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ABSTRACT: Even with the development of glyphosate-resistant soybean, there are cases in which harmful effects of intoxication
occur, especially when the herbicide is applied in mixture with other products. The objective of this work was to verify the efficiency
of biofertilizer as a glyphosate stress reducer in the soybean “BMX Ativa”. The experiment was installed in a randomized block
design, in a 3 x 5 + 1 factorial scheme, with four replications. In factor A, soybean development stages (V4, V8 and V4 + V8)
were allocated, and in factor B the application of 0.1 L ha™' of biofertilizer, 1,080 and 2,160 g ha! of a.e. of glyphosate, applied in
isolated mode and/or mix in tank, plus one control without application as an additional treatment. The evaluated variables were
phytointoxication, number of grains per plant, number of pods per plant, thousand grains mass and soybean grain yield. The
application of double the dose of glyphosate (2,160 g ha") alone or in mixture with the biofertilizer in stages V4, V8 and V4 + V8
caused visual injuries to soybean ‘BMX Ativa’ until 28 days after application, but without affect the productive characteristics of
the crop. The biofertilizer did not affect soybean plants and neither mitigate the negative effect of the highest dose of glyphosate.
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Respostas de soja ‘BMX Ativa’ apds aplicacao
de biofertilizante associado ou nao ao glyphosate

RESUMO: Mesmo com o desenvolvimento da soja resistente ao glyphosate ha casos em que ocorrem efeitos prejudiciais de
intoxicag&o, principalmente quando o herbicida é aplicado em mistura com outros produtos. Objetivou-se com esse trabalho
verificar a eficiéncia de biofertilizante como redutor de estresse de glyphosate na soja ‘BMX Ativa’. O experimento foi instalado
em delineamento de blocos casualizados, no esquema fatorial 3 x 5 + 1, com quatro repeti¢des. No fator A alocou-se os estadios
de desenvolvimento da soja (V4, V8 e V4 + V8) e no B a aplicagdo de 0,1 L ha! de biofertilizante, 1.080 e 2.160 g ha' de e. a.
de glyphosate, aplicados de modo isolado e/ou em mistura em tanque, mais uma testemunha sem aplicagdo como tratamento
adicional. As variaveis avaliadas foram fitointoxicag&o, nimero de gréos por planta, nimero de vagens por planta, massa de mil
graos e a produtividade de graos da soja. A dose de 1.080 g ha”' de glyphosate apresentou baixa fitotoxicidade. A aplicagao do
dobro da dose de glyphosate (2.160 g ha™") isolado ou em mistura com o biofertilizante nos estadios V4, V8 e V4+V8 ocasionou
injurias visuais a soja ‘BMX Ativa’ até os 28 dias ap6s a aplicacdo, mas sem afetar as caracteristicas produtivas da cultura. O
biofertilizante (acido L-glutdmico) nao afetou as plantas de soja e nem atenuou o efeito negativo da maior dose de glyphosate.

Palavras-chave: atenuante; bioestimulante; Glycine max (L.) Merrill; injUrias de herbicidas
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Introduction

The climate in Brazil varies from tropical to subtropical
and, for this reason, there is a wide proliferation of insects
and diseases, in addition to being favorable to the infestation
of many weed species in soybean crop. The control method
more utilized is the chemical, using herbicides and, among
them, glyphosate, especially for transgenic soybean resistant
to this product.

Glyphosate inhibits the action of the enzyme
5-enolpyruvylshikimate 3-phosphate synthase (EPSPs),
essential in the biosynthesis of aromatic amino acids,
phenylalanine, tyrosine, tryptophan (Melo et al., 2019). This
herbicide has a systemic action and its application is in post-
emergence to control monocotyledons and dicotyledons,
both in desiccations and in cleaning crops resistant to it, as RR
soybean (Barroso et al., 2014).

