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There are few reports in literature about the selectivity of postemergence application of her-
bicides for the control of eudicotyledon weeds (broadleaf) in chickpea. For this reason, the
aim of this study was to investigate the selectivity of diphenyl-ether herbicides in chickpea
influenced by the herbicides and application rates. A field experiment was conducted from
February to June 2017 in Urutai, state of Goids, Brazil. Cultivar BRS Aleppo was used in
the experiment. The experiment was set up in a randomized block design with 2 x 3 + 1
factorial arrangement and three replications. The first factor was herbicides (fomesafen and
lactofen) with the second factor being herbicide rate (50, 75, and 100% of referenced rate)
plus an untreated check as a comparison. The applied rates of herbicides were 250 and
180 g - ha™! of fomesafen and lactofen, respectively. The selectivity of herbicides was evalu-
ated according to agronomic characteristics (plant population, height, dry matter, number
of pods per plant and 100-grain weight) and yields. Both herbicides, regardless of dosage,
were selective in chickpea cultivation, even exhibiting leaf necrosis symptoms with visible
injuries below 20% with no effect on yield.
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Introduction

Chickpea (Cicer arietinum L.) is the third most impor-
tant grain legume in the world, grown on 12.65 mil-
lion hectares with a production of over 12 million tons
(FAO 2018). In chickpea production, weeds are a major
concern since they can be a limiting factor. Chickpea
yield losses may range from 25 to 97% if weeds are not
properly managed (Al-Thahabi et al. 1994; Moham-
madi et al. 2005; Paolini et al. 2006; Tepe et al. 2011).
In Brazil, the presence of weeds has adversely af-
fected chickpea production, reducing it by an average
of 70%, irrespective of the N rate, which makes the
crop economically unviable (Amaral et al. 2018). Com-
petition between weeds and crops is for water, light,
nutrients and space (Mohammadi et al. 2005; Paolini

et al. 2006). In the case of chickpeas, competition is
even stronger because of the slow growth rate in the
early stages of this plant and its open canopy architec-
ture and short stature which are characteristics that
impair the plants’ ability to compete and favor the es-
tablishment of weeds in the crop area (Solh and Pala
1990). Therefore, weed control is an important man-
agement strategy in order to prevent chickpea yield
losses.

Among weed control methods, chemical control is
the most common due to its many advantages, e.g. it is
quick, effective and cheap (Oliveira 2011a). However,
when selecting the proper herbicide, the selectivity
of the herbicide to chickpea is a major consideration.
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Selectivity can be described as the herbicide charac-
teristic that allows its application to eliminate weeds
without causing damage to the crop of commercial in-
terest (Oliveira and Inoue 2011). Knights (1991) men-
tions that significant chickpea harvest losses occur due
to the lack of registered postemergence herbicides, es-
pecially for the control of broadleaf weeds.

There is a lack of registered herbicides for weed
control in chickpeas in Brazil (Agrofit 2018; Rodrigues
and Almeida 2018). However, there are reports about
the potential use of diphenyl-ether herbicides applied
postemergence. Fomesafen and acifluorfen herbicides
have shown potential for postemergence control of
broadleaf weeds in chickpea crops (Malik et al. 2001;
Boydston et al. 2017; Nath et al. 2018). However, it
should be emphasized that these studies were not
conducted under Brazilian conditions, and different
chickpea genetic materials were used.

Diphenyl-ether herbicides’ mode of action is the
inhibition of the protoporphyrinogen oxidase enzyme
(Oliveira 2011b). In Brazil, two herbicides have been
registered and marketed for use in legume crops, includ-
ing fomesafen for beans (Phaseolus vulgaris L.) and soy-
beans (Glycine max L.) and lactofen also for soybeans
(Rodrigues and Almeida 2018). Therefore, to achieve
the desired success in chemical weed control, chickpea
selectivity is of vital importance, and since there are no
reports of research in Brazil with herbicides for use in
chickpea production, this study was undertaken.

The hypothesis of this study was that chickpea is
tolerant to postemergence applications of fomesafen
and lactofen. For this reason, the selectivity of poste-
mergence applications of fomesafen and lactofen were
assessed under rainfed conditions.

