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Abstract. Any factor that may limit the leaf area of the crop in soybean may compromise its development and, consequently, its productivity. 
The aim of the study was to evaluate the effect of different levels of artificial defoliation performed in the vegetative and reproductive 
stages of two soybean cultivars, FT Campo Mourão and Brasmax Potência. The treatments consisted in: 1) Without defoliation throughout 
the culture cycle; 2) 16.7% defoliation in the vegetative stage; 3) 33.3% on vegetative stage; 4) 16.7% on reproductive stage; 5) 33.3% on 
reproductive stage; 6) 16.7% throughout the soybean cycle; 7) 33.3% defoliation throughout the soybean cycle. Regardless of the level of 
defoliation performed on soybeans, it was found that the cultivar Brasmax Potência presented the higher values of plant height, number of 
pods/plant and green weight of the aerial part, when compared to cultivar FT Campo Mourão. However, the number of pods/plant, green 
weight of the areal part, grain yield and weight of the seeds were not influenced by the defoliation intensities applied to the soybean. Based 
on the results, the threshold level of 30% of defoliation in the vegetative stage or 15% in the reproductive stage of soybean is still considered 
valid for the control of defoliating caterpillars in soybean crop.
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In the beginning of the 70’s, the area cultivated with soybeans in Brazil was approximately 
1,300,000 ha, and already in the 2019/2020 season, this area surpassed 35 million hectares 
in the country (Lima et al. 2019; CONAB 2020). Standing out in world agribusiness, placing 
Brazil in second place in terms of production, and regarding exports of this legume, the 
country occupies first place (Toloi et al. 2021). The soybean yield is directly related to the 
photosynthetic rate performed by their leaves (Borém et al. 2015). Therefore, any factor that 
limits the leaf area of this crop could compromise its final yield. Defoliation caused mainly 
by caterpillars and diseases are the main agents responsible for the loss of leaf area in 
soybean plants (Peluzio et al. 2002; Li et al. 2006). Most of the insects that attack soybean 
plants are caterpillars, which significantly reduce the photosynthetic area of the plants, 
causing economic damage depending on the intensity and the time when this defoliation 
occurs in the crop (Bueno et al. 2010; Moscardi et al. 2012).

Among the main species of caterpillars occurring in soybean crop, velvet bean, Anticarsia 
gemmatalis Hübner (Lepidoptera: Erebidae), and soybean looper, Chrysodeixis includens 
(Walker) (Lepidoptera: Noctuidae), are the most importants (Bortolotto et al. 2015; Murúa 
et al. 2018). These caterpillars act by modifying the architecture of the soybean canopy, 
reducing its leaf area, reducing light interception, plant growth rate as well as dry mass 
accumulation, which consequently negatively affects grain yield of the crop (Haile et al. 1998). 
However, soybean plants have a natural tolerance to the defoliation which is directly linked 
to the phenological stage of the crop, the cultivar’s ability to tolerate or compensate for this 
damage, as well as the action of environmental factors, such as volume and regularity of 
precipitation and the amount of light intercepted by the leaf canopy (Parcianello et al. 2004; 
Bahry et al. 2013; Taiz et al. 2017).

In order to determine the critical periods of attack of these defoliation insects in the 
soybean crop and to establish the criteria for control decision making and the rational 
use of chemical insecticides in this crop, the economic threshold for the management of 
this group of insects is very important. The economic threshold recommended to initiate 
the control of defoliation caterpillars in the soybean crop, based on their defoliation, is 
30% defoliation in the vegetative stage and 15% defoliation in the reproductive stage 

(Lourenção et al. 2019). Several studies have shown that soybean plants can withstand high 
defoliation intensities, especially during the vegetative stage, without significant grain yield 
loss (Todd & Morgan 1972; Turnipseed 1972; Gazzoni & Moscardi 1998; Haile et al. 1998, Ribeiro 
& Costa 2000). However, most of these works were developed in the 70’s to 90’s, using 
production systems and cultivars that are no longer used. Thus, new soybean cultivars of 
soybeans, with greater productive potential have been used by growers, especially those 
with indeterminate growth, as well as other changes in crop production systems such as 
different plant spacing and a lower sowing density (Balbinot Jr. et al. 2015; Zanon et al. 2015). 
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These facts justify the need for further studies to reassess 
whether the current economic threshold for defoliating 
caterpillars in soybean are still valid. This information can 
guarantee a safer recommendation regarding the ideal 
time to start controlling this group of pests in the crop. The 
economic threshold determined from the artificial defoliation 
method is a real possibility to estimate grain yield of the crop, 
since this simulation of the injuries applied in the crop is 
similar to the natural defoliation caused by the defoliation 
insects (Ribeiro & Costa 2000; Glier et al. 2015; Fernandes & Ávila 
2016; Krinski & Foerster 2017).

