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ABSTRACT

Glufosinate and diquat may have different levels of efficacy in the pre-harvest desiccation of soybean (Glycine max (L.) 
Merr.) plants, and may affect quality of seeds differently, depending on the phenological stage at which they are applied. 
The objective of this study was to evaluate desiccation with glufosinate and diquat at the phenological stages R6, R7.1, 
R7.2, and R7.3, and to examine their effects on yield and quality of soybean seeds. The experiment was conducted at two 
sites in the state of Paraná (PR), Brazil, in the 2020-2021 crop season. A randomized block design was used, treatment 
groups consisted of application of glufosinate or diquat at R6, R7.1, R7.2, and R7.3, and the control group (without desiccant 
application). Defoliation, maturity, moisture, yield, and seed quality (vigor and germination) were evaluated. Glufosinate 
and diquat were effective at desiccation and had a significant effect on defoliation and maturity, with final values ≥ 98.8% 
and ≥ 99.3% respectively. Treatments can accelerate harvest maturity by approximately 3 d and earlier applications do 
not necessarily favor this acceleration, most notably in trial 1. However, desiccation at earlier stages reduced seed yield 
and negatively affected seed quality, with values of only 61.3% and 71.8% of vigor and germination in some situations. 
The application of glufosinate or diquat was effective in the pre-harvest desiccation of soybean plants, with no differences 
between the assessed herbicides or phenological stages. The application of glufosinate starting at R7.2 or diquat at R7.3 is 
ideal to avoid deleterious effects on seed yield. Applications at earlier stages may lead to losses of more than 30% seed 
yield. The use of diquat or glufosinate before R7.2 may reduce the quality of seeds.
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INTRODUCTION

Pre-harvest desiccation of soybeans (Glycine max (L.) Merr.) is a practice that is used for controlling weeds, stabilizing 
plants with green stem/leaf retention problems, accelerating and/or optimizing harvest, and reducing damage from pests 
and fungi that may attack the crop at the end of the crop cycle (Griffin et al., 2010; Toledo et al., 2014; Bezerra et al., 2016; 
Bellaloui et al., 2020). Desiccant herbicides, particularly paraquat, are often used for this purpose.
 Paraquat is a photosystem I inhibitor, a contact-active, non-selective herbicide with rapid action (Bromilow, 2004). 
These properties explain its high level of use in pre-harvest desiccation of soybean plants, as noted by Boudreaux and 
Griffin (2011). Malaspina et al. (2012) observed a reduction in soybean seed water content after the application of paraquat 
(400 g active ingredient [ai] ha-1) at the R6, R7, and R8 stages, without a reduction in yield or 100 seed mass. However, 
paraquat has been banned in Brazil (Anvisa, 2020), making necessary to study the efficacy of other herbicides in the pre-
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harvest desiccation of soybean plants. Diquat has been proposed as an immediate substitute of paraquat, as it has the same 
mechanism of action as that of paraquat and is reported to be effective at desiccating soybean plants without reducing the 
yield (Zagonel, 2005). Another herbicide that can be used for this purpose is glufosinate (Pereira et al., 2015b; Botelho et 
al., 2019).
 An important aspect to consider during research is the phenological stage of the soybean plant at which pre-harvest 
desiccation with herbicides is performed. Araújo et al. (2018) observed that the use of glufosinate or diquat, at the 
anticipation of soybean harvest, was effective at desiccation; however, applications at R6 and R6.5 resulted in negative 
effects on the yield or seed quality. In contrast, there were no deleterious effects from applications at R7.2. Other authors 
have also reported the negative effects of the application of different desiccant herbicides, earlier than R7, on soybean 
yield and other parameters (Cella et al., 2014; Coltro-Roncato et al., 2015). Glufosinate may or may not have negative 
effects on seed quality, depending on the application timing and dose (Pereira et al., 2015a; Botelho et al., 2019; Zuffo 
et al., 2020). Many stressors, such as herbicides that cause changes in soybean physiology, can affect the seed quality 
(Albrecht et al., 2012; Marchi et al., 2021).
 Glufosinate and diquat may have different levels of efficacy in the pre-harvest desiccation of soybean and they may 
affect seed quality depending on the phenological stage at which they are applied. Thus, the objective of this study was 
to evaluate desiccation with glufosinate and diquat at the phenological stages R6, R7.1, R7.2, and R7.3 and their effects on the 
yield and quality of soybean seeds. 

