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AGRONOMY (AGRONOMIA)

ABSTRACT: Harvest-aid herbicides are used to anticipate soybean harvest and make the field available for next crop during the 
growing season. However, this anticipation can interrupt the transport of photoassimilates and reduce seed yield, as well as affect 
the seed quality. It is also not well known if cultivars with earlier growth cycle are more sensitive to harvest-aid herbicides. This 
work evaluated how different moments of harvest-aid herbicides application affect soybean yield, seed physiological quality, and 
oxidative metabolism. Two cultivars were used, one early and another medium growth cycle. The herbicide used was paraquat. 
Experiments were carried out in the field to evaluate yield attributes, and from the seeds harvested, seed quality attributes were 
evaluated in controlled environment. Early application of harvest-aid herbicides reduced seed yield and 1000-seed mass in both 
evaluated cultivars, being more expressive for early growth cycle cultivar. Seeds from plants submitted to early application of harvest-
aid herbicides had higher enzymatic activity related to oxidative metabolism. The early growth cycle cultivar (maturity group - MG 6.2) 
produced more than the medium growth cycle cultivar (MG 7.7), however, had greater sensitivity to the early application of harvest-aid 
herbicide.
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Herbicidas auxiliares da colheita influenciam a produtividade, qualidade
e metabolismo oxidativo de sementes de soja

RESUMO: Os herbicidas dessecantes são usados para antecipar a colheita de soja, permitindo antecipar a semeadura da próxima 
cultura durante a estação de cultivo. Contudo, a antecipação da colheita pode interromper o transporte de fotoassimilados e 
promover redução da produtividade, além de alterar a qualidade das sementes. Há pouca informação se cultivares precoces 
são mais sensíveis a dessecação antecipada. Este trabalho avaliou como diferentes momentos de dessecação por herbicida 
afetam a produtividade, a qualidade fisiológica da semente e o metabolismo oxidativo das plântulas derivadas destas 
sementes. Duas cultivares foram usadas, uma de grupo de maturação precoce e outra média. O herbicida utilizado foi o 
paraquat. Experimentos foram conduzidos a campo para avaliar atributos de produtividade, e a partir das sementes colhidas foi 
conduzido um experimento em ambiente controlado. Dessecação precoce com herbicidas reduziu a produtividade e a massa 
de mil grãos nas duas cultivares, sendo mais expressivo na cultivar precoce. Sementes oriundas da dessecação precoce têm 
maior atividade de enzimas do metabolismo oxidativo. A cultivar de ciclo precoce (grupo de maturação - GM 6.2) produziu mais 
que a cultivar de ciclo médio (GM 7.7), entretanto, teve maior sensibilidade a dessecação antecipada com herbicidas. 

Palavras-chave: atividade enzimática; herbicidas-dessecantes; Glycine max L. Merril; peroxidase; superóxido dismutase
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Introduction
Soybean (Glycine max L. Merrill) is one of the world’s 

leading commodities and its demand grows every year. In the 
2017/2018 growing season, 35 million hectares were sowed 
with soybeans in Brazil, with an average yield of 3,382 kg per 
hectare (Conab, 2018). Some growers choose to anticipate 
harvesting through application of harvest-aid herbicides in 
soybeans, it can homogenize crop maturation and anticipate 
the sowing of the second crop within the growing season 
(Pereira et al., 2015).

Harvesting soybean field for seed purposes must be carried 
out as soon as there is no loss of production and no reduction 
in the seed physiological quality. Based on the physiological 
quality of the seeds, the harvest should be performed soon 
after the period of physiological maturity. However, at this 
stage the plant still has a high amount of green leaves and 
green branches, and high-water content in the plant, resulting 
in difficulties in mechanical harvesting, and may also promote 
mechanical injury in the seeds.

During physiological maturity, that occurs at phenological 
stage R7, the translocation of photoassimilates from the 
plant to the seed ceases, and the seeds have the maximum 
accumulation of biomass, germination and vigor (Fehr & 
Caviness, 1977). The moment of the use of harvest-aid 
herbicide in soybean can impair the quality of the seeds and 
even disable its use as seed (Sediyama, 2013). This kind of 
herbicide should be carried out when the remobilization of 
photoassimilates to the seeds is complete.

