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ABSTRACT: Competition with weeds and lack of selective herbicides registered for bird’s-foot trefoil crops affect their development
and limit productivity. Therefore, this study aimed at evaluating selectivity of pre-emergent herbicides in bird’s-foot trefoil crops.
Experiments were carried out in a greenhouse and on a field where the following herbicides were evaluated and compared
with the control: imazethapyr, diclosulam, flumetsulam, metribuzin, s-metolachlor, sulfentrazone, clomazone and isoxaflutole.
Regarding variables under evaluation, phytotoxicity (PHYTO), plant stature, dry mass of the aerial part (DMAP) and dry mass
of roots (DMR) were evaluated in the greenhouse, while plant population, PHYTO and DMAP were assessed on the field. The
criterion to determine selectivity were: PHYTO below 15% and not reducing the plant population nor morphological variables,
by comparison with the control. The variables were negatively affected by the herbicides clomazone, metribuzin, isoxaflutole,
diclosulam, s-metolachlor, in which the crop population was reduced in 98, 92, 83, 63, 48 and 22%, respectively. Following the
criteria, only the herbicide sulfentrazone as a pre-emergente is selective to bird’s-foot trefoil crop (cultivar ‘Séo Gabriel’).
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Seletividade de herbicidas pré-emergentes para a cultura do cornichao

RESUMO: A competi¢do com plantas daninhas e a falta de herbicidas seletivos registrados para a cultura do cornichdo
comprometem o desenvolvimento e limitam a produtividade da cultura. Diante disso, objetivou-se avaliar a seletividade de
herbicidas pré-emergentes a cultura do cornichdo. Foram conduzidos experimentos em casa de vegetacao e campo, avaliando-
se os herbicidas imazethapyr, diclosulam, flumetsulam, metribuzin, s-metolachlor, sulfentrazone, clomazone e isoxaflutole, mais
uma testemunha sem aplicagao. As variaveis avaliadas foram fitotoxicidade (FITO), estatura de plantas, massa seca da parte
aérea (MSPA) e de raiz (MSSR), em casa de vegetacgéo; e, populagéo de plantas, FITO e MSPA no campo. Os critérios para
determinar a seletividade foram: FITO inferior a 15% e, a ndo redugdo da populagéo de plantas e das variaveis morfolégicas
comparativamente a testemunha. As variaveis foram afetadas negativamente pelos herbicidas clomazone, metribuzin,
isoxaflutole, diclosulam, s-metolachlor, que reduziram a populacdo de plantas 98, 92, 83, 63, 48 e 22%, respectivamente.
Com base nos critérios apenas o herbicida sulfentrazone aplicados em pré-emergéncia é seletivo para a cultura do cornichao,
cultivar Sdo Gabriel.

Palavras-chave: controle quimico; eficaz; Lotus corniculatus; manejo
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Introduction

Brazil is the world’s second largest producer and the largest
beef exporter, since it produces about 9.6 million tons per year
(FAO, 2020). The country’s cattle rearing is based on natural and
cultivated pasture (Ferraz & Felicio, 2010). Total pasture area
(both natural and cultivated) is about 159 million hectares, it
predominates in Brazil's Central-West region (35% - 7% natural
and 28% cultivated pasture), while its South region has the lowest
one (9% - 5% natural and 4% cultivated pasture) (IBGE, 2019).

The use of cultivated pasture has been increasing, not only
because it is an alternative to face periods in which there is
shortage of food (Flores et al., 2008), but also because it is
one of the most profitable and practical forms of producing
and feeding cattle (Ferraz & Felicio, 2010). In this context, the
genus Lotus has been of great agricultural interest to be used
as a forage species.

Considering all species that constitute the genus, L.
corniculatus L. (bird’s-foot trefoil) is broadly distributed in
pasture due to its outstanding capacity to adapt to different
edaphoclimatic conditions (Ayala & Carambula, 2009) and its
quality as forage, since it has up to 24% crude protein and
86% digestibility (Lopez et al., 1966). Besides, bird’s-foot
trefoil produces condensed tannins which are responsible
for increase in 18-25% of protein harnessing (Hedqvist et al.,
2000). It does not cause bloat in ruminants as the result of its
high contents of condensed tannins and because stable foam
is not formed (Fontoura, 2007).

One of the main factors that limit the development of
bird’s-foot trefoil is weeds, since they compete for essential
resources in this process, such as water, light, nutrients and
CO,, especially in the crop establishment phase (Ayala &
Carambula, 2009). In this period, crops are weak competitors
due to their slow growth and development (Formoso,
2011). In addition, competition for light may prevent crop
establishment from taking place (Ayala & Carambula, 2009).