MATERIALS AND METHODS

Experimental site
The experiment was conducted in Palotina (24°11’41.1” S, 53°48’30.1” W - trial 1) and Maripá (24°24’27.7” S, 
53°51’46.6” W - trial 2), Paraná (PR), Brazil, during the 2020-2021 crop season. The soil at the experimental sites had a 
high clay content. The climate of the region is Cfa, according to the Köppen-Geiger classification (Aparecido et al., 2016) 
and the climatic conditions during the experimental period are presented in Figure 1. Direct sowing of soybean (Glycine 
max (L.) Merr.) ‘BS 2606 IPRO’ (trial 1) and ‘Monsoy 5947 IPRO’ (trial 2) was performed on 23 October 2020 (trial 1) 
and 17 November 2020 (trial 2), with a density of 14 plants m-1 (trial 1) and 12 plants m-1 (trial 2) and an intra row spacing 
of 0.45 m in both trials. 

Experimental design
The treatments consisted of applications of herbicides glufosinate-ammonium (Finale, 200 g L-1, BASF S.A., São Paulo, 
Brazil) and diquat dibromide (Reglone, 200 g L-1, Syngenta Proteção de Cultivos Ltda., São Paulo, Brazil), at rates of 
400 g active ingredient (ai) ha-1, for pre-harvest desiccation of soybean (Table 1). The herbicides were applied at different 

Figure 1. Representation of rainfall and maximum and minimum temperatures for the period of the experiments (8 Feb 
2020 to 28 Mar 2021). Palotina and Maripá, Paraná, Brazil, 2020-2021 season.
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phenological stages, according to pod appearance and phenological key proposed by Fehr et al. (1971), R6 being the green 
grain stage, completely filling the pod cavities; R7 is characterized with the beginning of maturation, with the identification 
of the first mature pod, passing through R7.1 (up to 50% maturation), R7.2 (51% to 75% maturation), R7.3 (> 75% maturation), 
until reaching R8, full maturation with 95%. A randomized block design with four replicates was used and the experimental 
units were composed of 3.2 (7 rows) × 5 m plots. The four central rows of the plot, excluding 1 m from each side, were 
used for evaluation. 
 The dates and climatic conditions of the herbicide applications are described in Table 2. A CO2-pressurized 
backpack sprayer (Pulverizador Pesquisa, Herbicat Ltda., Catanduva, São Paulo, Brazil) equipped with six AIXR 
110 015 nozzles (TeeJet Technologies South America, Produtos Agrícolas Ltda., Cotia, São Paulo, Brazil) was used 
at a pressure of 2 kgf cm-2 from a distance of 50 cm from the target, providing an application volume of 150 L ha-1.

Evaluations
The percentage of defoliation and the maturity of the soybean plants were evaluated at 3, 6, 9, 12, and 15 d after the first 
application (DAA) in trial 1 and at 3, 7, 10, 17 and 20 DAA and at pre-harvest in trial 2. Defoliation was assessed using the 
diagrammatic scale by Hirano et al. (2010), while maturation was evaluated with a focus on pods, with percentage values 
related to full maturation (R8) (Fehr et al., 1971). At harvest, seed yield was determined with moisture measurements 
corrected to 13% and the results were expressed in kg ha-1. Seed moisture (%) was determined using an electronic moisture 
meter (AL-102 ECOR, Agrologic Tecnologia de Precisão Ltda., Curitiba, Paraná, Brazil).
 A sample of seeds harvested from each plot was packed in a paper bag and sent to the laboratory, at controlled 
temperature and humidity, for the subsequent testing of seed quality (vigor and germination). The germination test 
consisted of four replicates per field plot. The germination test was performed using four sub-samples of 50 seeds each per 
field for each replicate of each treatment, which were placed to germinate between three sheets of filter paper moistened 
with demineralized water at a proportion of 2.5 times the weight of the dry paper. The papers were rolled and placed in 
a germinator at a constant temperature of 25 ºC. The first count (indicative of vigor) was performed at 5 d and all the 

   L cp ha-1 g ai ha-1

Control (without application) - - - -
Glufosinate Finale R6 2 400
Glufosinate Finale R7.1 2 400
Glufosinate Finale R7.2 2 400
Glufosinate Finale R7.3 2 400
Diquat Reglone R6 2 400
Diquat Reglone R7.1 2 400
Diquat Reglone R7.2 2 400
Diquat Reglone R7.3 2 400

cp: Commercial product; ai: active ingredient.

