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To reduce the impacts caused by the constant use of the same active ingredient, a new genetically
modified soybean cultivar has been developed for resistance to the herbicides 2,4-D choline salt,
glyphosate, and glufosinate ammonium. Therefore, the objective of this study was to evaluate the
effects of herbicides applied at the V3 and V6 stages on the development and productivity of Enlist E3™
soybeans over two growing seasons. The treatments were: 2,4-D choline salt (780 g a.e./hal),
glyphosate (820 g a.e./ha), 2,4-D choline salt + glyphosate (1600 g a.e./ha?), glufosinate (400 g a.e./ha-
1), and glufosinate + 2,4-D choline salt (400 + 780 g a.e./ha?) and double the dose of each herbicide.
Considering the results obtained in the 2017/2018 season, the treatments negatively affected the crop
development only in terms of insertion height and number of pods, with the double doses negatively
influencing grain yield and plant height. In the 2018/2019 season, the treatments negatively affected
only plant height and productivity when double the recommended doses were used. Therefore, Enlist
E3™ soybeans were not affected in most of the evaluated characteristics by the application of

herbicides when the recommended doses for the crop were used.
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INTRODUCTION

Brazil is the world's largest soybean producer, accounting
for 32% of global production (USDA, 2023). It is also the
largest exporter, with approximately 362.947 million tons,
and China is the main consumer (USDA, 2023; CONAB,
2021). Soybean production in Brazil could be even larger
if not for the interference of external factors. These
factors include environmental conditions such as water
and heat stress, and anthropogenic factors such as the
selection of cultivars and the management practices

*Corresponding author. E-mail: heytor.lemos18@gmail.com.

adopted by producers to control pests, diseases, and
weeds. According to Song et al. (2017), the main reason
for possible low soybean productivity is related to
problems caused by inadequate weed management.
Among the alternatives for weed control, the most widely
adopted worldwide is chemical control because,
according to Alvino et al. (2011), it has greater
advantages since it is more economical and efficient than
the others, especially in large areas of cultivation with
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high weed infestation.

Crop improvement through the creation of genetically
modified plants has substantially increased soybean yield
over the last 30 years (Oerke, 2006; Rincker et al., 2014).
Specht et al. (2014) estimated that two-thirds of the gains
in soybean yield were due to genetic improvements, and
one-third resulted from agronomic improvements. With
the inclusion of new transgenic herbicide-resistant
cultivars, such as glyphosate-resistant RR (Roundup
Ready®) soybeans and LL (Liberty Link®) soybeans,
resistant to glufosinate ammonium, soybeans have
become more competitive with weeds, partly due to
increased seedling vigor, faster growth, and increased
sowing density. However, the increased occurrence of
glyphosate-resistant weed species, with consequent
escape from control, can increase yield losses (Soltani et
al., 2017).

Thus, MS Technologies and Dow AgroSciences LLC
have developed a new genetically modified soybean
cultivar to reduce the impacts caused by the constant use
of the same active ingredient, especially the occurrence
of resistant weeds (Fast et al., 2016). The new cultivar,
Enlist E3™, was developed using Agrobacterium-
mediated transformation to stably incorporate the AAD-12
gene from the bacterium Delftia acidovorans, the
2mEPSPS from Zea mays, and the PAT gene from the
bacterium  Streptomyces  viridochromogenes into
soybeans. The aim is to achieve resistance to the
herbicides 2,4-dichlorophenoxyacetate (2,4-D) choline
salt, glyphosate, and glufosinate ammonium, respectively
(Papineni et al., 2017; Fast et al., 2016).

Enlist® soybeans combine high-performance genetics
to improve weed and caterpillar management, allowing
the producer to better control the operation and maximize
the crop's productive potential (CORTEVA, 2021).
Although selective for crops, herbicides can cause stress
in plants, characterized by any negative effect on the
normal growth and development of plant species
(Agostinetto et al.,, 2016). Changes in metabolic
pathways caused by herbicide application can lead to
reduced plant growth and development, consequently
reducing seed mass and affecting their physiological
quality (Perboni et al., 2018). Thus, this study aimed to
verify the effects of the herbicides 2,4-D choline salt,
glyphosate, 2,4-D choline salt + glyphosate, glufosinate,
and glufosinate + 2,4-D choline salt applied at the V3 and
V6 stages on the development and productivity of Enlist
E3™ soybeans in two crop years. Therefore, our
hypotheses are that: 1) The plant will suffer greater action
from the herbicide in stage V6 and 2) The application of
twice the dose will affect the variables analyzed.

