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Abstract: This study aimed to determine appropriate rates of the imazethapyr + imazapic ready-made mixture for 
managing Urochloa hybrid cv. Mulato II intercropped with sorghum (Sorghum bicolor (L.) Moench), as well as to evaluate 
the effects of mulch on weed suppression and soybean performance under succession. The experiment was conducted in a 
randomized block design with four replications, with treatments consisting of sorghum monoculture and intercropping 
with Mulato II subjected to five rates of the commercial herbicide Zelone® (0, 0.35, 0.7, 1.05, and 1.4 L ha⁻¹). This study was 
conducted during the off-season, evaluating crop performance, forage biomass and phytotoxicity, and weed dynamics. The 
herbicide caused phytotoxic effects on the forage, reaching approximately 60% injury at 14 days after application, followed 
by gradual recovery. The highest rates (1.05 and 1.4 L ha⁻¹) effectively suppressed Mulato II without affecting sorghum 
yield, which averaged 5,852 kg ha⁻¹, exceeding state (4,006 kg ha⁻¹) and national (3,739 kg ha⁻¹) averages. Mulch derived 
from the intercropping system effectively suppressed weed growth, eliminating the need for pre-emergence herbicide 
application in soybean. Moreover, no negative effects on soybean establishment or yield were observed. Intercropping 
Urochloa hybrid cv. Mulato II with imidazolinone-tolerant sorghum is a viable strategy when managed with the ready-mix 
formulation of imazethapyr + imazapic, contributing to invasive grass control and enhancing sustainability in integrated 
production systems in the Brazilian Cerrado. 
 
Keywords: ALS, cereals, grasses, mix, integration systems. 
Abbreviations: ALS_acetolactate synthase; BIC_Bayesian Information Criterion; CLI_crop–livestock integration; 
CONAB_National Supply Company, Brazil; CV_cultivar; DAA_days after application; DAE_days after emergence; 
GAPES_Associated Research Group of Southwest Goiás; ha⁻¹_per hectare; IF Goiano_Federal Institute of Goiás; 
INMET_National Institute of Meteorology, Brazil; kg ha⁻¹_kilograms per hectare; L ha⁻¹_liters per hectare; N_nitrogen; 
cp_commercial product; R_R statistical software environment; UPL_United Phosphorus Limited; and V3_soybean 
vegetative stage with three fully developed nodes. 
 
Introduction 
 
Simultaneous cultivation of species from the Urochloa or Panicum genera with maize or sorghum enables grain harvesting 
while providing early high-yield forage and straw formation for soybean or other grain crops under no-tillage systems. 
Adequate straw cover is essential for successful no-tillage. When no-tillage is implemented in areas with insufficient crop 
residue or soil cover, infestation by herbicide-tolerant or -resistant weed species increases and can significantly reduce 
soybean yield compared with fields planted over Urochloa spp. residues (Grün et al., 2024; Sekiya et al., 2025). 
In such systems, forage grasses have been widely used to support crop–livestock integration (CLI) (Franzluebbers and 
Martin, 2022). Maize, sorghum, and soybean are the most common grain crops cultivated within CLI systems in the Brazilian 
Midwest (Silva et al., 2023). Under Cerrado conditions, intercropping sorghum with Urochloa species has proven to be a 
viable technology that maintains sorghum grain yield (Oliveira et al., 2020) while contributing to straw production and 
ensuring adequate soil cover for subsequent soybean cultivation. 
However, African forage grasses, known for their high forage yield, have vigorous and deep root systems that enhance 
drought tolerance and nutrient cycling (Sarto et al., 2021), but can reduce sorghum grain yield due to competition. Thus, 
cultural practices such as the use of herbicides that temporarily inhibit the initial growth rate of forage species are necessary 
to minimize competition (Martins et al., 2019). Nonetheless, there are currently no herbicides capable of controlling or 
suppressing forage grasses that are also selective to sorghum. This scenario may change with the recent release of sorghum 
hybrids tolerant to acetolactate synthase (ALS)-inhibiting herbicides, known as the “Igrowth technology.” 
The use of improved Urochloa cultivars within CLI systems has increased considerably (Almeida et al., 2017). The hybrid 
Mulato II, developed from an interspecific cross between U. ruziziensis and U. decumbens Stapf cv. Basilisk, shows high 
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adaptability to acidic and low-fertility soils typical of the Cerrado region, as well as strong tolerance to prolonged drought. 
It is highly responsive to fertilization, particularly nitrogen (N), and exhibits strong tolerance to pasture spittlebugs (Paraiso 
et al., 2019). 
Therefore, considering that the “Igrowth” technology—developed through mutagenesis—provides sorghum plants tolerant 
to imidazolinone herbicides, specifically the ready-mix formulation of imazethapyr + imazapic, this study aimed to 
determine the appropriate herbicide rates for managing the hybrid Mulato II when intercropped with sorghum, and to 
evaluate the effects of the resulting straw on weed suppression and on the performance of the succeeding soybean crop. 
 
