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ABSTRACT
The objective of this research was to evaluate weed control in a successional soybean-sorghum system by using preemergent 
herbicides. Two trials were conducted in soybean and two in sorghum, in different soil types (sandy in Rio Verde city and clayey 
in Montividiu city). All trials were established in a completely randomized block design with five preemergent herbicides in 
soybean (rates in): diclosulam 35.3 g a.i.·ha–1, chlorimuron 20 g a.i.·ha–1, sulfentrazone 200 g a.i.·ha–1, flumioxazin 50 g a.i.·ha–1, 
S-metolachlor 1728 g a.i.·ha–1, and two controls (hand weeded and untreated). Treatments in sorghum trials were the same to 
the soybean plus atrazine 1250 g a.i.·ha–1 and atrazine 1250 g a.i.·ha–1 + S-metolachlor 1728 g a.i.·ha–1. All treatments had 
four replicates. Weed control was assessed at 7, 14, 21 and 28 days after planting (DAP) in both crops. In addition, yield was 
measured when grains reached physiological maturity. All preemergent herbicide treatments successfully controlled weeds, 
specially Commelina benghalensis, Cenchrus echinatus and Eleusine indica, in both soybean trials until 28 DAP. In some weeds of 
sorghum, sulfentrazone, diclosulam and chlorimuron sprayed at soybean preemergence performed better than atrazine sprayed 
at sorghum preemergence. All preemergent herbicides sprayed at soybean preemergence did not affect soybean and sorghum 
yield, showing similarity with the hand weeded treatment. The results of this research provide evidence that the mix of crop 
succession and preemergent herbicide applications can be a strong strategy for integrated weed management.
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INTRODUCTION

Weeds strongly compete for water, nutrients, and light with the main crops, thus reducing yield (JHA et al., 2017) 
and causing serious economic losses. According to SOLTANI et al. (2017), it has been reported losses of US$ 16.2 billion 
annually due to weeds in soybean crop in the United States. In addition, new cases of increasing resistance require a 
paradigm shift for agricultural professionals, especially towards an integrated weed management approach (OWEN, 2016).

Consecutive practices without rotational herbicide applications improve pressure resistance, resulting in the selection 
of dangerous weed biotypes. This justifies the use of intercropping or crop succession as a manner to insert diversity 
in the system (VILELA et al., 2011). The tropical conditions of most of the Brazilian territory allow second season 
cropping in some regions, bringing good possibilities for growers to insert preemergent herbicides and crops into the 
system (CABRAL et al., 2013; MACHADO et al., 2016). Due to its agronomic traits, sorghum is a crop more adapted 
to drought, having been planted in the Cerrado region after soybean grown in the summer season (CÂNDIDO et al., 
2002; ZWIRTES et al., 2015).

Preemergent herbicides are usually more available for crops with high global importance such as soybean. 
Notwithstanding, weed management in sorghum is currently a problem. The few herbicides available for sorghum require 
that a mix of crop succession and herbicide strategies be deployed (MACHADO et al., 2016).
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Preemergent herbicides may control weeds and minimize replenishment of the soil seed bank in soybean during the 
summer season; however, it is unknown whether herbicides applied in soybean could favor sorghum crop in succession, 
which would be useful especially when herbicide options are scarce. Therefore, the objective of this research was to evaluate 
weed control in a successional soybean-sorghum system by using preemergent herbicides.

MATERIAL AND METHODS

Two trials were conducted under field conditions in Rio Verde and Montividiu cities, state of Goiás, Brazil (17°45’28.7”S/ 
51°02’06.6”W and 17°26’37.2”S/51°08’35.8”W, 819 and 878 m altitude, respectively). The climate of both locations is the 
Aw type, according to the Köppen climate classification, characterized by distinct wet and dry seasons, with most of the 
precipitation occurring in the summer (ARNFIELD, 2020). Figure 1 describes the monthly temperature averages and rainfall 
conditions during the experimental period.
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Figure 1. Monthly average values of temperature (lines) and rainfall (bars) throughout the experimental period from October 2018 
to May 2019 in two locations (Rio Verde – RVD, Montividiu - MVD).

