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Abstract 
 

Desiccation prior to soybean harvest is vital for controlling invasive plants and standardizing the area before harvesting. The 

objective of this study was to evaluate the efficacy of different desiccant herbicide treatments in the pre-harvest desiccation of 

X-Tend soybeans. For this purpose, a field experiment was conducted using a randomized complete block design with blocks 

containing 17 treatments each. The herbicides tested were glufosinate, saflufenacil, flumioxazin, carfentrazone, diquat, 

tiafenacil, and combinations such as diquat + flumioxazin, diquat + amicarbazone, diquat + carfentrazone, diquat + 

glufosinate, diquat + tiefenacil, diquat + saflufenacil, glufosinate + saflufenacil, glufosinate + flumioxazin, glufosinate + 

carfentrazone, and glufosinate + tiafenacil, along with a control treatment that did not involve herbicide application. Visual 

assessments of phytotoxicity, defoliation, and plant desiccation were conducted through photographs of the plots at 3, 5, 7 and 

10 days after application (DAA), accompanied by measurements of grain moisture content. However, there were variations in 

phytotoxicity and defoliation between treatments. In terms of the desiccant effect, diquat showed a rapid response in 

phytotoxicity to weeds and defoliation in soybean, while glufosinate ammonium had a slower action. Notably, thiafenacil 

exhibited a rapid phytotoxic action. In addition, the combination of saflufenacil with glufosinate ammonium resulted in faster 

desiccation than when applied separately. In conclusion, the use of the herbicide diquat in desiccation provided higher 

productivity compared to the control without herbicide application. These results highlight the importance of the appropriate 

choice of herbicides in desiccation to improve soybean yield. 
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Introduction 
 

Soybean (Glycine max (L.) Merril) is a crucial leguminous 

crop in the global agricultural economy (Voora et al. 2020). 

Advances in genetic engineering, such as the development of 

herbicide-tolerant varieties like Intacta 2 Xtend soybeans, 

have significantly transformed agricultural practices (Medina 

2021). These cultivars are tolerant to both glyphosate and 

dicamba, the latter due to the dicamba monooxygenase gene 

from Pseudomonas maltophilia, enabling innovative weed 

management strategies near sowing times without damaging 

the crop. This flexibility is pivotal as it allows farmers to 

manage planting and desiccation schedules more efficiently, 

which is essential for maximizing yield and optimizing 

harvest times (Nandula 2019). 

Thus, it presents itself as an innovative alternative to 

pre-sowing desiccation of soybeans, as it allows the 

positioning of dicamba close to its sowing and/or in appliqué 

and planting (sowing immediately after application), without 

phytotoxic effects. to this crop, providing greater temporal 

flexibility and plant back evolution, without the need to wait 

60 days between the application of dicamba and soybean 

sowing (Oliveira and Ferreira 2020). 

In view of the use of Intacta 2 X-tend soybean, 

questions about the effectiveness of pre-harvest desiccation 

become relevant, especially considering possible influence of 

the tolerance of the herbicides contained in this technological 

system (Wechsler et al. 2019). A clarification of these doubts 

is crucial because desiccation is a strategic practice for 

maximizing productivity, inducing dehydration of the grains, 

leaf drop and drying of the stems of the plants, promoting the 

uniformity of the planted area and allowing the grains to 

reach the ideal humidity, between 13 and 15%. This practice 

makes it possible to anticipate the harvesting process 

(Kamphorst and Paulus 2019), in addition to anticipating the 

sowing of the next crop (de Quadros et al. 2023). 

Currently, for pre-harvest soybean desiccation, there 

are several herbicide options available. Among them, 
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diquat, an inhibitor of photosystem I, and glufosinate 

ammonium, which acts by inhibiting the enzyme glutamine 

synthetase (GS) in the nitrogen assimilation route, stand out 

as viable choices (references). In addition, lesser used 

herbicides, such as flumioxazin, carfentrazone and 

saflufenacil, which are protoporphyrinogen oxidase 

inhibitors (PROTOX), are also options for producers 

(Carmo et al. 2023). A recent addition is tiefenacil, which 

also inhibits PROTOX (Park et al. 2018). However, it is 

important to note that the effectiveness of these products can 

vary considerably according to environmental conditions. 