Weed control in these crops is still carried out by mechanical
methods, since there are no registered herbicides. However,
the use of herbicides that control weeds in pasture is of great
interest to the forage sector, mainly in seed production areas
(Ferraz & Felicio, 2010). The chemical method enables weeds to
be effectively controlled in cultivation rows, application to large
areas, high operational productivity and low need for workforce
(OliveiraJr., 2011). Yet, weed control on forage seed production

Table 1. Pre-emergent herbicides under investigation.

fields is more complex, since, in general, both forage crops and
weeds have similar morphophysiological characteristics.

The closer the morphophysiological features of forage
species and weeds, the more intense their competition
for spatially scarce resources (Pitelli, 1985) and the harder
it is to remove weeds by using chemical methods. Thus,
since studies of selectivity of herbicides in forage plants are
extremely important, they have been carried out in Brazil to
study several crops that do not have enough phytosanitary
support, such as white clover (Trifolium repens L.) (Machado
et al.,, 2013), pinto peanut (Arachis pintoi Krap. & Greg.)
(Monteiro et al., 2012), alfalfa (Medicago sativa L.) (Ricci et
al., 2011; Hijano et al., 2013), cowpea (Vigna unguiculata (L.)
Walp.) (Silva et al., 2014), pearl millet (Pennisetum glaucum
(L.) R. Brown) (Dias et al., 2015) and grass (Paspalum notatum
Fligge and Axonopus compressus (Swartz) Beauv.) (Costa et
al., 2010). However, there are no reports of bird’s-foot trefoil
crops. Therefore, this study aimed at evaluating selectivity of
pre-emergent herbicides in bird’s-foot trefoil crops.

Materials and Methods

In order to evaluate selectivity of pre-emergent herbicides
in bird’s-foot trefoil crops, experiments were carried out in
a greenhouse and on a field in the Weed Science Research
Group that belongs to the Agricultural Sciences School at the
Universidade Federal de Pelotas, located in Capdo do Ledo,
RS, Brazil. In both experiments, the soil was classified as red-
yellow argisol, whose texture was sandy loam. It belongs to
the Pelotas mapping unit (Embrapa, 2013): pH in water = 5.4;
CTCW: 5.8 cmol dm?3; organic matter = 1.1%,; clay = 15%;
class =4 ; Ca = 2.5 cmol_dm?; Mg = 0.9 cmol_dm?; Al =0.1
cmol_dm?; P=9.4 mg dm=and K = 61 mg dm?.

The experiment in the greenhouse was a completely
randomized design with five replicates. Experimental units
comprised 8-liter plastic plant pots which were filled with
7.0 kg soil. Eighteen viable bird’s-foot trefoil seeds (cultivar
‘Sdo Gabriel’), which had previously been inoculated with
Mesorhizobium loti (SEMIA 806) in the ratio of 10 to 1, were
sown in every experimental unit. Based on the soil analysis,
fertility was improved when sowing was carried out by applying
250 kg ha™ fertilizer whose formula was 05-30-15 (CQFS, 2016).
Treatments were composed of eight pre-emergent herbicides,
besides the witness with no herbicide (Table 1). It should be

Adapted from Agrofit (2016). ! Acetolactate synthase; 2 Photosystem II; 3 Protoporphyrinogen oxidase; * Deoxyxylulose phosphate synthase; ° 4-hydroxyphenyl-pyruvate-dioxygenase.
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highlighted that herbicide doses under investigation were
based on maximum doses registered for RR® soybean crops
(Agrofit, 2016).

Treatments were applied on the day bird’s-foot trefoil
seeds were sown (sow/apply system) with the use of a CO,-
pressurized backpack sprayer with fan-like spray tips 110.01,
calibrated to apply 120 L ha? herbicide solution. When
herbicides were applied, mean air relative humidity (%),
temperature (°C) and wind velocity (m s?) were 77%, 14.6 °C
and 1.4 m s?, respectively. After application and throughout
the whole experiment, irrigation was conducted so as to
restore water demand and keep humidity close to the field
capacity daily.