MATERIALS AND METHODS

The experiment was carried out in the 2017/2018 and 2018/2019
crop years in the municipality of Jaboticabal, SP (48°18'58"W;
21°15'22"S, and altitude of 570 m) with an average soil slope of 7%,
in a Cwa climate (subtropical), according to the K&eppen

classification. The soil in the experimental area is classified as a
typical Eutroferric Red Latosol, with a very clayey texture, moderate
A, kaolinitic, gently undulating relief (EMBRAPA, 2013). The soll
was prepared using the conventional system, with two harrowings
and leveling. Then, a composite sample was taken for routine
chemical and physical characterization, which was carried out by
Athenas Laboratory, Jaboticabal-SP. In both experiments, the
seeds were sown on October 23rd, 18 seeds per meter at a
spacing of 0.45 m and at a depth of 5 cm. For both, based on the
results of the soil analysis and the crop's nutritional needs, sowing
fertilization was applied with 300 kg ha?l of the N-P-K 00:20:20
formulation. The cultivar used was Enlist E3™. As already
mentioned, it is resistant to 2,4-D choline salt, glyphosate, and
glufosinate. The seeds were previously treated with 120 ml of
Biomax Premium Liquid inoculant per 100 kg of seed and 100 ml of
Maxim XL fungicide per 100 kg of seed.

The experiments were conducted in a randomized block design,
ina 5 x 2 + T factorial arrangement, with a total of 11 treatments.
The two factors studied comprised five herbicides (2,4-D choline
salt, glyphosate, glyphosate + 2,4-D choline salt, glufosinate, and
glufosinate + 2,4-D choline salt) in two doses (X and 2X, where X
corresponds to the recommended dose of each herbicide), in four
replicates (Table 1). Each experimental unit had a useful area of 8
m? (2 x 4 m).

The herbicides were applied at the V3 (growth stage) and V6
(growth stage) stages using a constant pressure sprayer (COy)
equipped with a boom with four AIXR 110.015 spray tips. The
equipment was set at 2.2 bar pressure to distribute the equivalent
of 150 L ha! of spray, moving at 1 m.s’, and with the boom at the
height of 0.5 m from the target. In the 2017/2018 harvest, the
application at the V3 stage was carried out in the late afternoon on
20 November 2017, with an average temperature of 29°C, an
average wind speed of 5 km/h, and 67.3% relative humidity. The
application at the V6 stage was carried out on 04 de December
2017, with an average temperature of 28°C, an average wind speed
of 6 km/h, and 82.4% relative humidity. In the 18/19 harvest, the
application at the V3 stage was carried out in the late afternoon on
20 November 2018, with an average temperature of 26°C, an
average wind speed of 2 km/h, and 74.3% relative humidity. The
application at the V6 stage was carried out on 04 de December
2018, with an average temperature of 28°C, an average wind speed
of 6 km hl, and 60.7% relative humidity. Rainfall and average
temperature data were recorded throughout the experimental
period.

The selectivity of the products regarding soybeans (phytotoxicity)
was assessed visually at 1, 3, 7, and 14 days after application of
the treatments (DAA), using the scale proposed by the EWRC
(1964). In this scale, a score of 1 represents 0 phytotoxicity, and a
score of 9 represents the death of the soybean plants. At harvest
time, 20 soybean plants were collected at random from the center
area of the plots to assess plant height, insertion height of the first
pod, number of pods per plant, and mass of 100 grains. The final
grain productivity was estimated after the plots had been harvested,
and the values extrapolated to kg ha’. The ideal harvest time was
13% grain moisture and the ripening time when 95% of the pods
were ripe and had the cultivar's typical color (stage R8 on the scale
of Fehr et al. (1971)). The data obtained underwent analysis of
variance using the F test. Tukey's test was used to compare the
means at the 1 or 5% probability level. The data were analyzed by
means of the AGROSTAT statistical software.

RESULTS AND DISCUSSION

When analyzing the phytotoxicity scores in the soybean
plants (Table 3), it is worth noting that in the 2017/2018
harvest, the doses used showed statistical differences, in
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Table 1. Herbicides and their respective doses used in post-emergence on Enlist E3™ soybeans.

Doses

Herbicide g a.e./ha L c.p./ha

Dose X Dose 2X Dose X Dose 2X
2,4-D choline salt 780 1560 1.71 3.42
Glyphosate 820 1640 1.71 3.42
Glyphosate + 2,4-D choline salt 1600 3200 4 8
Glufosinate 400 800 2 4
Glufosinate + 2,4-D choline salt 400 + 780 800 + 1560 2.00+1.71 4.00 + 3.42

which plants with twice the recommended dose showed
higher phytotoxicity scores in all the evaluations carried
out. However, the plants recovered over the course of the
evaluations, with lower scores at 14 days, except for the
treatment with 2,4-D choline salt + glyphosate, which had
the highest phytotoxicity score at 14 DAA. In the 18/19
harvest, plants with twice the recommended dose
showed higher phytotoxicity scores only in the first two
evaluations carried out at 1 and 3 DAA. From 7 DAA
onwards, the scores decreased. Finally, in the fourth
evaluation carried out at 14 DAA, the plants showed
scores close to one (no symptoms), except for the
treatments with glyphosate + 2,4-D choline salt and
glufosinate + 2,4-D choline salt, which still showed
significant symptoms. There was an interaction between
the factors for the phytotoxicity scores in the soybean
plants (Table 4).

