Journal of Crop Health (2026)78:24
https://doi.org/10.1007/510343-026-01289-y

REVIEW

®

Check for
updates

Selectivity of Herbicides Applied Alone or in Tank Mixtures at Different
Times of the Day in the Soybean Cultivar DM57i52 IPRO Over Two
Growing Seasons

Leandro Galon' - Rubens Alfredo Kujawinski* - Gabrieli Enge Zamboni* - Ignacio Aspiazu? -
Rodrigo José Tonin* - Juan Cristopher Onesko* - Maico André Michelon Bagnara* - Germani Concenco? -
Gismael Franciso Perin’

Received: 24 July 2025 / Accepted: 8 January 2026
© The author(s), exclusively licensed to Springer-Verlag GmbH Germany, a part of Springer Nature 2026

Abstract

The application of herbicides, alone or in mixtures, is essential in soybean cultivation, as interactions among chemicals
can affect both weed control and crop selectivity. Application timing also matters in these interactions, as sunlight,
temperature, and relative humidity vary throughout the day. This study evaluated the selectivity of glyphosate salts, applied
alone or mixed with chlorimuron-ethyl, at two times of day, on soybean physiological traits and grain yield components.
Experiments were conducted in a randomized block design, in a 7x 2+ 1 factorial arrangement with four replicates. Factor A
consisted of herbicides (chlorimuron-ethyl, glyphosate isopropylamine, ammonium, potassium salts, and their mixtures),
and Factor B was application time (6:30 am and 12:30pm), with a weeded control. Phytotoxicity was assessed 7, 14,
21, 28, 35, and 42 days after treatment (DAT). Physiological traits were measured 28 DAT, and grain yield components
at harvest. Chlorimuron-ethyl alone caused the highest visual phytotoxicity, peaking at 32.94%, 7 DAT and declining to
7.67%, 42 DAT. This was reflected in gas exchange, with a 17.1% reduction in photosynthetic rate compared to the control
(16.47 vs. 19.86 umolm=s""). Mixtures of glyphosate salts with chlorimuron-ethyl showed intermediate phytotoxicity
(26.25-27.04%, 7 DAT), higher than glyphosate salts alone (maximum 6.56%, 7 DAT) but lower than chlorimuron-ethyl
applied individually. These results highlight the influence of herbicide type, mixture, and application timing on soybean
selectivity and physiological responses, providing insights for optimizing post-emergence herbicide strategies.
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Introduction
ent products are used for application in most crops. This

Chemical weed control is the most widely used method, pri-
marily due to its practicality, effectiveness, and lower cost
compared to other control methods (Travlos et al. 2017).
The use of pesticides (fungicides, herbicides and insecti-
cides) in cultivated areas results in high operational costs;
therefore, combined applications or tank mixes of differ-
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reduces time loss, fuel costs and plant crushing (Gazziero
2015; Gandini et al. 2020). Approximately 97% of pesticide
users, all throughout Brazil, in some occasions end up by
mixing six or more products in the sprayer tank to control
pests in crops (Gazziero 2015).
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For weed control in soybeans, many producers com-
bine glyphosate with other herbicides to broaden the con-
trol spectrum or even to control weeds that are resistant
or tolerant to this product. Among the possible mixtures
of glyphosate with other herbicides, one example is the
chlorimuron-ethyl, an inhibitor of the acetolactate synthase
(ALS) enzyme. This increases the control spectrum of prob-
lematic weed species that infest soybean fields (Silva et al.
2018).

In addition to herbicides, weather conditions can influ-
ence the effectiveness and selectivity of products applied
at different times of the day in crops. The ideal conditions
for applying pesticides are temperatures below 30 °C, rela-
tive humidity above 55% and wind speeds between 3 and
10km h-' (Radons et al. 2022). These conditions are easily
found in the early morning and late afternoon, when relative
humidity is high and temperatures are lower, making these
the most suitable periods for applying pesticides, including
herbicides (Rodrigues et al. 2019).

Herbicides containing glyphosate are formulated as
potassium, ammonium, and isopropylamine salts. Depend-
ing on the formulation, they may be more or less phytotoxic
to crops, particularly when tank-mixed with other products.
In addition, differences in active ingredient concentration
can influence the extent of plant injury. Among these for-
mulations, potassium salt shows greater absorption and
translocation in plants compared to other glyphosate salts
(Travlos et al. 2017; Zeeshan et al. 2024). These differ-
ences justify the evaluation of the selectivity of distinct
glyphosate salts when applied to soybean crops.

Selectivity is characterized as a possible response that
a given crop presents after the application of an herbicide,
with or without the occurrence of damage. It varies ac-
cording to the species, cultivar, herbicide, dose, mixtures
and formulations applied, phenological stage of the plant,
climate and soil conditions, among others (Merotto et al.
2015; Palma-Bautista et al. 2020; Gandini et al. 2020). An-
other possible characterization regarding selectivity is the
plant’s ability to metabolize the applied herbicide molecule
(Nandula et al. 2019; Zhang and Yang 2021).

Herbicides, when applied to crops, can directly or indi-
rectly affect plant growth and development. Some of these
effects are changes in physiological and metabolic pro-
cesses, causing deregulation of defense mechanisms, cellu-
lar oxidation, intoxication, changes in nutrient absorption,
in addition to causing negative effects on crop yield com-
ponents (Merotto et al. 2015; Bari et al. 2020).

Regarding the injuries caused by glyphosate salts to soy-
beans, some studies report that there is a high selectivity of
these products to the crop, as no differences were found in
the applications of isopropylamine, ammonium and potas-
sium salts on some cultivars (Gongalves et al. 2017; An-
drade et al. 2020). However, when mixed, there are situa-
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tions in which glyphosate salts can increase the phytotoxic
effects on soybeans, as observed by Maciel et al. (2009).
Studies involving the selectivity of glyphosate salts applied
alone or in mixture with other herbicides at different times
of the day are becoming increasingly important, especially
for soybean crops, as many cultivars are launched annu-
ally, and also due to the continuous commercialization of
new formulations of glyphosate-based herbicides (Palma
Bautista et al. 2020; Martins-Gomes et al. 2022).