Phytotoxicity (PHYTO), plant stature, dry mass of the aerial
part (DMAP) and dry mass of roots (DMR) were evaluated.
Regarding the variable PHYTO, evaluations were carried out
6, 12, 18 and 24 days after emergence (DAE) by a percentage
scale from 0 to 100, in which zero (0) corresponds to absence
of damage while one hundred (100) corresponds to plant
death (Frans & Crowley, 1986). The variable stature was
evaluated 24 DAE in ten plants per replicate by a millimeter
ruler, considering the length from the level of the soil to their
apexes, with stretched leaf blades.

Concerning variables DMAP and DMR, collection of the
aerial part on the level of the soil was carried out 24 DAE; the
root system was then washed to separate soil particles. After
all collected plant material had been dried in a forced air oven
at 60 °C for 72 h, it was weighed.

In order to reach higher reliability in the selectivity of
herbicides under study in the bird’s-foot trefoil crop, an
experiment with the same treatments was conducted on a
field. It was a randomized complete block design with four
replicates. Experimental units comprised plots that measured
12.5 m? (5 x 2.5 m). Treatments were also applied with the use
of the previously described device. Regarding environmental
conditions, air relative humidity was 63%, temperature was
24.4 °C and wind velocity was 1.0 m s,

Before sowing, the soil was conventionally prepared, and
it was plowed and then harrowed twice. Sowing was carried
out by a seed drill for forage, whose working width was 2.5 m
and density was calibrated to distribute 10kg ha* viable seeds,
by releasing and burying them. Base fertilization followed
guidelines issued by the manual of fertilization and liming in
RS and Santa Catarina (SC) states; yield expectation is 4.0 t ha
dry mass (CQFS, 2016).

Concerning variables under investigation, PHYTO and
DMAP were evaluated 24 DAE. The population was quantified
by counting bird’s-foot trefoil seedlings and by recording the
ones that had their first expanded trefoil. The previously
described methodology was also used for determining both
variables PHYTO and DMAP. Quantification was only carried
out atthe end of the evaluation period because the emergence
of bird’s-foot trefoil took place gradually as the result of a dry
spell.

Data found by both experiments were evaluated in
terms of normality (Shapiro-Wilk test) and homoscedasticity
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(Hartley’s test) and then submitted to the analysis of variance
(p < 0.05). When statistical significance was found, means
were compared by the Duncan’s test (p < 0.05). Determination
of selective pre-emergent herbicides in the crop led to those
whose PHYTO were below or equal to 15% and had not
significantly interfered in variables population, stature, DMAP
and DMR, by comparison with the witness.

Results and Discussion

Normality and homoscedasticity tests showed that data
transformation was not needed in any experiment. In the case
of the experiment carried out in a greenhouse, the analysis of
variance showed that the treatments with herbicides affected
all variables under study: plant population, PHYTO, stature,
DMAP and DMR.

Regarding PHYTO, imazethapyr was more selective than
the other herbicides six DAE, since it was the only one that
did not differ from the witness (Table 2). In this period,
clomazone was the most phytotoxic treatment in the crop,
whose phytotoxicity of 89% was attributed to the symptoms.

Evaluations that were conducted 12, 18 and 24 DAE showed
gradual increase in PHYTO when diclosulam, S-metolachlor,
clomazone, isoxaflutole and metribuzin (Table 2) were applied.
However, flumetsulam, sulfentrazone and imazethapyr led to
recovery of phytotoxicity 24 DAE; thus, they were the most
selective herbicides in the group under investigation.

Symptoms found for clomazone were characterized by
intense whitening, as the result of normal development, but
with no production of green photosynthetic tissues, which
leads to necrosis and seedling death (Oliveira Jr., 2011). In
the case of diclosulam, damage was characterized by the fact
that hypocotyls of seedlings got purple and stopped growing,
but the ones that were in the cotyledon stage were kept.
Concerning S-metolachlor, symptoms were characterized by
deformation in the first true leaves of seedlings, whereas
isoxaflutole led to intense chlorosis in cotyledons; it changed
to whitening, a similar process to the one that occurred
when clomazone was applied. The other herbicides were

Table 2. Phytotoxicity (PHYTO) of a bird’s-foot trefoil crop
submitted to application of pre-emergent herbicides 6, 12, 18
and 24 days after emergence (DAE). Experiment at greenhouse.

! Days after emergence. 2 Means with identical letters in a column did not differ by the
Duncan’s test at 5% probability.
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characterized by chlorosis in cotyledonary leaves, where
metribuzin caused the highest damage.