Harvest-aid herbicides promotes rapid senescence of the 
plants, but there is doubt about the impact on the production, 
germination and vigor of the seeds produced. The delay in the 
soybean seeds harvesting after physiological maturity is one 
of the main causes of seed germination and vigor reduction 
(Sediyama, 2013), and of the greater deterioration of the 
seeds by the greater wrinkling of the integument and increase 
of crack percentages due to cycles of wetting and drying that 
occurs in the field (Marcandalli et al., 2011).

Depending on when it is carried out, soybean harvest-aid 
herbicide can reduce soybean yield (Toledo et al., 2014), and 
therefore, performing pre-harvest desiccation at the right time 
can minimize yield losses. Identifying the ideal phenological 
stage to perform the desiccation harvest-aid herbicide may be 
related to the maturity group and the genetic attributes of the 
cultivar.

There is few information on the effect of harvest-aid 
herbicide use in soybean seeds quality, and in the resulting 
seedlings enzymatic activity. This study evaluated the effect of 
soybean harvest-aid herbicide on yield attributes, harvested 
seed physiological quality, and attributes of oxidative stress.

Materials and Methods
Two experiments were carried out, one in field conditions 

(experiment I) and the other in greenhouse conditions 
(experiment II), which are described below.

Experiment I
The soybean field experiment was carried out at ‘Rio 

Paranaíba’, Minas Gerais state, Brazil (19º21’S, 46º07’W, 
alt. 1195 m). The climatic classification of the site is tropical 
altitude (Cwa), with the average temperature of 20 °C and 
annual average rainfall around 1540 mm (Alvares et al., 2013). 

A randomized complete block design was used, consisting 
of two cultivars, four treatments of plant desiccation, and four 
replications. The soybean cultivars used were MSoy6210 IPRO 
with relative maturity group (MG) 6.2 and MSoy7739 IPRO 
with MG 7.7, both with indeterminate growth habit. The plant 
desiccation treatments were as follow: natural desiccation at 
R8 (control), desiccation by harvest-aid herbicide at growth 
stages R5.3, R5.5, and R6. Each experimental plot consisted of 
five rows with 8 m long and row-spacing of 0.6 m.

Seeding was carried out on November 15, 2016. The 
seeding rate used was 350,000 and 400,000 plants ha-1, for 
the MG 6.2 and 7.7, respectively. Desiccation by harvest-aid 
herbicide was performed with the herbicide paraquat (N,N’-
dimethyl-4,4’-bipyridinium dichloride) at a dose of 2 l.ha-1, 
at a concentration of 276 g of a.i. per liter. A CO2 propellant 
sprayer with a pressure of 2 bar was used, and the application 
volume used was 200 L ha-1.

An area of 7.2 m2 per plot was harvested at maturity to 
determine seed yield, seeds per area and 1000-seed mass. 
Seed moisture was adjusted to 13%.

Experiment II
It was conducted in a greenhouse, using seed samples 

harvested from the treatments of experiment I. The 
treatments were arranged in a randomized block design with 
four replications. Each replicate consisted of 50 seeds, that 
were sowed equidistantly in plastic trays, with the following 
dimensions: 40 cm long × 25 cm wide and 5.45 cm deep. The 
substrate used was washed and sieved medium sand. Seeding 
was performed 20 days after harvest and seedling evaluations 
were performed 15 days after sowing. The dry biomass of 
the stem, leaves and cotyledons were determined, and five 
seedlings were used per replication. The seedling biomass 
was subjected to air drying at 65 °C during 48 h.