For the herbicides used in the 2017/2018 harvest
(Table 4), the plants with 2,4-D choline salt and
glyphosate alone showed no symptoms of phytotoxicity in
all the evaluations carried out up to 14 DAA. However,
the other treatments provided moderate phytotoxicity
from 1 DAA when twice the recommended dose was
used. The scores increased throughout the evaluations,
with greater symptoms at 7 DAA and lower scores at 14
DAA, with a tendency to recover, except for the treatment
with glyphosate + 2,4-D choline salt (Table 4).

The results obtained in the breakdown for the
phytotoxicity scores in the 18/19 harvest were similar to
those of the 2017/2018 harvest in the evaluations carried
out at 1 and 3 DAA. In these evaluations, the treatments
with 2,4-D choline salt and glyphosate alone did not
cause phytotoxicity in the soybean plants in all the
evaluations carried out. However, for the other
treatments, the plants showed symptoms on the leaves
from the first evaluation at 1 DAA, with the highest scores
in the treatment of the combinations of 2,4-D choline salt
+ glyphosate and glufosinate + 2,4-D choline salt
followed by glufosinate alone. As time went by, the plants
showed recovery. From 7 DAA, the scores were close to
1, showing a tendency toward full recovery, with no
interaction between the factors. Correia and Durigan
(2007) and Amaijioyi et al. (2022) obtained similar results.
They tested eight glyphosate-based herbicides on CD

214 RR, M-SOY 8008 RR and Enlist E3 soybeans. They
reported that the herbicides did not cause any phytotoxic
effects that could be observed in the soybean plants of
the two cultivars studied.

Krausz and Young (2001) reported that glyphosate
caused more pronounced chlorosis on the leaves when
applied at the R1 stage of RR soybeans, which
intensified as the doses increased. Furthermore, the

trimethylsulfonium salt formulation of glyphosate
(commercial product Touchdown 5) caused leaf
discoloration. However, the symptoms remained

restricted to the leaves that received the product, as the
new leaves were uninjured. In conclusion, they reported
that the herbicides, regardless of their formulation, did not
affect grain productivity (Zaccaro-Gruener et al., 2022;
Shyam et al., 2021).

Typically, the direct damage caused by glyphosate on
leaves is characterized by a chlorosis known as yellow
flashing (Petter et al., 2016). This effect may be
associated with the complexation of glyphosate with
certain nutrients (Coutinho and Mazo, 2005), momentarily
reducing the availability of these nutrients for metabolic
reactions in the cells. Furthermore, the effects of

glyphosate can extend beyond chlorosis, affecting
physiological metabolism such as reducing the
photosynthetic  rate, transpiration, and stomatal

conductance (Zobiole et al., 2010). As in the evaluation of
the 2017/2018 harvest, the following year, 2018/2019,
showed the most severe symptoms of phytotoxicity in
treatments with a combination of glyphosate + 2,4-D
choline salt, glufosinate + 2,4-D choline salt, and
glufosinate alone.

In the last evaluation (14 DAA) in the 2017/2018
harvest, phytotoxicity levels were reduced in most of the
treatments evaluated, except for the treatments with the
herbicides glyphosate + 2,4-D choline salt and
glufosinate + 2,4-D choline salt, which maintained a high
percentage of phytotoxicity. However, the plants
recovered from the symptoms by the end of the cycle. In
the 18/19 harvest, the plants treated with the
combinations of glyphosate + 2,4-D choline salt,
glufosinate + 2,4-D choline salt, and glufosinate alone
continued to show severe symptoms of poisoning.
However, in the evaluation carried out at 7 DAA, the
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Table 2. Average values for plant height (P.H.), insertion height of the first pod (I.H.), number of pods per plant
(N.P.), mass of 100 grains (M.G.), and productivity (PROD.) of Enlist E3™ soybeans subjected to the application
of herbicides in two doses in the 2017/2018 and 2018/2019 harvests.

P.H. I.H. N.P. M.G. PROD.