Results 
 
Weeds 
Throughout the experiment, three weed assessments were conducted: at 30 days after application (DAA), at sorghum 
harvest, and at the V3 growth stage of soybean. Eight weed species were identified, belonging to four botanical families: 
sourgrass (Digitaria insularis), Jamaican crabgrass (Digitaria horizontalis), goosegrass (Eleusine indica), sorghum (Sorghum 
bicolor), and wild sorghum (Sorghum arundinaceum) from the Poaceae family; benghal dayflower (Commelina benghalensis) 
from Commelinaceae; fleabane (Conyza spp.) from Asteraceae; and asthma plant (Euphorbia hirta) from Euphorbiaceae. 
Significant differences among herbicide rates were detected for weed dry matter and plant density at 30 DAA, and for 
density at harvest. In the remaining evaluations, no treatment effects were observed (Table 1). 
Table 2 presents the Bayesian Information Criterion (BIC) values and the regression models fitted to the data. The quadratic 
model provided the best fit for the variables that showed statistical significance, as it yielded the lowest BIC values. Based 
on the means shown in Table 1, both weed dry matter and plant density at 30 DAA, as well as weed density at harvest, 
exhibited a marked reduction between 0 and 0.35 L ha⁻¹ of the herbicide, followed by stabilization at higher rates, a trend 
consistent with the quadratic response observed. 
 
Table 1. Dry mass (g m⁻²) and density (plants m⁻²) of weeds observed throughout the sorghum–Mulato II intercropping 
and soybean succession system. 

30 DAA 
Doses (L cp ha-1) 

p value 
0 0.35 0.7 1.05 1.4 

Dry mass 186.50 4.00 6.50 1.00 0.00 0.0003* 

Density 10.50 2.50 2.50 1.00 0.00 0.0106* 

Harvest 
Doses (L cp ha-1) 

p value 
0 0.35 0.7 1.05 1.4 

Dry mass 85.00 0.00 0.00 0.00 0.00 0.1300 

Density 8.25 0.00 0.00 0.00 0.00 0.0311* 

Soybean V3 
Doses (L cp ha-1) 

p value 
0 0.35 0.7 1.05 1.4 

Dry mass 11.82 6.465 14.02 8.24 22.94 0.4568 

Density 16.00 13.00 8.00 7.50 14.50 0.6576 
* - significant at 5%. cp – commercial product. 
 
Table 2. Regression models for weed dry mass (g m⁻²) and density (plants m⁻²) during sorghum–Mulato II intercropping, 
and Bayesian Information Criterion (BIC) values for the linear and quadratic models. 

Weeds 
BIC 

Model 
Linear Quadratic 

Dry mass 30 DAA 239.93 230.38 y = 206.99x2 - 397.23x + 165.51 
Density 30 DAA 123.67 122.38 y = 7.29x2 - 16.63x + 9.59 
Density at harvest 127.45 123.91 y = 9.62x2 - 18.18x + 7.31 

DAA – days after application. 
 