The results of this study will inform best management
practices for weed control in soybean crops using herbicides
applied alone or in tank mixtures, aiming to minimize po-
tential phytotoxic effects and, consequently, to maximize
grain yield and quality. The hypothesis of this study is that
the use of glyphosate salts (isopropylamine, ammonium and
potassium salt) associated with chlorimuron-ethyl when ap-
plied in the hottest hours of the day are more phytotoxic
to soybeans and, consequently, affect plant physiology and
grain yield. Therefore, the objective was to evaluate the se-
lectivity of glyphosate salt formulations applied alone or
associated with chlorimuron-ethyl, at different times of the
day on physiological characteristics and grain yield com-
ponents of soybeans.

Materials and Methods

Description, Location and Treatments Used in the
Experiment

Two experiments were conducted under field conditions,
in the experimental area of the Federal University of the
Southern Frontier (UFFS), Erechim Campus/RS, 27° 43’
317 S, 52° 17° 40" W, 650m ASL, in the crop seasons of
2019/20 and 2020/21. Two experiments were installed in
different years to ensure repetition of the generated data
and, thus, greater accuracy of the results.

The soil in the experimental area is classified as Acric
Ferralsol (Streck et al. 2018). Soil pH correction and fertil-
ization were carried out according to physical and chemi-
cal analyses and following technical recommendations for
soybeans (CQFS-RS/SC). The chemical and physical char-
acteristics of the soil are presented in Table 1.

The region’s climate is classified as Cfa (Koppen-
Geiger), characterized as a humid subtropical climate with
hot summers. It receives uniformly distributed precipitation,
ranging from 1100 to 2000 mm annually, and the average
temperature in the warmest month is below 22°C. Addi-
tionally, the area experiences severe and frequent frosts,
with an average occurrence of 10 to 25 days per year (Peel
et al. 2007). Meteorological conditions, such as relative air
humidity (%), precipitation (mm) and temperature (°C),
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Table 1 Chemical analysis of the Acric Ferralsol soil used in the experiment.

Sampled pH P H+ Al AP Ca” Mg
layer Water mg dm™> Cmol, dm™

0-10cm 48 6.3 106 8.7 0.9 5.1 33
SB CTC (1) CTC (T) v oM Clay Sand Silt
Cmolc dm %

8.67 10.7 18.5 53 3.3 72 5.1 22.9

SB Sum of bases; v base saturation; OM organic matter; CTC () cation exchange capacity effective; CTC (Tpu = 7.0) cation exchange capacity

Aplication
date 2019

Fig.1 Precipitation (mm) and
temperature (°C) during the 90
period of conducting the exper-
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recorded during the period of experiments can be observed
in Fig. 1.

The two experiments were conducted using a random-
ized block design in a factorial arrangement (7x2+ 1),
with four replicates, during two crop seasons (2019/20
and 2020/21). Factor A consisted of the herbicide treat-
ments (chlorimuron-ethyl, glyphosate isopropylamine salt,
glyphosate ammonium salt, glyphosate potassium salt, and
the mixtures of each glyphosate salt with chlorimuron-
ethyl), while Factor B comprised the application times
(6:30 am and 12:30pm), in addition to a manually weeded
control, as shown in Table 2. The control treatment without
herbicide application was kept free of weed infestation by
manual hoeing once a week throughout the entire crop
cycle.

Each experimental unit was 3 x 5m (width and length),
totaling an area of 15m?, with six seeding lines spaced
0.5 m apart. The useful area (6 m?) corresponded to the four
central lines, discarding the lateral borders (one line on
each side of the plots) and the frontal borders (1 m at the
beginning and at the end of the plots).

The experiments were sown using a seeder/fertilizer ma-
chine on October 24, 2019, and November 13, 2020, for the
first and second crop years, respectively. The soybean cul-
tivar DM57i52 IPRO (DONMARIO 57152 IPRO), maturity
group 5.7, medium size, glyphosate-resistant, was sown, in
both crop seasons, at an average density of 28 seeds m2,
which resulted in an approximate density of 280,000 seeds
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ha!. For initial fertilization, 375kg ha! of the formula 05-
20-20 (N-P,0s-K,0) were applied.

The herbicide treatments were applied when soybean
plants were at the V3-V4 growth stage, on November 22,
2019, and December 22, 2020 (Table 3). Applications were
performed using a CO,-pressurized precision backpack
sprayer (Névoa, S@o Paulo, Brazil) equipped with four
TTeelJet (XRTeelJet®, XR110/02-VP) flat-fan spray tips,
operating at a constant pressure of 210kPa and a travel
speed of 3.6km h'. This configuration provided an ap-
plication volume of 150L ha™!, with a volumetric median
diameter (VMD) of approximately 160 um. The spray was
directed downward, using a single jet per nozzle. The
water used for herbicide application had a pH between
6.0 and 6.5 and total hardness greater than 3mg CaCOs
L-!. Meteorological conditions at the time of application
are presented in Table 3. The value of 100% luminosity
recorded at both application times (6:30 am and 12:30 pm)
refers to a qualitative assessment of sky conditions. On
the days of herbicide application, the sky was completely
clear, with no cloud cover, and therefore luminosity un-
der this condition was classified as 100%, indicating full,
unobstructed daylight conditions.

Variables Evaluated

The phytotoxicity assessments of herbicides on soybean
plants were carried out at 7, 14, 21, 28, 35 and 42 days
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Table 2 Treatments, active ingredient (a.i.) or acid equivalent (a.e.) rates, commercial products, doses (kg or L ha™!), and application times of
herbicides used in experiments with the soybean cultivar DM57i52 IPRO. UFFS, Erechim, RS, Brazil, 2019/20 and 2020/21.

Treatments Rates (g ha™! of i.a or e.a)

Commercial name Dose (kg or L Application times

ha™') hours
Weeded control - 6:30 am and 12:30 pm
Chlorimuron-ethyl 20% Classic 0.08
Glyphosate isopropylamine salt 1440%* Nufosate 3.00
Glyphosate ammonium salt 1440%* Roundup WG 1.82
Glyphosate potassium salt 1440%* Zapp QI 620 2.32
Glyphosate isopropylamine salt+ chlo- 1440+ 20 Nufosate + Classic 3.00+0.08
rimuron
Glyphosate ammonium salt+ chlo- 1440+ 20 Roundup WG + 1.82+0.08
rimuron Classic
Glyphosate potassium salt+ chlo- 1440+ 20 Zapp QI 620+ Clas- 2.32+0.08

rimuron

S1C

* and ** Amount of active ingredient and acid equivalent, respectively, applied per hectare of the herbicides

Table 3 Meteorological conditions during the application of herbicides at different times in soybean crops in the 2019/20 and 2020/21.