This information is significant because in recent years, 

there has been considerable environmental variability 

regarding rainfall and light intensity during the soybean 

harvesting period, impacting the positioning and agronomic 

performance of desiccants. An example of this was observed 

in Dourados, Mato Grosso do Sul, in 2023, where low light 

in the plantations delayed the closing of the crop cycle, 

delaying an average of 7 to 10 days (Famasul 2023). This 

situation was accompanied by intense rainfall, recurring 

between January and February, totaling 580.2 mm of rainfall 

in this period (EBDPA 2023). This resulted in the delay of 

the harvest, where on February 24, 2023; the harvest should 

have been 47.1% but reached only 25% of the area. This 

combination of excessive rainfall and high temperatures in 

the final stage of the crop (R8) directly affected the quality of 

the grains, contributing to the formation of damaged and 

germinated grains (Famasul 2023). 

In this context, the association of contact and systemic 

herbicides in the pre-harvest desiccation of soybean may 

provide better performance, in addition to logistical and 

economic gains. These gains are obtained because the 

combination of products can result in improvement of the 

individual performance of the herbicides and may even allow 

the reduction of doses due to the synergistic effect, such as 

the combinations of glufosinate ammonium with PROTOX 

inhibiting herbicides (Takano et al. 2020; Silva et al. 2023). 

Given these advancements, it becomes increasingly 

important to stay updated with the evolving practices in the 

field. Therefore, in view of the ongoing changes in the 

herbicide application scenario for pre-harvest desiccation of 

soybeans, driven by increasingly frequent and recurrent 

environmental variables in crops, this study aims to evaluate 

the efficacy of different desiccant herbicide treatments in the 

pre-harvest desiccation of X-Tend soybeans. 

 

Materials and Methods 
 

Location of the experiment 

 

The field experiment was installed and conducted at the 

Experimental Farm of Agricultural Sciences (FAECA) of 

the Federal University of Grande Dourados, located in the 

municipality of Dourados, Mato Grosso do Sul, at an 

altitude of 411 m, at the following geographical coordinates: 

21°57'south latitude and 46°51' west longitude. The Köppen 

climate classification is characterized by Cwa (humid 

mesothermic climate, hot summers and dry winters) with an 

average annual temperature of 22.7°C (Fietz et al. 2020). 

The experiment was installed in December 2022 and 

followed up until the end of February 2023. The evaluations 

of the experiment were performed between February 18 and 

March 1, 2023. 

 

Installation and conduct of the experiment 

 

The experimental units consisted of 3 × 5 m plots, totaling 15 

m², with 6 soybean rows in each experimental unit. Soil 

samples were taken from the experimental area before the 

beginning of the experiment. The soil of the experimental area 

was classified as Dystroferric Red Oxisol (Santos et al. 2018), 

as shown in Table 1. 

The experimental design was randomized blocks, with 

four replicates, with 16 herbicide treatments, in addition to 

the control without herbicide application, totaling 17 

treatments. The active ingredients and their respective doses 

are described in Table 2. 

The soil was then prepared for direct sowing, based on 

pre-sowing desiccation and sowing itself, under the straw 

remaining from the previous maize crop. The cultivar 

selected was M 6410 IPRO (Soja Intacta 2 Xtend), which 

received seed treatment with fungicide and insecticide, 

pyraclostrobin (5 g ai ha-1) + thiophanate methyl (45 g ai ha-1) 

+ fipronil (50 g ai ha-1), for 100 kg of soybean seeds 

before sowing. 

Sowing was performed using a mechanical seeder 

consisting of twenty-six rows distributed at a spacing of 0.45 

m. The distribution of 12 seeds per linear m resulted in a 

final population of approximately 266 thousand plants per 

hectare. The fertilization at sowing was based on 300 kg ha-1 

of formulated fertilizer 0-20-20, according to soil analysis. 