Even when the application of glyphosate occurs in resistant
soybean cultivars, some injury symptoms can happen after
the application of the herbicide, such as the decrease in
chlorophyll indexes (Cesco et al., 2018). This is possibly due to
the accumulation of AMPA (aminomethylphosphonic), which
is characterized as a phytotoxic metabolite that is formed in
the degradation of glyphosate (Sharma et al., 2012; Merotto
Jr. et al., 2015). Factors such as the physical and chemical
characteristics of the herbicides, applied doses, climate and
soil conditions and soybean cultivar sown in the crop, can
cause variation in the intoxication by the use of products in
the crop.

In glyphosate-resisant soybean, yellowing of the leaves
may occur after the application of the herbicide, generating
a symptom called yellow flashing, which is the visual effect of
yellowing in the upper leaves (Zobiole et al., 2010; Merotto
Jr. et al., 2015). This occurs due to the immobilization of Fe
and Mn by the herbicide, in which the time and the degree of
yellowing depend on the plant’s ability to restore the levels of
these elements (Merotto Jr. et al., 2015).

Therefore, there are studies, aiming the reduction of
the phytotoxic effects, using some products such as foliar
fertilizers or biofertilizers in association with the herbicide
(Du Jardin, 2015; Andrade et al., 2018; Andrade et al., 2020).
These biofertilizers or biostimulants have varied compositions,
usually containing amino acids such as L. glutamic acid, which
can indirectly reduce oxidative stress effects, as they are a
precursor to other amino acids, such as arginine and proline
(Du Jardin, 2015; Andrade et al., 2018). These amino acids are
correlate with the reduction of stress in the plant, with proline
being an amino acid also used in the biosynthetic precursor

rout of the chlorophyll molecule (Sharma et al., 2012; Povero
et al., 2016).

Anothercompound of biofertilizersis glycine betaine, which
is a solute that acts as an osmoprotector in plants, especially
in salt stresses (Sharma et al., 2012; Du Jardin, 2015; Povero
et al., 2016). Certain biofertilizers have seaweed extracts in
their composition that, depending on the concentration,
can explain the effects of the stress recovery on plants and
improve production aspects due to the presence of hormones
and nutrients that can be used by the crop. Some commercial
seaweed have high hormonal levels such as cytokinin or
betaines, which act in the retention of chlorophyll and, in the
case of betaines, involved in resistance to drought (Marques
et al., 2014; Du Jardin, 2015; Andrade et al., 2020).

The present study had as hyphothesis that the use of
glyphosate doses associated with biofertlizant reduces the
occurrence of injuries in soybean and, consequently, the crop
can express the maximum grain yield. The objective of this
work was to verify the efficiency of biofertilizer as a glyphosate
stress reducer in ‘BMX Ativa’ soybean.

Materials and Methods

The experiment was conducted in the field, in the city of
Quatro Irm3os/RS from November 2014 to March 2015, with
the soil classified as cambisolic Eutrophic Ta Haplic (Embrapa,
2013). The field under study had consolidated no-tillage
with more than 10 years of implementation. In Table 1, it is
possible to observe the chemical attributes of the soil in which
the experiment was installed.

The soybean sowing was carried out in a no-tillage system,
and 20 days before this operation, the area was desiccated
with the herbicide glyphosate with a dose of 1,080 g ha'
of acid equivalent. The correction of soil fertility was done
according to the interpretation of the chemical analysis (Table
1), with black oats as the predecessor crop; thus, 350 kg ha of
fertilizer was applied in formulation 02-30-15 N-P-K, resulting
in 7 kg ha™ of N, 105 kg ha* P,O, and 52.5 kg ha™ of K,O.

Each experimental unit was composed by a total area of
14.1 m? (2.82 x 5 m) and a useful area of 7.52 m? (4 x 1.88
m), where sowing of the soybean cultivar ‘BMX Ativa’ was
carried out, with spacing between the six lines of 0.47 m,
with 5 m in length (14.1 m?) and density of 30 plants m?
and 14.1 seeds meter?, which generated a population of
approximately 300,000 plants ha™. To evaluate the variables
of the experiment, the four central lines of the plots were
used, leaving one line on each side (left and right, as borders)
and 0.5 m as front borders.