Crop year 06:30 am
Application date Luminosity Temperature °C
(%) Air
2019/20 22/11/2019 100 29.2
2020/21 22/12/2020 100 28.0
Crop year 12:30 pm
Application date Luminosity Temperature (°C)
(%) Air
2019/20 22/11/2019 100 332
2020/21 22/12/2020 100 33.0

Relative Soil Wind speed
Soil humidity (%) conditions (km h™")
23.9 59.0 Moist 35
27.4 76.0 Moist 1.4
Relative Soil Wind speed
Soil humidity (%) conditions (km ™)
25.3 33.9 Moist 4.1
28.4 32.0 Moist 6.0

after application of treatments (DAT), assigning percentage
scores, being zero (0%) the absence of injuries and one
hundred (100%) the death of the plants(Velini et al. 1995).

After 28 DAT, gas exchange evaluations in plants were
performed using an infrared gas analyzer (IRGA), model
LCpro-SD (Analytical Development Co. BioScientific Ltd,
Hoddesdon, UK). The variables evaluated were: internal
CO, concentration (Ci—pmol mol™"), transpiration coeffi-
cient (E—-mol m2 s'), gas conductance (Gs—mol m2 s!),
and photosynthetic activity (A—pumol m= s™'). Water use
efficiency (WUE—mol CO, mol H,O™!) and carboxylation
efficiency (EC—mol CO, m~ s™') were obtained as follows:

WUE:é
E

A
EC=—
Ci

where WUE =water use efficiency (mol CO, mol H,O);
A =photosynthetic activity (umol m=? s7'); E=ranspiration
coefficient (mol m=2 s!); and Ci=internal CO, concentra-
tion (umol mol).

@ Springer

Each experimental block was evaluated under natural
lighting for one day, between 7 and 11 am, under open sky,
so that the environmental conditions were maintained ho-
mogeneous during the analyses. The chlorophyll index was
measured with a portable chlorophyll meter model SPAD
502—Plus, Pequim, China, with measurements being made
at five points on each plant, randomly on the lower, middle
and upper leaves of the canopy.

Shortly before harvest, ten soybean plants were ran-
domly collected in the useful area of each plot to evaluate
the number of grains per pod, number of pods and number
of grains per plant. After manual harvesting and threshing
of the soybeans in an area of 6m?, the weight of a thou-
sand grains (g) and grain yield (kg ha™') were determined.
The weight of a thousand grains was measured by counting
eight samples of 100 grains each, which were successively
weighed on an analytical balance (Shimadzu, Brazil). For
the analyses, grain moisture was standardized to a content
of 13% and the yield data were extrapolated to kg ha™'.
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Statistical Analysis

The data were analyzed jointly for the two crop seasons in
order to reduce the effect of year-to-year variation on the ex-
perimental results. Prior to analysis, the data were subjected
to tests of normality and homogeneity of variances. When
necessary, data were transformed to meet the assumptions
of the analysis of variance, although the original means are
presented for clarity.

The experiment followed a randomized block design
in a factorial arrangement (7x2+ 1), in which herbicide
treatments (Factor A), application times (Factor B), and
their interaction (A x B) were considered fixed effects, and
blocks were considered random effects. Analysis of vari-
ance (ANOVA) was performed using the F-test at a 5%
significance level (p<0.05). When significant differences
were detected, treatment means were compared using the
Scott-Knott test at p < 0.05. All statistical analyses were per-
formed using Sisvar software, version 5.6 (Ferreira 2011).

Results and Discussion

Significant interactions between the tested factors (herbi-
cides x application times) were observed for phytotoxicity
at 28 days after treatment application (DAT), transpiration
rate, stomatal conductance, photosynthetic rate, carboxy-
lation efficiency, chlorophyll index, number of pods and
grains per plant, thousand-grain weight, and grain yield.
For phytotoxicity assessed at 7, 14, 21, 35 and 42 DAT, as
well as for the number of grains per pod, only a signifi-
cant main effect of herbicides was detected. The remaining
variables evaluated, namely internal CO, concentration (Ci)
and water use efficiency (WUE), were not significantly af-
fected by the factors, either individually or through their
interaction; therefore, their results are not presented.

The lack of response in Ci and WUE, despite changes
in photosynthesis and transpiration, may be explained by
compensatory physiological mechanisms that maintained
the balance between CO, diffusion into the leaf and its
assimilation by the Calvin cycle (Coélho et al. 2024). This
indicates that, although herbicides and application times al-
tered gas exchange rates, they did not significantly disrupt
the internal CO, concentration or the proportional relation-
ship between carbon assimilation and water loss (Bari et al.
2020), which justifies the absence of statistically detectable
differences for these variables.

Phytotoxicity of Herbicides and Application Times in
Soybeans

The results indicate that the isolated application of chlo-
rimuron-ethyl was more phytotoxic from 7 to 42 DAT com-

pared to the other treatments (Tables 4 and 5). However,
over time, the damage caused by chlorimuron-ethyl de-
creased, reaching 42 DAT with an index of 7.67%.

Generally, phytotoxicity levels of 10 to 20% visible leaf
damage are tolerable, as these injuries typically do not neg-
atively affect soybean grain yield (Carvalho et al. 2022).
Phytotoxicity rates in soybeans may vary depending on her-
bicide type, dose and formulation applied, plant develop-
ment stage, environmental and soil conditions, tank mixes
with other pesticides or foliar fertilizers, application time
and other factors (Maciel et al. 2009; Merotto et al. 2015;
McConwn et al. 2018; Arsenijevic et al. 2025).

It was observed that the use of glyphosate salts (iso-
propylamine, ammonium and potassium) applied alone to
soybeans presented the lowest symptoms of phytotoxicity in
all evaluated periods, from 7 to 42 DAT (Tables 4 and 5). In
a study in which different formulations of glyphosate (iso-
propylamine and potassium salt) were applied, Santos et al.
(2007) found few symptoms of phytotoxicity in soybeans.
This is due to their resistance to this herbicide and their
ability to metabolize it, similarly to what was observed in
this study.

When glyphosate salts were applied in combination with
chlorimuron-ethyl, phytotoxicity was consistently lower
than that observed with chlorimuron-ethyl applied alone
in all evaluations. This suggests a potential antagonistic
interaction between the herbicides, in which glyphosate
may reduce the uptake or activity of chlorimuron-ethyl,
thereby mitigating its phytotoxic effects. Additionally, by
42 days after treatment (DAT), the visible symptoms of
damage had decreased to less than 8% (Tables 4 and 5).
Over time, the soybean plants were able to metabolize
the herbicides, whether applied alone or in mixtures, with
minimal symptoms. This recovery is attributed to the nat-
ural growth processes of the plants and their ability to
activate detoxification mechanisms. According to Frene
et al. (2018), plants have defense mechanisms that allow
the metabolization of herbicides, which, over time, results
in less injury to crops and corroborates the results observed
in this study.

