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ABSTRACT  9 
Aims: Evaluate the effects of vinasse and filter cake on the efficacy of indaziflam, 
saflufenacil, and sulfentrazone for the control of morning glory (Ipomoea triloba L.) and 
crabgrass (Digitaria horizontalis Wiild), as well as the effects of these byproducts on the 
emergence of these weeds. 
Study design:  The experiments were established in a greenhouse with a completely 
randomized design and four replications  
Place and Duration of Study: Agricultural Science Center, Sao Paulo, Brazil, between May 
2017 and May 2018. 
Methodology: In the first assay, four herbicide doses: indaziflam (0, 37.5, 75, and 150 g ai 
ha-1), saflufenacil (0, 42, 84, and 168 g ai ha-1), and sulfentrazone (0, 300, 600, and 1200 g 
ai ha-1) were applied for pre-emergent weeds in three soil covers (without byproduct, with 
vinasse, and with filter cake).In the second assay, seven treatments were evaluated, 
comparing the effects of the different vinasse and filter cake doses, and absence of 
byproduct on the weeds emergence.  
Results: When the doses required for 80% effective control were considered, the results 
showed that for indaziflam, the filter cake negatively affected crabgrass control. In contrast, 
vinasse had a positive effect on morning glory control by saflufenacil. For sulfentrazone, the 
filter cake had a negative effect, requiring twice the dose used on the treatment without 
byproduct for effective morning glory control. Relative to assay 2, the vinasse addition 
affected the emergence of morning glory but not of crabgrass; however, the filter cake 
increased the weed biomass accumulation. 
Conclusion: Vinasse and filter cake byproducts can negatively or positively affect the 
performance of pre-emergence herbicides, according to the active ingredient used. 
However, these effects occur at doses below those recommended for the herbicides. 
Byproducts can affect the emergence and the weed biomassa accumulation. 
 10 
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1. INTRODUCTION  14 
 15 
Production of sugarcane for alcohol production generates several organic byproducts, such 16 
as vinasse and filter cake, which are used in agriculture for soil fertilization [1]. For each liter 17 
of alcohol produced, 12 L of vinasse is generated, on average [2]. For filter cake, an average 18 
of 30 kg is produced per ton of crushed sugarcane [3]. Vinasse is generated from the 19 
distillation process that transforms sugarcane into wine [4]. Vinasse use can improve 20 
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sugarcane (grass) planting because it reduces soil acidity, thus making liming unnecessary, 21 
and vinasse also has a large amount of water, which is fundamental to plant development 22 
[5].  23 
Filter cake is the result of sugarcane juice filtration. The use of filter cake can be beneficial 24 
for sugarcane cultivation and for the soil since its organic matter contains micronutrients and 25 
the minerals contained in it experience little leaching; in addition, filter cake increases the 26 
cation exchange capacity, it retains more water, and it improves the soil characteristics, 27 
among others factors. In general, these two byproducts reduce the cost of production [1]. 28 
Herbicides are also widely used in sugarcane cultivation [6]. Most molecules registered for 29 
sugarcane are applied pre-emergence and generally have high mobility and a prolonged 30 
residual effect in soils [7]. 31 
A production system with or without the presence of straw and the application of vinasse in 32 
sugarcane plantations can lead to changes in the soil properties, thereby affecting the 33 
availability of herbicides in the soil solution. The addition of vinasse promoted, for example, 34 
greater availability of diuron and tebuthiuron in various soil types, whereas for the herbicides 35 
clomazone, hexazinone, and sulfentrazone, no effect was observed [8]. 36 
Prata and Lavorenti [9] demonstrated a reduction in the persistence of diuron and ametrine 37 
molecules with the addition of vinasse to the soil because vinasse increases the microbial 38 
activity and biomass, causing the mineralization of these herbicides. Studies have shown 39 
that herbicide sorption may change depending on the macromolecular structure and size of 40 
the humic substances. A lower amount of aromatic carbon results in greater sorption of the 41 
herbicide molecule because of the lower stereochemical rigidity of the humic molecule, 42 
facilitating the entry of the herbicide molecule into the reactive sites of the humic molecule. 43 
Because vinasse comprises several organic acids, in addition to being used in soil 44 
correction, it can also be used to control some weed species, altering the weed emergence 45 
flux and herbicide amount and action [10]. A reduction in the emergence of Digitaria 46 
horizontalis, Cyperus rotundus, Sida rhombifolia, and Emilia sonchifolia has been observed 47 
using vinasse [11]. 48 
Indaziflam and saflufenacil herbicides for pre-emergence applications are the most recently 49 
registered products for sugarcane cultivation, and no information is available on their 50 
interaction with vinasse or filter cake. 51 
The objective of this study was to determine the effect of vinasse and filter cake on the 52 
efficacy of saflufenacil and indaziflam on Ipomoea triloba and Digitaria horizontalis control, 53 
respectively, as well as the influence of these byproducts on weed germination. 54 
 55 
2. MATERIAL AND METHODS  56 
 57 
Interaction of vinasse and filter cake with pre-emergence herbicides 58 
 59 
The experiments were conducted in a greenhouse, and the experimental units comprised 5-60 
L pots filled with Dark Red Latosol (according to the Brazilian soil classification system), with 61 
a texture classified as clayey (66% clay). The vinasse doses were calculated according to 62 
the soil chemical analysis. The chemical analysis of the soil, carried out before trial installation 63 
at 0- 20 cm depth, showed the following results: pH 5.3; 2.9 g kg-1 of organic matter; 10 mg dm-3 P; 64 
2.2 mmolc/dm3 K; 29 mmolc/dm3