Therefore, this study aimed to evaluate the effects of different 
levels of artificial defoliation performed during the vegetative 
and reproductive stages of two soybean cultivars over the 
main agronomic parameters of the crop.

MATERIAL AND METHODS

The trial was conducted under field conditions in the 
experimental area of Embrapa Agropecuária Oeste (22º13'16 
''S, 54º48'20''W, 430 m altitude) in the county of Dourados, 
MS, Brazil. The rainfall and average daily temperature data 
observed in the experimental area are recorded in Figure 1. 
Two soybean cultivars were used, “FT Campo Mourão”, which 
shows vegetative growth until the beginning of flowering, 
characterized as determined growth and precocious cycle 
and “Brasmax Potência”, which shows vegetative growth after 
the beginning of flowering, characterized as undetermined 
growth and semi-precocious cycle. The soybean seeds 
used were previously treated with the carboxin + thiram 
fungicides (75 + 75 g a.i./100 kg of seeds) and inoculated 
with Bradyrhizobium. At the time of sowing, fertilization was 
carried out using 350 kg/ha of the fertilizer 00-20-20 (NPK), 
being the crop installed in the conventional planting system 
with the soil preparation done with a plow and grade leveler. 

After the complete emergency of the two soybean cultivars 
in the experimental area (Figure 2), artificial defoliation in 
the plants of 16.7% or 33.3% (Bahry et al. 2013), as shown 
by Figure 3 (A and B). Defoliation was performed during 
the vegetative and/or reproductive period of the soybean, 
establishing the following treatments: T1) Control: without 

defoliation throughout the soybean cycle; T2) 16.7% 
defoliation by removing 50% of one of the three leaflets of 
the soybean leaf only in the vegetative stage; T3) 33.3% of 
defoliation by removal of a leaflet only in the vegetative stage; 
T4) 16.7% of defoliation only in the reproductive stage; T5) 
33.3% of defoliation only in the reproductive stage; T6) 16.7% 
of defoliation throughout the soybean cycle; and T7) 33.3% 
defoliation throughout the soybean cycle, thus consisting of 
the trial of seven treatments of defoliation in soybean.

The experimental design was the randomized blocks 
allocated in the 2 x 7 factorial schemes (two cultivars x seven 
defoliation conditions) in four replicates. The experimental 
units consisted of five rows soybeans with 4.5 meters long, 
spaced 45 cm between the rows. The plots were isolated 
by a corridor 0.5 m wide and had the three central lines 
as useful area. The insecticides flubendiamide (24 g a.i./
ha) were applied weekly for the control of caterpillars and 
thiamethoxan + lambdaciabotrin (35.2 + 26.5 g a.i./ha) for the 
control of stink bugs in the two soybean cultivars of the trial in 
order to prevent the occurrence of injuries naturally caused 
by these insects in the crop, which could alter the intensity 
of the injuries imposed in the treatments of defoliation. 
The fungicide azoxystrobin + ciproconazole (10 + 40 g.i.a./
ha) was used on seeds for the control of soil diseases and 
the glyphosate herbicide (1,440 g.i.a./ha) for the control of 
invasive plants when necessary.

The following agronomic parameters were determined: 1) 
plant height (cm), 2) green weight of the areal part (g), 3) 
number of pods/plant, 4) weight of 100 seeds (g), and 5) yield 
of soybean grains (kg/ha). The average height and green 
weight of the aerial part, as well as the average number of 
pods/plant were determined by sampling twenty soy plants 
at random in the three central rows of each plot. For the 
evaluation of the average grains yield (in kg/ha), the soybean 
produced in the plants of the three central rows of each plot 
were harvested, and later, these grains were cleaned and 
weighed. The average weight of 100 seeds of the soybean 
harvested in the different treatments was also determined.