A third analysis of variance was also performed for the soybean V3 stage, comparing systems with and without mulch. No 
significant differences were found between systems for weed dry matter (p = 0.378) or density (p = 0.954). 
Among the weed species identified, five out of eight were grass-type weeds, indicating the high effectiveness of the broadleaf 
herbicide along with the treatments used in all plots for controlling non-grass species. Across the three evaluation periods, 
wild sorghum (Sorghum arundinaceum) was the most predominant species, accounting respectively for 89%, 99%, and 41% 
of total weed dry matter, and 33%, 92%, and 43% of total weed density at the first, second, and third assessments. 
Urochloa hybrid cv. Mulato II 
Fig 2 presents the results of phytotoxicity assessments on Mulato II following the application of the ready-mix formulation 
of imazethapyr + imazapic. It was observed that, with increasing herbicide rates and over time, the injuries caused by the 
herbicide intensified up to a certain point, reaching a peak of approximately 50% phytotoxicity around 14 DAA. After this 
peak, the symptoms gradually decreased, indicating recovery of the forage grass. 
Table 3 shows the analysis of variance results for Mulato II dry matter yield across the three harvests, as well as the Bayesian 
Information Criterion (BIC) values for the fitted models. Treatment effects were significant in all cuts, with the quadratic  
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Fig 1. Climate data during the experimental period (INMET, 2025). 

 

 
Fig 2. Phytotoxicity response surface for cv. Mulato II intercropped with sorghum as a function of the Zelone® (imazethapyr 
+ imazapic) rates and days after application. The points represent the average values of each treatment. The fitted equation 
was: f = y₀* + ax + by* + cx² + dy²*, with R² = 0.7408 (Adj R² = 0.6371). The estimated coefficients were: y₀ = –48.8024 ± 
15.2280, a = 14.9898 ± 17.8079, b = 7.5750 ± 2.0047, c = 1.2148 ± 12.1975, and d = –0.2206 ± 0.0551. The model was 
significant (p = 0.0016), with a standard error of estimate (SEE) of 9.6835. Observed values represent mean ± standard 
error. * - significant at 5%. Zelone® = imazethapyr + imazapic. 
 
 
model providing the best fit for the first cut, whereas the linear model showed a better fit for the second and third cuts. 
Table 4 presents the mean dry matter yields of the forage and the corresponding regression models. A reduction in biomass 
accumulation was observed up to the 1.05 L ha⁻¹ rate during the first cut, followed by an increase at higher rates. The second 
and third cuts exhibited a similar pattern, both showing decreases in dry matter yield as herbicide rates increased, with 
reductions of 683.57 kg ha⁻¹ and 1,185 kg ha⁻¹ per liter of product applied, respectively. 
 
Sorghum (Sorghum bicolor) 
Table 5 presents the analysis of variance results for the sorghum variables according to the cropping system. It was 
observed that only grain yield was significantly affected by the treatment, while no significant differences were detected for 
the other variables between the cropping systems. Higher grain yield was obtained in the sole sorghum cropping system  
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Table 3. F-test results for the dry mass of cv. Mulato II intercropped with sorghum and subjected to different Zelone® 
(imazethapyr + imazapic) rates, and Bayesian Information Criterion (BIC) values for the linear and quadratic models. 

Dry mass (kg ha-1) p value 
BIC 
Linear Quadratic 

1st cut 0.0068* 302.30 296.29 

2nd cut 0.0009* 311.27 311.47 

3rd cut 0.0275* 352.88 355.22 
* - significant at 5%. 
 
Table 4. Regression models for the dry-mass yield of cv. Mulato II intercropped with sorghum and subjected to different 
Zelone® (imazethapyr + imazapic) rates.  