 Ca; 15molc dm-3 Mg and 0.4 % Al;61% V and 75.2 CEC.  65 
 The experimental design for each herbicide was completely randomized, with four 66 
replications, in a 4 x 3 factorial scheme, with four herbicide doses and three soil cover 67 
treatments (without byproduct, with vinasse, and with filter cake). 68 
The herbicides and doses used were indaziflam (0, 37.5, 75, and 150 g ai ha-1), saflufenacil 69 
(0, 42, 84, and 168 g ai ha-1), and sulfentrazone (0, 300, 600, and 1200 g ai ha-1), which 70 
were applied for pre-emergent weeds.  71 
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The indaziflam target weed was D. horizontalis, and for saflufenacil and sulfentrazone, it was 72 
I. triloba. Seeds of the two weed species were sown separately one day before the 73 
byproduct application and in sufficient amounts to obtain five plants per pot. 74 
The byproducts were placed superficially on the soil prior to herbicide application. The dose 75 
of filter cake was equivalent to 50 t ha1 and that of vinasse was equivalent to 330 m3 ha-1. To 76 
calculate the vinasse dose, the criterion established by the State of São Paulo 77 
Environmental Company [12] was used, which recommends the following calculation for 78 
sugarcane: vinasse (m3 ha-1) = [(0.05 x CEC – ks) x 3744 + 185] / kvi, where 0.05 = 5% 79 
CEC; CEC = the cation exchange capacity of the soil, expressed in cmolc dm-3; ks = the soil 80 
potassium concentration, expressed in cmolc dm-3; 3744 = the constant to convert the 81 
results of the fertility analysis, expressed in cmolc dm-3 or meq 100 cm-3, to kg of potassium 82 
in a volume of 1 ha per 0.80 m depth; 185 = weight, in kilograms of K2O extracted by the 83 
crop per hectare, per cut; and kvi = the vinasse potassium concentration, expressed in 84 
kilograms of K2O m-3, presented in the analytical results. 85 
The herbicides were applied two days after sowing (DAS) using a CO2-pressurized 86 
backpack sprayer equipped with a spray bar with Teejet 110.02 fan nozzles and an 87 
application volume of 200 L ha-1. Weather conditions at the time of application were wind 88 
speed of 0.5 m s-1, relative humidity of 60.5%, and air temperature of 25.7 °C. 89 
At 10, 20, and 40 days after application of the herbicide treatments (DAT), visual evaluations 90 
were performed based on the criteria of ALAM [13], which use a percentage scoring scale, 91 
where 0 (zero) corresponds to the absence of control and 100% to absolute control. At 40 92 
DAT, the plants were cut close to the ground and dried to constant weight in a forced air 93 
oven at 60 ºC. 94 
The data obtained for each herbicide were subjected to analysis of variance by the F test, 95 
and the means were compared using the Tukey test at 5% probability. Regression curves 96 
were fitted for the quantitative data. 97 
 98 
Effect of sugarcane byproducts on I. triloba and D. horizontalis germination 99 
The experimental units comprised 5-L pots filled with Dark Red Latosol soil from the 100 
previously sieved arable layer. 101 
The experiment compared seven treatments: three doses of vinasse (82.5, 165, and 330 m3 102 
ha-1), three doses of filter cake (20, 40, and 50 t ha-1), and one treatment with no byproducts, 103 
in a completely randomized design with 4 replications. In accordance with the germination 104 
analysis, the I. triloba and D. horizontalis seeds were sown in sufficient quantity to obtain 25 105 
plants per pot. 106 
Emergence was evaluated weekly until 42 DAS, and the emerged plants were counted daily. 107 
The total seedling emergence data at the last evaluation were transformed into percentage, 108 
according to the total number of seeds in the pots. The emergence speed index (ESI) was 109 
calculated using the following formula proposed by Maguire [14]: ESI= N1/D1 + N2/D2 +....+ 110 
Nn/Dn, where ESI = the emergence speed index, N = the number of emerged seedlings on 111 
the count day, and D = the number of days after sowing when the counting was performed. 112 
At 42 DAS, the plants were cut close to the ground, and the shoot dry mass was determined 113 
by drying the plants to a constant weight in a forced air oven at 60 ºC. 114 
The percent emergence and ESI data were subjected to analysis of variance, and the means 115 
were compared using the Tukey test at 5% probability. 116 
 117 
3. RESULTS AND DISCUSSION 118 
In all evaluations, indaziflam application over the filter cake led to lower control of D. 119 
horizontalis compared to the treatments with vinasse or without byproduct (Figure 1). 120 
Although vinasse did not alter the control of the species in the first evaluation relative to the 121 
treatment without byproduct, during the evaluations, a negative interaction was observed 122 
with the herbicide. 123 
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Fig. 1. Percent control of D. horizontalis treated with different doses of indaziflam without 125 
byproducts or with vinasse or filter cake in the soil at 10 (A), 20 (B), and 40 days after 126 
treatment (DAT) (C). 127 