Materials and Methods

A field experiment was conducted in the experimen-
tal area of the Instituto Federal Goiano in the munici-
pality of Urutai, state of Goias, Brazil, with chickpea
cultivar ‘BRS Aleppo, from February to June 2017.
The experiment was implemented at an altitude of
800 m, latitude 17°28’41” Sand longitude 48° 11’ 35" W.
According to Képpen classification, the climate is Aw,
humid tropical with dry winters (Alvarez et al. 2014).
During the experiment, the temperature ranged from
13.84 to 30.85°C and precipitation was 0 to 141.3 mm.

The experimental area had a clayey texture, with
deep, homogeneous soil of the red latosol type. The
soil consisted of (in g - kg™) 370 clay, 140 silt and
490 sand; pH (CaCl) of 5.0; organic matter con-
tent of 14.8 g - dm™ and P content (Mehlich 1) of
12.4 mg - dm™; contents of Ca*?, Mg** and K* of 1.5,
0.3 and 58 mg - dm;respectively, and base saturation
0f 39.5%, at 0-20 cm depth.

The experimental design consisted of a random-
ized block design in 2 x 3 + 1 factorial arrangement
with three replications. The first factor consisted of two
herbicides (fomesafen and lactofen), while the second
factor was three different rates (50, 75 and 100% of the
reference rate). There was also an additional treatment
without application of products. The reference rates
consisted of 250 and 180 g a.i. - ha™ of fomesafen and
lactofen, respectively. The experimental units were
2 m in width (4 rows of chickpeas) and 3 m in length;
therefore, total area was 6 m? The two central rows,
disregarding 0.50 m of each end, were considered for
the experiment, comprising a total net area of 1 m?

The experimental area was conventionally tilled
and disked to a depth of 25 cm with a two-pass sur-
face disking to break up the clods and loosen the soil.
Then, planting grooves were opened with a mechani-
cally driven 6-stranded tine furrow opener. Sowing
was manual, with a spacing of 0.50 m between rows
and a density of ten seeds per meter. Base fertilization
was made with manual application of 200 kg - ha™ of
04-30-16 N-P-K formulation. Cover fertilization con-
sisted of 50 kg - ha™ of N in the form of urea.

All experimental plots were kept free from weeds
until chickpea harvest time. with manual elimination
of any possible “failures” of the chemical control, and
manual removal of all weeds in the untreated plot.

The herbicides were applied with a backpack spray-
er under a constant pressure of 2.4 kgf - cm™ (main-
tained by compressed CO,), equipped with four spray
nozzles (Magno ADIA 110015) on the boom, spaced
0.50 m and application rate of 150 | - ha™'. The herbi-
cides were applied at the phenological stage of 12 true
leaves. At the time of application, the weather condi-
tions were 72% of air relative humidity, 30.7°C of air
temperature and 3.3 km - h™! of wind speed.

Control of diseases and pests was carried out by
treating the seeds with an application of abamectin +
+ pyraclostrobin + thiophanate methyl (0.5 + 0.05 +
+0.45 g a.i. - kg™ of seeds); and three post-emergence
sequential applications of chlorfenapyr pesticides
(240 g a.i.- ha™), spinosad + teflubenzuron (28.8 +
+ 30 g a.i. - ha') and chlorfenapyr + teflubenzuron
(168 + 30 g a.i. - ha') + 0.5% v - v=' of mineral oil.

Possible visible injuries on the chickpea plants were
assessed 7 and 21 days after application (DAA) of the
herbicides, using a scale of 0 to 100%, where score zero
represented the absence of visible injury and 100 rep-
resented plant death (Velini et al. 1995). During full
blooming, the height of the aboveground portion of the
plants was determined, using a centimeter-graduated
tape, measuring from the soil surface to the insertion
of the last leaf in the main stem. For dry matter evalua-
tion two samples (one row of 1.0 m length) of the aerial
part of the plant were collected and oven dried at 70°C
to a constant mass and then weighed.
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Harvesting was done manually by removing all
plants of the net plot area in each experimental unit;
afterwards, ten plants were chosen at random to de-
termine the average number of pods per plant. The
100-grain weight was also determined by the average of
two samples per plot. Chickpea yield was determined
by weighing all grains obtained from the net area of
each experimental plot and then yields were calculated
in kg - ha™'. The 100-grain weight and grain yield were
corrected for water content of 130 g - kg™ of grains.

