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Abstract 
 
In 2022 and 2023, a field plot trial with the maize hybrid P 9241 was conducted. The trial was performed on the 
experimental field of the department of `Agriculture and herbology` at the Agricultural University - Plovdiv, Bulgaria. 
The evaluated herbicidal products were Adengo® 465 SC (225 g/l isoxaflutol + 90 g/l thiencarbasone-methyl + 150 g/l 
cyprosulfamide (antidote)), Gardoprim Plus Gold® 550 SC (312.5 g/l s-metolachlor + 187.5 g/l terbuthylazine), 
Camix® 560 SE (60 g/l mesotrione + 500 g/l s- metolachlor) and Stomp Aqua® (455 g/l pendimethalin). The herbicidal 
products were applied alone after sowing before germination of the crop. The weed infestation of the experimental field 
was presented by Digitaria sanguinalis (L.) Scop., Chenopodium album L., Amaranthus retroflexus L., Xantium 
strumarium L., Abutilon theophrasti Medic, Datura stramonium L., Solanum nigrum L., and Portulaca oleracea L. The 
infestation with these weeds resulted in a very low average grain yield for the untreated control (270.54 kg/da). The 
highest herbicidal efficacy as well as the highest seed yields after the alone application of Camix 560 SE was recorded. 
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INTRODUCTION 
 
A major challenge for humanity is the 
provision of food for the population and 
animals. Agricultural crops are the main raw 
material for the food industry. That is why 
many scientific studies are focused on 
sustainable production of agricultural crops 
(Shopova, 2023; Dimtrova et al., 2019; Nenova 
et al., 2019; Marinov-Serafimov et al., 2017; 
Shopova & Cholakov, 2015; Yanev, 2015; 
Shopova & Cholakov, 2014; Yanev et al., 
2014a; Foley et al., 2011). 
Maize (Zea mays L.) is of the ancient and 
iconic cereals through the world, owing to its 
wide range of uses such as human food, animal 
feed, and biofuel (ethanol production) (Green 
et al., 2018). Weed management had a major 
affect on the success of maize growth, because 
the competition ability of maize is relative low 
(Andr et al., 2014). In addition to the 
competition with maize, weeds might also 
introduce pathogenic bacteria and viruses, 
which in turn cause critical reductions in yield 
(Venkataraju et al., 2023). One of the main 
problems linked to maize crop facing Bulgaria 
is the weed control. A plethora of annual weed 
species has been documented to have negative 
effects on maize yield (Mennan et al., 2003; 

Meissle et al., 2010; Zhang et al., 2013; Tesfay 
et al., 2014; Tursun et al., 2015; Mhlanga et al., 
2016; Hançerli and Uygur, 2017; Imoloame, 
2017; Böcker et al., 2018; Absy, 2019; 
Delchev, 2022; Idziak et al., 2022; Kakade et 
al., 2020). Weeds in maize are very competitive 
for water, light and nutrients (Gołębiowska and 
Rola, 2008). It is important to reduce their 
occurrence already in the early stages of 
development, i.e. from emergence to 8-10 
leaves stage (Hruszka, 2003, Sulewska et al., 
2008), especially in maize, which is 
characterized by a slower growth rate in this 
period (Gąsiorowska and Makarewicz, 2008). 
According to the report of Oerke and Dehne 
(2004), a 37% reduction in maize production 
was observed under weed pressure. In this 
context, weed control must be done at the 
earlier periods of growth, whether the corn 
plant is grown for grain or for silage. The 
critical weed-free period for maize is between 
the 3rd and the 6th weeks after emergence 
(Zimdahl, 2004). Weed competition is 
manifested by a decrease of maize biomass and 
yield losses, which is usually between 30% and 
50%, depending on the weed density, time and 
duration of competition, weed spectrum and 
other factors (Hurle, 1988).  
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Most often, weed control is carried out by the 
application of herbicides. When choosing a 
herbicide, the following requirements must be 
taken into account: it must be selective to the 
crop, it must be effective against the weeds, its 
use must not lead to the accumulation of 
residual quantities in the plant production and 
in the soil, it must not deteriorate the quality of 
the productiont, to be harmless to soil 
microorganisms and for the environment 
(Yanev, 2023; Goranovska et al., 2022; Yanev, 
2022; Yanev, 2021; Yanev, 2020; Yanev & 
Kalinova, 2020; Goranovska & Yanev, 2016; 
Kostadinova et al., 2016; Hristeva et al., 2015; 
Kalinova & Yanev, 2015; Semerdjieva et al., 
2015; Hristeva et al., 2014; Yanev et al., 
2014b).  
Pre-emergent herbicides are widely used for 
weed control in maize in Europe, where 
glyphosate tolerant cultivars are not registered. 
Thiencabazone is a relatively new active 
ingredient from the group of inhibitors of 
acetolactate synthase. According to Stephenson 
and Bond (2012), isoxaflutole + thiencarbazone 
provided better weed control than atrazine + S-
metolachlor at pre-emergent application in 
maize. Gardoprim Plus Gold 500 EC 
(terbuthylazin + S-metolachlor) is a relatively 
old herbicide (Schulte and Allen, 2000), but is 
still widely used. For both active ingredients, 
synergy effects were recorded for control of 
annual weeds (Schulte et al., 2002). The 
efficacy of S-metolachlor is strongly influenced 
by soil moisture and delayed under dry 
conditions (Jursík et al., 2013). Herbicides 
applied to the soil reduce the weed population 
as most of the germinating weeds are 
suppressed (Mati´c et al., 2011). These weeds 
mostly consist of annual weeds that reproduce 
by seed. The effect of herbicides applied to the 
soil lasts about 40-50 days (Delchev, 2021). 
The aim of this study was to evaluate the 
efficacy of selected herbicides applied pre-
emergence for weed control in maize grown for 
grain. 
 
