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ABSTRACT: With the advent of glyphosate-resistant soybean,
postemergence applications of the herbicide have become routine.
In this way, problems related to the selectivity of glyphosate have
been shown to be increasingly intense, due to the use of increased
dosages and applications of the herbicide at unrecommended
moments. In order to evaluate the agronomic performance of
soybean plants subjected to the postemergence application
of glyphosate — both in isolation and together with Crop* — at
different stages and dosage levels, a randomized block design
experiment was carried out with two adjacent checks and four
repetitions. The treatments consisted of: glyphosate (1296 g-ha);
glyphosate + Crop* (1296 + 0.25 g or L-ha); glyphosate + Crop*
(1296 + 0.5 g or L-ha); glyphosate (2592 g-ha'); glyphosate +
Crop* (2592 + 0.25 g or L-ha™"); glyphosate + Crop* (2592 + 0.5 g
or L-ha); 2 x glyphosate (2 x 1296 g-ha'); 2 x glyphosate + Crop*
(2 x 1296 + 0.25 g or L-ha); 2 x glyphosate + Crop* (2 x 1296
+ 0.5 g or L-ha') and Crop* (0.5 g-ha'). The phytotoxicity, soil
plant analysis development (SPAD) index, height, stand, mass
of 100 grains, and yield of the soybean plants were evaluated.
The use of Crop* on soybean plants led to an increase in the
SPAD index; the use of Crop* in association with glyphosate
made possible the attenuation of visible symptoms of damage,
preventing reductions in crop yield.
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RESUMO: Com o advento da soja resistente ao glifosato, aplicacoes
em pés-emergéncia da cultura tornaram-se corriqueiras. Dessa forma,
problemas relacionados 2 seletividade desse herbicida mostraram-se
cada vez mais intensos, devido ao aumento da dose utilizada
e 4 aplicagdio em momentos nao recomendados. Para avaliar
o desempenho agrondémico da soja submetida & aplicagao de
glifosato isolado em pds-emergéncia e em associagio ao Crop*
em diferentes estddios e doses, um experimento foi realizado em
delineamento de blocos ao acaso, em esquema de testemunhas duplas
adjacentes, adotando-se quatro repeti¢oes. Os tratamentos foram
constituidos por: glifosato (1296 g-ha''); glifosato + Crop* (1296
+ 0,25 g ou L-ha); glifosato + Crop* (1296 + 0,5 g ou L-ha™');
glifosato (2592 g-ha™); glifosato + Crop* (2592 + 0,25 g ou L-ha);
glifosato + Crop* (2592 + 0,5 g ou L-ha™"); 2 x glifosato (2 x 1296 g-ha™");
2 x glifosato + Crop* (2 x 1296 + 0,25 g ou L-ha™); 2 x glifosato +
Crop* (2 x 1296 + 0,5 g ou L-ha") e Crop* (0,5 g-ha™"). Foram avaliados
fitointoxicacdo das plantas de soja, indice SPAD (s0il plant analysis
development), altura, estande, massa de cem grios e produtividade.
Nos resultados, a utilizagao de Crop* em plantas de soja proporcionou
o aumento no {ndice SPAD e, quando o Crop* foi associado ao
glifosato, possibilitou a atenuagio dos sintomas visuais de injarias,
prevenindo redugdes na produtividade da cultura.
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INTRODUCTION

The advent of soybean cultivars with glyphosate tolerance (RR
and later IPRO) brought a series of benefits for the producer,
notable among these is the decreased cost of dealing with weeds
(when comparing the price of glyphosate in relation to other
products used in conventional soybean cultivation), an increased
range of control (due to the effectiveness of glyphosate towards
mono- and dicotyledon species), and the nonoccurrence of
carryover to crops planted subsequent to the soy because of the
absence of residual herbicidal activity (CONSTANTIN et al.,
2016; GREEN, 2018). Despite the benefits brought about
by this technology, the linear increase in the adoption of
glyphosate-resistant soybean has brought visible bottlenecks
in the system of production that have used these materials.