The results were subjected to the F-test of analy-
sis of variance. The normality of residuals was veri-
fied by the Shapiro-Wilk test and homogeneity by the
Bartlett test. The effects of the herbicides and dosages,
when significant, were compared by the Tukey’s test at
a = 0.05. To compare the control treatment (without
application of herbicides) with the treatments with
herbicides, the F-test was applied for contrasts. The
statistical analyses were carried out in the R software,
version 3.0.3 (R Core Team 2017).

Results

Although fomesafen and lactofen caused visible injury
there was no interaction with the dosage (Table 1). At
7 and 21 DAA, injury increased as the herbicide rates
increased, and lactofen caused more damage to the
plants than fomesafen. However, at 21 DAA, there was

no difference between the herbicides and injury did
not exceed 21%.

After the initial injury, chickpea recovered and
grain yields did not change with application of fome-
safen (up to the rate of 250 g a.i. - ha™) and lactofen (up
to the rate of 180 g - ha™). No agronomic characteristic
changed with the herbicide application rates. How-
ever, a small reduction of 1.12% was observed in the
100-grain weight with fomesafen compared to lactofen.
The chickpea agronomic characteristics did not differ
from the control treatment (no herbicide application),
except for dry matter, which exhibited a 28.8% reduc-
tion with the use of herbicides. Therefore, postemer-
gence applications of fomesafen (up to 250 g a.i. - ha™)
and lactofen (up to 180 g a.i. - ha™') caused a reduc-
tion of dry matter per plant but did not affect chickpea
yield.

Discussion

The results of this field experiment confirmed that
diphenyl-ether herbicides have little selectivity to
chickpea when in direct contact with the leaves but
do not cause plant death. In this study, the fomesafen
and lactofen herbicides, regardless of the rate of the
commercial products, caused whitish necrotic lesions
affecting the leaf area at the early stages of chickpea
growth. The symptoms observed in the field can be

Table 1. Percentage of injuries in chickpea crop at 7 and 21 days after treatment (DAA), plant population, height, dry matter and
number of pods per plant, 100-grain weight and yields of chickpeas treated with three different rates (50, 75 and 100% of reference
rate) of fomesafen (250 g a.i. - ha™') and lactofen (180 g a.i. - ha™') herbicides

Source Crop Injury Population Height Dry matter Pods Mass c.>f Yield
7DAR  21DAA [1,000 x plant-ha] [cm] [g-plant™] [no.- plant™] 100 grains kg -ha™]
[%] [%] lq]
Herbicides:
Fomesafen 15.11a 8.40 102.22 40.88 9.59 33.51 32.18b 1115.28
Lactofen 18.77b 9.02 115.56 38.12 9.60 28.51 3256 a 944.67
F-test 122.28%* 3.16ns 131ns 3.90ns 0.00 ns 1.23 ns 571% 1.46 ns
Rate
[% of prescribed rate]
50 13.11a 6.75a 106.66 39.57 9.31 27.58 32.19 931.82
75 16.77 b 8.85b 110.00 40.45 9.78 31.62 32.65 1059.14
100 2095¢ 10.55¢c¢ 110.00 38.48 9.68 33.83 32.27 1098.97
F-test 188.35**  40.60%* 0.04 ns 0.67 ns 0.07 ns 0.66 ns 3.22ns 0.51ns
Herbicide x rate 276ns  3.57ns 0.11 ns 217ns  2.66ns 0.46 ns 0.02 ns 0.14 ns
Control vs. Treatments 1503.39** 363.70** 2.07 ns 0.65ns 7.75% 0.71 ns 0.01 ns 0.47 ns
Control 0.00 0.00 86.67 40.98 13.47 36.03 32.37 1158.23
C.V. [%] 4.83 9.81 2341 7.45 21.98 30.12 1.02 28.53

Means followed by different letters in the same column are significantly different according to Tukey’s test at 5% probability; ns - p > 0.05, **p < 0.01,
*p < 0.05 for the F-test with 12 degrees of freedom for the residual term
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indicative of peroxidation of lipids, proteins, chloro-
phyll pigments and carotenoids, since there was in-
hibition of the protoporphyrinogen oxidase enzyme
(PPO) (Oliveira 2011Db).