 128 
For the doses, starting at 71 g ha-1, D. horizontalis control by indaziflam, without byproducts 129 
in the soil, was satisfactory at 40 DAT (considering 80% control) (Figure 1). For vinasse, this 130 
dose was 98 g ha-1 (38% higher), and for filter cake, it was 119 g ha-1 (67.6% higher). 131 
Therefore, byproducts have a high impact on the performance of this herbicide. Amim et al. 132 
[15] observed effective control of this weed starting at the 30 g ha-1 dose of indaziflam. 133 
However, Kaapro and Hall [16] observed 100% control for Digitaria horizontalis using 100 g 134 
ha-1. 135 
Alonso et al. [16] found a positive correlation between indaziflam sorption and the organic 136 
carbon content of several Brazilian soils. Both vinasse and filter cake, in general, contain 137 
high concentrations of nitrate, potassium, and organic matter; their use may alter soil 138 
characteristics by promoting changes in its chemical properties. 139 
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In addition, the use of the filter cake provided greater vigor to the weeds, favoring 140 
their growth, a finding explained by the large amount of organic matter present in the filter 141 
cake [17] [3]. 142 
Indaziflam water solubility is low (0.0028 kg m-3 at 20 ºC), with Koc < 1.000 mL g-1 of organic 143 
carbon, pka = 3.5, and log Kow at pH 4, 7 or 9 = 2.8; this herbicide is considered moderately 144 
mobile to mobile  or slightly mobile (Jhala et al. 2012; Jhala & Singh 2012) in the soil. The 145 
lower the water solubility of the herbicide is, the greater the affinity of the molecule for 146 
organic matter, which explains the interaction of this herbicide with the byproducts, 147 
especially the filter cake, which is basically an organic compound with variable chemical 148 
composition; high organic matter, phosphorus, nitrogen, and calcium content; and 149 
considerable potassium and magnesium content [17]. 150 
Vinasse had a negative effect on I. triloba at 10 DAT, regardless of the dose of saflufenacil 151 
(Figure 2), which was evident from the delayed germination of this species. In the 152 
evaluations conducted at 20 and 40 DAT, emergence occurred in the plants in the vinasse 153 
without herbicide treatment. Similarly, but to a lesser extent, filter cake promoted a delay in 154 
the establishment of the species. Ramos et al. [18] observed that the application of 150 m3 155 
ha-1 of vinasse to the soil is harmful to the emergence and early development of peanut 156 
plants and, to a lesser extent, sunflowers. According to the authors, the higher concentration 157 
of salts in the soil solution may lead to a higher osmotic potential around the seeds, thereby 158 
delaying germination and seedling emergence. These data also corroborate the results of 159 
Azania et al. [19], who found a reduction in the emergence speed and percentage of Sida 160 
rhombifolia (arrowleaf sida) and Urochloa decumbens (signalgrass) with the addition of 161 
vinasse at doses up to 150 m3ha-1, but no reduction was observed in the final stand at 40 162 
DAT. Novo et al. [20] also observed a negative effect of vinasse on the percent emergence 163 
of castor bean seedlings. 164 