The antioxidant enzymes activity was evaluated at 15 
days after sowing. Samples of the fresh leaf biomass were 
ground, and 200 mg were macerated with 4 mL of 0.1 mol 
L-1 potassium phosphate buffer pH 6.8. Then, samples were 
transferred to Eppendorf flasks, and centrifuged at 10,000 rpm 
for 30 min at 4ºC (Kar & Mishra, 1976). Finally, samples were 
stored at -20º C until determinations of leaf protein content 
(Bradford, 1976), superoxide dismutase enzyme (Beauchamp 
& Fridovich, 1971), and peroxidase enzyme activity (Teisseire 
& Guy, 2000).

Statistical analysis
The data were submitted to the Shapiro-Wilk test and, 

when the normality assumption was fulfilled, the analysis of 
variance was performed and, when significant, the averages 
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were classified by the Tukey test at 5% significance, through 
the statistical program R (version 3.0).

Results
Analysis of variance 

There was interaction between treatments for seed yield, 
1000-seed mass, and superoxide dismutase enzyme activity. 
Between cultivars there was difference for leaf biomass, 
cotyledons biomass, and the enzyme peroxidase. Among 
desiccation treatments there was difference for resulting 
seedlings stem, leaf and cotyledon biomass (Table 1).

Experiment I
The seed yield of the cultivar MSoy6210 was higher than 

the cultivar MSoy7739 at the desiccation times R5.5, R6 and R8, 
except for the R5.3 stage where no difference was found between 
cultivars. For the cultivar MSoy6210 the seed yield reduced by 
55.9, 20.6 and 10% due desiccation by herbicide at R5.3, R5.5 and 
R8 growth stages, respectively. For the cultivar M-SOY 7739 the 
seed yield reduced by 29.2, 19.9 and 16.5%, due desiccation by 
herbicide at R5.3, R5.5 and R8 growth stages, respectively. Within the 
desiccation treatments, in R5.3 the yield of the cultivar MSoy7739 
was 20.5% higher than the cultivar MSoy6210, however in R5.5, 
R6 and in control treatment, the yield of the cultivar MSoy6210 
were 32, 43.6, and 33.2% higher, respectively. (Figure 1A).

The 1000-seed mass for the cultivar MSoy6210 reduced by 
25.9, 15 and 2.86% due desiccation by herbicide the R5.3, R5.5 
and R8 growth stages, respectively. For the cultivar MSoy7739 

the 1000-seed mass reduced by 22.2, 14.2 and 1.35%, due 
desiccation by herbicide the R5.3, R5.5 and R8 growth stages, 
respectively. Within the desiccation treatments, the 1000-
seed mass of MSoy6210 was 6.0, 10.7, 10.1, and 11.0% higher 
than cultivar MSoy7739 at R5.3, R5.5, R6, and R8 growth stages, 
respectively (Figure 1B).

Experiment II
The leaf biomass was higher in control (R8) treatment, and 

all the treatments derived from seeds from plants submitted 
to desiccation by herbicide reduced leaf biomass in soybean 
seedlings. Leaf biomass 1.3 times higher in cultivar MSoy7739 
than cultivar MSoy6210 (Figure 2). The cotyledon biomass was 
higher in control and early burndown at R6. The cotyledons 
biomass was 1.2 times higher in cultivar MSoy7739 than in 
cultivar MSoy6210 (Figure 2).

The stem biomass decreased by 34% in desiccation by 
herbicide at the R5.3 stage in relation to the control. The stem 
biomass was 1.2 times higher in the MSoy7739 compared to 
the cultivar MSoy6210 (Figure 2).

The peroxidase activity was 1.2 times higher in the 
cultivar MSoy7739 than in the cultivar MSoy6210 (Figure 3). 
The enzyme superoxide dismutase had higher activity in the 
cultivar MSoy7739 at desiccation by herbicide at R5.3 and R5.5. 
The enzymatic activity of the super oxide dismutase in the 
desiccation by herbicide at R6 and in the control, did not differ 
between the cultivars. The enzymatic activity of superoxide 
dismutase in cultivar MSoy6210 did not differ between 
desiccation treatments (Figure 3).