Dry mass (kg ha-

1) 
Zelone® doses (L cp ha-1) 

Model 
0 0.35 0.7 1.05 1.4 

1st cut 1675.0 1480.0 895.0 990.0 1200.0 y = 868.8x2* - 1627.8x* + 1748.9* 

2nd cut 2160.0 1935.0 2355.0 1327.5 1267.5 y = 2287.5* - 683.57x*  

3rd cut 5200.0 5047.5 2955.0 4580.0 3360.0 y = 5058* - 1185x*  

* - significant at 5%. cp – commercial product. 
 
Table 5. Analysis of variance and comparison of means between cropping systems for sorghum variables in the sorghum–
Mulato II intercrop. 

Variables p value 
Cropping systems Standard Error 
Intercropped Single Intercropped Single 

Height (cm) 0.5782 103.61 104.90 0.93 2.08 

Panicle length (cm) 0.2840 27.24 28.15 0.34 0.75 

Stem diameter (mm) 0.1354 15.11 16.42 0.34 0.76 

Population (plants m-1) 0.3169 9.55 10.25 0.28 0.62 

Harvest Index 0.3730 0.57 0.56 0.01 0.01 

Thousand-grain weight (g) 0.4315 19.86 20.96 0.55 1.24 

Grain yield (kg ha-1) 0.001* 5616.06 b 7032.18 a 136.94 306.21 
* - significant at 5%. Means followed by different letters in the same row differ according to Tukey's test at the 5% 
significance level. 
 

 
Fig 3. Grain-yield regression curve for sorghum intercropped with cv. Mulato II and subjected to different Zelone® 
(imazethapyr + imazapic) doses. * - significant at 5%. 
 
 
compared with the intercropping system with the forage grass. 
An additional analysis of variance was conducted considering the herbicide rates, and the results are shown in Table 6. 
Treatment effects were significant only for grain yield, with the linear model providing the best fit to the data. 
Fig 3 illustrates the regression model for sorghum grain yield. An increase in sorghum productivity was observed with 
increasing herbicide rates, with an estimated yield gain of 821.2 kg ha⁻¹ for each liter of product applied.  
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Table 6. Regression F-test results for sorghum variables in the sorghum–Mulato II intercrop subjected to different Zelone® 
(imazethapyr + imazapic) rates, and Bayesian Information Criterion (BIC) values for the linear and quadratic models. 

Variables p value 
BIC 

Linear Quadratic 

Height (cm) 0.8299 - - 
Panicle length (cm) 0.8169 - - 
Stem diameter (mm) 0.0516 - - 
Population (plants m-1) 0.8003 - - 
Harvest Index 0.6726 - - 
Thousand-grain weight (g) 0.7335 - - 
Grain yield (kg ha-1) 0.0417* 314.60 316.57 

* - significant at 5%. 
 
Table 7. Analysis of variance and comparison of means for soybean variables following the sorghum–Mulato II intercrop. 

Variables p value 
Straw Standard Error 
With Without With Without 

Failures 0.7547 1.85 1.75 0.13 0.29 
Double 0.5620 1.15 1.00 0.10 0.23 
Pods per plant 0.0380* 46.35 b 54.00 a 1.40 3.13 
Grains per pod 0.2141 2.05 2.25 0.06 0.14 
Population (plants m-1) 0.3559 12.70 13.00 0.13 0.29 
Harvest Index 0.2090 0.57 0.55 0.01 0.02 
Thousand-grain weight (g) 0.3214 189.69 184.25 2.18 4.88 
Grain yield (kg ha-1) 0.7522 4967.97 4892.90 95.67 213.92 

* - significant at 5%. Means followed by different letters in the same row differ according to Tukey's test at the 5% 
significance level. 
 
Table 8. Regression F-test results for soybean variables following the sorghum–Mulato II intercrop, and Bayesian 
Information Criterion (BIC) values for the linear and quadratic models. 

Variables p value 
BIC 

Model 
Linear Quadratic 

Failures 0.9424 - - - 
Double 0.1024 - - - 
Pods per plant 0.0252* 143.54 144.58 y = -3.5x + 48.8 
Grains per pod 0.4449 - - - 
Population (plants m-1) 0.0433* 44.45 41.43 y = 1.17x2 - 1.06x + 12.59 
Harvest Index 0.0089* -67.29 -65.38 y = 0.03x2 - 0.05x + 0.58 
Thousand-grain weight (g) 0.2003 - - - 
Grain yield (kg ha-1) 0.4584 - - - 

* - significant at 5%. 
 