 165 

 

Doses of saflufenacil (g.ha-1)

0.0 42.0 84.0 168.0

C
on

tr
ol

 (
%

)

0

20

40

60

80

100

 without byproduct  y= 114.62*(1-exp(-0.015*x)) R2=0.92
 vinasse  y= 92.0 ns
 filter cake   y= 97.50/(1+exp(-(x+0.41)/8.19))  R2=0.99

Doses of saflufenacil (g.ha-1)

0.0 42.0 84.0 168.0

C
on

tr
ol

 (
%

)

0

20

40

60

80

100

without byproduct y= 94.80/(1+exp(-(x-50.66)/11.17)) R2=0.99
 vinasse  y=102.67/(1+exp(-(x-21.86)/23.29)) R2=0.99
 filter cake  y= 96.99/(1+exp(-(x-52.85)/8.04)) R2=0.99

(A) (B) 



 

 

Fig. 2. Percent control of I. triloba treated with different doses of saflufenacil without 166 
byproducts or with vinasse or filter cake in the soil at 10 (A), 20 (B), and 40 days after 167 
treatment (DAT) (C). 168 
 169 
Regarding the doses, 70 g ha-1 and 72 g ha-1 of saflufenacil were necessary for satisfactory 170 
weed control (80%) in the treatments without byproduct and with filter cake, respectively, at 171 
40 DAT. However, with the addition of vinasse, this same level of control was reached with a 172 
dose of 51 g ha-1. Thus, the results indicate that vinasse may contribute to reducing the 173 
saflufenacil dose required for control of the species. 174 
A phytotoxic response to saflufenacil should occur in soils with organic matter content lower 175 
than 1.5% [21]. The soil used in the experiment contained 2.9% organic matter, without 176 
considering the organic byproducts represented by the filter cake and vinasse. Nevertheless, 177 
the product still had phytotoxic action. In the anionic form of the molecule, a lower force of 178 
attraction exists between the herbicide and the soil, leading to lower herbicide sorption, with 179 
the herbicide remaining available in the soil solution [22]. 180 
Vinasse had a suppressive effect on I. triloba in the evaluation of sulfentrazone, which 181 
corroborates the results presented previously with saflufenacil. However, filter cake 182 
interacted negatively with this herbicide. The necessary doses for 80% control of the species 183 
at 40 DAT were 301 g ha-1 and 365 g ha-1 for the treatments without byproduct and vinasse, 184 
and 600 g ha-1 with the addition of filter cake; thus, a 100% increase in the treatment dose 185 
was required over that of the treatment without the byproduct (Figure 3). 186 
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Fig. 3. Percent control of I. triloba treated with different doses of sulfentrazone without 188 
byproducts or with vinasse or filter cake in the soil at 10 (A), 20 (B), and 40 days after 189 
treatment (DAT) (C). 190 