In the management of the experimental area, the crop 

was monitored and underwent regular maintenance with 

fungicides and insecticides. Initially, fipronil (240 g a.i. ha-1) 

was applied against Diabrotica speciosa. Subsequently, the 

fungicides Orkestra (fluxapyroxad 58.45 g a.i. ha-1, 

pyraclostrobin 116.55 g a.i. ha-1) and Bold (acetamiprid 37.5 

g a.i. ha-1, fenpropathrin 56.25 g a.i. ha-1) were used, 

followed by the fungicide Viovan (picoxystrobin 60 g a.i. 

ha-1, prothioconazole 70 g a.i. ha-1). The fourth application 

included the insecticide Talisman (bifenthrin 30 g a.i. ha-1, 

carbosulfan 90 g a.i. ha-1). The maintenance cycle concluded 

with another application of Orkestra. 

During the experiment, daily rainfall checks were 

performed in the execution area. For this, the database of the 

agrometeorological station of Embrapa, interconnected to 

the climate guide, based at the Experimental Farm of 

Agricultural Sciences of the university, was used. The data 

collected were related to the temperature, rainfall and 

treatment evaluation period (Fig. 1), and visual captures of 

the plot representative of the treatments (Fig. 2). 

The soybean plants, when reaching the R7.3 stage 
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(76% of the leaves and pods yellowing, 98% of the grains 

already detached from the pods and grain moisture between 

50 and 54%), received different herbicide treatments aimed 

at desiccation. In total, 16 treatments were used, in addition 

to a control without application (Table 2). A CO2 pressurized 

sprayer equipped with a six-point boom, model TTI 110.02, 

spaced 0.50 m, maintained at 0.50 m from the height of the 

plants, with a spray volume of 150 L ha-1 and working 

pressure of 2 kgf.cm-2. Treatments were applied on February 

28, 2023, when the plants were at the R7.2 stage. During the 

applications, the environment presented 42% humidity, a 

temperature of 30.7°C and a wind speed of 4.32 km h-1. 

 

Evaluations experimental 

 

Evaluation of desiccation and defoliation: To evaluate the 

effect of desiccation on soybean, the methodology proposed 

by the Brazilian Society of Science of Weeds (SBCPD) was 

followed, and phytotoxicity analyses were conducted on 

days 3, 5, 7 and 10 after application (DAA). This method 

establishes a relationship between the percentage of visual 

damage and the manifestation of phytotoxicity symptoms, 

where 0% represents the absence of damage, up to 80–

100%, indicating plant mortality (SBCPD 1995). 

In the same period, defoliation evaluations were 

performed using visual observations. For this purpose, the 

diagrammatic scale proposed by Hirano et al. (2010) 

was adapted to measure the effectiveness of herbicides in 

plant defoliation. 

To determine the desiccated area, photos of 

representative plants were captured in all plots at 3, 5, 7 and 

10 days after application (DAA), according to the 

methodology proposed by Silva et al. (2023) and were 

subsequently analyzed using the image processing and 

analysis software ImageJ, which is in the public domain 

(National Institute of Mental Health USA 2012). To 

minimize possible influences of the edges of the plots, the 

images were adjusted. The program selects a spectrum 

range of params such as color, matrix, saturation and 

luminosity as a function of differentiating the pixels 

corresponding to the green parts of the plant from those that 

present aspects of desiccated tissue. The percentage of 

desiccated area is obtained through the relationship between 

the total number of image pixels and those with active 

photosynthetic activity. Fig. 3 represents an example of 

images that were captured and later processed by ImageJ to 

evaluate desiccation over time. 