At the end of the evaluation period (24 DAE), herbicides
that met the criterion of selectivity were flumetsulam,
sulfentrazone and imazethapyr (Table 2). Both clomazone
and metribuzin were the most phytotoxic treatments,
since the damage they caused led to seedling death, with
no sign of recovery. Regarding diclosulam, S-metolachlor
and isoxaflutole, they caused damage that affected crop
development, although they did not completely eliminate
plant population 24 DAE.

Considering stature, DMAP and DMR, since sulfentrazone
reached better results than the other herbicides, it was the
most selective one (Table 3). It should also be highlighted
that this herbicide exhibited better results than the witness
in terms of DMAP, even though results of the other variables
were similar. The compensatory response of the crop to
chemical stress observed for sulfentrazone for DMAP can
be attributed due to the activation of enzymatic and non-
enzymatic defense mechanisms. Changes in the metabolic
routes of species originating from a herbicide spray, with
activation of secondary metabolism of the plant (Chuah et
al.,, 2015; Marchezan et al.,, 2017) induce the defense and
overcoming of stress that favor and stimulate their growth
(Metlen et al., 2009).

Imazethapyr did not differ from the witness in relation
to the accumulation of DMAP, but it reached lower values
of stature and DMR than the ones of the witness (Table 3).
Values exhibited by flumetsulam did not differ from the
ones of imazethapyr. Likewise, S-metolachlor did not differ
from isoxaflutole. Low values found for S-metolachlor and
isoxaflutole were consistent with the previously reported
values of phytotoxicity.

Seedling death resulting from clomazone and metribuzin
revealed that neither had any selectivity in the bird’s-foot
trefoil crop. Besides, low values of stature, DMAP and DMR
found as the result of diclosulam application showed that this
treatment was not a viable tool in the crop, since these results
reflected phytotoxic symptoms (Tables 2 and 3).

Table 3. Stature, dry mass of the aerial part (DMAP) and dry
mass of roots (DMR) of bird’s-foot trefoil plants submitted
to application of pre-emergent herbicides 24 days after
emergence (DAE). Experiment at greenhouse.

1 Means with identical letters in a column did not differ by the Duncan’s test at 5%
probability.
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Differences in stature, DMAP and DMR values as the
result of flumetsulam and sulfentrazone application were
not consistent with the similarity found in phytotoxicity. In
fact, low values of these morphological variables found after
flumetsulam application, by comparison with sulfentrazone,
are not always associated with visual symptoms of apparent
phytotoxicity, which is known as invisible or hidden
phytotoxicity (Lépez Ovejero et al., 2003).

An investigation into forage species Brachiaria brizantha
and B. decumbens corrobates results found by this study, since
it showed that imazethapyr application as a pre-emergent
treatment interfered neither in plant stature nor in dry
mass negatively, even though it resulted in low phytotoxicity
(Rodrigues-Costa etal., 2011). In alfalfa crops, plants submitted
to imazethapyr application showed neither phytotoxicity nor
decrease in the dry mass of roots and stature; however, there
was decrease in the dry mass of the aerial part (Oliveira et al.,
1997). Likewise, imazethapyr application as a pre-emergent
treatment did not interfere in the accumulation of dry mass
of red clover and Egyptian clover plants (Diaz et al., 1992;
Espinoza & Diaz, 1996).

Similar results to the ones found for flumetsulam were
observed in alfalfa crops, where plants treated with this
herbicide showed moderate phytotoxicity, besides decrease
in the dry mass of the aerial part and roots, but there was
no decrease in stature (Oliveira et al., 1997). However, in the
same crop, flumetsulam was found to be selective at doses
of 60 and 120 g i.a. ha; neither phytotoxicity nor decrease in
dry biomass per plant was observed (Silva et al., 2001; Silva
et al., 2002).

In the experiment that was carried out on a filed, effects of
herbicide treatments on plant population, PHYTO and DMAP
were found by the analysis of variance. The population of
bird’s-foot trefoil was negatively affected by the application of
clomazone, metribuzin, isoxaflutole, diclosulam, S-metolachlor
and flumetsulam, since it decreased in about 98, 92, 83, 63, 48
and 22%, respectively, by comparison with the witness (Table
4). However, application of imazethapyr and sulfentrazone did

Table 4. Plant population, phytotoxicity (PHYTO) and dry
mass of the aerial part (DMAP) of a bird’s-foot trefoil crop
submitted to application of pre-emergent herbicides 24 days
after emergence (DAE). Experiment at field.

! Days after emergence. 2 Means with identical letters in a column did not differ by the
Duncan’s test at 5% probability.
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not lead to any significant change in the population of bird’s-
foot trefoil, by comparison with the witness.