Table 1. Chemical attributes of the soil used to implement the experiment. Quatro Irm3os, RS, Brazil, 2014/15 crop year.

Analysis performed in the 0 to 10 cm layer. Clay content of 28%. ) Ideal pH for soybean cultivation, clay class 3, *low levels, * High levels in the soil for soybean cultivation, ** Average

content of organic matter, interpretations according to Rolas (2016).
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The experiment was installed in arandomized block design,
containing 16 treatments, each one with four replications, in a
3 x 5 + 1 factorial arrangement. Three stages of development
(V4, V8, V4 + V8) was combined with five doses of glyphosate
and biofertilizer (two glyphosate doses isolated and with
addition of biofertilizer and, isolated biofertilizer), plus the
weeded control, as described in Table 2.

The products application was done using a precision
backpack sprayer, pressurized by CO,, equipped with four fan
nozzles model DG 110.02, under constant pressure of 2.0 kgf
cm? and displacement speed of 3.6 km h, which provided a
flow of 130 L ha of herbicide and / or biofertilizer solution.

The climatic conditions were verified by the use of a
hermo-hygro-anemometer, at the time of the applications, as
described in Table 3.

Crop management was carried out according to the
technical indications for soybean crop, in which was realized
the manual control of weeds that might compromise the
results of the research. The management of pests and diseases
was carried out when necessary, with four applications of
insecticide and fungicide, which were realized in the vegetative
and reproductive stages for the crop express the maximum
grain yield. During the conduction of the experiment, there
was no considerable water deficit (Figure 1).

The intoxication of the products for soybean crop
was evaluated visually at 7, 14, 21 and 28 days after the
application of the treatments (DAT) and, in the case of V4 +
V8, the evaluation occurred after the second application. To
evaluate the intoxication of the treatments, percentage visual

Font: INMET (2020).

Figure 1. Temperature and rainfall during the conduction of
the experiment, arrows indicate application at 32 (V4) and
50 (V8) days after sowing. Quatro Irmaos, RS, Brazil, 2014/15
crop year.

scores were attributed, in which zero (0%) corresponded to
the absence of injuries in soybean and the hundred note
(100%) to the death of plants, according to the methodology
proposed by SBCPD (1995).

In the pre-harvest, 10 plants were randomly collected in
each experimental unit to determine the number of grains
plant®and the number of pods plant™. The harvest was carried
out when the grains reached 15% humidity, in a useful area of
2.82 m?per experimental unit, and threshing was subsequently
carried out with a plot thresher. After the harvest, the mass of
one thousand grains (g) was determined counting 8 samples
of 100 grains, with a subsequent proportion to one thousand,
weighing them in an analytical balance. For the analysis, the

Table 2. Treatments with its respective doses of biofertilizer, glyphosate and application stages in soybean ‘BMX Ativa’. Quatro

Irm3os, RS, Brazil, 2014/15 crop year.

*Vorax and **Roundup Original®

Table 3. Environmental conditions in the time of the application of the treatments at different stages of delopment of soybean
cultivar ‘BMX Ativa’. Quatro Irm3os, RS, Brazil, 2014/15 crop year.
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grain humidity was adjusted to 13% and the grain yield data
extrapolated to kg ha.

The data were subjected to analysis of variance by the F
test and, when significant (p < 0.05) they were subjected to
comparison of means by the Tukey’s test.

Results and Discussion

The results of the variance analysis demonstrate that
occured a significant effect (p < 0.05) for intoxication at 7, 14,
21 and 28 days after the application of treatments (DAT). The
number of pods per plant, number of grains per plant, mass of
one thousand grains and grain yield did not show a significant
effect (p 2 0.05).