 

Determination of the water content – through a 

greenhouse at 105 ± 3°C 

 

The method proposed by Brasil (1992) was used, which is the 

Table 1: Chemical analysis of the soil at the experiment site at 

0–20 cm depth 

 
pH *OM P  

(mg dm−3) 

K 

(mg dm−3) 

Ca Mg Al H + Al SB V (%) CEC 

(g dm−3) (cmolc dm−3) 

4.7 6.7 28.3 18.0 3.6 1.5 0.2 6.5 5.2 44.5 11.7 
*OM: organic matter; SB: sum-of-bases; V: basic saturation; CEC: cation exchange 

capacity. Source: Laboratory of Soil Fertility and Plant Mineral Nutrition, FCA 

 

Table 2: Description of the isolated or associated treatments and 

their respective doses used for desiccation in the soybean pre-harvest 

 
Treatments  Products  Dose (g a.i. ha-1) 

T1  Glufosinate + Flumioxazin 300 + 20 

T2  Flumioxazin 50 
T3  Diquat + Carfentrazone 300 + 20 

T4  Diquat 400 

T5  Glufosinate + Saflufenacil 300 + 35 
T6  Glufosinate 400 

T7  Diquat + flumioxazin 400 + 50 

T8  Diquat + saflufenacil 300 + 35 
T9  Glufosinate + carfentrazone 300 + 20 

T10  Witness  --------- 

T11  Saflufenacil 70 
T12  Diquat + thiafenacyl 300 + 50,85 

T13  Carfentrazone 20 

T14  Thiafenacyl 67,8 
T15  Diquat + amicarbazone 400 + 100 

T16  Glufosinate + thiafenacyl 300 + 50,85 

T17  Diquat + glufosinate 300 + 300 
a. I: Active ingredient. *Treatments containing herbicides received the addition of 5% 

oil (Joint) 

 

 
 

Fig. 1: Climogram of daily maximum and minimum 

temperatures and accumulated rainfall in the study region during 

the experimental period from 11/15/2022 to 03/01/2023. 

Dourados-MS, UFGD, 2022-2023. The bold rectangle indicates 

the period of application (18/02/2023) and evaluation of the 

treatments (21 to 28 February 2023) 

 

 
 

Fig. 2: Visual captures of the plots representative of the 

treatments with 3, 5, 7 and 10 DAA (days after application). The 

treatment containing isolated diquat was used as an example in 

the images. Source: Personal archive (2023) 
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standard method for determining the moisture content of 

soybeans, known as the greenhouse method. The 

determinations were performed with whole soybeans in an 

oven at 10.5°C, allowing for a variation of 3°C. Three metal 

crucibles with lids were placed per treatment and kept for 24 h. 

After this period, the crucibles were removed from the oven 

and transferred to a desiccator for one hour. After removing 

the metal capsules with the lids from the desiccator, with the 

aid of an analytical balance, the weight of the containers with 

their lids was measured. The percentage of moisture was 

determined by the ratio between the weight of the fresh sample 

and the weight at the end of the drying process. 

 

Productivity 

 

After the end of the evaluation periods, the experimental 

units were harvested individually and manually by 

removing the three central lines of each plot, thus avoiding 

the occurrence of errors in the estimation of productivity per 

plot. Soon after, the plants were subjected to a stationary 

threshing machine with a rotary threshing system, allowing 

the extraction of the grains for later weighing on a scale 

with accuracy to three decimal places. The data were 

transformed into kg ha-1. 

 

Analysis statistics 

 

For the statistical analysis of the variables defoliation, 

phytotoxicity and percentage of desiccation by image 

analysis, generalized additive location, scale and shape 

models (GAMLSS) with the family Beta Inflated of 1 were 

used, the mean and for the variance. The effects of 

treatment, period and interaction were evaluated using the 

F-statistic test. The comparison between treatment levels 

was performed using the marginal means estimated with 

adjustment using Tukey's test. For the analysis of moisture 

and yield, linear models with a normal distribution were 

used. The remaining variables were subjected to analysis of 

variance using the F test (P ≤ 0.05), and the means were 

compared using Tukey's test at 5% probability (P ≤ 0.05). 

For deviance analysis, the Generalized Additive 

Models for Location, Scale and Shape (GAMLSS) were 

used, with a Beta distribution for the variables ImageJ and 

Water Content and an inflated Beta of 1's for Defoliation 

and Phyto. The logit link function has been used to model 

the location param related to the mean. In the location 

param, the factors Block, Treatment, DAA and the 

interaction, Treatment versus DAA, were considered fixed 

effects, and the plot, formed by the combination of blocks 

with Treatment, was inserted as a random effect. 