MATERIALS AND METHODS 
 
In 2022 and 2023, a field experiment with the 
maize hybrid P 9241 was conducted. The trial 
was situated in the Training and Experimental 
Field of the Department of Agriculture and 

Herbology at the Agricultural University - 
Plovdiv, Bulgaria. 
The experiment was carried out according to 
the block design in 4 replications with a size of 
the working plot of 112 m². 
A preliminary inspection of the experimental 
field was performed. In the reporting field eight 
types of weeds, typical for the crop were 
identified. The average weed density in the two 
experimental years, per 1 m² was as follows: 
Digitaria sanguinalis (L.) Scop. - 5 specimens; 
Chenopodium album L. - 5.5 specimens; 
Amaranthus retroflexus L. - 6 specimens; 
Xantium strumarium L. - 14 specimens; 
Abutilon theophrasti Medic - 6 specimens; 
Datura stramonium L. - 5 specimens; Solanum 
nigrum L. - 7 specimens; and Portulaca 
oleracea L. - 5 specimens. 
The study included the following treatments:  
1. Untreated control; 2. Adengo 465 SC            
(225 g/l isoxaflutol + 90 g/l thiencarbasone-
methyl + 150 g/l cyprosulfamide - antidote) - 
0.44 l ha-1; 3. Gardoprim Plus Gold 550 SC 
(312.5 g/l s-metolachlor + 187.5 g/l 
terbuthylazine) - 4.0 l ha-¹; 4. Camix 560 SE 
(60 g/l mesotrione + 500 g/l s-metolachlor) - 
2.5 l ha-¹; 5. Stomp Aqua (455 g/l 
pendimethalin) - 3.5 l ha-¹. 
All treatments were performed after sowing 
before germination of maize (BBCH 00). 
The herbicide spraying was accomplished via 
electrical backpack sprayer SOLO model 417 
(Solo, Germany) with a volume of the working 
solution of 300 l ha-¹. The herbicide efficacy 
evaluations were performed 14, 28 and 56 days 
after herbicidal application. The 10-score scale 
of EWRS (European Weed Research Sociaty) 
for visual rating was used. 
For herbicidal selectivity, the 9-score scale of 
EWRS was used.  
Maize was grown as a mono-cropping system 
under non irrigation conditions.  
The experiment was carried out on a meadow-
drained soil type (former meadow-marsh), 
slightly saline, with a thickness of the A 
horizon of 25-28 cm. The humus content is 
about 2%, and the reaction is neutral (pH = 
7.15). The content of physical clay in the upper 
horizons reaches 50%. It is dark-colored, with a 
well-defined crumbly-granular structure. 
The soil is carbonate, alluvial-meadow, slightly 
saline with sandy-clay character (Yanchev and 
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Popova, 1999). The content of mobile forms of 
the main mineral elements, determined by 
standard methods in the Laboratory Complex 
of the Agricultural University - Plovdiv, is as 
follows: total nitrogen (N) - 26.65 mg/kg, total 
phosphorus (P2O5) - 11.21 mg/kg 100 g and 
potassium (K2O) - 27.47 mg/100 g. 
The soil preparation before sowing of the crop 
included deep autumn ploughing in 20-25 cm 
of depth. Also, two disking operations were 
performed. Pre-sowing fertilization with NPK 
15:15:15 at the rate of 250 kg ha-¹ was 
accomplished. Sowing was carried out in the 
optimal time for the crop at a spacing 20 x 70 
cm. Spring dressing with NH4NO3 at the rate of 
250 kg ha-¹ was also done. 
The agrometeorological data during the 
experiment is provided by the department of 
"Botany and Agrometeorology" at the 
Agricultural University of Plovdiv, Bulgaria. 
The amount of precipitation and the average air 
temperatures during the maize growing season 
(from April to September) during the 
experimental years are presented in Table 1. 
 