 191 
This result may be explained by the fact that sulfentrazone was applied to soils with high 192 
organic matter (36 g dm3) and clay (560 g kg-1) content, and thus, because of the ionization 193 
constant of the herbicide and the soil pH, sorption of the herbicide to the colloids is favored, 194 
with the amount of organic matter present in this byproduct explaining the sorption of 195 
sulfentrazone to the filter cake [23] and [24]. At the highest dose of this herbicide, the result 196 
was similar to the use of the same herbicide dose in the treatment without the byproducts. 197 
However, the weed control dose with the filter cake is in agreement with Campos et al. [25] 198 
and Ribeiro et al. [26], who found that the recommended dose of sulfentrazone (600 g ha-1) 199 
provided excellent control of Ipomoea quamoclit, I. triloba, and Merremia cissoides as early 200 
as the first evaluation, which was conducted at 15 DAT, and this control was maintained until 201 
60 DAT. 202 
In addition, vinasse is constituted by several organic acids, and in addition to being used in 203 
soil correction, it can be used to control some weeds by altering the weed emergence flux 204 
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and herbicide amount and action [10]. According to Novo et al. [27], sulfentrazone (700 g ha-205 
1), when applied alone and on straw, or when combined with vinasse, on which the pesticide 206 
was applied before being added, controlled the initial development of Cyperus rotundus (nut 207 
grass). 208 
Table 2 shows the final dry biomass accumulation values with the interaction between 209 
byproducts and herbicides. With regard to sulfentrazone, and in corroboration with the 210 
phytotoxicity results, a high biomass accumulation of I. triloba was observed when filter cake 211 
was used, and double the dose of herbicide was required to reduce the biomass in 212 
comparison with the other treatments. 213 

 214 
Table 2. Shoot dry biomass of weeds treated with different doses of sulfentrazone, 215 
saflufenacil and indaziflam with or without byproducts in the soil. 216 

Dry biomass - Ipomoea triloba (g pot-1) 

Sulfentrazone g a.i ha-1 Vinasse Filter cake 
 

Without byproducts 
 

0 0.15 aB 3.34 bA 0.26 aB 

300 0.20  aB 4.66 aA 0.05 abC 

600 0.00 bA 0.07 cA 0.02 bA 

1200 0.00 bA 0.01 cA 0.02 bA 

*CV line 17.28 *CV column 16.10 

**MSD 5% 0.16 **MSD 5% 0.10 

Dry biomass - Ipomoea triloba (g pot-1) 

Saflufenacil g a.i ha-1 Vinasse Filter cake 
 

Without byproducts 
 

0 0.05 aC 4.25 aA 0.27 aB 

42 0.07 aC 1.78 bA 0.32 aB 

84 0.00 aA 0.07 cA 0.05 bA 

168 0.00 aB 0.15 cA 0.02 bB 

*CV line 11.14 *CV column 11.04 

**MSD 5% 0.08 **MSD 5% 0.06 

Dry biomass -  D. horizontalis (g pot-1) 

Indaziflam g a.i ha-1 Vinasse Filter cake 
 

Without byproducts 
 

0 0.13 aB 1.29 aA 0.04 abB 

37.5 0.07 aB 0.42 bA 0.10 aB 

75 0.00 bA 0.03 cA 0.00 bA 

150 0.00 bA 0.07 cA 0.00 bA 

*CV line 44.19 *CV column 38.97 

**MSD 5% 0.10 **MSD 5% 0.06 

The averages followed by the same letter do not differ statistically from each other, lower 217 
case letters are compared vertically and upper case horizontal by the Tukey test 5%. *CV 218 
(coefficient of variation); **MSD (minimum significant difference). 219 



 

 