Variable (cm) (cm) (Un) (9) (kg/hat)
2017/2018
Herbicides
2,4-D choline salt 76.602 11.132 35.31° 19.162 4764.52
Glyphosate 77.062 11.4320 37.832 19.682 4576.12
Glyphosate + 2,4-D choline salt 75.712 11.5520 37.01° 19.292 4664.22
Glufosinate 79.722 10.60° 42752 18.462 4651.42
Glufosinate + 2,4-D choline salt 78.682 12.182 39.3720 18.732 4800.12
Doses
D1 78.982 11.152 38.662 19.312 4794.62
D2(2x) 76.13° 11.60 38.252 18.812 4588.0°
Test 78.7 11.16 36.7 19.05 4894.3
Test x Fat 0.35NS 0.15Ns 0.88Ns 0.00NS 1.56NS
F(herb) 1.56NS 2.36NS 4.97** 1.36NS 0.68 NS
F(doses) 6.02* 1.77NS 0.14Ns 1.84NS 4.43*
F(h x d) 0.77Ns 0.99Ns 1.31N8 0.62Ns 0.60NS
CV(%) 4.73 9.4 9.31 6.1 6.58
2018/2019

Herbicides
2,4-D choline salt 86.152 11.452 67.022 20.472 3898.52
Glyphosate 83.192 11.652 64.372 19.992 3880.62
Glyphosate + 2,4-D choline salt 84.632 11.652 68.752 18.582 3815.82
Glufosinate 84.182 11.252 65.132 19.532 4016.12
Glufosinate + 2,4-D choline salt 83.422 10.122 70.88?2 19.092 3877.52
Doses
D1 86.162 10.682 68.882 19.40% 4065.32
D2(2x) 82.47° 11.772 65.582 19.402 3730.1°
Test 89.17 12.27 72.05 19.59 4277.7
Test x Fat 3.69NS 1.10Ns 0.91Ns 0.01Ns 7.19*
F(herb) 0.48Ns 0.89NS 0.61NS 2.18 NS 0.59 NS
F(doses) 5.87* 3.25Ns 0.17Ns 0.34Ns 15.40**
F(h x d) 0.99Ns 0.48Ns 0.27Ns 0.74Ns 1.53Ns
CV(%) 5.68 16.89 14.23 7.26 6.86

Means followed by the same letter in the column do not differ by the Tukey test at 5% probability. * and **significant

at 5 and 1% probability by the F test; NS: not significant.

scores were close to 1, showing recovery from symptom.
Throughout the evaluations, the soybean plants showed
an excellent ability to recover from the symptoms caused
by the herbicides, which did not interfere with the
development and productivity characteristics (Tables 2, 3,
and 4).

Silva et al. (2021) found that Enlist E3 soybean plants
showed a maximum of 3% phytotoxicity after applying
2,4-D choline, glyphosate, and glufosinate at the V4
stage. There were no differences compared to the control.

Schryver et al. (2017) also assessed damage to the
Enlist E3 soybean crop of almost 2% following the
application of 2,4-D choline/glyphosate (838.5/881.5 ¢
a.e. ha?l), alone or in combination with pre-emergence
herbicides. Robinson et al. (2015) assessed 3% crop
damage in DAS68416 soybeans (transformed aad-12)
after applying 2,4-D dimethylamine in different chemical
management programs.

Regarding the variables analyzed in the soybean plants
in the first crop year (2017/2018), there was no significant
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Table 3. Average phytotoxicity scores of Enlist E3™ soybeans subjected to herbicide application at the V3 stage in the

2017/2018 and 2018/2019 harvests.

Variable 1 DAA 3 DAA 7 DAA 14 DAA
2017/2018
Herbicides
2,4-D choline salt 1.00° 1.00° 1.00b 1.00¢
Glyphosate 1.00° 1.00° 1.00° 1.00°¢
Glyphosate + 2,4-D choline salt 1.372b 2.502 2.622 2.752
Glufosinate 1.25% 2.122 2.372 1.87°
Glufosinate + 2,4-D choline salt 1.502 2.502 2.622 2.12°
Doses
D1 1.05b 1.55b 1.55b 1.45b
D22x) 1.402 2.102 2.302 2.052
Test 1 1 1 1
Test x Fat 2.563NS 18.56** 22.82* 16.67**
F(Herb) 5.50** 35.44** 42 .44 37.18*
F(Doses) 16.84** 22.69** 41.25** 29.33**
F(H x D) 6.53** 6.75** 8.71* 6.42**
CV (%) 22.38 20.86 20.05 20.83
2018/2019
Herbicides
2,4-D choline salt 1.00° 1.00° 1.00° 1.00°
Glyphosate 1.00° 1.00° 1.00° 1.00°
Glyphosate + 2,4-D choline salt 3.252 3.252 2.752 1.502
Glufosinate 1.50° 1.25° 1.37b 1.00°
Glufosinate + 2,4-D choline salt 3.252 3.002 2.502 1.622
Doses
D1 1.75° 1.65° 1.652 1.352
D2(2x) 2.252 2.152 1.802 1.10°
Test 1 1 1 1
Test x Fat 16.55** 14.84** 13.28** 1.79NS
F(Herb) 48.93** 51.14** 39.25** 7.52**
F(Doses) 11.38* 12.70** 1.5N8 6.07*
F(H x D) 7.97** 5.04** 0.69NS 2.43Ns
CV (%) 24.55 24.5 22.86 26.64

Means followed by the same lowercase letter in the columns do not differ by the Tukey test at 5%. * and ** significant at 5 and

1%; NS: not significant; DAA: days after application.

effect of the interaction between the herbicides and
doses or between these and the control. Except for
productivity in the second crop year, when the factorial
differed from the control. The herbicide treatments were
applied sequentially at the V3 and V6 stages of the
soybean crop. However, at the V6 stage, the
phytophytotoxicity scores were lower, not causing much
damage to the plants and allowing them to recover in a
shorter period compared to the V3 stage, which is why
we did not include the data from the phytophytotoxicity
assessments carried out at the V6 stage.