Table 1. Monthly precipitation (mm) and average 
monthly air temperatures (C°) 

Months 
Years 

2022 2023 2022 2023 
Precipitation (mm) Temperatures (Cº) 

April 52.00 64.75 392.5 373.3 
May 33.50 63.25 588.4 512.2 
June 106.80 83.75 685.2 685.3 
July 11.00 26.50 805.9 808.5 
August 46.8 33.50 816.8 817.1 
September 30.8 19.75 586.6 654.7 

 
The table thus presented makes an impression 
on the low amount of precipitation for July and 
September for the two experimental years. 
The results of the conducted research with the 
software package of SPSS 17 program of one-
and two-factorial analysis of variance were 
processed. 
 
RESULTS AND DISCUSSIONS 
 
Table 2 shows the dynamics in the efficacy of 
herbicides on D. sanquinalis on average for the 
two experimental years. Weeds were very 
successfully controlled by all herbicides tested, 
but only at the first reporting date (90-95%). 
Table 2 also shows that the products 
Gardoprim Plus Gold and Camix on the 28th 
day after treatment showed approximately the 

same herbicidal efficacy as on the 14th day. For 
the herbicides Adengo and Stomp Aqua, 
efficacy was 80% on the same reporting date. 
With the exception of the product Camix, in the 
other variants in the experiment, the herbicidal 
effect was unsatisfactory at the last reporting 
date (50-60%). Although on the 14th day after 
the treatment a high efficiency of 90 to 95% 
was reported in all variants of the experiment, 
on the 56th day it decreased and reached only 
50-70%, due to high secondary infestation with            
D. sanquinalis. 
 

Table 2. Efficacy of the studied herbicides against  
D. sanquinalis, average for the period (%) 

Treatments 
Days after 
treatments 

14 28 56 
1. Untreated control - - - 
2. Adengo - 0.44 l ha-¹ 90 80 50 
3. Gardoprim Plus Gold - 4.0 l ha-¹ 95 90 60 
4. Camix - 2.5 l ha-¹ 95 90 70 
5. Stomp Aqua - 3.5 l ha-¹ 90 80 50 

 
Against Ch. album the results of the used 
herbicides are reflected on Table 3. 
Approximately excellent results against weed 
were reported from all variants of the 
experiment (on the 14th day after the 
application of the herbicides - from 95 to 
100%). Despite the fact that at the first 
reporting date from the herbicides we have 
high results compared to the control of the 
weed, on the 28th day after treatment, the 
efficacy stared decrease gradually. On the 56th 
day after treatment, the efficacy reached 60% 
with Stomp Aqua. At the same reporting date, 
the herbicidal effect of the products Adengo, 
Gardoprim Plus Gold, and Camix was higher – 
from 70 to 80%. 
 

Table 3. Efficacy of the studied herbicides against  
Ch. album, average for the period (%) 

Treatments 
Days after 
treatments 

14 28 56 
1. Untreated control - - - 
2. Adengo - 0.44 l ha-¹ 100 90 70 
3. Gardoprim Plus Gold - 4.0 l ha-¹ 95 90 75 
4. Camix - 2.5 l ha-¹ 100 95 80 
5. Stomp Aqua - 3.5 l ha-¹ 95 80 60 