It was observed a high intoxication in the soybean at 7
DAT when applied the highest dose of glyphosate, isolated
or associated with the biofertilizer, in stages V4, V8 and V4 +
V8 (Table 4). The other treatments showed low intoxications,
with rates below 9%. The highest dose of glyphosate caused
intoxication that reached 17%, probably overloading the
way by which soybean degrades the herbicide through the
AMPA — aminomethylphosphonic route (Franco et al., 2012;
Andrade et al., 2020). Intoxication is more perceptible close

Table 4. Intoxication (%) of ‘BMX Ativa’ soybean due to the
application of glyphosate doses, development stages and
association or not with the biofertilizer, evaluated at 7, 14, 21
and 28 days after application.

! Averages followed by the same lower case letters in the column and upper case in the
lines do not differ by the Tukey test at 5%.
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to the application and tends to reduce over time. Reddy &
Zablotowicz (2003) verified intoxications from 29 to 38%, two
days after the application of glyphosate isopropylamine salt
and trimethylsulfonium salt in V4, but even so it did not cause
productivity losses in soybean. Reis et al. (2010) observed
intoxication of 55.5% in the soybean cultivar M-SOY 8925 RR
using the formulation Roundup Transorb’, dose of 2,000 g ha,
at 17 DAT, but glyphosate did not change the shoot dry mass.

Regarding the use of biofertilizer, Pires (2017) found
no interaction between the application of glyhosate plus
biostimulant in V3 or sequential in V4, only mild intoxication,
evaluated at 3, 7 and 15 DAT in NA 5909 RR soybean cultivar
using the dose of 1,440 g ha® of glyphosate. Even if it is
a “RR” soybean cultivar, physiological damage caused by
the application of glyphosate may occur. The effects will
vary according to the cultivar, dose and formulation of the
herbicide, environmental conditions at the time and after
application (Andrade et al., 2018; Andrade et al.,, 2020).
According to Andrade et al. (2018), the biofertilizer is used to
minimize these effects, as it promotes plant growth indirectly
and assists the growth of meristems in the plant, however,
this was not evidenced on the experiment.

Comparing the intoxication between the soybean
development stages, in general, the results demonstrate
greater injuries when applying the treatments in V4 + V8
(Table 4). As it is a sequential application, the dose used in the
crop cycle was double that the other treatments. According
to Franco et al. (2012), one of the forms resulting from the
degradation of glyphosate is AMPA (aminomethylphosphonic),
which is less toxic than glyphosate, but even so it causes
intoxication in applications with high doses, being another
aggravating when applied in sequence, taking more time for
the exudation of this compound by soybean roots.

The use of doses of glyphosate above the recommendations
in initial stage of the crop and with low leaf area index (IAF) is
harmful. It is supposed that the low IAF causes limited capacity
to metabolize glyphosate by soybean and this causes injury
to the crop. Melhoranga Filho et al. (2010) used different
doses of glyphosate in the V4 stage and at 7 days after the
application of 2400 g ha?, they obtained 13% intoxication
to soybean ‘CD-212RR’, partially corroborating the results
obtained in the present study. Alonso et al. (2013) found
intoxication rates by glyphosate in soybean close to 30% at 7
DATs in the development stages V1 to V2 and V3 to V4, in the
doses of 720, 960, 1,200 and 1,440 g ha™.

In all stages, the control without application (weeded) did
not show intoxication when compared to other treatments.
This is due to the fact that only insecticide and fungicide
applications were carried out, which did not cause visual
injuries. Thus, glyphosate and biofertilizer intoxication was
only verified when applied alone or in mixtures (Table 4).

The second evaluation of intoxication done at 14 DAT, the
dose of 2160 g ha of glyphosate and 2160 g ha* of glyphosate
+ biofertilizer caused injuries of 9 and 5% to soybean plants,
respectively, in V4 (Table 4). In the application in V8 and in
the sequential V4 + V8, the two treatments involving the dose
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of 2,160 g ha of glyphosate and glyphosate (2,160 g ha') +
biofertilizer presented the highest values of intoxication; the
other treatments showed intoxication below 3%.