Although tank mixes can, in certain situations, cause
phytotoxicity in crops, farmers choose this alternative to
control pests—such as diseases, insects and weeds—thanks
to the savings in resources, less trampling and agility of
operations (Petter et al. 2013; Gazziero 2015; Gandini
et al. 2020; Arsenijevic et al. 2025). However, when mix-
ing herbicides, it is essential to know their potential effects
on crops and to evaluate their effectiveness in controlling
weeds. These mixtures can generate negative synergistic
effects or act additively, causing high phytotoxicity, which
can reduce grain yield or compromise adequate control
of infesting pests (Gazziero 2015; Gandini et al. 2020;
Symington et al. 2024).
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Table 4 Mean phytotoxicity (%) in the soybean cultivar DM57i52 IPRO as a function of the application of different herbicides at two times, in

the 2019/20 and 2020/21 harvests.

Treatments Phytotoxicity (%)

7 DAT! 14 DAT 21 DAT 35 DAT 42 DAT
Weeded control 0.00d* 0.00 f 0.00d 0.00 ¢ 0.00 ¢
Chlorimuron-ethyl 3294 a 29.40 a 2479 a 1442 a 7.67 a
Glyphosate isopropylamine salt 4.88 ¢ 4.56¢ 6.04 ¢ 3.79b 0.88 ¢
Glyphosate ammonium salt 554c¢ 579e 8.63 ¢ 3.17b 2.25b
Glyphosate potassium salt 6.56 ¢ 5.63e 481 c 3.94b 2.31b
Glyphosate isopropylamine salt+ chlorimuron 26.25b 13.77d 13.94b 350b 2.89b
Glyphosate ammonium salt + chlorimuron 27.04 b 2350b 17.19b 6.56 b 4.06b
Glyphosate potassium salt+ chlorimuron 2421b 18.94 ¢ 1092 ¢ 4.94b 250b
CV(%) 43.49 45.41 63.28 67.93 88.02
Overall Means 15.93 12.69 10.79 5.04 2.82
Fherbicides 53.71 50.57 23.60 25.49 13.82
Fiimes 0.53 0.43 9.75 0.19 0.04
Fherbicides x times 0.62 0.55 1.83 1.94 1.03
Prherbicides 0.00001 0.00001 0.00001 0.00001 0.00001
Piimes 0.47 0.52 0.06 0.67 0.85
Pherbicides x times 0.74 0.80 0.09 0.07 0.42

F analysis of variance. P probability
! Days after applying treatments

* Means followed by the same letter in the column do not differ from each other, according to the Scott-Knott test (p < 0.05)

The results indicate that the isolated application of
chlorimuron-ethyl increased phytotoxicity in soybeans
by 78.94% and 47.68% when compared, respectively, to
glyphosate salts and the tank mix of herbicides, considering
the average of the evaluations carried out at 7, 14, 21, 28,
35 and 42 DAT (Tables 4 and 5). The mixture of glyphosate
salts with chlorimuron-ethyl showed an increase of 59.57%
in phytotoxicity in relation to the isolated use of the salts,
also considering the average of all evaluations. Recent stud-
ies corroborate these findings. Cesco et al. (2018) reported
that mixtures of glyphosate with chlorimuron-ethyl and
other herbicides increased phytotoxicity in RR2 soybeans
and, in some cases, reduced productivity in experiments
conducted in Parand. Nonemacher et al. (2017), observed
phytotoxicity of 62-67% when glyphosate was mixed with
sulfometuron + chlorimuron-ethyl at 14 and 21 DAT. On
the other hand, Da Silva et al. (2023) reported that the
use of high rates of chlorimuron-ethyl in mixture with
glyphosate caused phytotoxicity of around 30%; however,
these injuries did not result in negative effects on soybean
grain yield. It is worth noting that the different responses
observed among studies regarding herbicide applications
in soybean, with greater or lesser levels of phytotoxicity
and consequent effects on grain yield, may be related to
the cultivar used and the location where the study was
conducted, as differences in climate, soil conditions, and
management practices can substantially influence crop
recovery following herbicide application.
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It was observed that the isolated application or tank mix
of chlorimuron-ethyl in soybean plants increases phytotoxi-
city, especially between 7 and 35 DAT, reaching acceptable
levels after this period, without significantly compromis-
ing grain yield (Tables 4 and 5). Due to the young stage
of the plants, the metabolization of the herbicide occurs
more slowly, requiring time for the symptoms of phyto-
toxicity, especially those caused by chlorimuron-ethyl, to
be eliminated. However, it was found that the phytotoxic-
ity of chlorimuron-ethyl, whether applied alone or in mix-
tures with glyphosate salts, decreased, since the crop did
not show losses in grain yield, except in the treatment
carried out at 12:30pm with glyphosate ammonium salt+
chlorimuron-ethyl. Vidrine et al. (2002) and Albrecht et al.
(2018) reported phytotoxicity levels between 4 and 30%
with the application of chlorimuron-ethyl, isolated or asso-
ciated with glyphosate, and found that the crop recovered
from the damage over time, without compromising grain
yield, corroborating the results observed in this research.

Herbicide application can cause temporary or permanent
stress in plants, depending on the physicochemical charac-
teristics of the product, on the crop (whether cultivar or hy-
brid, considering the development stage, nutrition and water
stress) and/or on environmental conditions (Carvalho et al.
2009, 2022; Grzanka et al. 2022). Temporary stress allows
the plant to recover quickly from damage, reestablishing its
initial growth rate—with or without yield losses—although
significant changes occur in the crop cycle (Carvalho et al.
2009; Arsenijevic et al. 2025). In contrast, permanent stress
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Table 5 Phytotoxicity (%) at 28 days after application (DAT) and effect of herbicides on the physiological variables, transpiration rate (E, mol

m~2 s7!), stomatal conductance (GS, mol m~ s!), photosynthetic rate (A, umol m2 s™!), carboxylation efficiency (EC, mol CO, m™2 s~!) and
chlorophyll index (SPAD), as a function of application times in the soybean cultivar DM57i52 IPRO, in the 2019/20 and 2020/21 crop years.