For the insertion height of the first pod, humber of pods,
and mass of 100 grains, in the two crop years, there was
no significant effect on the insertion height of the first
pod, the number of pods per plant, and mass of 100
grains, nor was there a significant effect of all the
herbicide combinations tested and double the doses.
Significant differences were observed for plant height and
productivity, with double the dose having a negative
effect when these data were compared with the
treatments with recommended doses (Table 2). When
analyzing the effects of the herbicides on the plants, this
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Table 4. Breakdown of the interaction between the effects of herbicides and doses for the
phytotoxicity score in Enlist E3™ soybeans at stage V3, 1, 3, 7, and 14 DAA in the 2017/2018

and 2018/2019 harvests.

2017/2018
. 1 DAA 3 DAA
Herbicide
Doses Doses
D1 D2(2x) F D1 D22x) F
2,4-D choline salt 1.00%2 1.00C2 - 1.0082  1,00C2 -
Glyphosate 1.00%a 1.00¢2 - 1.0082 1.00C2 -
Glyphosate + 2,4-D choline salt 1.00% 1.754ba 1547+ 1.75Ab  3.25Ra 33 75%
Glufosinate 1.250a ] 25BCa - 2.00%a 22582 (0 g4Ns
Glufosinate + 2,4-D choline salt 1.00A 2.00%a 27.50** 2.00A 3.00%2 15.00*
F 0.69NS  11.34** 7.88** 34.81**
7 DAA 14 DAA
D1 D22x) F D1 D2(2x) F
2,4-D choline salt 1.008%2  1.008B2 - 1.0082  1,00C2 -
Glyphosate 1.0082 1.0082 - 1.0082 1.00¢2 -
Glyphosate + 2,4-D choline salt 1.7528° 3.50A2  44.92** 2.00%° 3.50% 36.67**
Glufosinate 2.00/0 2.75Ra g 25%* 1.50/Bb 2 25Ba g 7%
Glufosinate + 2,4-D choline salt 2.00Ab  3.25Aa 22 g2** 1.75Ab 25082 Q. 17**
F 7.70%*  43.45* 6.52** 37.07**
2018/2019
l DAA 3 DAA
Doses Doses
D1 D22x) F D1 D2(2x) F
2,4-D choline salt 1.0082 1,008 - 1.0082  1.00Ba -
Glyphosate 1.0082  1.0082 - 1.0082  1.00Ba -
Glyphosate + 2,4-D choline salt 2.50"° 4.00%2 20.48** 2.507  4.00% 22.67*
Glufosinate 1.75/ha 12582 2 28 NS 1.2582 1. 25Ba -
Glufosinate + 2,4-D choline salt 2.50A 4.00%2 20.48** 2.50Ab 35072 10.08**
F 10.24** 46.66** 12.34* 43.83**

study found that the insertion height of the first pod was
significantly reduced with the treatment of the herbicide
glufosinate in the 2017/2018 harvest. For the other
treatments, the insertion height gradually increased,
followed by 2,4-D choline salt, glyphosate, and the
combinations of glyphosate + 2,4-D choline salt and
glufosinate + 2,4-D choline salt, respectively, which can
thus directly influence the height of the cutting base of the
mechanized harvester. For the 2018/2019 harvest, there
were no statistical differences between the herbicide
treatments regarding pod insertion height.

For these variables, we must consider the effect related
to cultivars, which completely influence the agronomic
characteristics of soybeans, as observed by Soares et al.
(2015) and Felisberto et al. (2015). They attribute these
variations to differences in genetic potential, growth habit,
and other intrinsic characteristics of each cultivar. The
application of 2,4-D choline salt and some of its
combinations with other herbicides significantly affected

the number of pods per plant in the 2017/2018 harvest.
The treatment with 2,4-D choline salt had the lowest
number of pods per plant compared to the other
treatments and the control. For the 2018/2019 harvest,
the number of pods per plant showed no statistical
differences between the treatments. Using twice the dose
had a negative effect on the plant height variable in both
the 2017/2018 and 2018/2019 harvests.