Table 1. Treatments composed of herbicides applied at pre-harvest desiccation of soybean. Palotina and Maripá, Paraná, 
Brazil, 2020-2021 season.

Herbicide Commercial product RateSoybean stage

   km h-1 ºC %
Trial 1 R6 18 Feb 2021 1.9 25.5 62.0
 R7.1 21 Feb 2021 4.8 29.4 54.4
 R7.2 23 Feb 2021 4.3 28.7 62.0
 R7.3 25 Feb 2021 2.5 34.9 52.2

Trial 2 R6 26 Feb 2021 12.3 31.5 47.9
 R7.1  2 Mar 2021 7.2 27.4 59.4
 R7.2 11 Mar 2021 5.1 27.7 44.9
 R7.3 16 Mar 2021 8.6 27.8 57.1

T: Temperature; RH: relative humidity.

Table 2. Dates and weather conditions during herbicide applications.

Soybean stage Date Wind Rate RH
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germinated seeds, both normal and abnormal, were removed from the roll and the remaining seeds were returned to the 
germinator until the second count at 8 d. The percentage of germination was determined by the sum of the two counts 
(MAPA, 2009).

Statistical analysis
The data obtained were subjected to ANOVA using an F-test (P < 0.05). The treatments were grouped by the Scott and 
Knott (1974) test (P < 0.05). It was used for the analysis Sisvar 5.6 software (Federal University of Lavras, Department 
of Statistics, Lavras, Minas Gerais, Brazil) (Ferreira, 2011).

RESULTS

Defoliation and maturity
In trial 1, the predominant climatic conditions during the study period (Figure 1) and the characteristics of the genotype led 
to accelerated maturation. The application of desiccants at R7.1 coincided with the 3 DAA evaluation (note that the evaluation 
dates are relative to the first application), the application at R7.2 was 1 d before the 6 DAA evaluation, and the application at 
R7.3 was 1 d after the 6 DAA evaluation. At 12 and 15 DAA, all herbicide treated plants differed from the untreated controls. 
At 15 DAA, nonsignificant differences were observed between the stages of application or between the herbicides (Table 3). 
This was evident in the evaluation of maturity at 12 DAA and at 15 DAA (pre-harvest), with ~ 100% maturity reached by 
15 DAA in all treatment groups (Table 4). Treatments can accelerate harvest maturity by approximately 3 d and earlier 
applications do not necessarily favor this acceleration.
 In the first evaluations conducted in trial 2, diquat performed better than glufosinate because of its faster action. At 
20 DAA, compared to the control, all herbicide treatments accelerated defoliation, with the treatment with glufosinate at 
R7.3 being the least effective. At pre-harvest, the herbicides were 99.3% to 100% effective in soybean plant defoliation, 
regardless of the stage of application (Table 5). This result indicates that, a few days after application, the efficacy of 
glufosinate matched that of diquat in terms of defoliation and maturity for harvest. There was a more pronounced effect 
of diquat on both defoliation and maturity in the early evaluations. At 20 DAA, no differences were observed between the 
herbicides, and both were superior to the control. With regard to timing, the application of both herbicides at R7.3 resulted 
in soybean plants with lower maturity (90%), but still higher than the control. At pre-harvest, the herbicides were 99.3% 
to 100% effective in terms of soybean plant maturity, regardless of the application stage (Table 6).