Treatments Herbicide application times—hours
06:30 am 12:30pm 06:30 am 12:30pm 06:30 am 12:30pm
Phytotoxicity 28 DAT! Transpiration Conductance
Weeded control 0.00 Ad* 0.00 Ad 3.58 Aa 3.58 Aa 0.43 Aa 0.43 Aa
Chlorimuron-ethyl 15.89 Ba 28.33 Aa 2.85 Ab 2.75 Ab 0.39 Ab 0.40 Aa
Glyphosate isopropylamine salt 5.67 Ac 5.75 Ac 3.54 Aa 3.15Ba 0.43 Aa 0.38 Bb
Glyphosate ammonium salt 3.63 Ac 3.25 Ad 3.14 Ab 3.36 Aa 0.43 Aa 0.45 Aa
Glyphosate potassium salt 4.63 Ac 6.13 Ac 3.56 Aa 3.02 Bb 0.45 Aa 0.42 Aa
Glyphosate isopropylamine salt+ chlo- 8.00 Ab 5.83 Ac 3.32 Ab 2.98 Ab 0.38 Ab 0.38 Ab
rimuron
Glyphosate ammonium salt+ chlorimuron 9.50 Bb 17.50 Ab 3.09 Ab 3.35 Aa 0.44 Aa 0.40 Aa
Glyphosate potassium salt + chlorimuron 10.75 Ab 6.33 Bc 3.09 Ab 2.70 Bb 0.45 Aa 0.35 Bb
CV(%) 51.62 12.22 11.54
Overall Means 7.81 3.19 0.41
Fherbides x times 2.96 2.37 2.52
Pherbides x times 0.007 0.03 0.02
Treatments Herbicide application times—hours
06:30 am 12:30pm 06:30 am 12:30pm 06:30 am 12:30pm
Photosynthesis Carboxilation Chlorophyll index
Weeded control 19.86 Aa 19.86 Aa 0.08 Aa 0.08 Aa 41.58 Ab 41.58 Ac
Chlorimuron-ethyl 16.47 Ab 17.25 Ab 0.06 Ab 0.06 Ab 42.30 Aa 42.45 Ab
Glyphosate isopropylamine salt 18.94 Aa 18.10 Ab 0.07 Aa 0.07 Aa 41.38 Bb 43.27 Aa
Glyphosate ammonium salt 19.16 Aa 18.84 Aa 0.07 Aa 0.07 Aa 41.20 Ab 40.60 Ad
Glyphosate potassium salt 20.29 Aa 17.50 Bb 0.08 Aa 0.06 Bb 42.33 Aa 40.50 Bd
Glyphosate disopropylamine salt+ chlo- 17.52 Ab 17.98 Ab 0.06 Ab 0.07 Aa 41.15 Ab 41.55 Ac
rimuron
Glyphosate ammonium salt+ chlorimuron 19.32 Aa 18.83 Aa 0.07 Aa 0.07 Aa 41.35 Bb 42.45 Ab
Glyphosate potassium salt + chlorimuron 19.77 Aa 15.27 Be 0.07A a 0.06 Bb 40.73 Ab 39.83 Bd
CV(%) 9.11 12.85 1.83
Overall Means 18.43 0.07 41.49
Fherbides x times 4.57 2.75 9.56
Pherbides x times 0.0002 0.01 0.00001

F analysis of variance. P probability

* Means followed by different capital letters in the row and by different lowercase letters in the column differ from each other, according to the

T-test and Scott-Knott test, respectively (p < 0.05)

results in a lower growth rate, increasing the probability of
losses (Carvalho et al. 2009; Arsenijevic et al. 2025).

The use of chlorimuron-ethyl and the mixtures of
glyphosate ammonium salt+ chlorimuron-ethyl at 12:30h,
as well as glyphosate potassium salt+ chlorimuron-ethyl
at 6:30h, resulted in the highest phytotoxicity scores at
28 DAT, considering the different application times for
each treatment (Table 5). The highest phytotoxicity scores
observed in treatments applied at 12:30h are probably asso-
ciated with intense heat stress at that time, which enhances
the damage of herbicides to plants. On the other hand, the
accentuated phytotoxicity in treatments applied at 6:30h
may be related to better hydration of plant cuticles, favoring
the absorption of herbicides. Environmental factors such as
relative humidity, time of exposure to light and temperature

can directly influence the efficacy and effects of herbicides
on plants (Grzanka et al. 2022; Silva et al. 2022; Coélho
et al. 2024). Similar results were also reported by Coélho
et al. (2024).

Effect of Herbicides and Application Times On
Soybean Physiological Variables

The transpiration rate (E), stomatal conductance (GS),
photosynthetic rate (A) and carboxylation efficiency (CE)
were lower when chlorimuron-ethyl was applied alone or
in mixtures with glyphosate isopropylamine salt at 6:30h
(Table 5).On the other hand, the isolated application of
glyphosate ammonium salt resulted in higher values of E,
GS, A and CE when performed at 12:30h. For the other
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Table 6 Internal CO> concentration (Ci) and water use efficiency (WUE) at 28 days after herbicide application (DAT) as affected by different
herbicides and application times in the soybean cultivar DM57i52 IPRO, during the 2019/20 and 2020/21 growing seasons.

Treatments Herbicide application times—hours
06:30 am 12:30pm 06:30 am 12:30pm
CO; concentration Water use efficiency
Weeded control 59.83 " 259.83 6.50 ™ 6.50
Chlorimuron-ethyl 266.17 270.25 6.14 6.74
Glyphosate isopropylamine salt 264.50 263.50 6.13 6.27
Glyphosate ammonium salt 259.50 273.17 6.49 6.66
Glyphosate potassium salt 258.00 271.25 6.65 6.59
Glyphosate isopropylamine salt+ chlorimuron 265.75 260.50 6.22 6.71
Glyphosate ammonium salt+ chlorimuron 261.41 269.25 6.85 6.81
Glyphosate potassium salt+ chlorimuron 269.50 262.67 7.13 6.18
CV(%) 4.85 13.27
Overall Means 264.69 6.53
Fherbicides 0.61 0.73
Fimes 2.01 0.08
Fherbicides x times 1.50 1.17
Pherbicides 0.75 0.64
Primes 0.15 0.78
Pherbicides x times 0.18 0.33

ns There was no significant effect (p < 0.05) of herbicide application, application time, or the interaction between factors (herbicides x application

times). F analysis of variance. P probability

treatments, there was a variation in the values of the phys-
iological variables: in some cases, the application at 6:30h
had a positive effect, while in others, the use of herbicides at
12:30h showed better results. This alternation in the effects
of the applications may be associated with plant defense
mechanisms. According to Silva et al. (2022), soybean
plants subjected to adequate climatic conditions—without
water stress and with an ideal amount of light—present
higher CO, concentrations and higher photosynthetic rates.
In contrast, plants under stress reduce their metabolism,
directly impacting physiological variables.