Soybean (Glycine max) 
As with sorghum, an analysis of variance was performed for soybean comparing systems with and without mulch, and the 
results are presented in Table 7. Among the evaluated variables, only the number of pods per plant was significantly affected 
by the treatment, with a higher number of pods observed in the absence of mulch. 
Table 8 shows the F-test results considering the application rates of the imazethapyr + imazapic ready-mix formulation, 
along with the BIC values for the fitted models. Treatment effects were significant for the number of pods per plant, plant 
population, and harvest index. The quadratic model provided a better fit for the latter two variables, whereas the linear 
model best described the response for the number of pods per plant.  
 
Discussion 
 
Sorghum arundinaceum (wild sorghum) was the most predominant species in the area. The control of weeds, mainly grass 
species, represents a major challenge in sorghum cultivation, particularly due to the limited availability of selective 
herbicides (Dille et al., 2020; Braz et al., 2019). This pattern was confirmed in the present study, in which 63% of the weed 
community belonged to the Poaceae family, including the predominant species S. arundinaceum. Its competitive ability is 
associated with tall growth and a deep, branched root system, which enhances light interception and access to water under 
drought conditions, causing significant yield losses in many crops (Tessele et al., 2014; Martins et al., 2016). 
In this context, imidazolinone-tolerant sorghum hybrids, combined with the ready-mix formulation of imazethapyr + 
imazapic, represent a promising strategy. In the present study, S. arundinaceum was observed only in plots without 
herbicide application, whereas in treated plots the plants were effectively controlled, with clear symptoms of herbicide 
action. These results highlight the potential of Igrowth technology for managing this invasive species and enabling 
sorghum–forage intercropping systems. 
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Additionally, no weed occurrence was recorded before soybean planting, indicating the suppressive effect of mulch, which 
eliminated the need for pre-emergence herbicide application, in agreement with Ferreira et al. (2018). 
In intercropping systems, it is recommended that phytotoxicity symptoms do not exceed 60% up to 35 DAA to prevent 
adverse effects on forage development (Cruvinel et al., 2021). The data obtained in this study met this requirement, 
suggesting the feasibility of using the ready-mix formulation of imazethapyr + imazapic herbicide for managing cv. Mulato 
II intercropped with sorghum. To confirm this potential, it is crucial that the reduction in forage biomass remains between 
20% and 60% compared with the untreated control (Cunha et al., 2025). At harvest, only the 1.05 and 1.4 L ha⁻¹ rates 
remained within the expected range, with reductions of 39% and 41%, respectively. Therefore, these two rates proved to 
be the most promising, provided that they do not negatively affect sorghum grain yield. 
Regarding sorghum yield, when compared with the sorghum monoculture, the 1.05 and 1.4 L ha⁻¹ rates showed no 
significant differences, reinforcing the suitability of these doses for managing the Mulato II hybrid in intercropping with 
sorghum. According to CONAB (2025), the national average sorghum yield in Brazil was 3,739 kg ha⁻¹, while in the state of 
Goiás it reached 4,006 kg ha⁻¹. The average yield observed in this study, 5,852 kg ha⁻¹, was higher than both values. Even 
considering some competition between the intercropped species, the untreated control, which had the lowest yield in this 
study, already outperformed both regional and national averages, indicating the feasibility of the intercropping system and 
reinforcing the potential use of the herbicide in sorghum–forage intercropping systems. This finding is interesting, as the 
commercial rate demonstrated effective potential, making it an attractive option for weed management, especially for grass 
species. 
Another important aspect of these systems is that the remaining mulch should not hinder soybean establishment (Dhakal 
et al., 2024). To verify this, the frequencies of planting failures and double plants per meter were evaluated, and no 
significant differences were detected between treatments, consistent with the findings of those authors. 
Regarding soybean yield, no significant differences were observed between systems with and without mulch, nor among 
herbicide rates. This result agrees with that reported by Cortez et al. (2019). However, several recent studies have shown 
that mulch can enhance soybean yield (Prado et al., 2025; Sodré Filho et al., 2024; Alves et al., 2024; Sodré Filho et al., 2022). 
According to Alves et al. (2024), when water availability is adequate, along with proper agronomic management, adequate 
soybean yields can be achieved. The crop’s total water requirement ranges from 450 to 800 mm throughout its growth cycle 
(Alves et al., 2021). In the most recent growing season, cumulative rainfall at the experimental site reached 978 mm (INMET, 
2025), indicating the absence of water limitation. This condition may explain the lack of a significant mulch effect on soybean 
yield, supporting the findings reported by Alves et al. (2024). 
 