The Shapiro‒Wilk test was used to verify the adequacy 

of the normal distribution to the model residuals. The F test of 

the deviance analysis was used to verify the significance of the 

factors inserted as a fixed effect. Tukey's test was applied to 

compare the treatment levels. The logistic model was used to 

adjust the response variables as a function of the DAA. In all 

tests, a 5% significance level was adopted. 

All statistical analyses were performed in R software 

(R Core Team 2022) with support from the gamlss (Rigby 

and Stasinopoulos 2005), emmeans (Lenth 2023) and 

ggplot2 (Wickham 2016) libraries. 

 

Results 
 

Deviance analysis (Table 3) identified a significant 

difference in all variables (ImageJ, water content, 

phytotoxicity and defoliation) with respect to days after 

application (DAA), showing that there was an evolution of 

desiccation over the days. Furthermore, all the adjustment 

residuals of the aforementioned variables are normally 

distributed, as can be observed by the Shapiro‒Wilk test (P 

> 0.05) and are suitable for GAMLSS regression. Through 

the coefficient of variation (CV), it was also determined that 

the analyses had low variability. The interaction between 

treatments and days after application had a significant effect 

on the evaluation of phytotoxicity and defoliation, but for 

the water content of the grains and the percentage of 

desiccated area, as evaluated by ImageJ software, there was 

no significant interaction. 

There was no significant difference between 

treatments for phytotoxicity, only in relation to desiccation 

action over time; thus, Fig. 4 presents the results of 

regression adjustment of the variable ImageJ through the 

mean of the treatments evaluated at 3, 5, 7 and 10 DAA. 

Through this evaluation method, it was observed that there 

 
 

Fig. 3: Visual captures of the plots that were subsequently used in 

the ImageJ software, in a way that was representative of the 

treatments at 3, 5, 7 and 10 DAA. The treatment containing 

isolated diquat was used as an example in the images. Source: 

Personal archive (2023) 

Table 3: Results of the fit of the GAMLSS models to the variables 

related to percentage 

 
Variable F test  SH  CV 

Treatment (T)  DAA (D)  T versus D 

ImageJ 1.73 545.82** 0.76 0.81 12.57% 
Water Content 0.92 683.08** 0.88 0.06 18.59% 

Phyto 0.78 252.68** 2.31** 0.70 2.34% 

Defoliation 6.38** 365.06** 3.98** 0.07 3.63% 
** Significant at 5% by the F test of the deviance analysis; SH, P value of the 

Shapiro‒Wilk normality test; CV (%), coefficient of variation 
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was an increasing trend in the percentage of desiccation 

over time regardless of the treatment with the presence of 

herbicides; that is, the desiccation evaluated by ImageJ was 

homogeneous for all treatments. At 3 DAA, the mean values 

of the treatments showed values close to 55% desiccated 

area, followed by approximately 65% at 5 DAA, values 

above 85% at 7 DAA, and finally, at 10 DAA, they reached 

values close to 100%. 

Similar to the percentage of desiccation (Image J), the 

water content also showed no significant interaction between 

treatments, differing only between days after application. 

Fig. 5 shows the results of the regression fit of the variable 

water content through the mean of the treatments, evaluated 

at 3, 5, 7 and 10 days after application. In general, for all 

treatments, there was a decrease in the percentage of 

moisture over time and therefore a decreasing curve, which 

indicates the loss of water in the grain. At 3 DAA, values 

close to 50% were observed, at 5 DAA and 7 DAA 

approximately 35%, and at 10 DAA, there was a significant 

decrease to about 15%. 