When comparing the application times within each treat-
ment, it was observed that the application of glyphosate
potassium salt+ chlorimuron-ethyl at 12:30h resulted in
lower values of E, GS, A and CE compared to the appli-
cation at 6:30h (Table 5). This effect may be associated
with the decrease in stomatal opening and the reduction
in photosynthetic activity under stress or low light con-
ditions. Similar results were obtained by Manabe et al.
(2014), in a trial to evaluate the application of herbicides
in common bean plants and in weeds competing with this
crop, and Coélho et al. (2024), where midday applications
of desiccant herbicides significantly suppressed photosyn-
thetic pigments and physiological parameters, compared to
early-day applications—highlighting how timing influences
herbicide-induced stress responses on photosynthesis.

No statistical differences were observed between the
application times (6:30 am and 12:30pm) for the iso-
lated use of chlorimuron-ethyl, glyphosate ammonium

@ Springer

salt and for the tank mixes of glyphosate isopropylamine
salt+ chlorimuron-ethyl and glyphosate ammonium salt+
chlorimuron-ethyl, considering the GS and CE variables
(Table 5). This result may be related to the fact that these
variables depend directly on the opening and closing of the
stomata, as previously discussed.

Regarding the chlorophyll index, chlorimuron-ethyl
and glyphosate potassium salt showed the highest val-
ues when applied at 6:30 am, whereas at 12:30pm only
glyphosate isopropylamine salt differed statistically from
the other treatments (Table 5). The remaining treatments
did not differ from each other and generally presented lower
chlorophyll index values. Notably, the weeded control ex-
hibited a lower chlorophyll index than the best-performing
herbicide treatments, indicating that some herbicide appli-
cations resulted in chlorophyll levels equal to or higher
than the untreated, weed-free condition. When comparing
application times within each treatment, it was observed
that glyphosate isopropylamine salt and glyphosate am-
monium salt+ chlorimuron-ethyl applied at 6:30 am, as
well as glyphosate potassium salt applied either alone or
in mixture at 12:30 pm, resulted in the lowest chlorophyll
index values for this variable (Table 5).

Some studies report an increase in soybean chlorophyll
content 35 days after glyphosate application, which is asso-
ciated with partial recovery of plants from the stress caused
by the herbicide (Zobiole et al. 2011; Da Cruz et al. 2019;
Li et al. 2019). This effect may be related to the increase
in the levels of chelated nutrients after glyphosate appli-
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Table 7 Number of grains per pod (NGP) in the soybean cultivar
DM57i52 IPRO as a function of herbicide application in the 2019/20
and 2020/21 agricultural harvests.

Treatments Number of grains per
pod
Weeded control 2.62 b*
Chlorimuron-ethyl 2.65b
Glyphosate isopropylamine salt 2.67b
Glyphosate ammonium salt 278 a
Glyphosate potassium salt 2.64b
Glyphosate disopropylamine salt+ chlo- 2.58b
rimuron
Glyphosate ammonium salt+ chlorimuron 2.56b
Glyphosate potassium salt+ chlorimuron 270 a
CV(%) 5.09
Overall Means 2.65
Fherbicides 4.23
Fimes 3.42
Fherbicides x times 0.84
Pherbicides 0.0004
Plimes 0.07
Pherbicides x times 0.55

F analysis of variance. P probability
* Means followed by the same letter in the column do not differ from
each other, according to the Scott-Knott test (p < 0.05)

cation, especially magnesium and manganese, allowing the
gradual resumption of chlorophyll production in the plant
(Da Cruz et al. 2019). Soon after glyphosate application,
soybean plants showed lower chlorophyll content, possibly
due to the reduction in the levels of these essential nutri-
ents, which play a fundamental role in its synthesis and
functionality (Zobiole et al. 2011; Kanissery et al. 2019).
According to Da Cruz et al. (2019), variations in chloro-
phyll levels are common and may be associated with several
biotic and abiotic factors, such as water availability, tem-
perature, solar radiation, salinity, herbicide application and
competition with weeds, among others.

No interaction was observed between the factors tested,
nor was there a significant effect of herbicides and appli-
cation times, either when applied alone or in mixtures, for
the variables Ci and WUE (Table 6).

At 28 days after application (DAT), no significant ef-
fects were observed for internal CO, concentration (Ci)
or water use efficiency (WUE) as a function of herbicide
treatments, application times, or their interaction (Table 6).
Mean Ci values were relatively stable across treatments,
ranging from 258.00 to 273.17 umol mol-!, while WUE
values varied minimally between 6.13 and 7.13 mol mol-.
These results indicate that, although some physiological pa-
rameters such as photosynthetic rate and transpiration were
affected by the treatments, the internal CO, concentration
and the ratio between carbon assimilation and water loss re-
mained stable, suggesting the occurrence of compensatory

physiological mechanisms maintaining gas exchange bal-
ance in the plants.

Similar responses have been reported in soybean and
other crops subjected to herbicide applications, where
changes in certain physiological traits do not necessarily
lead to significant alterations in Ci and WUE. Coélho et al.
(2024) observed that different application times of herbi-
cides altered photosynthetic pigments and physiological
indicators in cowpea without consistent impacts on all gas
exchange variables. Likewise, Bari et al. (2020) reported
that herbicide-induced stress in wheat affected some physi-
ological parameters, while others remained unchanged due
to plant regulatory mechanisms. In soybean, formulations
of glyphosate and their mixtures may alter metabolism
and photosynthetic performance, but these effects are often
transient and may not significantly compromise internal
CO, dynamics or water-use efficiency (Gongalves et al.
2017; Li et al. 2019), which helps explain the lack of
significant differences observed for Ci and WUE in the
present study.

Effect of Herbicides and Application Times On
Soybean Grain Yield Components

The number of grains per pod was higher when glyphosate
ammonium salt and the mixture of glyphosate potassium
salt+ chlorimuron-ethyl were applied, even surpassing the
weeded control and the other treatments (Table 7). Since
the soybean plants did not suffer significant effects of phy-
totoxicity and were able to metabolize these herbicides, the
mixtures of chlorimuron-ethyl with glyphosate did not neg-
atively impact grain yield. Similar results were observed by
Maciel et al. (2009) when evaluating different herbicides,
applied alone or in mixtures to soybean, corroborating the
findings of this study.