Material and methods 
 
Experimental site 
The experiment was conducted at the Centro de Inovação e Tecnologia – GAPES, Rio Verde, Goiás, Brazil (17°48′58″ S, 
51°03′24″ W; 752 m altitude). Soil chemical characteristics at depths of 0–20 and 20–40 cm were: pH (CaCl₂) 4.7 and 4.3; P 
14.6 and 3.1 mg dm⁻³; K 0.28 and 0.13 cmolc dm⁻³; Ca 3.60 and 1.05 cmolc dm⁻³; Mg 0.70 and 0.21 cmolc dm⁻³; Al 0.09 and 
0.40 cmolc dm⁻³; and base saturation of 45.8 and 17.4%, respectively. Soil texture consisted of 420 g kg⁻¹ clay, 70 g kg⁻¹ silt, 
and 510 g kg⁻¹ sand. Climatic data during the experimental period are shown in Fig. 1. 
 
Experimental design and treatments 
The treatments were arranged in a randomized block design with four replications. Treatments consisted of sorghum 
monoculture and sorghum intercropped with Urochloa hybrid cv. Mulato II, managed with increasing doses of the ready-
mix herbicide imazethapyr + imazapic (Zelone®, UPL). The doses corresponded to 0, 25, 50, 75 and 100% of the commercial 
rate (1.4 L ha⁻¹), containing 75 g L⁻¹ of imazethapyr and 25 g L⁻¹ of imazapic.  
Experimental plots consisted of eight sorghum rows, six meters long, totaling 24 m², with evaluations performed in the six 
central rows. Herbicide application was carried out on March 29, 2024 using a CO₂-pressurized backpack sprayer at 2.0 bar, 
equipped with four TT 110.02 nozzles spaced 1.0 m apart, delivering 180 L ha⁻¹ of spray solution. The spray mixture 
included the adjuvant Top Oil Plus® (0.5%) and atrazine (Aclamado BR®, 4.0 L ha⁻¹) for broadleaf weed control. At the 
time of application, environmental conditions were: wind speed of 2.2 km h⁻¹, air temperature of 27.2 °C, and relative 
humidity of 78.5%. 
A soybean experiment was conducted in succession under a randomized block design with four replications. Treatments 
consisted of the straw produced by sorghum monoculture or sorghum–forage intercropping systems used for no-tillage 
establishment. Soybean was sown using a multiple seeder with 0.50 m row spacing. Plots consisted of eight rows, six meters 
long (24 m²), with the six central rows considered as the useful area. 
 
