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Abstract 
 
During the period 2023-2024, a field study with common wheat, Avenue variety was conducted. The experiment was set 
up in a production field in the village of Dobroplodno, Vetrino municipality, Bulgaria. The evaluated herbicidal 
products were Biathlon® 4 D (714 g/kg tritosulfuron + 54 g/kg florasulam), Ergon® WG (68 g/kg metsulfuron-methyl+ 
682 g/kg tifensulfuron-methyl), Acurat Extra® WG (682 g/kg tifensulfuron-methyl + 70 g/kg metsulfuron-methyl), 
Aminopielic® 600 SL (600 g/l 2,4 amine salt), and Corida® 75 WDG (750 g/l tribenuron-methyl). The herbicidal 
products were applied as foliar treatments. The weed infestation of the experimental field was presented by Anthemis 
arvensis L., Lamium amplexicaule L., Consolida regalis S.F. Gray, Papaver rhoeas L., Sinapis arvensis L. and 
Convolvulus arvensis L. The infestation with these weeds resulted in a very low average grain yield for the untreated 
control (3.97 t ha-1). The highest biological yield of grain is obtained after using Biathlon 4 D (4.96 t/ha-1) was found. 
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INTRODUCTION 
 
The role of food, and in particular the crops’ 
production, is key to the survival of the 
population. This explains the great number of 
scientific studies aimed at the successful 
production of agricultural crops (Panayotov et 
al., 2024; Panchev & Shopova, 2024; 
Balabanova et al., 2023; Rankova et al., 2023; 
Shopova, 2023; Komitov et al., 2020; Dimtrova 
et al., 2019; Marinov-Serafimov et al., 2017; 
Mishra et al., 2016; Ditta et al., 2015; Fita et 
al., 2015; Shopova & Cholakov, 2015; Yanev, 
2015; López-Bellido et al., 2014; Shopova & 
Cholakov, 2014; Panta et al., 2014; Yanev et 
al., 2014a). Winter wheat is one of the most 
important crops in the world. Weeds are a 
major competitor during the growing season of 
Triticum aestivum L. because they compete 
with crop plants for light, moisture, nutrients 
and space (Cheema and Farooq, 2007; Khan et 
al., 2001; Reddy, 2000). Weeds account for 10-
80 percent yield reduction depending upon the 
weed species and infestation and caused 
depletion of soil water up to 6.5 cm (Ranjit et 
al., 1998; Afentouli and Eleftherohorinos, 
1996; Khera et al., 1995; Mehra and Gill, 
1988). Uncontrolled weeds are reported to 
cause up to 66% reduction in wheat grain yield 
(Kumar et al., 2011) or even more depending 

upon the weed densities, type of weed flora and 
duration of infestation. A formidable factor that 
limits its productivity is severe weed 
competition, which competes with crop plants 
for water, nutrients, space and solar radiation 
resulting in reduction of yield by 29% (Pandey 
et al., 2006). Wheat productivity depends on 
several factors such as irrigation, weed control, 
fertilizer management and other agronomic 
practices. Among these factors, the hidden war 
with the crop starts with weeds. Weeds are a 
major problem for sustainable crop production 
as weeds determine most agronomic practices 
for crop production and cause huge losses 
(Verma et al., 2015). Weeds also increase the 
cost of harvesting and degrade the quality of 
the produce. Therefore, they need to be 
controlled to obtain optimal wheat yield with 
good grain quality. Wheat is usually stressed by 
dicotyledonous weeds. The presence of weeds, 
especially in the early stages of crop 
development, proves detrimental to the yield 
obtained from it. Losses are highest when 
resources are limited and weeds germinate 
along with it (Hussain et al., 2015). There is a 
strong correlation between the duration of weed 
competition and wheat yield reduction (Fahad 
et al., 2014; Bekelle, 2004). Wheat crop  is 
infested majorly with Avena fatua, 
Chenopodium album, Cirsium arvense, 
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Convolvulus arvensis, Coronopus didymus, 
Cynodon dactylon, Dichanthium annulatum, 
Melilotus indica, Phalaris minor, Polygonum 
plebejum, Polypogon fugax, Rumex dentatus 
and Spergula arvensis weeds (Waheed et al., 
2009). Wheat grain yield losses due to presence 
of these weeds were estimated to be 20 to 30% 
(Marwat et al., 2006). Apart from significantly 
reducing grain yield, weeds also reduce soil 
fertility. Timely weed control is essential for 
maximum yield (Vasudev et al., 2017). It is 
economically advantageous to use chemical 
weed control agents (Khalil et al., 1999). 
Herbicides are one of the most commonly used 
substances for weed management. Choosing 
the proper herbicide is a responsible moment, 
because it must meet a number of requirements 
such as: selectivity to the crop, efficacy against 
the weeds and to be safe for the produced food 
and soil health (Parven et al., 2025; Semenov et 
al., 2025; Morar et al., 2024; Rai et al., 2024; 
Yanev, 2024; Yanev, 2023; Atwood et al., 
2022; Goranovska et al., 2022; Li et al., 2022; 
Yanev, 2022; Govindasamy et al., 2021; 
Yanev, 2021; Mandal et al., 2020; Tripathi et 
al., 2020; Yanev, 2020; Yanev & Kalinova, 
2020; Martinez et al., 2018; Goranovska & 
Yanev, 2016; Kostadinova et al., 2016; Kumar 
et al., 2016; Rose et al., 2016; Hristeva et al., 
2015; Kalinova & Yanev, 2015; Raj et al., 
2015; Semerdjieva et al., 2015; Hristeva et al., 
2014; Lee et al., 2014; Yanev et al., 2014b; 
Marin-Morales et al., 2013; Zabaloy et al., 
2011). Herbicidal weed control is considered 
most effective and economical method in wheat 
(Ashiq et al., 2003). The integrated weed 
management approach is advantageous because 
one technique rarely achieve complete and 
effective control of all weeds during crop 
season and even a relatively few surviving 
weeds can produce sufficient number of seeds 
to perpetuate the species (Nayak, 2006; Walia 
et al., 1997) .An average decrease in grain yield 
by 15.42 % was observed due to season-long 
weed-crop competition. Lowest dicot weeds 
were observed with weed free treatment. The 
most popular herbicides on winter wheat are 
chemicals based on active ingredients: 
tribenuron-methyl, dicamba, florasulam, etc. 
(Zand et al., 2007). The best weed control 
efficiency in case of  dicot (82.8%) was 
achieved with metsulfuron-methyl, respectively 