The extensive adoption of glyphosate-resistant soybean, as
well as other crops that display the same characteristic (corn
and cotton), made it so that there was intensive pressure in the
selection of biotypes of glyphosate-resistant weeds, given that
species such as sourgrass and hairy fleabane constitute some of
the main bottlenecks in Brazilian production (OVEJERO etal.,
2017; HEAD, 2019). To convey the scope of the losses caused
by these weeds, it is estimated that the average annual cost of
resistance in Brazil, taking into consideration only the system
of soybean production, is close to R$ 5 billion ($1 billion USD)
per year. This amount could reach as high as R$ 9 billion when
including losses in crop yield due to the interference of the
weeds in question (ADEGAS et al., 2017).

The scope of the damage caused by the occurrence of
resistant weeds is enormous and causes serious concern, but
another situation in which reductions in soybean yield have
been observed — and at times neglected — is related to the real
selectivity that glyphosate demonstrates for cultivars that contain
traits conferring tolerance to the herbicide. In the literature
there are a series of studies that report the deleterious effect
that glyphosate has on parameters of growth and soybean
production (ZOBIOLE et al., 2011; CONSTANTIN et al.,
2016). The negative effects that can be seen after the application
of glyphosate are related to micronutrient deficiency, lower
photosynthetic efficiency, greater water absorption by the
plants in order to metabolize the herbicide, and lower soybean
nodulation (SERRA et al., 2011; ZOBIOLE et al., 2010a;
2010b; 2012; KRENCHINSKI et al., 2017).

In order to mitigate the negative effects caused by glyphosate
in resistant soybean cultivars, one of the possibilities that has
been amply researched relates to the use of products that
provide the plants with improved growth. In this context, the
products that have been most widely used are foliar fertilizers,
biostimulants, and amino acids (CONSTANTIN et al., 2016;
MATYSIAK et al., 2018; MACHADO et al., 2018). Each of
these products presents a specific mechanism that aims to
attenuate the effects resulting from the application of glyphosate.
For example, in the case of foliar fertilizers, the intent is to

exogenously supplement the lack of micronutrients, which
can come about by virtue of the glyphosate’s chelating action.

Biostimulants and amino acids provide greater vegetative
development to the treated plants, which results in growth
both aboveground and in the root system (SANTOS et al.,
2014). As previously mentioned, soybean plants that are
subjected to glyphosate application show changes in water use
efficiency, increasing the water intake necessary for the process of
metabolizing the herbicide to occur (ZOBIOLE etal., 2010a).
In this context, plants that are strong and have an abundant root
system possess a greater capacity to exploit the soil, which in turn
makes it possible for them to access a larger volume of water.

In this context, the objective of this study was to evaluate
the agronomic performance of soybean plants subjected to
postemergence application of glyphosate — both in isolation
and together with the foliar elicitor Crop?*, applied at different
stages and doses.

MATERIAL AND METHODS

The experiment was established in an experimental station
located in the municipality of Rio Verde, state of Goiis,
Brazil, from 11/22/2018 to 03/04/2019. This experiment was
specifically installed at latitude 17°46°52.03” S and longitude
50°58’13.46” W, at an altitude of 789 m.

According to the Képpen classification system, the climate
of the municipality of Rio Verde is of Type Aw or “tropical
with a dry season”. This climate is characterized by rains that
are more intense in the summer than in the winter. Figure 1
contains climate data related to the average air temperature
and precipitation during the period of experiment conduction.

Prior to the experiment installation, soil sampling was
performed ata depth of 0 to 20 cm, which revealed the following
physiochemical properties: pH in CaCl, of 4.87, 5.15 cmol_of
H* + Al3.dm? of soil, 4.28 cmolc~dm’3 of Ca*?,1.09 cmolc-dm’3
of Mg, 0.59 cmolc‘dm'3 of K*, 3.08 mg-dm? of P; 15.35 g-dm?
of C; 49.5% sand, 5% silt, and 45.5% clay (clayey texture).

Prior to seeding, the area was desiccated through two
applications of herbicides. The first occurred twenty days
prior to seeding (10/31/2018) with the application of a
mixture of glyphosate + 2.4-D amine (1620 + 483.6 g-ha™).
The second occurred on the day of seeding (11/20/2018),
with the application of the herbicide paraquat (400 g-ha)
with the addition of an adhesive spreader (Agral - 0.2% v-v™').