In other studies, fomesafen (130 g a.i. - ha™') alone
or combined with fluazifop-p-butyl caused small in-
juries in chickpeas (Malik et al. 2001). When a rate
of 280 g - ha™' of fomesafen was applied, the injuries
(necrotic lesions) ranged from 8 to 25% in 2015 and
9 to 42% in 2016 at different cultivation sites (Boyd-
ston et al. 2017).

Acifluorfen, also a PPO-inhibiting herbicide, also
caused injury to chickpeas (Boydston et al. 2017; Nath
et al. 2018). Likewise, Dubey et al. (2018) reported vis-
ible injury caused by postemergence application of ox-
yfluorfen (200 g a.i. - ha™), corroborating Rathod et al.
(2017), who reported 20% injury in chickpeas caused
by the herbicide. Thus, the occurrence of visible lesions
in plants seems to be indicative of a common crop re-
sponse to diphenyl-ether herbicides, when sprayed
postemergence.

On the other hand, over time, chickpea plants re-
cover from injuries, suggesting a potential utilization
of diphenyl-ether herbicides (Malik et al. 2001; Boyd-
ston et al. 2017; Rathod et al. 2017; Nath et al. 2018).
Such good recovery can be attributed to the lack of
translocation of foliar-applied products when sprayed
postemergence (Matzenbacher et al. 2014), since the
new leaves, those which were not in contact with the
herbicide, were not affected.

In selectivity studies on fomesafen applied to chick-
peas at rates of 130 and 280 g a.i. - ha™ did not affect
yields of cultivars CM-72 and Sierra, respectively (Ma-
lik et al. 2001; Boydston et al. 2017). This is important
because the lesions found in the plants did not result
in yield losses and, therefore, fomesafen and lactofen
herbicides were useful to control eudicotyledon weeds
when applied postemergence to chickpeas grown un-
der rainfed conditions.

Other studies have also shown acifluorfen selectiv-
ity for chickpea crops, e.g., Boydston et al. (2017), in
which 420 g a.i. - ha™ of the referred to herbicide did
not affect adversely the yields of cultivar Sierra. Nath
et al. (2018) reported a vigorous growth of chickpea
cultivar JG130 after application of acifluorfen + clodi-
nafop-propargyl (500 g a.i. - ha™ + 60 g a.i. - ha™) and
found that this combination of herbicides provided ex-
cellent grain yield and can also be an option for weed
control in chickpeas.

Rathod et al. (2017) observed that postemergence
application of oxyfluorfen (250 g a.i. - ha™'), besides
causing lesions in the plants, was not effective in weed
control, being conducive to yield losses and, therefore,
did not show potential to be used in this kind of appli-
cation in chickpea plants. However, preemergence ap-
plication of this herbicide did not cause visible injuries
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in the plants and did not interfere adversely with chick-
pea yields (Ratnam et al. 2011). In fact, other authors
confirm that preemergence application of oxyfluorfen
is safe in terms of selectivity and effectiveness in weed
control in chickpea crops (Kachhadiya et al. 2009;
Rupareliya et al. 2017; Yadav et al. 2019).

In this study, selectivity based on agronomic char-
acteristics, especially yields, showed that fomesafen
(up to 250 g a.i. - ha™') and lactofen (up to 180 g a.i. - ha™)
herbicides were selective for cultivar BRS Aleppo.
Therefore, the herbicides tested can be used as future
options for weed control of broadleaf weeds in com-
mercial chickpea areas. However, further research is
needed to evaluate the selectivity in different chick-
pea genotypes and clarify the mechanisms responsible
for chickpea tolerance to diphenyl-ether herbicides in
postemergence applications.

Conclusions

Fomesafen and lactofen were selective for postemer-
gence application in chickpea, cultivar BRS Aleppo, at
application rates of 250 and 180 g a.i. - ha™, respec-
tively, causing less than 20% of visible injuries and no
yield losses.
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