compared to other herbicide namely 2,4-D 
(Patel et al., 2017; Paighan et al., 2013; 
Maninder et al., 2007; Singh and Ali, 2004; 
Nayak et al., 2003; Kurchania et al., 2000). 
Ashiq et al. (2007) recorded the highest WCE 
of bromoxynil+ MCPA against broadleaf 
weeds Chenopodium album, C. murale, 
Fumaria indica and Convolvulus arvensis in 
wheat.  It is also true that most of the dicot 
herbicides do not give a 100% control of all 
broadleaf weeds (Zimdahl, 1993). This is due 
to differential phytotoxic action of herbicides 
against a range of broadleaf weeds (Ashiq et 
al., 2007). According to Abbas et al. (2009) the 
best herbicides against broad leave weeds is 
Buctril Super 60 % EC - 825 ml ha-1, as it out 
yielded all herbicides by producing 2300 kg  
ha-1 grain yield except T5 Starane-M - 875 ml 
ha-1, which produced grain yield to the tune of 
2245 kg ha-1.   
The present study was conducted with an 
objective to identify herbicides more effective 
in controlling broad leaf weeds and increasing 
wheat’s yield. This trial was done to assess the 
efficacy of post-emergence herbicides for weed 
control in wheat and its effect on grain yield. 
 
MATERIALS AND METHODS 
 
In 2023 and 2024, a field experiment with the 
winter wheat variety "Avenue" was conducted 
in the village of Dobroplodno, Vetrino 
municipality, Bulgaria. The experiment was set 
up using the block method in 4 replications 
with a total size of the working plot of the four 
replications of 80 m². Before the treatment with 
herbicides, a weed count was carried out in the 
experimental field. Six widespread broadleaf 
weeds were identified in wheat. The average 
density of weeds in the two experimental years, 
per 1 m² is as follows: Anthemis arvensis L. - 
6.5 exemplar; Lamium amplexicaule L. - 19.5 
exemplar; Consolida regalis S.F. Gray - 5 
exemplar; Papaver rhoeas L. - 5.5 exemplar; 
Sinapis arvensis L. - 7 exemplar; Convolvulus 
arvensis L. - 5 exemplar. The study included 
the following variants: 1. Untreated control; 2. 
Biathlon 4 D (714 g/kg tritosulfuron + 54 g/kg 
florasulam) - 0.055 kg ha-1, Ergon® WG (68 
g/kg metsulfuron-methyl + 682 g/kg 
tifensulfuron-methyl) - 0.09 kg ha-1, Acurat 
Extra® WG (682 g/kg tifensulfuron-methyl + 



591

  