Seeding occurred on 11/20/2018 in a no-tillage system, with
a spacing of 0.45 m interrows. Eighteen seeds of the soybean
cultivar FLX IPRO, part of BRASMAX, were distributed per
linear meter. This cultivar possesses the habit of undetermined
growth, maturation group 6.6, a demonstrated early cycle,
and good yield stability (BRASMAX, 2019). Seeds were
treated with Rocks (350 mL for each 100 kg of seed), Maxim
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Figure 1. Average temperature and precipitation observed during the period in which the experiment was conducted with soybean
plants subjected to the postemergent application of glyphosate in different doses and stages and in conjunction with Crop*. Rio

Verde (Goids), 2018-2019.

Advanced (100 mL for each 100 kg of seed), Quimifol Soja
Co-Mo (100 mL for each 100 kg of seed), and the inoculant
Nitragin (seed). The fertilization of the crop occurred at the
time of seeding with 170 kg-ha! of MAP. The emergence of
the seedlings occurred on 11/25/2018.

The experiment utilized a randomized block design, with
double controls and four replications. In this arrangement,
each treatment possesses two adjacent checks, which were
utilized to compare the values obtained for each treatment.
The adoption of this experimental design allows for the
comparison of herbicide treatments with the controls placed
within the same plot. This, consequently, minimizes variability
of the area and experimental error, which is fundamental for
experiments that evaluate the selectivity of herbicides.

Table 1 shows the treatments that were evaluated as part
of the present study, together with their respective doses and
stages of application. The experimental units were composed
of five seeded rows, with a spacing of 0.45 m and length of
5.0 m (11.25 m?). The area from which evaluations were drawn
was limited to the three center rows of the experimental unit
and excluded 0.5 m on each end.

During the growth of soybean, all farming practices
— including pest and disease control — were carried out in
accordance with recommended practices, without allowing
said practices to influence crop growth (EMBRAPA, 2010).
All maintenance-related applications were done with a trailed
sprayet, with a volume of applied slurry equivalent to 200 L-ha™.
All experimental units were weeded over the course of the
soybean growth, with the intent of eliminating the effect of
interference from weeds on the crop, leaving the plants exposed
to only the effect of the herbicidal treatments.

Table 1. Treatments evaluated in the experiment with
soybean plants subjected to the post-emergent application
of glyphosate in conjunction with a foliar elicitor product. Rio
Verde (Goias), 2018-2019.

Treatments Dose LD
(gorL-ha') application
Glyphosate 1296 V5
Glyphosate + Crop* 1296 + 0.25 V5
Glyphosate + Crop* 1296 + 0.5 V5
Glyphosate 2592 V5
Glyphosate + Crop* 2592 + 0.25 V5
Glyphosate + Crop* 2592 + 0.5 V5
2 x glyphosate 2 x 1296 V3-vV4 /V5-V6
2x 1296 +
2 x glyphosate + Crop* * V3-V4 /V5-V6
0.25
2x 1296 +
2 x glyphosate + CroP* 0.5 V3-V4 /V5-V6
Crop* 0.5 V5

“/” = sequential application; “+” = tank mixture. Commercial formula
of glyphosate utilized = Roundup Transorb: 648 g-L'' of glyphosate,
equivalent to 480 g-L' of acid equivalent.

The first application (Application A) occurred on 12/19/18
(8:30 to 9:00 a.m.) for only those treatments designated
for sequential application. At the time of application, the
soybean plants were in stage V3-V4 and had heights varying
between 25 and 30 cm. In addition, the soil was dry, the air
temperature was 26.0 °C, the relative air humidity was at 65%,
the sky was clear of clouds, and wind speed was 0.5 km-h.
The second application (Application B) occurred on 12/24/18
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(8:30 t0 9:15 a.m.), and included treatments slated for a single
instance of application. The soybean plants were in stage V5
and had average heights between 30 and 35 cm. At the time of
application, the soil was moist, the air temperature was 25.0 °C,
the relative air humidity was at 70%, the sky was cloudy, and
wind speed was 0.8 km-h!.

The final application (Application C; 12/26/18 —9:00 to
9:20 a.m.) occurred only for treatments slated for sequential
application. The soybean plants were in stage V5-V6, with an
average height of 40 cm. At the time of application, the soil
was moist, the air temperature was 24.0 °C, the relative air
humidity was 75%, the sky was clear of clouds, and windspeed
was 1.1 km-h. All treatments were performed with a backpack
sprayer with constant CO,-based pressure. The sprayer was
equipped with a bar containing five nozzles of type XR-110.02,
with a pressure of 2.0 kgf-cm™. These application conditions
provided the equivalent of 200 L-ha™ of slurry.