The values of the variables evaluated in the trial were 
submitted to analysis of variance (ANOVA), and when was 

Figure 1. Rainfall and average daily temperature observed in the experimental area with the soybean crop. Dourados, MS.
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verified significant effect of treatment, the means were 
compared by the Tukey’s test at 5% probability, using de Rbio 
software (Bhering 2017).

These factors were interpreted separately by analyzing one 
of them and grouping another as shown in Tables 1 and 2.

RESULTS AND DISCUSSION

There was no significant interaction between the factors 
cultivar and defoliation conditions applied in the soybean 
plants, evidencing that the effects of these factors were 
expressed with independence for the different agronomic 
variables analyzed in the experiment. However, when the 
defoliation levels studied were disregarded, it was found 
that the cultivar Brasmax Potência had an average plant 
height higher than the cultivar FT Campo Mourão (Table 
1). This agronomic characteristic is probably related to the 
type of growth of the soybean plants, that is, the cultivars 
of indeterminate growth, such as the Brasmax Potência 
cultivar has axillary inflorescence which allows the apical 

bud to maintain its vegetative growth even after beginning of 
flowering (Zanon et al. 2015), fact that explains its higher plant 
height. However, for genotypes with determined growth, 
such as the FT Campo Mourão cultivar, their inflorescences 
are characterized as racemes and their vegetative growth 
usually ceases after flowering (Perini et al. 2012; Borém et al. 
2015; Zanon et al. 2015; Monteiro et al. 2017).

The Brasmax Potência cultivar also showed a higher average 
number of pods/plant and green weight of the areal part 
when compared to the FT Campo Mourão cultivar, although 
the two cultivars did not differ in grains yield (Table 1). 
Soybean crop has well defined agronomic traits and soybean 
plants with greater mass, as the cultivar Brasmax Potência 
presented, are not always the most productive (Perini et al. 
2012). The weight of 100 seeds was higher in the FT Campo 
Mourão cultivar when compared to that obtained with the 
Brasmax Potência cultivar (Table 1). Probably, this greater 
weight of the seeds observed in the FT Campo Mourão 
cultivar is a way of this cultivar to present a compensation 
due to the smaller number of pods obtained in it, since 

Figure 2. Soybean experimental area after plant emergence. Dourados, MS.

Figure 3. Defoliation simulation of 16.7% (A) and 33.3% (B) in the soybean crop. Dourados, MS.
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the grain yield did not differ significantly between the two 
cultivars studied (Table 1).

By simulating artificial defoliate in a given crop, similar to 
the attack by defoliation insects, the results obtained can 
indicate the level of damage that these plants can tolerate at 
a given stage of development, as well as the losses in their 
final productivity (Glier et al. 2015; Fernandes & Ávila 2016; 
Krinski & Foerster 2017). In the treatments with different levels 
of defoliation, no significant effects on plant height were 
observed when defoliation occurred only at the vegetative 
or reproductive stages of the crop (Table 2). However, when 
defoliation of 33.3% was carried out throughout the soybean 
cycle, a significant reduction in plant height was observed 
when compared to the control treatment, in which there 
was no defoliation (Table 2). Similarly, in the treatments with 
different defoliation conditions for the two soybean cultivars 
studied, no significant effects were observed for the number 
of pods/plant, green weight of the areal part, grain yield and 
weight of 100 seeds (Table 2).

It is expected that soybean plants suffering from intense 
defoliation may be significantly smaller in size than non-
defoliated ones (Ostlie & Pedigo 1985; Bueno et al. 2010) as 
observed in the present assay when the defoliation was 
33.33% throughout the crop cycle (Table 2). However, these 
soybean plants that suffered 33.33% defoliation during the 
entire crop cycle, although with smaller size, had no significant 
effect on grain yield as well as on the number of pods/plant 
and green weight of the areal part (Table 2). Therefore, it can 
be affirmed that even with certain defoliation levels, soybean 
plants are still able to resume their development and produce 
normally, as observed in the present study, despite having 
reduced the height. Soybean is known to contain a leaf 
canopy superior to its need for development and productivity 

(Borém et al. 2015). Probably the defoliation applied in soybean 
plants did not has not reached the threshold to reduce 
photosynthetic production in the leaves and, consequently, 
did not significantly interfere in the grains yield of the crop 

(Taiz et al. 2017). In addition, it is known that the number of 
pods per plant, among other agronomic traits, is genetically 
determined by the genotype, and may thus undergo small 
changes depending on the cultivar’s growth habit.