70 g/kg metsulfuron-methyl) - 0.05 kg ha-1, 
Aminopielic® 600 SL (600 g/l 2,4 amine salt) - 
1.25 l ha-1, and Corida® 75 WDG (750 g/l 
tribenuron-methyl) - 0.015 kg ha-1. The 
herbicides were applied in the tillering phase of 
the wheat (BBCH 21-29). The herbicide 
spraying was carried out with a backpack 
sprayer with a working solution volume of 210 
l ha-1. 
Before sowing the crop, fertilization was 
carried out with NPK 15:15:15 at a fertilizer 
rate of 200 kg ha-1. Sowing was carried out at 
the optimal time for wheat with a small-sized 
Wintersteiger seeder for crops with a merged 
surface at a row spacing of 12 cm, with a 
seeding rate of 400 germinating seeds per m². 
In the spring, in the tillering phase, wheat was 
nourished with NH4NO3 at a fertilizer rate of 
200 kg ha-1. Weeds were assessed for efficacy 
on days 14, 28 and 56 after the application of 
the herbicide products. The 10-point EWRS 
(European Weed Research Society) scale was 
used for visual assessment of herbicide 
efficacy. The 9-point EWRS scale was used to 
assess herbicide selectivity. 
The results for wheat yields were processed 
using the Duncan method. 
 
RESULTS AND DISCUSSIONS 
 
The efficacy of herbicides against Anthemis 
arvensis L. is shown in Table 1. On the 14th 
day after treatment, the highest herbicidal 
efficacy was recorded for variant 2 (Biathlon 4 
D), and the lowest herbicidal effect was 
recorded for variant 5 (Aminopielic 600 SL). 
This trend was maintained at the last reading, 
carried out on the 56th day after the application 
of the herbicides. With the exception of variant 
5, in all other treated variants with the products 
Biathlon 4 D, Ergon WG, Akurat Extra WG 
and Corida 75 WDG, we report almost 
complete weed destruction (95-100%).  
 

Table 1. Avarage herbicidal control (%)  
against A. arvensis 

Variants   Days after application 
14 28 56 

1. Untreated control - - - 
2. Biathlon 4 D - 0.055 kg ha-1 70 90 100 
3. Ergon WG - 0.09 kg ha-1 60 80 95 
4. Acurat Extra WG - 0.05 kg ha-1 60 85 95 
5. Aminopielic 600 SL - 1.25 l ha-1  50 60 70 
6. Corida 75 WDG - 0.015 kg ha-1 55 75 95 

 

Table 2 shows the dynamics of the herbicidal 
efficacy against L. amplexicaule L. High 
herbicidal efficacy was reported on all 
reporting dates. At the first reporting date, the 
efficacy of the individual products was almost 
the same, ranging from 80 to 85%. On the 28th 
day after herbicide treatment, this difference in 
the efficacy of the products persist, reaching 
90-95%. At the last date, the weed completely 
vanished. 
 

Table 2. Avarage herbicidal control (%) against  
L. amplexicaule 

Variants    Days after application 
14 28 56 

1. Untreated control - - - 
2. Biathlon 4 D - 0.055 kg ha-1 85 95 100 
3. Ergon WG - 0.09 kg ha-1 80 90 100 
4. Acurat Extra WG - 0.05 kg ha-1 80 95 100 
5. Aminopielic 600 SL - 1.25 l ha-1  85 95 100 
6. Corida 75 WDG - 0.015 kg ha-1 80 90 100 

 
Against C. regalis (Table 3), none of the 
experiment’s variants showed 100% efficacy. 
This indicates the greater resistance of the 
weed to the tested herbicides. On the 14th day 
after treatment with the herbicides, the efficacy 
was slightly higher in the variants with 
Biathlon 4 D and Aminopielic 600 SL. On the 
second date, the lowest herbicidal efficacy 
against weed was reported for the product 
Ergon WG. The highest herbicidal effect was 
reported from the products Biathlon 4 D and 
Aminopielic 600 SL (90%) 56th days after 
treatments. The other variants also have 
satisfactory herbicidal efficacy, around 85%. 

 
Table 3. Avarage herbicidal control (%) against  

C. regalis 

Variants Days after application 
14 28 56 

1. Untreated control - - - 
2. Biathlon 4 D - 0.055 kg ha-1 65 80 90 
3. Ergon WG - 0.09 kg ha-1 60 75 85 
4. Acurat Extra WG - 0.05 kg ha-1 60 80 85 
5. Aminopielic 600 SL - 1.25 l ha-1  65 85 90 
6. Corida 75 WDG - 0.015 kg ha-1 60 80 85 

 
Herbicidal efficacy of the products against P. 
rhoeas is shown in Table 4. On the first 
reporting date for treatments 3 and 4 the weed 
efficacy was 65%. There was only 60% 
efficacy against the weed in the other 
treatments of the trial. The efficacy of the 
herbicide Aminopielic 600 SL on the same date 
was very low - 40%. On the 28th day after 
treatment, the percentages of efficacy in all 
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variants increased. In variant 5, the efficacy is 
low again. With the exception of the herbicide 
Aminopielic 600 SL, where the efficacy was 
unsatisfactory (60%), the efficacy of the 
remaining treated variants at the last reporting 
was high (90%). 