The variables that were evaluated included: crop phytotoxicity
(on a visual scale from 0-100%, where 0% signified an absence
of symptoms and 100% signified total plant death) on the 7th,
14th, 21st, and 35th days after application (Application B).
The days upon which phytotoxicity was evaluated were equivalent
to 12, 19, 26, and 40 days after Application Aand 5, 12, 19, and
32 days after Application C. The soil plant analysis development
(SPAD) index was measured with the use of a SPAD-502 device,
which evaluated the second three-part compound leaf completely
expanded from the top to the base of the soybean plant, with
measurement occurring on the central leaflet of the compound
leaf. Five plants were sampled per experimental unit for this
evaluation, with measurements taken on the 7th, 14th, 21st,
and 35th days after application (Application B).

The height of the soybean plants was measured by the
distance from the soil level to the insertion of the last three-part
leaf compound to have completely expanded from the soybean
plant, with a sample of five plants per experimental unit.
The crop stand was evaluated by counting the number of plants
present in 2 linear meters of area within each experimental
unit. Both of the aforementioned measures were taken on the
14th and 35th day after application (Application B), as well
as immediately prior to crop harvest.

In addition, an evaluation of the mass of 100 grains occurred
at the time of harvest. This evaluation consisted of counting the
100 grains, which were subsequently weighed on a precision
scale and had moisture content corrected to 13%. In order to
determine crop yield, a manual harvest of all plants present in each
experimental unit occurred on 03/04/2019. All of the treatment
and control plants in question were subsequently packaged,
labeled, weighed, and had moisture content corrected to 13%.

Data analysis was performed with SISVAR software
(FERREIRA, 2011). For statistical analysis of the phytotoxicity
response variable, the data were subjected to variance analysis
by the F-test. Means were compared with the Scott—Knott
test, at 5% probability. Variance analysis was performed

upon the remaining variables; subsequently, the outcomes of
the herbicide treatments and their respective controls were
compared using the F-test at 5% probability.

RESULTS AND DISCUSSION

In soybean cultivars with glyphosate tolerance, the occurrence
of symptoms of damage is visible after the application of
glyphosate (ALONSO et al., 2011; CONSTANTIN et al.,
2016). Even with the transgenic insertion of the gene that
codifies the EPSPS enzyme (which allows the plant to manifest
an enzyme which is not sensitive to the aforementioned active
ingredient; (BECKIE; HALL, 2014), the plant is not capable
of totally detoxifying glyphosate in certain situations, or
there are observable secondary symptoms derived from the
herbicide’s phytotoxic action, such as the chelating action
of glyphosate, leading to symptoms of deficiency in the
micronutrients manganese, iron, and zinc (SERRA et al,,
2011; ZOBIOLE et al., 2012).

In this regard, evaluation of the phytotoxicity of soybean
plants subjected to glyphosate is essential with an aim of
evaluating the selectivity that glyphosate shows towards the crop.
In this specific study, this evaluation also becomes important
to measure the potential attenuation that Crop* shows when
applied in conjunction with glyphosate. Generally, the symptoms
observed after glyphosate application are characterized by a
light yellowing of the leaves. In addition, in some treatments,
plants displayed a reduced level of leaf cover, from a visual
standpoint. Regardless, it is important to emphasize that the
levels of phytotoxicity were low over the course of all evaluations,
never surpassing the level of 12% (Table 2).

At7 days after application, comparing only treatments that
received isolated applications of glyphosate (without Crop*), the
plants that demonstrated damage of a greater intensity were those
that received larger glyphosate doses, whether through a single
application (glyphosate — 2592 g-ha") or sequential applications
(2 x glyphosate — 1296 / 1296 g-ha!). Regarding the treatments
consisting of glyphosate and Crop*, greater phytotoxicity values
were found in treatments with sequential application of 2 x
glyphosate + Crop* (1296 + 0.5 g or L-ha™), single application
of glyphosate + Crop* (1296 + 0.25 g or L-ha'), glyphosate +
Crop* (2592 + 0.25 g or L-ha') and glyphosate + Crop* (1296
+ 0.5 g or L-ha'). It is worth noting that, at 14 days after
application, the behavior of the treatments with regard to the
response variable phytotoxicity remained similar to those seen
during the evaluation made at seven days after application.