Control (without application) - 22.5b 56.3c 75.0b 83.8b 94.3b
Glufosinate R6 42.5a 83.3a 94.8a 95.0a 98.8a
Glufosinate R7.1 22.5b 62.5c 95.0a 96.5a 100.0a
Glufosinate R7.2 22.5b 56.3c 96.5a 97.3a 100.0a
Glufosinate R7.3 22.5b 56.3c 75.0b 96.8a 100.0a
Diquat R6 45.0a 76.3b 95.5a 96.3a 99.0a
Diquat R7.1 22.5b 75.0b 97.8a 97.8a 100.0a
Diquat R7.2 22.5b 56.3c 98.3a 98.5a 100.0a
Diquat R7.3 22.5b 56.3c 75.0b 97.8a 100.0a

Mean  27.2 64.3 89.2 95.5 99.1
CV, %  18.0 6.9 4.0 3.0 1.2

Table 3. Defoliation of soybean plants at 3, 6, 9, 12, and 15 d after application (DAA) of herbicides. Trial 1, 2020-2021 
season.

Defoliation
Soybean 

stage 3 DAA

Means followed by the same letter do not differ from each other by the Scott and Knott (1974) test, at the 5% 
probability level.

Herbicide 6 DAA 9 DAA 12 DAA 15 DAA

% 
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Moisture and seed yield
In trial 1, the best results were obtained with glufosinate applied at R7.2 and R7.3 and with diquat applied at R7.3, which were 
also superior to the untreated control. The yields in the treatments of glufosinate at R7.1 and diquat at R7.2 did not differ 
from those observed in the untreated control. Therefore, the risk of a reduction in yield after the application of desiccants 
at earlier stages of soybean development is evident, because the application of glufosinate at R6 and of diquat at R7.1 and 
R6 reduced the yield of the soybean plants relative to the untreated control. Moreover, no differences were observed in 
seed moisture between the herbicides, and all treatments had a of moisture content lower than that of the untreated control 
(Table 7).
 In trial 2, no differences were observed in seed moisture between the herbicides and between the stages of application, 
with all treatments having a moisture content lower than that of the untreated control. The yield in the diquat treatment, 
applied at the R7.3 stage, was not significantly different from the control. Earlier applications led to a reduction in soybean 
yield. In turn, the application of glufosinate was safe at the R7.2 and R7.3 stages, whereas earlier applications resulted in 
a reduction in yield (Table 7). This shows that glufosinate can indeed be applied to accelerate harvest maturity without 
compromising yield.

Control (without application) - 10.8c 66.3b 81.3c 87.0b 95.3b
Glufosinate R6 48.8b 72.5b 90.0b 96.0a 100.0a
Glufosinate R7.1 11.3c 72.5b 90.5b 98.3a 100.0a
Glufosinate R7.2 11.3c 66.3b 82.3c 97.3a 100.0a
Glufosinate R7.3 10.5c 66.3b 81.3c 97.5a 100.0a
Diquat R6 75.0a 95.0a 98.8a 98.8a 100.0a
Diquat R7.1 10.5c 76.8b 97.0a 98.5a 100.0a
Diquat R7.2 10.8c 66.3b 97.0a 98.5a 100.0a
Diquat R7.3 10.5c 66.3b 81.3c 98.3a 100.0a

Mean  22.1 72.0 88.8 96.7 99.5
CV, %  17.7 8.6 4.5 1.8 0.8

Table 4. Maturation of soybean plants at 3, 6, 9, 12, and 15 d after application (DAA) of herbicides. Trial 1, 2020-2021 
season.

Maturation
Soybean 

stage 3 DAA

Means followed by the same letter do not differ from each other by the Scott and Knott (1974) test, at the 5% 
probability level.

Herbicide 6 DAA 9 DAA 12 DAA 15 DAA

% 

Control (without application) - 0.0c 7.5d 11.8e 56.3c 77.5c 96.5b
Glufosinate R6 16.3b 63.8b 88.0b 92.5a 97.8a 100.0a
Glufosinate R7.1 0.0c 26.3c 55.5d 81.3b 97.0a 100.0a
Glufosinate R7.2 0.0c 7.5d 11.8e 87.5b 98.0a 100.0a
Glufosinate R7.3 0.0c 7.5d 11.8e 56.3c 86.3b 99.3a
Diquat R6 31.3a 80.0a 95.0a 99.0a 99.0a 100.0a
Diquat R7.1 0.0c 25.5c 77.5c 98.0a 99.0a 100.0a
Diquat R7.2 0.0c 7.5d 11.8e 92.8a 98.5a 100.0a
Diquat R7.3 0.0c 7.5d 11.8e 56.3c 96.3a 100.0a

Mean  9.2 25.9 41.6 80.0 94.4 99.5
CV, %  17.1 15.2 5.4 7.6 2.5 0.5

Table 5. Defoliation of soybean plants at 3, 7, 10, 17, and 20 d after application (DAA) of herbicides, and at pre-harvest 
(PRE). Trial 2, 2020-2021 season.