Generally, defoliation performed in the reproductive stage 
(R1 to R5) is more harmful to soybean culture, compared to 
the same defoliation performed in the vegetative stage (Glier 
et al. 2015). Defoliation in the reproductive stage can result 
in a reduction in the number of pods per plant, when these 
structures are aborted, due to the lack of photoassimilates 
required for the filling of the pods (Fazolin et al. 2001; Schmildt 
et al. 2010; Bahry et al. 2013). However, in our work these 
effects were observed only for the height of plants with 33.3% 
of defoliation throughout the plant cycle. Perhaps this fact 
can be explained by the excessive foliar canopy that soybean 
has or due to the great capacity of foliar replacement that the 
plants presented in this research. 

It is known that the reduction in carbohydrate production 
activity is caused by soybean defoliation in the reproductive 
phase directly, that interferes with the redistribution of 
photoassimilates within the plant, changing the patterns of 
dry matter accumulation in the grains (Bahry et al. 2013; Borém 
et al. 2015; Taiz et al. 2017). Based on the results obtained 
in the present paper, it can be stated that the economic 
threshold of 30% of defoliation in the vegetative stage or 15% 
in the reproductive stage is still considered valid to guide the 
management of defoliators in soybean crop.

Table 1. Mean values of plant height (cm), number of pods/plant (np/p), green weight of areal part (g), grain yield (kg/ha) and weight of 100 
seeds (g) for two soybean cultivars. Dourados, MS.

Cultivars Plant height 
(cm)

Pods/Plant 
(np/p)

Green weight 
(g)

Grain yield (kg/
ha)

Weight of 100 
seeds (g)

FT Campo Mourão 81.70 b 38.29 b 615.71 b 2851 a 16.62 a

Brasmax Potência 86.62 a 63.32 a 787.10 a 2865 a 12.72 b

Cv (%) 8.6 19.7 17.2 16.6 6.9

Test F p = 0.014 p = 0.001 p = 0.001 p = 0.064 p = 0.001

Averages followed by the same letter in the column do not differ statistically by the Tukey’s test at 5% probability.

Table 2.Mean values of plant height (cm), number of pods/plant (np/p), green weight of areal part (g), grain yield (kg/ha) and weight of 100 
seeds to the FT Campo Mourão and Brasmax Potência cultivars when submitted to different levels of defoliation in the vegetative and/or 
reproductive stages of the crop. Dourados, MS.

Treatments Plant 
height (cm)

Pods/Plant 
(np/p)

Green 
weight (g)

Grain yield
(kg/ha)

Weight of 
100 seeds 

(g)

Control without defoliation in the soybean cycle 91.4 a 47.9 a 726.3 a 3096 a 15.1 a

16.7% of defoliation in the vegetative stage 83.6 ab 55.8 a 768.1 a 2928 a 14.6 a

33.3% of defoliation in the vegetative stage 84.2 ab 50.8 a 716.1 a 2988 a 14.9 a

16.7% of defoliation in the reproductive stage 87.1 ab 55.9 a 736.3 a 2868 a 14.8 a

33.3% of defoliation in the reproductive stage 81.5 ab 47.1 a 633.8 a 2430 a 13.9 a

16.7% of defoliation throughout the plant cycle 84.2 ab 50.9 a 708.1 a 2934 a 14.8 a

33.3% of defoliation throughout the plant cycle 77.2 b 47.2 a 621.3 a 2562 a 14.6 a

Cv (%) 8.6 19.7 17.2 16.6 6.9

Test F p = 0.001 p =0.0361 p =0.168 p = 0.169 p = 0.170
Averages followed by the same letter in the column do not differ statistically by the Tukey’s test at 5% probability.
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