In the third evaluation (21 days after application), the
greatest damage to soybean plants was reported on plots that
received sequential application of glyphosate (2 x glyphosate
— 1296 g-ha') (Table 2). It is worth noting that, on this
occasion, the treatments that received the same composition
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Table 2. Phytotoxicity of soybean plants subjected to the postemergent application of glyphosate in conjunction with a foliar elicitor

product. Rio Verde (Goias), 2018-2019.

Treatments Dose (g or L-ha'')
Glyphosate 1296
Glyphosate + Crop* 1296 + 0.25
Glyphosate + Crop* 1296 + 0.5
Glyphosate 2592
Glyphosate + Crop* 2592 + 0.25
Glyphosate + Crop* 2592 + 0.5

2 x glyphosate 2x 1296

2 x glyphosate + Crop* 2 x 1296 + 0.25
2 x glyphosate + Crop* 2x1296 + 0.5
Crop* 0.5

CV (%)

Phytotoxicity (%)

7 DAA 14 DAA 21 DAA 35 DAA
1.2b 25b 2.5d 0.0c
50a 3.7b 3.2d 25b
75a 87a 9.2b 5.0b
8.2a 10.7 a 6.2c 11.2a
8.7a 6.2a 65c 25b
25b 50b 50c 25b
8.7 a 10.7 a 120a 100 a
25b 3.7b 50c 3.7b
8.0a 7.5a 8.7b 50b
0.0b 0.0b 00e 0.0c

44.46 41.81 29.88 42.96

* Means followed by different letters are different according to the Scott—-Knott test at 5% probability.

of glyphosate in sequential form, but also had the addition
of Crop* (either in a 0.25 or 0.5 L-ha! dose), showed a lower
percentage of damage, demonstrating a possible attenuating
action of the product on the symptoms caused by the herbicide.

At 35 days after application, the greatest percentage levels
of phototoxicity were observed both in treatments with a single
application of glyphosate (2592 g-ha") and those with two
sequential applications (both of utilized a dose of 1296 g-ha™).
For the remaining treatments, the levels of phototoxicity of
the soybean plants were low and did not surpass 5% (Table 2).

One of the symptoms that was visible after the application
of glyphosate to transgenic cultivars of resistant soybean is
known as “yellow flashing”, which is characterized by intense
yellowing of the leaves on treated plants (ZOBIOLE etal., 2010c).
Quick evaluation of the coloration of the leaves following the
application of glyphosate can aid in identifying possible deleterious
effects that the glyphosate has caused in the soybean plants.

One possibility with this intent pertains to the use of the
SPAD-502 device, which is a portable measurement device that
is used to evaluate the color of green displayed by the plants.
This device quantitatively measures the intensity of the green hue
of the leaf, measuring transmissions of light at 650 nm, where
light absorption by chlorophyll molecules occurs, and at 940 nm,
where no such absorption occurs (GIL et al., 2002). Based on
these values, the measurement device provides the SPAD index,
which has a high correlation with the level of chlorophyll.

At both 7 and 14 days after application, differences in
the SPAD index were observed between the treatments and
the respective checks for the plants that received sequential
application of only glyphosate, in which both applications
utilized a dose of 1296 g-ha''. This difference was also observed
for treatments that utilized a dose of 2592 g-ha! of glyphosate,
regardless of whether or not Crop* was added to the application

(Table 3). No differences were observed for treatments that
consisted of the sequential application of glyphosate + Crop*,
demonstrating that the addition of Crop* to the application
prevented observed reductions in the SPAD index.

At 21 days after application, the only treatment demonstrat-
ing a difference from its respective checks was the treatment
consisting of the application of glyphosate + Crop* (2592 +
0.25 g or L-ha''; Table 3). On that occasion, all of the other
treatments manifested similar SPAD index compared to
their respective checks, demonstrating that the leaf-yellowing
symptom of glyphosate is more intense during the first two
weeks following application.