The application of glyphosate isopropylamine salt,
glyphosate ammonium salt, and glyphosate potassium
salt+ chlorimuron-ethyl at 6:30 am resulted in the highest
number of grains per plant (Table 8), while the other treat-
ments did not differ from each other. This result is probably
related to the fact that herbicides applied at cooler times of
the day are less phytotoxic to the crop, or even that plants
can metabolize them more efficiently compared to applica-
tions made at periods of higher temperatures. Coé€lho et al.
(2024), evaluating different herbicides in cowpea, observed
that the lowest toxic effects on the crop occurred when
the products were applied at 6:30 am, compared to appli-
cations at 12:30pm, a result that, in part, resembles this
study. This effect is mainly due to the heat stress caused
by the application of herbicides close to noon (Amaral
et al. 2020; Abu-Nassar and Matzrafi 2025). According to
Barrozo et al. (2020), high temperatures during the hottest
times of the day can cause irreversible damage to plants,
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Table 8 Number of pods per plant (NPP), number of grains per plant (NGP), and weight of a thousand grains (WTG) of the soybean cultivar
DMS57i52 IPRO based on the application of herbicides at different times, in the 2019/20 and 2020/21 agricultural seasons.

Treatments Herbicide application times—hours
06:30 am 12:30pm 06:30 am 12:30pm
Number of pods per plant Number of grains per plant
Weeded control 52.75 Aa* 52.75 Aa 145.35 Aa 145.35 Aa
Chlorimuron-ethyl 46.76 Ab 48.05 Ab 128.91 Ab 134.35 Ab
Glyphosate isopropylamine salt 51.38 Aa 45.17 Ab 142.47 Aa 126.06 Bb
Glyphosate ammonium salt 57.33 Aa 50.87 Aa 165.94 Aa 147.32 Ba
Glyphosate potassium salt 46.17 Ab 50.60 Aa 128.33 Aa 140.47 Ab
Glyphosate disopropylamine salt+ chlorimuron 49.18 Ab 51.00 Aa 133.37 Ab 138.15 Ab
Glyphosate ammonium salt + chlorimuron 53.95 Aa 57.73 Aa 146.58 Aa 158.90 Aa
Glyphosate potassium salt+ chlorimuron 54.30 Aa 43.92 Bb 150.18 Aa 126.06 Bb
CV(%) 12.86 13.25
Overall Means 50.74 141.16
Fherbides x times 2.83 2.38
Pherbides x times 0.009 0.03
Treatments Weight of a thousand grains (g) Yield (kg ha™!)
Weeded control 163.51 Ac 163.51 Ac 2540.01 A™ 2540.00 Aa
Chlorimuron-ethyl 169.54 Ab 173.09 Aa 2702.81A 2705.00 Aa
Glyphosate isopropylamine salt 164.56 Ac 166.28 Ab 2643.82 A 2523.61 Aa
Glyphosate ammonium salt 176.89 Aa 169.00 Bb 2565.19A 2197.04 Bb
Glyphosate potassium salt 168.45 Ab 159.69 Bc 2734.48 A 2789.62 Aa
Glyphosate isopropylamine salt+ chlorimuron 161.90 Ac 164.20 Ac 2536.97 A 2825.82 Aa
Glyphosate ammonium salt+ chlorimuron 170.15 Ab 166.41 Ab 2646.22 A 2315.52 Ab
Glyphosate potassium salt+ chlorimuron 170.04 Ab 168.03 Ab 2318.33A 2641.80 Aa
CV(%) 2.68 13.68
Overall Means 167.20 2576.62
Fherbides x times 427 2.06
Pherbides x times 0.0003 0.05

ns not significant (p < 0.05). F analysis of variance. P probability

* Means followed by different letters (uppercase in rows and lowercase in columns) differ from each other by the t-test and the Scott-Knott test,

respectively, at a significance level (p < 0.05)

interfering with their metabolism and intensifying the toxic
effects of herbicides.

Applications of chlorimuron-ethyl alone and in mixtures
with glyphosate isopropylamine salt resulted in the low-
est number of grains per plant when applied at 6:30 am
and 12:30pm, compared to the weeded control (Table 8).
In addition, the application at 12:30 pm of glyphosate iso-
propylamine salt, glyphosate potassium salt and the tank
mix of chlorimuron-ethyl+ glyphosate potassium salt also
decreased the number of grains per plant, both compared to
the weeded control and the other treatments.

Applications of glyphosate ammonium salt and chlo-
rimuron-ethyl resulted in the highest weight of one thou-
sand grains when applied at 6:30 am and 12:30pm, re-
spectively, outperforming all other treatments, including the
weeded control (Table 8). Similar results were observed by
Reddy and Zablotowicz (2003), who found that applica-
tion of glyphosate in the isopropylamine salt or ammonium
salt formulations did not decrease soybean yield. Accord-
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ing to Correia and Durigan (2007), variations in yield of
RR soybean cultivars are generally associated with specific
genetic characteristics of each cultivar and not with the use
of different glyphosate formulations.

The weeded control and glyphosate isopropylamine salt,
applied alone or mixed with chlorimuron-ethyl, showed the
worst results for the weight of one thousand grains when
applied at 6:30 am and 12:30pm (Table 8). Similar results
were observed by Albrecht et al. (2012), who, when us-
ing the mixtures of glyphosate+ chlorimuron-ethyl, found
a negative effect on the weight of a thousand grains of the
soybean cultivar CD 214 RR. According to the authors,
this mixture of herbicides interferes with the formation and
filling of grains, resulting in reduced soybean yield.

Soybean grain yield did not differ between treatments
applied at 6:30 am (Table 8). Typically, when herbicides
are applied under conditions of high light, high tempera-
tures, and low relative humidity, the phytotoxic effect on
the crop is more intense (Peterson et al. 2016). However, in



Journal of Crop Health (2026)78:24

24 Page 11 of 14

this study, applications made at 6:30 am occurred under less
adverse conditions, which may explain the lack of impact of
treatments on soybean yield. Similar results were observed
by Agostinetto et al. (2009), who did not identify differ-
ences in grain yield of soybean cultivars when applying
glyphosate formulations (ammonium salt, isopropylamine
salt, or potassium salt) at different growth stages of the
crop. Similarly, Silva et al. (2018) reported that the isolated
or combined application of glyphosate with other herbi-
cides, including the tank mix of glyphosate + chlorimuron-
ethyl in the cultivar NS 6700 RR2, did not significantly
affect soybean yield. These results corroborate the findings
of this study.