The results were similar for the two crop years
(2017/2018 and 2018/2019), in which all the variables
analyzed showed similar results, with significant
differences only for plant height and yield, which was
considerably reduced compared to the previous
production year. It is worth noting that glyphosate
application is recommended for RR soybeans up to the
R1 stage (Rodrigues and Almeida, 2018). Meanwhile, for
Enlist E3 soybeans, glyphosate application can be
carried out up to the R2 stage (Full bloom and one open
flower) (Chahal et al., 2015). For the mass of 100 grains
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Figure 1. Rainfall and average temperature during the 2017/2018 (A)

and 2018/2019 (B) soybean harvests.

in both the 2017/2018 and 2018/2019 harvests, there
were no significant differences between the factors,
regardless of the different herbicide treatments and their
combinations (Table 2).

In an experiment by Miller and Norsworthy (2016),
there were no yield reductions in Enlist E3 soybeans after
applying 2,4-D choline, glyphosate, and glufosinate in
different management programs. Frene et al. (2018)
found a yield reduction of up to 23% in Enlist E3
soybeans with the application of glyphosate (1440 — 2280
g a.e. hal) + 2,4-D choline (1440 — 2280 g a.e. ha) in
V3, while there were no yield reductions for symptoms
that did not exceed 5%.

Kalsing et al. (2018) identified the tolerance of DAS-
44406-6 and DAS44406-6 x DAS-81419-2 soybeans to
the application of 2,4-D choline/glyphosate (1950/2050 g
a.e. ha?) at the V3, V6, and R2 stages. Up to 13%
phytotoxicity was observed at 7 DAA for the V6 stage,
with no reduction in yield. When analyzing the yield of
Enlist soybeans in ton/ha, this study found no significant
difference between the treatments used when compared
to the control, nor was there any interaction between the
herbicide and dose factors, except when twice the
recommended dose of the herbicides was used, which
caused a decrease in yield. Thus, the crop is resistant to
the application of the herbicides used when the
recommended dose is used. It was possible to observe a
drop in the productivity of the soybean crop in the second
year of the experiment, which we can directly relate to the
drought that occurred in the experiment region from
October to February.

Water deficit is likely to occur throughout crop growth,
and it has a major impact on productivity (Sinclair et al.,
2007). From December to February, the crop was
predominantly in the flowering and grain-filling stages
(Figure 1), which are recognized as the periods most
sensitive to water deficit and also when the crop normally
consumes the most water (Berlato and Fontana, 1999;
Matzenauer et al., 1998). Water deficit affects yield
components differently depending on the period in which
it occurs; when it occurs during the beginning of
flowering, the number of pods per plant decreases. If
stress occurs after flowering, grain filling and size may be
lower, significantly reducing grain yield and its
components (Oya et al., 2004).

According to the rainfall index data (Figure 1), the
rainfall in 18/19 was lower, and there were also more
consecutive days without rain during the flowering/grain-
filling period compared to the previous harvest. A water
deficit during the subperiod from the beginning of grain
filling to the green grain stage can drastically reduce
soybean yields, as almost half of the nutrients needed for
grain formation come from the soil and biological nitrogen
fixation (Hirakuri, 2010; Neumaier and Bonatto, 2000).

Conclusion

Enlist E3™ soybeans were not affected by the application
of the herbicides 2,4-D choline salt, glyphosate,
glyphosate + 2,4-D choline salt, glufosinate, and
glufosinate + 2,4-D choline salt in most of their
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characteristics  (especially productivity) when the
recommended doses for the crop were used. Therefore,
Enlist E3™ soybeans are tolerant to the herbicides used,
even when applied the recommended dose. However,
doubling the dose affects the productivity variable.

CONFLICT OF INTERESTS

The authors have not declared any conflict of interests.

REFERENCES

Agostinetto D, Perboni LT, Langaro AC, Gomes J, Fraga DS, Franco JJ
(2016). Changes in photosynthesis and oxidative stress in wheat
plants submmited to herbicides application. Planta Daninha 34:1-9.
https://doi.org/10.1590/S0100-83582016340100001

Alvino CA, Gricio LH, Sampaio FA, Girotto M, Felipe ALS, Junior CEl,
Lima FCC (2011). Interferéncia e controle de plantas daninhas nas
culturas agricolas. Revista Cientifica Eletrobnica de Agronomia
10(1):1-4.

Berlato MA, Fontana DC (1999). Variabilidade interanual da
precipitacdo pluvial e rendimento da soja no Estado do Rio Grande
do Sul. Revista Brasileira de Agrometeorologia 7(1):119-125.

Chahal PS, Aulakh JS, Rosenbaum K, Jhala AJ (2015). Growth stage
affects dose response of selected glyphosate-resistant weeds to
premix of 2, 4-D choline and glyphosate. Journal of Agricultural
Science 7(11):1. https://doi.org/10.5539/jas.v7n11pl

Companhia Nacional de Abastecimento (CONAB) (2021). Gréos.
Acompanhamento da Safra Brasileira de Grdos. 2023. Disponivel
em: http://www.conab.gov.br/. Acesso em: 23 jan. 2023.