Results of PHYTO found on the field corroborate the ones
found in the greenhouse, where the lowest damage was
caused by sulfentrazone, flumetsulam and imazethapyr (Table
4). However, it should be emphasized that ALS inhibitors
(flumetsulam and imazethapyr) led to PHYTO close to 30%;
it was considered high in terms of selectivity (Velini et al.,
1995), but these symptoms could be overcome as the crop
developed. Since PHYTO was above 85% in the cases of
clomazone, metribuzin, isoxaflutole, S-metolachlor and
diclosulam, they were not considered selective in the crop.

Results of DMAP corroborate the ones of phytotoxicity,
and values of herbicide treatments were below the ones of
the witness (Table 4). Thus, considering the most selective
herbicides in the bird’s-foot trefoil crop, sulfentrazone,
flumetsulam and imazethapyr decreased DMAP in 23, 35 and
37%, respectively. Even when decrease in DMAP was above
20% for these herbicides, crop development was not affected,
since bird’s-foot trefoil has slow initial development.

In cowpea crops, sulfentrazone application as a pre-
emergent herbicide exhibited low phytotoxicity to plants
and was considered selective in the crops (Fontes et al.,
2013). In soybean crops, sulfentrazone application led to
low phytotoxicity and decrease in plant stature (Osipe et al.,
2014). However, in contrast to results found by this study,
sulfentrazone was found to exhibit no selectivity in forage
plants ‘Estilosantes Campo Grande’ (Verzignassi et al., 2005).

A study of alfalfa crop showed that S-metolachlor led to
high phytotoxicity and was not considered a good alternative as
a pre-emergent treatment (Hijano et al., 2013). In turnip rape
crops, results were different from the ones found in bird’s-foot
trefoil crops, since neither phytotoxicity nor decrease in stature
and dry mass was observed in plants (Mascarenhas et al., 2010).

Even though diclosulam was selective in soybean crop,
it led to negative effects on plant growth because of visual
phytotoxicity and decrease in plant stature (Osipe et al., 2014).
Clomazone and metribuzin, which were considered the most
toxic treatments in bird’s-foot trefoil crops, exhibited similar
results when they were applied as pre-emergent herbicides
to forage species Panicum maximum, B. decumbens and B.
brizantha (Alves et al., 2002). Studies of turnip rape crops
(Mascarenhas et al., 2010) and alfalfa (Oliveira et al., 1997)
showed that metribuzin applied as a pre-emergent herbicide
resulted in death of all plants.

Effects of pre-emergent herbicides may vary, depending
on the type of soil and weather conditions. It has been known
that soils with high content of clay and organic matter adsorb
herbicide molecules more and tend to mitigate effects of
phytotoxicity in crops (Monquero et al., 2008). In addition,
soil humidity significantly influences the behavior of these
herbicides in weed control (Pereira et al., 2018).

The selective herbicide sulfentrazone and herbicides
with intermediate selectivity (imazethapyr and flumetsulam)
exhibit broad spectrum weed control for both eudicotyledons
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and monocotyledons. Main weeds found in bird’s-foot
trefoil crops are: Urochloa plantaginea (Link) R.D. Webster
(marmeladegrass), Digitaria spp. (crabgrass), Ipomoea
grandifolia (Dammer) O’Donell (morning glory), Bidens pilosa
L. (blackjack), Raphanus sativus L. (radish) and Amaranthus
spp. (slender amaranth). These species are satisfactorily
controlled by the herbicides, even though radish is not
controlled by sulfentrazone. Moreover, control with the use
of inhibitors of ALS may be unsatisfactory in areas where
resistance has been recorded.

It should be highlighted that results of both experiments
refer to the bird’s-foot trefoil cultivar in the environment and
the type of soil that were previously described. As a result,
new studies of herbicide selectivity in different environments
and types of soils should be carried out, since such factors
may influence plant tolerance to herbicides. Besides, search
for new results is highly important to register herbicides to
be applied to bird’s-foot trefoil crops, an essential tool to
minimize problems caused by weeds.

Conclusions

Results found by both experiments led to the conclusion
that sulfentrazone is selective and may be used as a pre-
emergent herbicide in bird’s-foot trefoil crops (cultivar ‘Sdo
Gabriel’).

Even though flumetsulam and imazethapyr affected the
initial development of the crop, they exhibited satisfactory
results, while diclosulam, clomazone, metribuzin, isoxaflutole
and S-metolachlor were not selective in the crop.
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