 
The results of the used herbicides against the 
weed A. retroflexus are presented on Table 4. 
Regardless of the tested herbicidal product, the 
weed control in all variants was 100% on the 
first reporting date. This is not the case for the 
next two evaluation dates. This maximum 
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efficacy against A. retroflexus lasted almost 
until the 28th day after treatment with the 
herbicides Adengo, Gardoprim Plus Gold, and 
Camix (90%). The variant with Stomp Aqua 
reported 85% herbicidal control on the same 
date. By the end of the maize growing season, 
secondary weeding with this weed species was 
observed, that is why, at the last reporting date, 
the efficiency decreased and reached from 65 
to 80% in the different variants of the 
experiment. 
Of all annual dicotyledonous weeds in trial,  
Xa. strumarium was the most difficult-to-
control weed in the trial (Table 5). In none of 
the treatments the efficacy was satisfactory. 
The herbicides Gardoprim Plus Gold and 
Stomp Aqua had 0% efficacy at all reporting 
dates. Although with the other two herbicides 
the effect was from 90 to 95% only on the first 
reporting date, in subsequent observations the 
efficacy decreased progressively, reaching 70-
75% on the 28th day. At day 56 after treatment, 
herbicide control was absent or very weak in all 
variants in the experiment. These low results 
are most likely due to the fact that the weed 
germinates over a long period of time and from 
different depths in the soil. This is also a reason 
for the presence of late secondary weed 
infestation. 
 

Table 4. Efficacy of the studied herbicides against           
A. retroflexus, average for the period (%) 

Treatments 
Days after 
treatments 

14 28 56 
1. Untreated control - - - 
2. Adengo - 0.44 l ha-¹ 100 90 80 
3. Gardoprim Plus Gold - 4.0 l ha-

¹ 100 90 75 

4. Camix - 2.5 l ha-¹ 100 90 80 
5. Stomp Aqua - 3.5 l ha-¹ 100 85 65 

 
Table 5. Efficacy of the studied herbicides against  

Xa. strumarium, average for the period (%) 

Treatments 
Days after 
treatments 

14 28 56 
1. Untreated control - - - 
2. Adengo - 0.44 l ha-¹ 95 75 25 
3. Gardoprim Plus Gold - 4.0 l ha-¹ 0 0 0 
4. Camix - 2.5 l ha-¹ 90 70 20 
5. Stomp Aqua - 3.5 l ha-¹ 0 0 0 

 
Approximately excellent efficacy results were 
obtained from the tested herbicides in the 

experiment against A. theophrasti - i.e. an 
efficacy of 90 to 100% was obtained on the 14th 
day after application (Table 6). This maximum 
efficacy against A. theophrasti did not persist in 
the 28th and 56th day after herbicidal treatments. 
Comparatively, the efficacy was lower in the 
variants treated with Gardoprim Plus Gold and 
Stomp Aqua (60-65%) at the second reporting 
date. On the last reporting date a very low 
efficacy at variants 2 and 4 was recorded (55-
60%). 
 

Table 6. Efficacy of the studied herbicides against  
A. theophrasti, average for the period (%) 

Treatments 
Days after 
treatments 

14 28 56 
1. Untreated control - - - 
2. Adengo - 0.44 l ha-¹ 100 85 55 
3. Gardoprim Plus Gold - 4.0 l ha-¹ 90 65 30 
4. Camix - 2.5 l ha-¹ 100 85 60 
5. Stomp Aqua - 3.5 l ha-¹ 95 60 25 

 
Table 7 shows that only the herbicides Adengo 
and Camix showed 100 percent control of          
D. stramonium at the first reporting date. At the 
next date, the efficacy was good only from 
Camix (80%). At the 56th day from the date of 
treatment, the herbicidal effect against the 
weed was significantly reduced due to heavy 
secondary weed infestation with                             
D. stramonium. 
All herbicidal products completely controlled 
(100%) S. nigrum, only up to the 14th day after 
treatment (Table 8). At the second reporting 
date, it was reported that the weed was highly 
controlled by Camix (90%). The remaining 
products also showed relatively high efficacy 
rates of 80 to 85%. However, this was not the 
case at the last reporting date - on the 56th day 
after the application of the herbicides. The 
herbicidal effect then varies from 60 to 70%. 
 