 220 
The influence of filter cake on biomass production was observed by Vasconcelos [28] in 221 
sugarcane, where the presence of filter cake in the soil led to a shoot biomass production of 222 
12.9 kg ha-1 and the absence of the byproduct to 10.3 kg ha-1. 223 
Concerning saflufenacil, vinasse had a positive effect on the control of I. triloba at the lowest 224 
herbicide doses (0 and 42 g ai ha-1), as this treatment was superior to the treatment without 225 
byproduct and with filter cake, with the filter cake promoting an increase in biomass 226 
accumulation at these doses. 227 
For indaziflam, the filter cake also interacted negatively. Vinasse showed no difference in 228 
biomass accumulation relative to the treatment without byproduct. 229 
Overall, analysis of the biomass revealed that at the two highest doses of all the herbicides, 230 
high weed control was obtained, regardless of the addition of vinasse or filter cake. 231 
Therefore, the byproducts evaluated have an effect on herbicide efficacy at doses below 232 
those recommended. 233 
Because one factor that affects the downward movement of herbicides in the soil is the 234 
content and type of organic matter [29], at herbicide doses below that recommended, the 235 
process tends to be more affected by the byproducts, leading to greater difficulty of the 236 
herbicide to descend to the soil layer housing the weed seeds. 237 
 238 
Effect of sugarcane byproducts on I. triloba and D. horizontalis germination 239 
Table 3 shows a significant difference for all variables involving the I. triloba at different 240 
doses of vinasse and filter cake, in addition to a control treatment without the addition of 241 
byproducts. Higher doses of vinasse negatively affected both the ESI and the percent weed 242 
emergence. Filter cake stood out positively relative to the vinasse for weed biomass 243 
accumulation, especially at the 50 t.ha-1 dose. According to Santos et al. [3], the positive 244 
effects of the filter cake probably result not only from the nutrient supply but also from the 245 
increased soil moisture accumulation and increased cation exchange capacity, thus causing 246 
an improvement in the utilization of nutrients originally present in the soil. 247 

 248 
 249 
Table 3. Shoot dry mass (g), emergence (%) and ESI of I. triloba e D. horizontalis treated 250 
with different doses byproducts in the soil.  251 

Treatments Doses (t or m3 ha-1) Shoot dry mass (g) ESI Emergence (%) 
 I. triloba 
Control  0.0 1.22 b 2.23 a 35.00 a 
Vinasse  82.5 1.77 b 2.16 a 30.50 a 
Vinasse  165.0 2.27 b 1.09 b 25.00 b 
Vinasse  330.0 1.45 b 1.00 b 21.00 b 
Filter cake  20.0 3.45 ab 2.02 a 30.00 a 
Filter cake  40.0 4.32 ab 2.45 a 41.50 a 
Filter cake  50.0 7.50 a 4.79 a 62.00 a 

*CV %  58.57 44.79 27.89 
**MSD 5%  4.22 3.18 35.25 

 D. horizontalis
Treatments Doses (t or m3 ha-1) Shoot dry mass (g) ESI Emergence (%) 
Control  0.0 0.46 c 7.91 a 88.57 a 
Vinasse  82.5 2.36 c 9.15 a 96.42 a 
Vinasse  165.0 1.02 c 7.44 a 84.28 a 
Vinasse  330.0 1.25 c 8.03 a 90.71 a 
Filter cake  20.0 1.72 c 7.19 a 82.85 a 
Filter cake  40.0 6.64 b 6.94 a 77.14 a 
Filter cake  50.0 12.06 a 4.63 a 62.85 a 

*CV %  38.81   



 

 

**MSD 5%  3.25   
Equal lowercase letters between columns do not differ statistically at 5% significance. *CV 252 
(coefficient of variation); **MSD (minimum significant difference). 253 
 254 
For D. horizontalis, the lowest filter cake dose used did not differ from the treatments with 255 
vinasse or from the control; however, the biomass accumulation was 3.9 and 7.0 times 256 
higher at 40 t ha-1 and 50 t ha-1, respectively, compared to 20 t ha-1 (Table 3). 257 
No significant differences were detected regarding the percent emergence and ESI of D. 258 
horizontalis with the use of the byproducts as a function of the doses. According to Ramos et 259 
al. [18], the effect of vinasse on the plant emergence and initial development can be positive 260 
or negative depending on the species involved. For carrots, Cavatte et al. [30] found that the 261 
addition of vinasse contributed to a reduction in seed germination; however, the addition of 262 
filter cake had no effect compared to the control. 263 
 264 
 265 
4. CONCLUSION 266 

It can be concluded that the vinasse and filter cake byproducts from the sugar and 267 
alcohol industry may negatively or positively affect the performance of pre-emergence 268 
herbicides, depending on the active ingredient used, especially at herbicide doses below 269 
those recommended. Byproducts can affect the emergence and the weed biomassa 270 
accumulation. 271 
 272 
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