Among soybean growing stages, application in V4 was
harmful, followed by V4 + V8 and finally V8 (Table 4). Zobiole
et al. (2010) when testing glyphosate at different development
stages of RR soybean found that the herbicide applied in V2
was more harmful than in V4 and V6. This effect is probably
due to the smaller leaf area of soybean plants and thus occurs
less degradation capacity and exudation of the herbicide.

At 21 DAT, the intoxication in V4 by the treatment with
2,160 g ha glyphosate + biofertilizer was 5%, in other words,
the highest (Table 4). In V8 stage, only the use of glyphosate
(2,160 g ha) caused injuries to soybean when compared to
the other treatments. The use of glyphosate (2,160 g ha') and
glyphosate (2,160 g ha) + biofertilizer provided the greatest
intoxications. The other treatments caused minor intoxication
symptoms or they were equal to the control without
application. Reis et al. (2010) applied doses of glyphosate to
soybean ‘M-SOY 8925 RR’ at stage V5 and found intoxication
using 1000 g ha™.

The application of treatments sequentially in V4 + V8
caused greater injuries to soybean when compared to the
other periods of application (Table 4). Forte et al. (2019)
applied glyphosate (1,080 and 2,160 g ha) to ‘BMX Ativa’
soybean and they found low intoxication at 14 and 28 days
after application of the treatments.

At 28 DAT, low intoxication was observed in soybean,
with a maximum of 5% when applied glyphosate (2,160
g ha?l) + biofertilizer in V4 and 4% when using the same
treatment, but in V4 + V8 (Table 4). The other treatments
provided lower values or were equal to the control without
application. At 28 DAT, in general, the use of glyphosate plus
biofertilizer or isolated glyphosate, even in high doses, caused
insignificant intoxication, thus showing the plant’s ability to
recover. According to Bossolani et al. (2018), this is because
the isomorphism of the EPSPs enzyme is not altered by the
product, occurring a decrease in the physiological activity of
the plant after application, which recovers in a few days. Forte
et al. (2019), applied 1,080 and 2,160 g ha® of glyphosate
to the cultivar ‘BMX Ativa’ with 3 trifoliate leaves and they
did not observe intoxication at 28 DAT, thus confirming the
recovery capacity of soybean, a result similar to the present
study.

The use of glyphosate (2,160 g ha) + biofertilizer caused
the biggest intoxications, mainly in V4, followed by glyphosate
(2,160 g ha?). Higher than recommended doses of glyphosate
cause greater intoxication to the soybean crop, mainly in the
initial stages of development and associated with biofertilizer.

In the present study, there was no effect by treatments for
the number of pods per plant at any application stage of the
products (Table 5). Alonso et al. (2011) also found no effect on
the number of pods per plant when using glyphosate alone,
in different doses, in stages V2 and V3 of soybean, which is
similar to the data in the present study. It is presumed that
soybean were able to recover from intoxication symptoms
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Table 5. Number of pods per plant? of the ‘BMX Ativa’ soybean
depending on the application of glyphosate doses, stages of
development and association or not with the biofertilizer.

" Not significant by Tukey’s test (p > 0.05).

before flowering or the products applied do not cause
pod abortion. In a study realized by Melhoranca Filho et al.
(2010), the number of pods per plant was negatively affected
by glyphosate doses above 1,800 g ha, which is above the
recommended, thus demonstrating that doses above the
recommended, in addition to harming the environment,
increase production costs and can also cause damage to
the crop. As a opposite result to the present study, Bertolin
et al. (2010) found an increase in the number of pods per
plant with the use of a biostimulant composed of cytokinin,
indolbutyric acid and gibberellic acid (Stimulate) by seed
treatment or by foliar application at different phenological
stages in two soybean cultivars, in V5, R1 and R5. The authors
point out that the phenological stage with the best response
was the reproductive one and there was no difference in the
application to the seed or leaf.

The variable of number of grains per plant showed no
difference between the control treatment and the other
combinations of glyphosate doses, crop stages and use of
biofertilizer (Table 6).

