron-ethyl, halosulfuron and ethoxysulfuron were selective and, are thus potential products for use in
African star grass pastures.
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