The observations of phytotoxicity and percentage of 

defoliation caused by the herbicides showed a significant 

effect for the interaction of the factors treatment and 

evaluation period, according to the result of the F test of the 

deviance analysis (Table 3). Thus, the results of the 

treatments were broken down according to the evaluation 

periods and, for each treatment, their behavior over time. It 

is possible to observe that at 3 DAA (Fig. 5), there was no 

significant difference between the herbicides for the 

percentage of phytotoxicity, and all treatments presented 

results of approximately 80% or above on the first 

evaluation date. At 5 DAA, it was observed that the 

thiafenacil treatment, which presented phytotoxicity 

between 90–95%, differed significantly from the glufosinate 

ammonium treatment, with a value lower than 85%. The 

other treatments did not differ in this period. 

The same behavior was observed at 7 and 10 DAA, 

with the thiafenacil and glufosinate ammonium treatments 

statistically differing from each other. In these last two 

evaluation periods, thiafenacil caused phytotoxicity of 

approximately 100%, differing from the treatment with 

glufosinate ammonium, which obtained percentages close to 

 
 

Fig. 4: Results of the regression fit of the variables ImageJ (a) and water content (b) in relation to DAA 
 

 
 

Fig. 5: Caterpillar plot when the phytotoxicity was evaluated for each treatment at each DAA level evaluated 
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95%. Again, both treatments did not differ from the others 

in the aforementioned periods. 

Figs. 6 and 7 show the results of the regression fit for 

phytotoxicity percentage as a function of the evaluation 

periods for each treatment and indicates that all treatments 

showed increasing evolution. Some treatments had a slower 

evolution to reach phytotoxicity until the tenth day, starting 

with lower values close to 80%, such as the treatments 

 
 

Fig. 6: GAMLSS regression with 1's inflated beta distribution for phytotoxicity (%) of each treatment in relation to DAA. The red points 

are the mean values, and the smoothed lines (black color) represent the fit of the logistic model, 1/[1+exp(-fx)] 
 

 
 

Fig. 7: Caterpillar plot of the percentage of defoliation for each treatment at each AAD level assessed 



 

Herbicides for X-Tend Soybean Cultivation / Intl J Agric Biol, Vol 32, No 2, 2024 

 177 

glufosinate + saflufenacil, glufosinate, diquat + flumioxazin, 

diquat + saflufenacil and diquat + glufosinate. Nevertheless, 

the herbicides cited established values close to 100% 

phytotoxicity at 10 DAA (Fig. 6). 

The treatments that had a slower evolution of 

phytotoxicity until the tenth day, starting in the first 

evaluations with values close to 90% phytotoxicity and at 

10 days after application reaching close to 100%, were 

glufosinate + flumioxazin, diquat, glufosinate + 

carfentrazone, diquat + thiafenacil, thiafenacil and diquat + 

amicarbazone, indicating high efficiency in a shorter time 

after application (Fig. 6). 

The visual analysis of the percentage of defoliation, 

depicted in the breakdown of the effect of the treatments, 

revealed that at 3 DAA, the plots with the diquat + 

amicarbazone treatment reached approximately 95% 

defoliation, showing a significant difference compared to 

the other treatments, that obtained values equal to or lower 

than 75% defoliation. 

At 5, 7 and 10 DAA, different treatments presented 

varying levels of defoliation. Some treatments, such as 

diquat, diquat + flumioxazin, and diquat + amicarbazone, 

showed significant differences compared to the control at 5 

DAA. In contrast, flumioxazin, saflufenacil, carfentrazone 

and glufosinate with thiafenacil showed no significant 

differences compared to the control, maintaining results 

below 85%. In addition, Fig. 8 shows the results of the 

regression fit for the percentage of defoliation in relation to 

the time postapplication for each treatment. All treatments 

caused a progressive increase in defoliation, but in the 

treatments that combined glufosinate + saflufenacil, 

saflufenacil and carfentrazone, the evolution was slower in 

the first days, reaching levels close to 100% defoliation at 

10 DAA. 

The treatments that presented the fastest evolution to 

reach defoliation until the tenth day were the treatments 

with the herbicide diquat alone or in combination with the 

herbicides flumioxazin or amicarbazone. Despite a lower 

slope in the curve, i.e., lower defoliation evolution over 

time, they indicated greater efficiency for this variable, with 

95% in the first evaluation (3 DAA), reaching close to 

100% only at 5 DAA. 