Trials conducted in the summer season were installed first (Oct. 02, 2018 in Rio Verde and Oct. 03, 2018 in Montividiu). 
The second season trials took place after soybean cycle (Jan. 17, 2019 in Rio Verde and Jan. 14, 2019 in Montividiu). Sandy 
soil in Rio Verde was a quartzarenic neosol (sand = 82%, silt = 10% and clay = 8%, pH (CaCl2) = 5.6, organic matter = 1.4 
g·dm–3, P = 61.3 mg·dm–3, K = 23 mg·dm–3, Ca+2 = 2.3 cmolc dm–3; Mg+2 = 0.7 cmolc·dm–3 and H+Al = 2.1 cmolc·dm–3) and 
clayey soil in Montividiu was a dystrophic red latosol (sand = 20%, silt = 12% and clay = 68%, pH (CaCl2) = 5.7, organic matter 
= 3.7 g·dm–3, P = 54 mg·dm–3, K = 54 mg·dm–3, Ca+2 = 5.3 cmolc·dm–3; Mg+2 = 1.9 cmolc·dm–3 and H+Al = 3.9 cmolc·dm–3).

Soybean preemergent herbicides were sprayed immediately after sowing, establishing the treatments showed in the 
Table 1. After soybean harvest, two new trials were established with sorghum in the same areas, establishing the same 
treatments to the soybean (taking advantage of the residual activity, the herbicides used on soybean were not applied) 
and adding atrazine isolated and in mixture with S-metolachlor, which were sprayed only at the sorghum planting time 
(Table 1). The respective plots of these additional treatments were maintained without weed competition during soybean 
cultivation through the application of glyphosate (432 g a.i.·ha–1). Four replicates of all treatments were arranged in a 
completely randomized block design.

Herbicides were sprayed with a CO2-backpack sprayer set to deliver 40 pounds per square inch (PSI) and work with 
1 m·s–1. The spray boom (3.0 m length) contained four flat air-induction nozzles (TEEJET, AIXR 110.015), spaced 0.5, 
delivering a spray volume equivalent to 100 L·ha–1. The herbicides were applied under good environmental conditions.

Plant density was 20 and 12 plants·m–1 for soybean and sorghum, respectively, with 0.5 m between rows. The experimental 
unit was a plot with 4 m in length and eight sowing lines, totaling 16 m2 per plot. Soybean cultivar ‘Pionner 96Y90 RR’ and 
sorghum cultivar ‘Brevant 1G233’ were grown keeping all good agronomic practices, with insecticide and fungicide maintenance.
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Table 1. Treatments applied in soybean and sorghum experiments.

Active
ingredient (a.i.) Composition Rate

(g a.i.·ha–1) Application timing 

Diclosulam 840 g·kg-1 35.3 Soybean pre-emergence

Chlorimuron 250 g·kg-1 20 Soybean pre-emergence

Sulfentrazone 500 g·L-1 200 Soybean pre-emergence

Flumioxazin 500 g·L-1 50 Soybean pre-emergence

S-metolachlor 960 g·L-1 1728 Soybean pre-emergence

Atrazine 500 g·L-1 1250 Sorghum pre-emergence

Atrazine + S-metolachlor 500 + 960 g·L-1 1250 + 1728 Sorghum pre-emergence

Hand weeded - - -

Untreated - - -

Weed control was evaluated at 7, 14, 21, and 28 days after planting (DAP) each crop according to the EUROPEAN 
WEED RESEARCH COUNCIL (1964) scale from 0 to 100%, in which 0 = absence of control, and 100% = total control of 
weeds. Yield was evaluated by harvesting the two central rows of each plot, colleting physiologically mature grains. Grain 
moisture was adjusted to 13% and the results were extrapolated to kg·ha–1.