Defoliation
Soybean 

stage 3 DAA

Means followed by the same letter do not differ from each other by the Scott and Knott (1974) test, at the 5% 
probability level.
For 3 DAA, due to abnormality, the data were transformed by √ (x+1).

Herbicide 7 DAA 10 DAA 17 DAA 20 DAA

% 

PRE
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Control (without application) - 5.0b 7.8d 14.5e 61.3d 78.8c 96.0b
Glufosinate R6 7.8a 36.3b 56.8c 85.0b 96.0a 100.0a
Glufosinate R7.1 5.0b 22.5c 45.0d 85.0b 94.8a 100.0a
Glufosinate R7.2 5.0b 7.8d 14.5e 78.8c 96.8a 100.0a
Glufosinate R7.3 5.0b 7.8d 14.5e 61.3d 90.0b 99.3a
Diquat R6 7.8a 62.5a 81.8a 99.0a 99.0a 100.0a
Diquat R7.1 5.0b 25.0c 72.5b 99.0a 99.0a 100.0a
Diquat R7.2 5.0b 7.8d 14.5e 88.5b 98.3a 100.0a
Diquat R7.3 5.0b 7.8d 14.5e 61.3d 90.0b 100.0a

Mean  5.6 20.6 36.5 79.9 93.6 99.5
CV, %  12.9 17.8 14.3 5.4 2.7 0.9

Table 6. Maturation of soybean plants at 3, 7, 10, 17, and 20 d after application (DAA) of herbicides, and at pre-harvest 
(PRE). Trial 2, 2020-2021 season.

Maturation
Soybean 

stage 3 DAA

Means followed by the same letter do not differ from each other by the Scott and Knott (1974) test, at the 5% 
probability level.

Herbicide 7 DAA 10 DAA 17 DAA 20 DAA

% 

PRE

  % kg ha-1 % kg ha-1

Control (without application) - 15.5b 3914b 9.9b 3371a
Glufosinate R6 12.9a 3522c 9.3a 2362c
Glufosinate R7.1 13.1a 3818b 9.3a 2798b
Glufosinate R7.2 13.1a 4131a 9.4a 3277a
Glufosinate R7.3 13.1a 4246a 9.4a 3226a
Diquat R6 11.9a 3344c 9.2a 2188c
Diquat R7.1 12.2a 3736c 9.1a 2429c
Diquat R7.2 12.9a 3889b 9.1a 3000b
Diquat R7.3 12.5a 4204a 9.0a 3218a

Mean  13.0 3867 9.3 2874
CV, %  5.3 5.3 1.9 9.1

Table 7. Moisture and grain yield of soybean plants under herbicides applied at pre-harvest desiccation. 2020-2021 
season.

Trial 1
Soybean 

stage Moisture

Means followed by the same letter do not differ from each other by the Scott and Knott (1974) test, at the 5% 
probability level.

Herbicide Yield

Trial 2

Moisture Yield

Seed quality
With regard to seed quality, the application of glufosinate or diquat at the R6 and R7.1 stages reduced the percentages of 
vigor and germination compared to the untreated control (trial 1). Nonsignificant differences were observed between the 
herbicides, with reductions in seed quality associated with the desiccation stage, i.e., herbicide application earlier than 
the R7.2 stage had no effect on the quality of seeds. Only the application of diquat significantly affected seed quality, with 
a negative effect observed after application at the R6 stage (trial 2). A reduction in vigor and germination to 61.3% and 
71.8%, respectively, was observed (Table 8).
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DISCUSSION