 
Table 4. Avarage herbicidal control (%) against  

P. rhoeas 

Variants Days after application 
14 28 56 

1. Untreated control - - - 
2. Biathlon 4 D - 0.055 kg ha-1 60 80 90 
3. Ergon WG - 0.09 kg ha-1 60 85 90 
4. Acurat Extra WG - 0.05 kg ha-1 65 80 90 
5. Aminopielic 600 SL - 1.25 l ha-1  40 50 60 
6. Corida 75 WDG - 0.015 kg ha-1 60 80 90 

 
Table 5. Avarage herbicidal control (%) against  

S. arvensis 

Variants Days after application 
14 28 56 

1. Untreated control - - - 
2. Biathlon 4 D - 0.055 kg ha-1 50 85 100 
3. Ergon WG - 0.09 kg ha-1 55 80 100 
4. Acurat Extra WG - 0.05 kg ha-1 55 80 100 
5. Aminopielic 600 SL - 1.25 l ha-1  55 80 100 
6. Corida 75 WDG - 0.015 kg ha-1 50 85 100 

 
S. arvensis (Table 5) is the easiest to control 
compared to all other weeds present in the 
experiment. Of all the herbicide products used 
in the trial, report 100% efficacy the weed, 
reported at the last reporting date. 
 

Table 6. Avarage herbicidal control (%) against  
C. arvensis 

Variants Days after application 
14 28 56 

1. Untreated control - - - 
2. Biathlon 4 D - 0.055 kg ha-1 80 50 40 
3. Ergon WG - 0.09 kg ha-1 60 40 30 
4. Acurat Extra WG - 0.05 kg ha-1 65 40 30 
5. Aminopielic 600 SL - 1.25 l ha-1  80 70 50 
6. Corida 75 WDG - 0.015 kg ha-1 70 50 30 

 
On the 14th day after the application of the 
herbicides, only the products Biathlon 4 D and 
Aminopielic 600 SL showed a satisfactory 
effect on C. arvensis (Table 6). The efficacy of 
Ergon WG, Acurat Extra WG and Corida 75 
WDG was unsatisfactory varying from 60 to 
70%. On the second date, we reported a 
decrease in efficacy for all products tested in 
the experiment. On the last date, field 
bindweed was controlled very poorly in all 
treated variants. The herbicide Aminopielic 600 
SL reported 50% efficacy. With the other 
products, it was even and reached only 30 - 

40%. These low efficacy percentages are due to 
the strong secondary growth of the weed. 
Table 7 shows the average yields obtained for 
2023-2024. The herbicidal efficacy of the 
products also determines the differences in 
yields in the individual variants of the 
experiment. Weeding with highly competitive 
species leads to a minimum yield of the 
untreated control (3.97 t/ha-1). 
 

Table 7. Productivity of wheat, t/ha-1 
Variants/ Yields  

1. Untreated control 3.97 a 
2. Biathlon 4 D - 0.055 kg ha-1 4.96 *c 
3. Ergon WG - 0.09 kg ha-1 4.92 *c 
4. Acurat Extra WG - 0.05 kg ha-1 4.91 *c 
5. Aminopielic 600 SL - 1.25 l ha-1 4.55 *b 
6. Corida 75 WDG - 0.015 kg ha-1 4.86 *c 

Legend: Values marked with different letters differ significantly 
according to Duncan's test at P 0.05. 
 
According to Duncan's test, three separate 
groups of herbicides are distinguished by the 
degree of statistical evidence (a, b, c). It was 
observed that all variants, except for 
Aminopielic 600 SL, were from group (c) 
furthest from the untreated control group (a), 
that was with the highest yields. The reason is 
mainly due to the fact that Aminopielic 600 SL 
has lower efficacy against A. arvensis and P. 
rhoeas, compared to the higher efficacy of the 
other evaluated products. 
 
CONCLUSIONS 
 
The herbicides Biathlon 4 D, Ergon WG, 
Acurat Extra WG, Aminopielic 600 SL and 
Corida 75 WDG were excellently effective 
against L. amplexicaule and S. arvensis. 
The product Aminopielic 600 SL was not 
sufficient compared to the other studied 
herbicides against A. arvensis and P. rhoeas. 
The weed C. regalis was controlled equally 
well by all tested products (from 85 to 90%). 
The weed C. arvensis was not controlled 
successfully by any of the tested herbicides. 
Visual signs of phytotoxicity were not detected 
in any of the trial treatments during the two 
experimental years. 
The average yield of the variant treated with 
the herbicide Biathlon 4D is the highest 
compared to the other treated variants.  
The lowest yield is from Aminopielik 600 SL 
(3.97 t/ha-1). 
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