The percentage of control was normalized by arcsine transformation through Eq. 1:

					     𝑌𝑌 = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎*(𝑋𝑋/100)  � (1)

where: Y = transformed data, X = original data. Data were subjected to ANOVA and mean values were compared using 
the Tukey’s test (p ≤ 0.05).

RESULTS AND DISCUSSION

All preemergent herbicide treatments successfully controlled weeds in soybean until 28 DAP. In sandy soil, all herbicides 
showed similar control of Commelina benghalensis, slightly lower than hand weeded treatment. This is an important result 
because C. benghalensis is one of the weeds classified as hard to eradicate in Brazil, and some factors impair the control of 
this weed by postemergent herbicides in soybean (TAKANO et al., 2013). This weed is a decumbent plant and its biology 
and architecture promote further challenges in the management with postemergent herbicides. In clayey soil, the best 
herbicide treatments were S-metolachlor, diclosulam, and sulfentrazone. This excellent control until 28 DAP reinforces 
that all preemergent herbicides under study show effectiveness to avoid crop-weed competition and propagule production, 
remaining efficient for more than three weeks in soybean (Table 2).

Cenchrus echinatus and Eleusine indica were also controlled by all herbicides, with a highlight to the excellent residual 
control until 21 DAP in both soils. At 28 DAP, diclosulam and S-metolachlor promoted the best control. In clayey soil 
infested with C. echinatus, S-metolachlor promoted better control, behind only the hand weeded treatment. S-metolachlor 
is highly effective against grass weeds, overcoming chlorimuron, sulfentrazone and flumioxazin in this evaluation. In clayey 
soil infested with E. indica, S-metolachlor also promoted good control at 28 DAP, performing better than chlorimuron, 
sulfentrazone and flumioxazin (Table 2).

As a result of the development of herbicide resistance from biotypes of E. indica, especially to ACCase and EPSPs 
inhibitors in Brazil (CORREIA, 2017), alternatives for chemical control of this species are increasingly scarce. Therefore, 
S-metolachlor can be a strategic tool for managing this weed, considering it a very prolific plant, producing more than 
120,000 of seeds with high viability (TAKANO et al., 2016).

All preemergent herbicides used in soybean benefited the sorghum in succession (Table 3). Moreover, soybean plants 
protected from weed competition were able to grow quickly and thus promote the rapid canopy development, preventing 
the entry of sunlight, which results in the inhibition of germination of positive photoblastic species (very dependent on 
light to germinate). Thus, a reduction in the number of viable weed seeds in the seed bank competing with sorghum could 
have occurred. In sandy soil infested with C. echinatus, sulfentrazone performed better than atrazine at 28 DAP (Table 3), 
despite this herbicide was sprayed at sorghum preemergence.
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Table 2. Weed control (%) of Commelina benghalensis, Cenchrus echinatus and Eleusine indica at 7, 14, 21, and 28 days after 
planting (DAP) in two soybean experiments.

Sandy Soil

Treatment
Commelina benghalensis Cenchrus echinatus Eleusine indica

7 DAP 14 
DAP

21 
DAP

28 
DAP 7 DAP 14 

DAP
21 

DAP
28 

DAP 7 DAP 14 
DAP 21 DAP 28 

DAP

Diclosu-lam 98.3b 98.8ab 98.3ab 97.3ab 98.8b 98.3b 96.8b 93.0b 99b 98.8b 97.5b 92.0b

Chlo-rimuron 98.3b 98.0b 95.5b 89.5b 98.8b 97.8b 94.5b 82.3bc 99b 98.8b 95.5b 82.8b

Sulfentra-zone 98.8b 97.5b 98.5ab 97.5ab 98.8b 98.3b 97.3b 91.0bc 99b 99b 97.3b 88.8b

Flumiox-azin 98.8b 98.0b 95.8b 88.0b 98.8b 97.0b 92.5b 79.0c 99b 98.3b 95.8b 80.8b