The herbicides glufosinate and diquat were effective in desiccating soybean plants, with significant effects on both 
defoliation and maturity. Overall, diquat produced results faster; however, there were no differences in the final evaluations, 
regardless of the application stage. Research into the use of these two herbicides in this manner should be intensified, 
given the ban on paraquat. The findings of the present study and of other studies confirm the efficacy of glufosinate and 
diquat in pre-harvest desiccation of soybean plants (Guimarães et al., 2012; Finoto et al., 2017; Botelho et al., 2019).
 However, desiccation at earlier stages reduced the yield of the soybean plants. The application of diquat had no effect 
on soybean yield only at stage R7.3, regardless of location and cultivar; whereas glufosinate was safe to use from R7.2 
onwards, regardless of location and genotype. Araújo et al. (2018) also observed that applications of glufosinate or diquat 
at R6 and R6.5 reduced yield or had negative effects on soybean seed quality, but there were no deleterious effects when 
applications were performed at R7.2.
 The evaluated desiccants tended to bring about an earlier harvest by 3 to 7 d, but only glufosinate had some effect after 
R7.2. Applications at R6 caused losses in soybean yield that varied between 21.5% and 35.1%. In addition, application of 
diquat at R7.2 was not ideal because it led to losses that varied between the experiments (5.9% and 8.5%), which shows the 
importance of application timing in relation to the phenological stage.
 With regard to seed quality, the application of both herbicides before the R7.2 stage poses a risk to the physiological 
potential of the seeds, particularly diquat as it causes more damage when applied at R6. However, the results may vary 
according to the production environment, the cultivar, and the predominant climatic conditions. The application of 
glufosinate (Delgado et al., 2015; Botelho et al., 2019; Zuffo et al., 2020) or diquat (Finoto et al., 2017; Ergin and Kaya, 
2020) can affect soybean seed quality, especially at stages before R7. Thus, it is recommended, as a precautionary principle 
(in view of the potential variations), to apply pre-harvest desiccants, such as glufosinate, paraquat, carfentrazone, and 
diquat, in seed production fields exclusively at R7.3, as shown by Pereira et al. (2015b). Importantly, despite the potential 
deleterious effects of the early application of glufosinate and diquat, these herbicides are viable alternatives to paraquat 
for pre-harvest desiccation of soybean plants. Applications of paraquat before stage R7 can also have negative effects 
(Zanatta et al., 2018; Pereira et al., 2020).
 Therefore, further studies on this topic are needed to consolidate the findings on application timing for different 
production environments, climate conditions, cultivars, phenological stages, and desiccants, with the aim of achieving 
consistent and sustainable solutions for this area of agriculture.

Control (without application) - 73.5a 82.8a 72.3a 84.5a
Glufosinate R6 65.3b 75.3b 68.3a 78.8a
Glufosinate R7.1 67.0b 77.3b 71.0a 83.8a
Glufosinate R7.2 75.3a 83.8a 72.3a 84.8a
Glufosinate R7.3 73.0a 82.5a 74.8a 85.5a
Diquat R6 63.3b 71.8b 61.3b 71.8b
Diquat R7.1 66.8b 76.5b 68.5a 80.0a
Diquat R7.2 70.5a 82.3a 73.8a 83.5a
Diquat R7.3 70.5a 80.8a 71.3a 82.8a

Mean  69.4 79.2 70.4 81.7
CV, %  5.5 5.1 6.4 5.3

Table 8. Vigor (V) and germination (G) of soybean grains of plants under herbicides applied at pre-harvest desiccation. 
2020-2021 season.

Trial 1
Soybean 

stage V

Means followed by the same letter do not differ from each other by the Scott and Knott (1974) test, at the 5% 
probability level.

Herbicide G

Trial 2

V G

% 
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CONCLUSIONS

The application of glufosinate (400 g ai ha-1) and diquat (400 g ai ha-1) was effective in pre-harvest desiccation of soybean 
plants, with nonsignificant differences between the herbicides or the phenological stages in the final evaluations. The 
change in growth stage and earliness of maturity for harvest depends on the environmental conditions and genotype.
 The application of glufosinate starting from R7.2 or diquat at R7.3 has nonsignificant deleterious effect on seed yield. 
Earlier applications may lead to losses of more than 30% of seed yield. Diquat and glufosinate can reduce the quality of 
seeds when applied before the R7.2 stage. All in all, further research is needed to determine the optimum pre-harvest timing 
of herbicide application to soybean plants.
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