Table 7. Efficacy of the studied herbicides against  
D. stramonium., average for the period (%) 

Treatments 
Days after 
treatments 

14 28 56 
1. Untreated control - - - 
2. Adengo - 0.44 l ha-¹ 100 70 35 
3. Gardoprim Plus Gold - 4.0 l ha-¹ 90 65 25 
4. Camix - 2.5 l ha-¹ 100 80 50 
5. Stomp Aqua - 3.5 l ha-¹ 90 60 20 
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Table 8. Efficacy of the studied herbicides against           
S. nigrum, average for the period (%) 

Treatments 
Days after 
treatments 

14 28 56 
1. Untreated control - - - 
2. Adengo - 0.44 l ha-¹ 100 85 60 
3. Gardoprim Plus Gold - 4.0 l ha-¹ 100 85 65 
4. Camix - 2.5 l ha-¹ 100 90 70 
5. Stomp Aqua - 3.5 l ha-¹ 100 80 60 

 
Against the weed P. oleracea, the results of the 
herbicides used are presented on Table 9. 
Excellent results were obtained from all 
variants on the 14th day after treatment - 100%. 
At the next reporting date, the herbicidal effect 
decreased and reached 75-85% for variants 
from 2 to 4. The product Stomp Aqua had a 
slightly higher efficiency - 90%. This trend is 
also preserved for the third reporting date. 

 
Table 9. Efficacy of the studied herbicides against   

P. oleracea, average for the period (%) 

Treatments 
Days after 
treatments 

14 28 56 
1. Untreated control - - - 
2. Adengo - 0.44 l ha-¹ 100 85 65 
3. Gardoprim Plus Gold - 4.0 l ha-¹ 100 75 60 
4. Camix - 2.5 l ha-¹ 100 85 70 
5. Stomp Aqua - 3.5 l ha-¹ 100 90 75 

 
Visible signs of phytotoxicity were not 
observed in any of the variants. 
Table 10 presents the results of the yields 
obtained from the individual replications on 
average for each variant of the experiment. 
Differences in yields are determined by the 
herbicidal efficacy of the products and by their 
ability to control the weeds present. The natural 
background with highly competitive weed 
species for 2022 and 2023, as well as the low 
amount of rainfall during the maize growing 
season in both experimental years resulted in a 
very low average yield of the untreated control 
(2.71 t ha-¹). According to the degree of 
mathematical proof, five separate groups are 
distinguished (a, b, c, d, f). It was found that 
treatment 4 (Camix -2.5 l ha-¹) is from the 
group (e) - the most distanced group from the 
untreated control (a), that is, with the highest 
yield followed by variant 3 (Adengo). Due to 
the fact that the herbicides Gardoprim Plus 
Gold and Stomp Aqua cannot control the main 
dicotyledonous weed in the experiment (Xa. 
strumarium), their yield is reduced compared to 
the yield of the above products. Although 

compared to the other herbicides, Stomp Aqua 
had the lowest yield, it also had a statistically 
proven difference compared to the untreated 
control. 

 
Table 10. Maize grain seed yield, t ha-¹ 

Treatments Yields 
1. Untreated control 2.71a 
2. Adengo - 0.44 l ha-¹ 5.40*d 
3. Gardoprim Plus Gold - 4.0 l ha-¹ 4.90*c 
4. Camix - 2.5 l ha-¹ 5.78*e 
5. Stomp Aqua - 3.5 l ha-¹ 4.31*b 

Legend: All values with a * sign have significant differences with the 
result of the untreated control. All values followed by different letters 
are with proved difference according to Duncanʼs test at P < 0.05 
 
CONCLUSIONS 
 
The herbicidal products Camix 250 SE and 
Adengo 465 SC outperformed all other 
herbicides in the experiment in their control 
against Xa. strumarium. 
Against Ch. album the highest herbicidal effect 
from the products Adengo 465 SC, Gardoprim 
Plus Gold 550 SC and Camix 250 SE was 
obtained. The lowest herbicidal efficacy against 
weeds was observed with the product Stomp 
Aqua. 
Of all the annual dicotyledonous weeds in the 
experiment Xa. strumarium was the most 
difficult-to-control by the evaluated herbicides. 
Of all the weeds available in the trial,                       
A. retroflexus was best controlled. 
No visible signs of phytotoxicity were observed 
in either variant throughout the maize 
vegetation. 
Compared to the untreated control, 
mathematically proven differences in corn 
grain yield were reported in favor of all 
variants treated with herbicides. 
The highest maize grain seed yield after the 
application of Camix 250 SE - 2.5 l ha-¹ was 
found (5.78 t ha-¹). 
Of all the herbicide-treated variants, the lowest 
yields after the treatment with Stomp Aqua 
(4.31 t ha-¹) were obtained. 
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