S-metolachlor 98.8b 97.8b 96.5b 95.8ab 98.8b 97.8b 97.0b 92.8b 98.8b 98.0b 97.3b 92.81b

Hand weeded 100.0a 100.0a 100.0a 100.0a 100a 100a 100a 100a 100a 100a 100a 100a

Clayey soil

Treatment
Commelina benghalensis Cenchrus echinatus Eleusine indica

7DAP 14 
DAP

21 
DAP

28 
DAP 7 DAP 14 

DAP
21 

DAP
28 

DAP 7 DAP 14 
DAP 21 DAP 28 

DAP

Diclosu-lam 98.3b 91.0a 97.3bc 93.8bc 98.3b 97.5b 95.8bc 90.3bc 98.8b 98.5b 95.8bc 86.0c

Chlo-rimuron 97.8b 95.3a 93.0c 88.3c 99b 96.5b 92.5c 84.5c 99b 96.8b 93.3c 87.8c

Sulfentra-zone 98.3b 99.0a 99.0ab 97.0bc 98.8b 96.3b 93.3c 87.3c 99b 97.0b 94.0c 86.5c

Flumiox-azin 98.5b 97.3a 95.3bc 89.3bc 98.8b 95.8b 93.8c 87.0c 98.8b 97.8b 94.3c 89.3c

S-metolachlor 99.0b 98.8a 98.5ab 97.3ab 99b 98.8b 98.5b 94.8b 99b 99b 98.5b 96.0b

Hand weeded 100.0a 100.0a 100.0a 100.0a 100a 100a 100a 100a 100a 100a 100a 100a

*Means followed by the same lowercase letters do not differ by the Tukey’s test (p < 0.05).

Table 3. Weed control (%) of Cenchrus echinatus and Eleusine indica at 7, 14, 21, and 28 days after planting (DAP) in two sorghum experiments.