For the analysis of the weight of one thousand grains 

(PMMG), there was no significant difference, with very 

similar values. Regarding the yield analysis (Fig. 9), diquat 

reached values close to 3,900 kg.ha-1, significantly differing 

from the glufosinate + flumioxazin, glufosinate + 

saflufenacil and control treatments, with yields close to 

3,000 kg.ha-1. These treatments did not differ statistically 

from the others evaluated for this variable. 

 

Discussion 
 

The average defoliation at 5 DAA, as we saw earlier, was 

lower than expected, and this result is remarkable 

considering that the expectation when placing desiccant 

herbicides in soybean areas is to make harvest possible from 

the third day onward (Silva et al. 2023). Thus, it was 

expected that some herbicide treatments would have higher 

value. These results are justified by the climatic conditions 

observed after the application of desiccants, with a rainfall 

of 152 mm and average temperature close to 25°C (Fig. 1). 

This behavior was also observed in agricultural crops 

because in the state of Mato Grosso do Sul, in February, the 

high rainfall affected the harvesting operations, resulting in 

a risk of loss in grain quality because in this period, more 

than 50% of the crops were maturing and only 24% had 

been harvested. In addition to these aspects, high humidity 

favored soybean rust foci in grain filling crops in addition to 

attacks by caterpillars and bed bugs (Conab 2023). 

Thus, the reduction in efficacy, especially under rainy 

conditions, is due to the deceleration in plant metabolism, 

which results in lower herbicide action (Tenório et al. 2023). 

In addition, low temperatures can affect the natural 

senescence of C3 plants. Albrecht et al. (2023) state that 

higher temperatures increase enzymatic activity and plant 

metabolism, but at higher temperatures, soybean tends to 

reduce net photosynthesis, influencing transpiration flow and 

the production of hormones that decrease the preservation of 

green areas, favoring senescence. Thus, the delay in 

desiccation of soybean plants can be attributed to a 

combination of factors. The isolated or combined application 

of herbicides has the potential to cause significant impacts on 

defoliation rates, as well as on visual evaluations of the 

percentage of desiccation, within a period of up to ten days 

after applications. Throughout the analyses, the variation in 

the effects of these products on the defoliation processes and 

on the phytotoxic effects becomes evident. 

Thiafenacil exhibited a remarkable phytotoxic action 

over time, surpassing saflufenacil, another PROTOX 

inhibitor. This herbicide is a highlight, being a recent addition 

to the Brazilian market (Agrofit 2023), and has fundamental 

characteristics for the practice of pre-harvest soybean 

desiccation. Studies such as the one by Yoon et al. (2019) 

showed that thiafenacil binds to the enzyme 

protoporphyrinogen oxidase more efficiently than saflufenacil, 

thus ensuring improved efficacy. On the other hand, the 

combination of saflufenacil with glufosinate ammonium 

provided better results in plant defoliation compared to the use 

of the product alone (Silva et al. 2023), which was observed 

during the defoliation evaluations in this study. 

A more progressive effect of the herbicide glufosinate 

ammonium was observed in the phytotoxicity evaluations, 

reaching 90% phytotoxicity at 7 DAA. However, in the 

application of this herbicide, a rapid action is expected due 

to the accumulation of ammonia in the tissues, causing the 

destruction of chloroplasts, limiting photosynthesis and 

resulting in cell death (Ribeiro et al. 2023). This allows for 

ideal harvesting conditions starting at 5 DAA (Silva et al. 

2023). Thus, the photodependence of glufosinate-

ammonium, which leads to the development of symptoms 

only in the presence of light (Takano et al. 2020), is a factor 
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that reinforces the influence of climatic conditions, indicated 

in Fig. 1, on the efficacy of the herbicide. In addition, the 

effect of glufosinate ammonium is more rapidly expressed 

when combined with PROTOX inhibitors, suggesting a 

possible reduction in light dependence for the activation of 

this herbicide (Takano et al. 2020). 