Correia NM, Durigan JC (2007). Seletividade de diferentes herbicidas a
base de glyphosate a soja RR.Planta Daninha 25:375-379.
https://doi.org/10.1590/S0100-83582007000200018

CORTEVA (2021). Sistema Enlist. Disponivel em:
https://www.corteva.com.br/produtos-eservicos/tecnologias/sistema-
enlist.ntml. Acesso em: 20 mar. 2023.

Coutinho CFB, Mazo LH (2005). Complexos metélicos com o herbicida
glyphosate: Reviséo. Quimica Nova 28(6):1038-1045.
https://doi.org/10.1590/s0100-40422005000600019

European Weed Research Council (EWRC) (1964). Council. Report of
the 3rd and 4th meetings of EWRC-Comittee of Methods in Weed
Research. Weed Research 4(1):88-88.

Fast BJ, Galan MP, Schafer AC (2016). Event DAS-4446-6 soybean
grown in Brazil is compositionally equivalent to non-transgenic
soybean. GM Crops and Food 7(2):79-83.
https://doi.org/10.1080/21645698.2016.1184815

Fehr WR, Caviness CE, Burmood DT, Pennington JS (1971). Stage of
development descriptions for soybeans, Glycine max (L.)
Merrill. Crop science 11(6):929-931.
https://doi.org/10.2135/cropsci1971.0011183X001100060051x

Felisberto G, Bruzi AT, Zuffo AM, Zambiazzi EV, Soares 10, Rezende
PM, Botelho FBS (2015). Agronomic performance of RR soybean
cultivars using to different pre-sowing desiccation periods and distinct
post-emergence herbicides. African Journal Agriculture Research
10(34):3445-3452. https://doi.org/10.5897/ajar2015.9853

Frene RL, Simpson DM, Buchanan MB, Vega ET, Ravotti ME, Valverde
PP (2018). Enlist E3™ soybean sensitivity and Enlist™ herbicide-
based program control of Sumatran fleabane (Conyza sumatrensis).
Weed Technology 32(4):416-423.
https://doi.org/10.1017/wet.2018.29

Hirakuri MH (2010). Efeito da estiagem na viabilidade econémica da
producdo de soja no Oeste do Parana: um estudo de caso da safra
2008/2009. Pesquisa Agropecudria Tropical 40(2):230-237.

Kalsing A, Lucio FR, Rossi CVS, Rampazzo PE, Gongalves FP,
Valeriano R (2018). Tolerance of DAS-44446-6 and DAS-444¢6-6 X
DAS-81419-2 soybeans to 2, 4-D and glyphosate in the cerrado
region of Brazil. Planta Daninha P 36. https://doi.org/10.1590/S0100-

83582018360100073

Krausz RF, Young, BG (2001). Response of glyphosate-resistant
soybean (Glycine max) to trimethylsulfonium and isopropylamine
salts of glyphosate. Weed Technology 15(4):745-749.
https://doi.org/10.1614/0890-
037X(2001)015[0745:ROGRSG]2.0.C0O;2

Matzenauer R, Barni NA, Machado FA, Rosa FS (1998). Analise
agroclimatica das disponibilidades hidricas para a cultura da soja na
regido do Planalto Médio do Rio Grande do Sul. Revista Brasileira de
Agrometeorologia 6(2):263-275.

Miller MR, Norsworthy JK (2016). Evaluation of herbicide programs for
use in a 2, 4-D-resistant soybean technology for control of
glyphosate-resistant Palmer amaranth (Amaranthus palmeri). Weed
Technology 30(2):366-376. https://doi.org/10.1614/WT-D-15-00129.1

Neumaier N, Bonato ER (2000). Estresses em soja. Passo Fundo:
Embrapa Trigo 1:19-44.

Oerke EC (2006). Crop losses to pests. Journal of Agricultural Science
144(1):31-43. https://doi.org/10.1017/S0021859605005708

Oya T, Nepomuceno AL, Neumaier N, Farias JRB, Tobita S, Ito O
(2004). Drought Tolerance Characteristics of Brazilian Soybean
Cultivars—Evaluation and characterization of drought tolerance of
various Brazilian soybean cultivars in the field. Plant Production
Science 7(2):129-137. https://doi.org/10.1626/pps.7.129

Papineni S, Murray JA, Ricardo E, Dunville CM, Sura RK, Thomas J
(2017). Evaluation of the safety of a genetically modified DAS-
44406-6 soybean meal and hulls in a 90-day dietary toxicity study in
rats. Food and chemical toxicology 109:245-252.
https://doi.org/0.1016/j.fct.2017.08.048

Perboni LT, Agostinetto D, Vargas L, Cechin J, Zandon& RR, Farias HS
(2018). Yield, germination and herbicide residue in seeds of
preharvest desiccated wheat. Journal of Seed Science 40:304-312.
https://doi.org/10.1590/2317-1545v40n3191284

Petter FA, Zuffo AM, Alcantara Neto F, Pacheco LP, Almeida FA,
Andrade FR, Zuffo Junior JM (2016) - Effect of glyphosate and water
stress on plant morphology and nutrient accumulation in soybean.
Australian Journal of Crop Science 10(2):251-257.