In the final evaluation of the SPAD index, carried out
35 days after application, the soybean plants treated with
glyphosate + Crop* in doses of 1296 + 0.25 or 2592 + 0.5 ¢
or L-ha' had values lower than those of their respective checks.
This behavior demonstrates that, despite the fact that yellowing
symptoms are more common in the first weeks following the
application of glyphosate, there is the possibility of seeing
such yellowing later on. This would indicate that the plant
needs, in certain situations, a greater period of time to perform
the detoxification from phytotoxicity symptoms promoted
by the herbicide. This assertion can be substantiated by studies
available in the literature, which demonstrate that the damages
caused to soybean plants by glyphosate are influenced by the
cultivar planted, the dose, the formulation of the herbicide
utilized, and edaphoclimatic factors before and after the
application (SANTOS et al., 2007; ZOBIOLE et al., 2011).

Another fact that is worthy of note from this evaluation is
seen in the soybean plants treated only with Crop* (0.5 L-ha’;
without any concurrent herbicide treatment), given that
such plants exhibited higher SPAD index values than those
observed in the check. It is possible that this result originates
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Table 3. The SPAD index of soybean plants subjected to the postemergent application of glyphosate in conjunction with a foliar
elicitor product. Rio Verde (Goias), 2018-2019.

Treatments Dose (g or L-ha™')
Glyphosate 1296
Glyphosate + Crop* 1296 + 0.25
Glyphosate + Crop* 1296 + 0.5
Glyphosate 2592
Glyphosate + Crop* 2592 + 0.25
Glyphosate + Crop* 2592 + 0.5

2 x glyphosate 2 x 1296

2 x glyphosate + Crop* 2 x 1296 +0.25
2 x glyphosate + Crop* 2x 1296 +0.5
Crop* 0.5

CV (%)

Treatments Dose (g or L-ha™')
Glyphosate 1296
Glyphosate + Crop* 1296 + 0.25
Glyphosate + Crop* 1296 + 0.5
Glyphosate 2592
Glyphosate + Crop* 2592 + 0.25
Glyphosate + Crop* 2592 + 0.5

2 x glyphosate 2x 1296

2 x glyphosate + Crop* 2 x 1296 +0.25
2 x glyphosate + Crop* 2x 1296 + 0.5
Crop* 0.5

CV (%)

SPAD Index
7 DAA 14 DAA

Herb. Check Herb. Check

389a 410a 40.2 a 41.6a
384a 40.1 a 399a 41.2a
37.7a 399a 40.3 a 409 a
37.0b 40.2 a 387b 41.6a
37.2b 40.2 a 385b 413 a
353b 394a 385b 413 a
36.1b 41.2 a 386b 409 a
39.1a 40.8 a 40.0 a 40.3 a
38.0a 40.5 a 384b 40.6 a
38.8a 40.4 a 40.7 a 408 a

4.39 2.47
21 DAA 35 DAA

Herb. Check Herb. Check

41.4 a 42.2 a 47.4 a 48.2 a
415a 42.2 a 44.1b 47.0a
429 a 42.4 a 48.8 a 47.4 a
40.3 a 420a 453 a 47.0a
40.0b 428 a 47.2 a 485 a
41.7 a 42.3 a 43.6 b 48.6 a
41.1 a 410a 48.1 a 483 a
41.0a 40.2 a 46.5 a 47.4 a
387b 410a 50.0 a 47.6 a
42.6 a 41.3 a 525a 48.1 b

3.56 4.40

DAA = days after application; Herb. = herbicide. * Means followed by different letters are different according to the F-test at 5% probability.

from the chemical composition of Crop*, which consists of
foliar elicitors as well as amino acids and nutrients (sulfur,
zing, iron, manganese, among others; (FMC, 2019).

A study performed with Crop* on soybean crops reported
an increase in photosynthesis of 16.0% compared to plants
that received no Crop* (CYTOZYME, 2019). This provides
evidence that the benefit of utilizing Crop* on soybean is not
seen merely in the increase of green color in the leaves of the
treated plants (SPAD index), but also can be observed as an
increase in photosynthesis, which in turn can, occasionally,
result in a greater crop yield potential.

In addition, because of the amino acids in its composition,
Crop* can reduce the damage caused by glyphosate. ZOBIOLE etal.
(2010c) demonstrated that providing amino acids in conjunction
with glyphosate, in applications that were performed exogenously,
reduced the deleterious effects brought on by the herbicide,
especially relating to the crop’s rate of photosynthesis.