**, *, and ns were significant at p<0.01, p<0.05 and non-significant, respectively, by the F-test at 5% probability.

Table 1. Significance of the analysis of variance of the evaluated attributes: yield, 1000-seed mass (1000-SM), peroxidase (POD), 
superoxide dismutase (SOD), stem biomass, leaf biomass, and cotyledons biomass (Cot).

*Means followed by the same letter, lowercase between desiccation treatments and upper case between cultivars did not differ by Tukey test at 5% significance.

Figure 1. Seed yield (A) and 1000-seed mass (B) of soybean cultivars at different moments of desiccation by herbicides at Rio 
Paranaiba, Minas Gerais, Brazil.
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*Means followed by the same letter, lowercase between desiccation treatments and upper case between cultivars did not differ by Tukey test at 5% significance.

Figure 2. Biomass of leaves (A and B), biomass of cotyledons (C and D), and biomass of stems (E) by the moments of desiccation 
or by the cultivar in soybean seedlings.

Discussion
Desiccation by harvest-aid herbicides at R5.3, R5.5 and R6 

on soybean cultivars MSoy6210 and MSoy7739 reduced 
yield, 1000-seed mass, biomass. As well as increased activity 
of oxidative metabolism enzymes POD and SOD. The short-
cycle cultivar MSoy6210 was more sensitive to the anticipated 
desiccation, and this fact may be related to the lower 
accumulation of biomass in the seeds, when compared to the 

medium-cycle cultivar that had greater biomass accumulation 
in the seeds. The higher biomass accumulation in the medium 
cycle cultivar MSoy7739 corroborated with the higher 
enzymatic activity of POD and SOD in this cultivar.

In another study, the desiccation by herbicide performed 
at the R5.3 and R5.5 stages for the cultivar Valiosa RR reduced 
seed mass, resulting that these growth stages are not the 
appropriate for desiccation (Finoto et al., 2017). When the 
desiccation is performed at this time, the plant is not at its 
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physiological maturity, i.e. the seed is still in the filling stage. The 
premature plant death results in the seeds photoassimilates 
accumulation interruption (Carvalho & Nakagawa, 2000). The 
earlier the desiccation by herbicide in soybean plants, the 
greater the losses in seed mass (Kappes et al., 2009). 

Soybeans seeds obtained from plants submitted to 
desiccation by herbicides at R6 growth stage are of physiological 
quality inferior to those obtained with application in the 
stages R7 and R8 (Marcandalli et al., 2011). The desiccation 
at R7 growth stage in the ‘Conquista’ cultivar reduced root 
length, hypocotyl length, total length and total dry biomass 
of soybean seedlings when compared to treatment without 
desiccation (Toledo et al., 2014).

Early desiccation can raise the seed electrical conductivity, 
i.e. it may affect the integrity of the membranes, reduce their 
physiological quality, the seed vigor, and are more sensitive to 
storage (Botelho et al., 2016).

The pre-harvest desiccation with paraquat herbicide 
increased the germination in soybean seeds from cultivar BRS 
Candeia at the R6 stage (92%), when compared to R7 (79%) and 
R8 (71%), however, desiccation at the R6 stage reduced seed 
yield when compared to later stages (Peluzio et al., 2008).

Although the plant desiccation at the R6 and R7 growth 
stages with the herbicide paraquat increase the germination 
rate, the vigor of the seeds derived from the desiccation at 
the R6 stage is lower (Lamego et al., 2013). If soybean seeds 
contain a large amount of water content during harvest-aid 
herbicide application, it can damage seed cells due herbicide 
translocation into the cells (Botelho et al., 2019).

The pre-harvest desiccation performed at the R7 stage with 
paraquat increased seed yield and anticipated the harvest in 
six days. Plants without desiccation by herbicides stay longer 
in the field, the pods become more susceptible to dehiscence 
and adverse conditions, and consequently can reduce yield 
(Pereira et al., 2015) and seed quality.

Early plant desiccation performed with paraquat at the R7.3 

stage increases or maintains seed quality and can anticipate 
harvesting in two days compared to control (Kappes et al., 
2009).