Sandy Soil

Treatment
Cenchrus echinatus Eleusine indica

7 DAP 14 DAP 21 DAP 28 DAP 7 DAP 14 DAP 21 DAP 28 DAP

Diclosulam 99b 98.8ab 95.5bc 92.3b 98.8b 98.8b 96.0bc 94.0bc

Chlorimuron 98.5b 97.8b 94.8bc 91.5b 99.0b 98.5b 95.8bc 92.5bcd

Sulfentrazone 98.8b 98.5b 97.0b 93.8b 98.8b 98.8b 97.3b 96.5b

Flumioxazin 98.5b 98.0b 91.3bcd 87.5b 99b 99b 91.3bcd 88.0bcd

S-metolachlor 99b 98.3b 89.0cd 87.0b 99b 99b 90.0cd 87.8cd

Atrazine 98.8b 97.3b 86.0d 82.8b 99b 98.3b 85.8d 84.3d

Atrazine + 

S-metolachlor
98.5b 96.0b 91.5bcd 88.3b 98.5b 98.3b 95.0bc 91.5bcd

Hand weeded 100a 100a 100a 100a 100a 100a 100a 100a

Clayey soil

Treatment
Cenchrus echinatus Eleusine indica

7 DAP 14 DAP 21 DAP 28 DAP 7 DAP 14 DAP 21 DAP 28 DAP

Diclosulam 98.5ab 97.0b 80.8b 75.0b 98.8b 97.0b 87.3b 82.8bc

Chlorimuron 98.5ab 97.5ab 84.8b 77.8b 98.8ab 97.5b 89.5b 85.3bc

Sulfentrazone 98.3b 98.0ab 88.3b 83.5b 98.5b 98ab 94.3b 90.3b

Flumioxazin 96.8b 94.3bc 83.5b 75.0b 97.0b 94.3bc 89.3b 83.3bc

S-metolachlor 95.5b 92.8bc 83.5b 77.8b 96.5b 93.8bc 86.3b 82.0bc

Atrazine 94.5b 88.5c 76.0b 68.3b 96.0b 88.3c 82.0b 75.3c

Atrazine + 

S-metolachlor
97.8b 95.5bc 85.0b 81.5b 98.5b 96.5b 89.5b 86.8bc

Hand weeded 100a 100a 100a 100a 100a 100a 100a 100a

*Means followed by the same lowercase letters do not differ by the Tukey’s test (p < 0.05).
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Regarding E. indica in the same evaluation period, sulfentrazone, diclosulam, and chlorimuron performed better 
than atrazine (Table 3). Considering these results, atrazine application recommendations should be different considering 
a successional crop system. Thereby, herbicide management in soybean-sorghum could be a tool to avoid resistance issues 
in weeds that coexist with these crops.

During sorghum cultivation in clayey soil the good control exhibited for C. echinatus and E. indica was limited to  
14 DAP, presumably due to a greater adsorption of molecules and less availability in the soil solution. All herbicides sprayed 
at soybean preemergence promoted a control similar to the treatment with atrazine and atrazine + S-metolachlor sprayed at 
sorghum preemergence (Table 3). These results reinforce that weeds are hard to control in sorghum, especially grass weeds, 
highlighting the need for alternative control methods to be used together to maximize crop yield (CABRAL et al., 2013). 
NUNES et al. (2010) evaluated herbicides, corn hybrids, and row spacing, obtaining results that point to the interaction of 
these combined practices. In other words, the implementation of various weed management strategies is more advantageous 
because it reduces dependence on herbicides, reducing the environmental and economic impact of the overuse of these 
products, in addition to the resistance of weeds.

Soybean yield revels that in sandy soil, all herbicides promoted similar results regarding grain production in relation to 
hand weeded treatment. In clayey soil, all herbicides provided the same yield, just different than the untreated control. The 
comparison of diclosulam and chlorimuron with untreated control in sandy soil showed that sorghum yield was protected 
by the spraying of the first herbicides at soybean preemergence. In clayey soil, diclosulam, chlorimuron, sulfentrazone and 
flumioxazin, sprayed at soybean preemergence, protected sorghum yield with results similar to those of the hand weeded 
treatment (Table 4).

Table 4. Soybean and sorghum yield (kg·ha–1) in sandy soil and clayey soil.

Treatment
Soybean Sorghum

Sandy soil Clayey soil Sandy soil Clayey soil

Diclosulam 2795.9a 4631.3a 3253.7ab 3520.1ab

Chlorimuron 3355.4a 5025.4a 3294.3ab 3254.1ab

Sulfentrazone 3028.5a 4645.7a 2780.0abc 3269.3ab

Flumioxazin 3218.3a 5011.6a 2837.1abc 3317.1ab

S-metolachlor 3009.9a 4590.3a 2631.5bc 2677.7bc

Atrazine - - 2776.4abc 2744.7abc

Atrazine + S-metolachlor - - 2477.0bc 2493.4bc

Hand weeded 3324.2a 4591.6a 3478.9ab 3922.6a

Untreated 2713.8a 3546.8b 1950.8c 1802.1c

*Means followed by the same lowercase letters for yield do not differ by the Tukey’s test (p < 0.05).

Crop productivity was higher in clayey soil compared to sandy soil due to the clayey soil showed better fertility 
conditions but less weed control compared to the sandy soil. This means that the good fertility of the clayey soil possibly 
attenuated the effects of weed interference on the crops, therefore it did not compromise the productivity of both soybean 
and sorghum. FREITAS et al. (2019) claimed the intensity of the interference between weeds and the crop varies according 
to the edaphoclimatic conditions of each region and the characteristics of the weed and the crop.

CONCLUSION

In the successional soybean-sorghum system, preemergent herbicides promoted benefits to crops by avoiding weed 
competition. In clayey soil in comparison to sandy soil, these benefits can be greater due to its good soil fertility.
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