Soybean is grown in a wide range of plant populations, with
the ideal density for each cultivar defined based on research carried
out before the commercial launch of the strain from the breeding
program. Despite these variations, because of ample phenotypic
plasticity, it is sometimes common to observe changes in plant
population, without the observation of a direct effect on the
crop yield (RAMBO et al., 2003). Nevertheless, in situations in
which there is a reduction in the prescribed population, effects on
the yield can be seen regardless of whether this decrease in crop
stand occurs because of shortcomings in the sowing operation or
inadequate management of the crop (CONSTANTIN etal., 2009).

Over the course of the three evaluations, a tendency towards crop
stand reduction was found in all of the treatments and checks, which
demonstrates the importance of evaluations at both the beginning
of soybean plant growth and at the time of harvest, because plant
death can occur during the crop cycle (Table 4). Regarding the effect

of the treatments on this response variable, the treatment in which
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a difference was observed when compared to its respective control
was only the group that consisted of the application of glyphosate
+ Crop*, with the dose 0f 2592 + 0.5 g or L-ha.

Plant height is a particularly interesting measurement due its
influence on certain parameters of cultivation, such as the potential
forlodging in the soybean plant when there is great increase in plant
height, or production losses in the mechanized operation of harvest,
due to the presence of beans at heights beneath that of the harvest
cutting platform. During the three height evaluations, only in the
first (14 days after application) has a difference seen between a given
treatment and its respective check (Table 5). On that occasion, the
soybean plants treated with glyphosate + Crop* (2592 + 0.25 g or
L-ha') were shorter than their respective checks.

For the mass of 100 grains, there were no differences observed
between the treatments and their respective checks, demonstrating
that there was no negative effect of the application of glyphosate
on grain mass (Table 5). In a study by ALBRECHT etal. (2012),

in which the effect of applying herbicides on the quality of
soybean seeds was evaluated, it was reported that soybean mass
was not influenced by the postemergence of single application
of glyphosate. Rather, differences in mass only occurred when
the herbicide was combined with chlorimuron.

Crop yield was affected when the sequential applica-
tion of glyphosate — which in both cases utilized a dose of
1296 g-ha'! — occurred, with an observed reduction of 10.58%
(6.81 bags-ha') compared to the respective checks. The lack of
significant correspondence between the mass of 100 grains and
the overall yield for the sequential application treatment could
be related to the fact that this treatment affected some other
component of crop yield (example: number of beans per plant).

In the treatment using a single application of glyphosate
(2592 g-ha"), the quantity of active ingredients of glyphosate that
soybean had to metabolize was the same as in the treatment
that consisted of the sequential application of glyphosate

Table 4. Stand and height of soybean plants subjected to the postemergent application of glyphosate in conjunction with a foliar

elicitor product. Rio Verde (Goias), 2018-2019.

Stand (plants 2-m")

Treatments Dose (g or L-ha™") 14 DAA 35 DAA Harvest

Herb. Check Herb. Check Herb. Check
Glyphosate 1296 35.0a 32.7a 34.0a 32.1a 32.2a 315a
Glyphosate + Crop* 1296 + 0.25 315a 33.7a 30.5a 32.8a 29.5a 31.8a
Glyphosate + Crop* 1296 + 0.5 34.7 a 31.7a 33.7a 30.8a 325a 29.8a
Glyphosate 2592 29.7 a 31.1a 29.2a 30.1a 282a 29.1 a
Glyphosate + Crop* 2592 + 0.25 31.7a 333a 31.0a 325a 29.7 a 31.6a
Glyphosate + Crop* 2592 + 0.5 355a 31.0b 345a 30.1b 335a 29.1b
2 x glyphosate 2% 1296 315a 32.1a 30.5a 31.2a 285a 30.1a
2 x glyphosate + Crop* 2x 1296 +0.25 322a 32.1a 315a 31.1a 29.2a 300a
2 x glyphosate + Crop* 2x 1296 +0.5 31.7a 34.1a 31.2a 33.2a 30.2a 32.1a
Crop* 0.5 325a 328a 31.5a 31.8a 30.5a 30.7 a
CV (%) 8.09 8.18 8.67
Treatments Dose (g or L-ha™") Plant height (cm)