In the evaluation of the use of glyphosate applied in a
mixture with leaf fertilizer in two soybean cultivars, Merotto
Jr et al. (2015) found no statistical difference in the number
of grains per plant, number of grains per pod and weight of a
thousand grains. Thus, the herbicide and the biofertilizer do
not alter the yield components, only causes low intoxication
in the crop, which had no difference in the presence or not of
the biofertilizer.

The results do not demonstrate the occurrence of statistical
significance between the tested treatments and neither
between application stages, for the mass of one thousand
soybean grains (Table 7). Zadinelo et al. (2012) also found no

Table 6. Number of grains per plant? of ‘BMX Ativa’ soybean
depending on the application of glyphosate doses, stages of
development and association or not with biofertilizer.

" Not significant by Tukey’s test (p > 0.05).

5/7



‘BMX Ativa’ soybean responses after application of biofertilizer associated or not with glyphosate

Table 7. Mass of one thousand grains of soybean ‘BMX Ativa’
according to the application of glyphosate doses, stages of
development and association or not with biofertilizer.

" Not significant by Tukey’s test (p > 0.05).

difference in the mass of one thousand grains considering the
stage of the soybean crop and the application of glyphosate.
Thus, it is presumed that the post-emergence application of
glyphosate in different vegetative stages does not change the
mass of one thousand grains. Pinto et al. (2016) used three
glyphosate doses, 540, 1,080 and 2,160 g ha?, in the stages V3
and V4, V8 and R7 in without deficiency soil, they also found
no difference in the mass of one thousand grains.

Marques et al. (2014), studying the use of biostimulant
based on seaweed extract and amino acids from plant origin
in different doses in soybean ‘NA 5909RG’, found no statistical
differences for the mass of 1,000 grains, when testing doses
from 1to 1.5 L ha? of biostimulant, being applied at 30, 45 and
60 after soybean emergence.

The grain yield did not differ statistically from the control
without application, and there was no difference between
glyphosate doses, stages of application and use of biofertilizer
(Table 8). These results are similar to those found by Pinto
et al. (2016), the authors tested glyphosate doses applied
at various stages of the crop and also found no statistical
difference between the treatments. Andrade et al. (2020)
used different glyphosate formulations and did not find
differences in grain yield of RR soybean cultivar (TMG 7062
IPRO"). Possibly, this result occurred because a glyphosate-
resistant cultivar was used, so it has the ability to metabolize
the herbicide, recovering from the intoxication effects without
harming productivity.

The use of glyphosate formulations at the R1 stage, with
different doses and in two harvests, caused differences in
results (Albrecht et al., 2014a). In the first harvest, occured
a water deficit, causing a reduction in yield as the dose of

Table 8. Productivity of ‘BMX Ativa’ soybean grains depending
on the application of glyphosate doses, stages of development
and association or not with biofertilizer.

" Not significant by Tukey’s test (p > 0.05).
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glyphosate applied was increased. In the second harvest,
without water deficit, there was no reduction in productivity
by glyphosate application. This result was similar to what
was found in the present study, in which there was no water
deficit, and the grain yield did not differ in face of glyphosate
doses and application stages. Thus, it can be inferred that
the herbicide has an influence according to environmental
conditions, among other factors.

Albrecht et al. (2014b) also describe that glyphosate does
not alter soybean grain productivity when applied 0, 360,
720, 1,080 and 1,440 g ha of the herbicide between V4 and
V5 stages, not resulting in a statistical difference between
treatments.

Conclusions

The application of double the dose of glyphosate (2,160 g
ha) alone or in mixture with the biofertilizer in stages V4, V8
and V4 + V8 caused visual injuries to ‘BMX Ativa’ soybean until
28 days after application, but without affect the productive
characteristics of the crop.

The biofertilizer (L-glutamic acid) did not affect soybean
plants and neither attenuated the negative effect of the
highest glyphosate dose.
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