Rincker K, Nelson R, Specht J, Sleper D, Cary T, Cianzio SR, Casteel
S, Conley S, Diers B (2014). Genetic improvement of US soybean in
maturity groups. Crop science 54(4):1419-1432.
https://doi.org/10.2135/cropsci2013.10.0665

Robinson AP, Simpson DM, Johnson WG (2015). Response of
aryloxyalkanoate dioxygenase-12 transformed soybean vyield
components to postemergence. Weed Science 63(1):242-247.
https://doi.org/10.1614/WS-D-14-00036.1

Rodrigues BN, Almeida FS (2018). Guia de herbicidas.

Schryver MG, Soltani N, Hooker DC, Robinson DE, Tranel PJ, Sikkema
PH (2017). Control of glyphosate-resistant common waterhemp
(Amaranthus rudis) in three new herbicide-resistant soybean varieties
in Ontario. Weed Technology 31(6):828-837.
https://doi.org/10.1017/wet.2017.81

Shyam C, Chahal PS, Jhala AJ, Jugulam M (2021). Management of
glyphosate-resistant Palmer amaranth (Amaranthus palmeri) and
glyphosate-resistant soybean. Weed Technology 35(1):136-143.
https://doi.org/10.1017/wet.2020.91

Silva AFM, Lucio FR, de Marco LR, Giraldeli AL, Albrecht AJP, Albrecht
LP, Victoria-Filho R, Nunes FA (2021). Herbicides in agronomic
performance and chlorophyll indices of Enlist® and Roundup Ready
soybean. Australian Journal of Crop Science 15(2):305-311.
https://doi.org/10.21475/ajcs.21.15.02.p2999

Sinclair TR, Salado-Navarro LR, Salas G, Purcell LC (2007). Soybean
yields and soil water status in Argentina: simulation analysis.
Agricultural Systems 94(2):471-477.
https://doi.org/10.1016/j.agsy.2006.11.016

Soares 10, Rezende PM, Bruzi AT, Zuffo AM, Zambiazzi EV, Fronza V,
Teixeira CM (2015). Interaction between Soybean Cultivars and Seed
Density. American Journal of Plant Science 6(9):1425-1434.
https://doi.org/10.4236/ajps.2015.69142

Solos E (2013). Sistema brasileiro de classificacdo de solos. Centro
Nacional de Pesquisa de Solos: Rio de Janeiro P 3.

Soltani N, Dille, JA, Burke IC, Everman WJ, VanGessel MJ, Davis VM,
Sikkema PH (2017). Perspectives on potential soybean yield losses
from weeds in North America. Weed Technology 31(1):148-154.


https://doi.org/10.1590/S0100-83582007000200018
https://www.corteva.com.br/produtos-eservicos/tecnologias/sistema-enlist.html
https://www.corteva.com.br/produtos-eservicos/tecnologias/sistema-enlist.html
https://doi.org/0.1016/j.fct.2017.08.048
https://doi.org/10.1590/2317-1545v40n3191284
https://doi.org/10.1016/j.agsy.2006.11.016

Song JS, Kim JW, Im JH, Lee KJ, Lee BW, Kim DS (2017). The effects
of single-and multiple-weed interference on soybean yield in the far-
eastern region of Russia. Weed Science 65(3):371-380.
https://doi.org/10.1017/wsc.2016.25

Specht JE, Diers BW, Nelson RL, Toledo JFF, Torrion JA, Grassini P
(2014). Soybean. Yield gains in major US field crops 33:311-355.

USDA (2023). Foreign Agricultural Service. World Agricultural
Production. Disponivel em:
https://apps.fas.usda.gov/psdonline/circulars/production.pdf. Acesso
em: 23 mar. 2023.

Zaccaro-Gruener ML, Norsworthy JK, Piveta LB, Barber LT,
Mauromoustakos A (2023). Assessment of dicamba and 2,4-D
residues in Palmer amaranth and soybean. Weed Technology
37:431-444. https://doi.org/10.1017/wet.2023.60

Oliveira et al. 701

Zobiole LHS, Oliveira Jr RS, Kremer RJ, Constantin J, Bonato CM,
Muniz AS (2010). Water use efficiency and photosynthesis of
glyphosate-resistant soybean as affected by glyphosate. Pesticide
Biochemistry and Physiology 97(3):182-193.
https://doi.org/10.1016/j.pestbp.2010.01.004


https://doi.org/10.1017/wet.2023.60
https://doi.org/10.1016/j.pestbp.2010.01.004