 
 

Fig. 8: GAMLSS regression with 1's inflated Beta distribution for Defoliation (%) in relation to DAA. The red points are the mean values, 

and the smoothed lines (black color) represent the fit of the logistic model, 1/[1+exp(-fx)] 
 

 
 

Fig. 9: Caterpillar plot of estimated yield (kg.ha-1) for each treatment at the end of the evaluation cycle (10 DAA) 
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Although high rainfall (Fig. 1) significantly influenced 

the effectiveness of many herbicides, diquat maintained its 

efficiency. This behavior can be explained by the intrinsic 

characteristics of the herbicide, which is an inhibitor of 

photosystem I (PSI), which acts directly on photosynthesis, 

deflecting electrons that would be used to obtain chemical 

energy (reference). This product has high water solubility, 

rapid adsorption by soil colloids and efficient absorption by 

leaves due to its rapid passage through the cuticle. These 

properties, combined with its fast action in the presence of 

light, its non-selectivity and its effective translocation 

relative to the target (Parreira et al. 2023), demonstrate the 

consistent efficiency of diquat even in adverse weather 

conditions. In addition, the synergistic effect of diquat when 

associated with flumioxazin can be observed, since greater 

defoliation and phytotoxicity occurred, especially when 

compared to the application of flumioxazin alone. 

In addition, at the time of application, there was a low 

light intensity, which may favor the action of this herbicide 

if followed by high light intensity. This occurs because the 

translocation of diquat is inhibited by the rapid action and 

intense induction of cell death in the presence of light, 

restricting the effect of the herbicide (Tahmasebi et al. 

2018). The application of PSI-inhibiting herbicides at low 

light intensity may result in greater efficacy, possibly by 

reducing the accumulation of reactive oxygen species 

(ROS) and cell death, which allows greater translocation of 

herbicides (Montgomery et al. 2017). Thus, the delay in 

light reception by plants may improve herbicide distribution 

and increase the intensity of oxidative stress as soon as the 

plants come into contact with light (Pitelli et al. 2011). 

Another point to highlight is that desiccation with the 

herbicide diquat resulted in significantly higher productivity 

compared to the control. The swift efficacy of this herbicide 

leads to reduced energy expenditure by the grains, often 

exacerbated by the prolongation of the vegetative period due 

to excessive rainfall, a phenomenon that may be intensified 

by climate changes. Such conditions can negatively impact 

productivity, as observed by Pinheiro (2019). In evaluations 

of pre-harvest soybean desiccation, Chrusciak and Lazaretti 

(2022) also identified superior productivity in soybeans 

treated with diquat compared to the untreated control. 

Finally, the results obtained reveal significant aspects 

regarding the efficacy of the herbicides investigated in 

soybean desiccation. Although no notable differences were 

observed between herbicides used alone or in combination, 

the data corroborate previous research, reinforcing the 

consistency in effects on the percentage of desiccated area, 

grain moisture content and thousand-grain weight (Silva et 

al. 2023). Despite similarities in the evaluations performed, 

this study provides valuable information to the existing 

literature on pre-harvest soybean desiccation, contributing 

new analyses and approaches. 

These climatic challenges underscore the importance 

of incorporating environmental considerations in the 

development and application of agricultural technologies, 

aiming for resilience in production processes. In this way, 

the study not only reaffirms previous findings but also 

proposes new strategies for adjusting agricultural 

management to climatic realities, ensuring more effective 

and sustainable interventions. 

 

Conclusion 
 

Based on the study conditions, the evaluated herbicides 

demonstrated effectiveness in pre-harvest desiccation of 

dicamba-tolerant X-Tend soybean. Diquat stood out for its 

rapid phytotoxicity and defoliation, while ammonium 

glufosinate showed a more gradual response due to climatic 

conditions. The combination of tiafenacil and saflufenacil 

with ammonium glufosinate also showed promising results. 

Additionally, desiccation with diquat resulted in higher 

productivity compared to the control without application. 

These findings contribute significantly to improving pre-

harvest desiccation practices for X-Tend soybean, aiming to 

optimize agricultural production efficiency and outcomes. 
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