Herb. Check Herb. Check Herb. Check
Glyphosate 1296 724 a 72.1a 84.9a 849a 80.8 a 81.7a
Glyphosate + Crop* 1296 + 0.25 70.6 a 72.7 a 86.6 a 86.3 a 84.2 a 82.1a
Glyphosate + Crop* 1296 + 0.5 73.5a 72.8a 87.0a 86.2 a 84.0a 81.6a
Glyphosate 2592 75.1a 73.2a 86.4 a 884a 83.7 a 843 a
Glyphosate + Crop* 2592 + 0.25 716b 748 a 85.7 a 86.6 a 82.6 a 84.8a
Glyphosate + Crop* 2592 + 0.5 71.7a 715a 86.0a 84.2a 82.1a 809 a
2 x glyphosate 2 x 1296 720a 733 a 84.6 a 83.6a 85.2 a 823 a
2 x glyphosate + Crop* 2x 1296 +0.25 742 a 740a 91.1a 89.0a 84.2 a 84.1a
2 x glyphosate + Crop* 2x 1296 +0.5 70.3 a 72.7 a 84.2 a 86.1 a 79.6 a 81.4a
Crop* 0.5 719a 71.2a 87.7 a 879a 84.6 a 81.2a
CV (%)

DAA = days after application; Herb. = herbicide. * Means followed by different letters are different according to the F-test at 5% probability.
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Table 5. Mass of 100 grains and yield of soybean plants after the postemergent application of glyphosate in different doses and
stages and in conjunction with Crop*. Rio Verde (Goias), 2018-2019.

Treatments Dose (g or L-ha™')
Glyphosate 1296
Glyphosate + Crop* 1296 + 0.25
Glyphosate + Crop* 1296 + 0.5
Glyphosate 2592
Glyphosate + Crop* 2592 + 0.25
Glyphosate + Crop* 2592 + 0.5

2 x glyphosate 2 x 1296

2 x glyphosate + Crop* 2 x 1296 + 0.25
2 x glyphosate + Crop* 2x 1296 +0.5
Crop* 0.5

CV (%)

Mass of 100 grains (g) Yield (kg-ha'')

Herb. Check Herb. Check
159a 16.2 a 3575.6 a 3733.4a
16.4a 16.6 a 3591.2a 3795.4a
16.1 a 16.0a 3631.0a 3739.0a
16.6 a 16.4a 3535.8a 3752.8a
16.2 a 16.0a 3604.1 a 3713.1a
16.6 a 16.4 a 3783.4a 3864.4a
163 a 16.5a 3454.0b 3862.7 a
16.2 a 164 a 3620.0 a 3785.0a
164 a 16.6 a 36309 a 3803.3 a
16.1 a 16.00 a 3746.5a 3546.2 a

3.43 7.81

Herb. = herbicide. * Means followed by different letters are different according to the F-test at 5% probability.

(1296/1296 g-ha'). However, differences in yield between the
treatment and check were only observed when the application
of glyphosate occurred on multiple occasions. This phenomenon
can possibly be explained by the fact that the plant had been
exposed to a greater period of time in which to metabolize
the herbicide, which could ultimately have interfered with
crop growth. Other studies have already reported that the
sequential application of glyphosate, whether isolated or in
conjunction with other herbicides, can cause reductions in crop
yield (ALONSO etal., 2010; CONSTANTIN et al., 2016).

Comparing the effect of the treatments wherein glyphosate was
applied sequendially; in the same doses in which a reduction of soybean
yield was seen but in which application occurred in conjunction
with Crop* (sequential glyphosate + Crop* in doses of 1296 + 0.25
or0.5 gor L'ha?), it is noteworthy that no reductions were observed
when compared with their respective checks. This demonstrates that
the addition of Crop* to the glyphosate application aided in the
reduction of the negative effects of the herbicide on the soybean.
As such, no reductions in crop yield were observed.

Not applicable.

For the other treatments evaluated, no reductions in crop
yield were observed. The volume of precipitation during the
period of the experiment could have contributed to the fact
that the negative effects of glyphosate on the crop were not as
pronounced, given that the maximum period of rain scarcity
during the experiment was 6 days (Fig. 1).

CONCLUSIONS

The use of Crop* in soybean plants led to an increase in the SPAD
index compared to the control without herbicide application.
When Crop* was applied in conjunction with glyphosate, it
made possible the decrease of visual symptoms of damage,
preventing reductions in soybean yield when plants were
subjected to sequential application of glyphosate. The beneficial
effects brought about by Crop* demonstrate the potential of
the product’s use in reducing the negative effects of glyphosate.
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