Crop establishment and management 
The imidazolinone-tolerant sorghum hybrid ADV 1151 was sown on March 6, 2024 using a multiple seeder with 0.50 m row 
spacing. At sowing, Moltop® (1.5 L ha⁻¹) was applied in the planting furrow, and glyphosate + glufosinate (2.0 L ha⁻¹ each) 
were used for pre-plant weed management. The forage Urochloa hybrid cv. Mulato II was sown by broadcasting one day 
before sorghum sowing at a rate of 30 kg ha⁻¹. During crop development, pest and disease management was performed 
through insecticide and fungicide applications at 14, 30, 45 and 60 days after emergence (DAE), according to regional 
technical recommendations for sorghum cultivation. 
Soybean was cultivated in succession in the same area after sorghum–forage intercropping. Forage desiccation was carried 
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out on October 19, 2024 using glyphosate (4.0 L ha⁻¹) plus Agris® (0.5 L ha⁻¹). The early-maturing soybean cultivar Raptor 
I2X was sown on November 11, 2024 using row spacing of 0.50 m. At sowing, biological and nutritional products were 
applied in the planting furrow to promote seedling establishment. During soybean development, four fungicide and 
insecticide applications were performed at 25, 40, 60 and 75 days after emergence (DAE) to control pests and diseases, 
following regional crop management recommendations. 
 
Evaluated variables 
Sorghum evaluations were performed at 30, 60 and 120 days after emergence (DAE), including plant height, stem diameter 
and panicle length. At harvest (120 DAE), three plants per plot were collected to determine vegetative and reproductive dry 
mass to calculate harvest index and to measure thousand-grain weight. Final stand and grain yield (corrected to 13% 
moisture) were determined by harvesting 4 linear meters within the useful plot area. 
For the forage, phytotoxicity was visually assessed at 7, 14 and 28 days after herbicide application (DAA) using a scale from 
0 (no injury) to 100% (plant death), according to the EWRC scale modified by Frans (1972). Forage biomass accumulation 
was measured at 30 and 120 DAA and one day before desiccation for soybean sowing. Two random samples of 1 m² per 
plot were collected and dried at 65 °C for 72 h until constant weight to determine dry mass. 
Soybean evaluations included plantability at 30 DAE, determined by counting failures and double plants in five meters per 
plot. At harvest, five plants per plot were collected to determine vegetative and reproductive dry mass to calculate harvest 
index, and also to measure pods per plant, grains per pod and thousand-grain weight. Final stand was determined in six 
linear meters, and grain yield was corrected to 13% moisture. 
Weed community evaluations were conducted at four time points: 30 DAA of the herbicide during sorghum–forage 
intercropping, at sorghum harvest, ten days before forage desiccation prior to soybean sowing, and at soybean stage V3. 
Samples were collected using 1 m² quadrats, where weeds were identified at species level and counted to determine density. 
The collected material was dried at 65 °C for 72 h to determine dry mass. 
 
Statistical analysis 
All data were subjected to the F-test using the ExpDes.pt package (Ferreira et al., 2021). When significant, herbicide dose 
effects were evaluated using linear and quadratic regression models fitted with the easyreg package (Arnhold, 2018), and 
the model with the lowest Bayesian Information Criterion (BIC) was selected. Additionally, comparisons between cropping 
systems (intercropped and monoculture) were performed for sorghum and soybean. When statistical significance was 
detected, a complementary analysis was conducted comparing herbicide doses with the sorghum monoculture treatment, 
while the straw from each intercropping treatment was compared with the control without straw in soybean using Tukey’s 
test. These analyses were performed using the easyanova package (Arnhold, 2013). Phytotoxicity was expressed in a three-
dimensional response-surface plot. The significance level adopted in all analyses was 5%. Statistical procedures were 
performed using R software (R Core Team, 2025). 
 
Conclusion 
 
The results of this study demonstrated the need to suppress Urochloa hybrid cv. Mulato II when intercropped with sorghum; 
the 75% (1.05 L ha⁻¹) and 100% (1.4 L ha⁻¹) commercial rates of the ready-mix herbicide showed adequate potential for 
this purpose. These findings are particularly relevant for weed management, particularly for controlling invasive grass 
species such as wild sorghum, as the commercial rate proved to be effective. 
Regarding the effect of mulch on weed suppression and soybean development, the presence of ground cover efficiently 
reduced weed infestation, eliminating the need for pre-emergence herbicide applications in soybean. Furthermore, the 
mulch did not negatively affect soybean growth or yield. 
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