The isolated application of glyphosate ammonium salt
and its tank mix with chlorimuron-ethyl resulted in the low-
est soybean grain yields when applied at 12:30 pm (Table 8).
On the other hand, the other treatments performed at this
time showed higher and statistically equivalent yield, with
no differences when compared to the weeded control. The
phytotoxic effects of herbicides should not be evaluated ex-
clusively based on visual symptoms, as there are known
cases of products that reduce crop yield without causing
visible damage (Simdes et al. 2016). On the other hand,
some herbicides can cause apparent injuries that disappear
as the plants develop, without compromising crop yield
(Silva et al. 2018; Da Cruz et al. 2019; Arshad et al. 2025).
Variation in soybean yield in response to the isolated use
of glyphosate or in mixture with other herbicides may be
associated with several factors, such as the cultivar’s tol-
erance to the application, the dose and the physicochemi-
cal characteristics of the molecules, in addition to climatic
conditions, soil characteristics and application technology.
These factors may influence the selectivity of the crop, mak-
ing it more or less susceptible to the effects of herbicides
(Merotto et al. 2015; Silva et al. 2018; Arshad et al. 2025).

The differences in phytotoxicity observed between
glyphosate (in its various salt forms) and chlorimuron-
ethyl can be better understood by considering their dis-
tinct physicochemical properties and how these interact
with application conditions (time of day, temperature, hu-
midity). Glyphosate, as a highly polar and hydrophilic
molecule, has a very low octanol-water partition coefficient
(log Kw<-3.2), and its salts (isopropylamine, ammonium,
potassium) are highly water-soluble, influencing absorption
and translocation within the plant (Reddy and Zablotow-
icz 2003; Agostinetto et al. 2009; Travlos et al. 2017).
Potassium salts, in particular, may penetrate the plasma
membrane more efficiently than ammonium or isopropy-
lamine salts, potentially facilitated by plant Na/K transport
mechanisms. Chlorimuron-ethyl, a sulfonylurea, differs
in polarity, solubility (~1200mg L' at pH 7), and pKa
(~3.8-4.2), such that a substantial fraction is non-ionized
at typical leaf-surface pH, enhancing lipophilic uptake

through the cuticle (Maciel et al. 2009; Albrecht et al.
2018).

Application timing further modulates uptake and effi-
cacy: cooler, more humid conditions in the early morning
favor cuticular penetration and reduce rapid evaporation,
whereas higher midday temperatures and lower humidity
can limit absorption (Mohr et al. 2007; Abu-Nassar and
Matzrafi 2025). In tank mixtures with chlorimuron-ethyl,
physicochemical compatibility, solubility, and ionic form
may influence absorption dynamics and synergistic or an-
tagonistic interactions, explaining the observed variation in
phytotoxicity among herbicide types and application times.
Collectively, these factors provide a mechanistic basis for
the differences in selectivity and effectiveness observed in
the present study.

Comparing the different application times, it was ob-
served that the treatments that received glyphosate ammo-
nium salt at 12:30pm showed lower grain yield compared
to the application carried out at 6:30 am (Table §8). On
the other hand, the other treatments presented equivalent
yields, regardless of the application time. The reduction in
yield caused by the application of glyphosate ammonium
salt at 12:30pm is probably associated with more intense
heat stress and lower humidity during this period, which
compromise the absorption and efficacy of the herbicide,
as previously discussed. These conditions limit the physi-
ological recovery of the plant, reducing its productive po-
tential. In contrast, the other treatments maintained stable
yield between application times, suggesting better tolerance
to environmental variations. DeWerff et al. (2015) also did
not find effects on soybean grain yield related to the timing
of glyphosate application from stages V1 to R1, reinforcing
the results observed both by Mohr et al. (2007) and in this
study. According to Andrade et al. (2020), the lower the
toxic effect of the glyphosate formulation, the greater the
synthesis of secondary metabolites, which favors growth
and production of photoassimilates by the plant. The in-
crease in the availability of photoassimilates allows for
more intense transport of these compounds to the grains,
resulting in heavier grains and, consequently, higher yield
(Andrade et al. 2020; Manghwar et al. 2024).

Although, in some situations, herbicide application at
12:30pm does not negatively affect certain variables in
soybean or may not differ significantly from applications
made at 6:30 am, the present results indicate that appli-
cations during the hottest periods of the day can inten-
sify herbicide effects on soybean plants, especially when
products are applied in tank mixtures. Therefore, it is rec-
ommended that farmers prioritize spraying at times when
weather conditions are milder. In this sense, lower temper-
atures and higher relative humidity favor herbicide absorp-
tion and translocation, increasing weed control efficiency
and, in most cases, ensuring greater selectivity to the crop.
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In addition, applications carried out under less intense ther-
mal stress reduce the risk of evaporation and volatilization,
minimizing drift to neighboring areas. This is especially
important in regions where crops sensitive to certain herbi-
cides are present, helping to prevent crop injury, economic
losses, environmental impacts, and potential legal disputes.

Conclusions

Isolated applications of chlorimuron-ethyl caused the
highest levels of phytotoxicity in the soybean cultivar
DM57i52 TPROS57. In contrast, phytotoxicity was lower
when glyphosate was used in the isopropylamine salt,
ammonium salt and potassium salt formulations. However,
tank mixes of chlorimuron-ethyl with these glyphosate salts
increased phytotoxicity in this cultivar.

Among the tested combinations, the mixture of glypho-
sate ammonium salt+ chlorimuron-ethyl applied at 12:30 pm
was the most harmful to soybean, resulting in the highest
phytotoxicity and the lowest grain yield. These effects are
likely associated with increased plant stress under unfavor-
able environmental conditions at midday, which intensified
herbicide absorption and damage.

The weeded control, as well as the isolated application
of glyphosate ammonium salt or in association with chlo-
rimuron-ethyl, presented better values for the physiological
variables of soybean plants, including transpiration rate,
stomatal conductance, photosynthetic rate and carboxyla-
tion efficiency. in general, the weeded control and the ap-
plication of glyphosate ammonium salt showed the best
results for the soybean grain yield components. In addition,
the application of herbicides at 6:30 am was less harmful
to the crop than applications at 12:30 pm.
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