The desiccation by herbicide at R8 may be useful when 
the soybean field does not have uniform maturation or have 
plants with green stem disorder (Harbach et al., 2016).

Seeds originating from desiccation by herbicide at R7.1 
and R7.3 did not reduce the germination rate (Finoto et al., 
2017). Plant desiccation by herbicide carried out from the 
R7 phenological stage does not reduce yield, however, plant 
desiccation by herbicide performed prior to this period can 
reduce yield (Pereira et al., 2015).

Seeds of the cultivar MSoy7739 from plants desiccated 
by herbicides at R5.3 and R5.5 originated seedlings with higher 
activity of peroxidase enzymes. This presented that pre-
harvest desiccation impaired the physiological, biochemical 
and enzymatic quality of the seeds.

The desiccation by herbicides anticipated stage R6, or 
earlier, reduces activity of the POD enzyme, reduces seed yield 
and seed vigor, evidencing that it should not be a management 
practice for seed production. 

The enzyme peroxidase is related to processes of 
lignification metabolism, auxin formation, salt stress tolerance 
and heavy metal tolerance (Passardi et al., 2005). This enzyme 
has been used as a metabolic attribute related to growth and 
responsiveness to environmental stress.

Increased activity of antioxidant enzymes is considered 
a mechanism of adaptation to stress (Bargaz et al., 2015). 
The higher activity of these enzymes is associated with the 
reduction of oxidative damage and the improvement of plant 
tolerance to stressors (Kibria et al., 2017).

The medium-cycle cultivar had higher enzymatic production 
of SOD and POD than the short-cycle cultivar, which evidences 
genetic difference in this attribute. The higher production of 

*Means followed by the same letter, lowercase between desiccation moments and upper case between cultivars did not differ by Tukey test at 5% significance.

Figure 3. Enzymatic activity of superoxide dismutase (A) and peroxidase (B) in soybean seedlings derived from seeds from 
different desiccation treatments and cultivars.
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enzymatic compounds in seeds from early desiccation may be 
associated to a biochemical imbalance in seed formation. This 
results in an activation of stress enzymes in the development 
of the embryo and the formation of seedlings from these 
seeds.

Soybean yield is directly related to the photosynthesis 
performed by the leaves, the remobilization, and duration 
of the seed filling (Li et al., 2006). The early plant desiccation 
reduced the seed-filling period, resulting in lower yield. 
Medium-cycle cultivars may have longer duration of the 
reproductive period as well as longer duration of seed filling, 
thus resulting in higher 1000-seed mass, and seedlings derived 
from these seeds with greater vigor.

At R5 the soybean plants begin the seed filling, at any of the 
four upper nodes. At the R6 stage the total seed filling in the 
pods occurs, with physiological maturity occurring at the R7 
stage, and is characterized by the presence of a mature brown 
pod at any node of the main stem (Fehr & Caviness, 1977).

Also, at R5 the plant reaches the highest photosynthetic 
rate and higher biological fixation rate (Herridge & Peoples, 
2002), because the demand for photoassimilates by the 
seed drain is very high. The soybean seed usually begins to 
deteriorate from its physiological maturity (R7) when it already 
has germination capacity (Wang et al., 2007).

In the physiological maturation there is a greater 
accumulation of dry matter, and from this phase, only water 
loss occurs. Thus, from the R7 growth stage, there are no yield 
losses in biomass accumulation (Sediyama et al., 2015).

The low performance of seeds from early desiccation 
soybean plants may be related to the fact that the plant is 
still translocating photoassimilates into the seed, resulting in 
premature seed formation (Peluzio et al., 2008).

Conclusion
Anticipated burndown by herbicide reduced seed yield 

and 1000-seed mass in both cultivars, especially the cultivar 
MSoy6210, in the same way increased antioxidants enzymes 
activity.

The early-cycle cultivar MSoy6210 (GM 6.2) yielded more 
than the medium-cycle cultivar MSoy7739 (GM 7.7), however 
the first was more impaired by anticipation burndown by 
herbicide.
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