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Abstract  
 
During the period of 2017-2018 a field study with maize (Zea mays L.) was conducted. The experiment was situated on 
the experimental field of the Agricultural University of Plovdiv, Bulgaria. Variants of the trial were as follows: 1. 
Untreated control; 2. Equip OD (75 g/l mesotrione + 30 g/l nicosulfuron) - 2500 ml/ha; 3. Elumis OD (75 g/l 
mesotrione + 30 g/l nicosulfuron) - 2000 ml/ha; 4. Arigo WG (360 g/kg mesotrione + 120 g/kg nicosulfuron + 30 g/kg 
rimsulfuron) + Trend 90 - 330 g/ha + 1000 ml/ha; 5. Samson Extra 6 OD (60 g/l nicosulfuron) - 750 ml/ha; 6. Samson 
4 OD (40 g/l nicosulfuron) - 1250 ml/ha; 7. Principal Plus WG (552 g/kg dicamba + 92 g/kg nicosulfuron + 23 g/kg 
rimsulfuron) + Trend 90 - 440 g/ha + 1000 ml/ha; 8. Capreno SC (345 g/l tembotrione + 68 g/l thiencarbazone-methyl 
+ 134 g/l isoxadifen-ethyl) + Mero - 290 ml/ha + 2000 ml/ha. The grown maize hybrid was “Р 9241”. The efficacy of 
the studied herbicide products against the weeds was evaluated. The highest yield was achieved after the application of 
Principal Plus WG – 1.53 t/ha average for both years. 
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INTRODUCTION  
 
Maize (Zea mays L.) is main grain-forage crop 
with adaptive ability to different geographical 
and climatic conditions. That is the reason for 
the successful growing of this culture in many 
regions around the globe. In Bulgaria it is 
strategical field crop. Maize has the highest 
energy value in comparison to the others forage 
crops (Tomov & Yordanov, 1984).  
One of the main negative factors for 
agricultural production is the weeds. They 
decrease the yields and the quality of maize 
grain (Spasov, 1995; Masqood et al., 1999; 
Тonev, 2000; Changsaluk et al., 2007). 
In Bulgaria, economically the most important 
weeds at this crop are Amaranthus retroflexus 
L., Datura stramonium L., Xanthium 
strumarium L., Solanum nigrum L., 
Chenopodium album L., Abutilon theophrasti 
L., Sinapis arvensis L., Echinochloa crus-gali 
L., Setaria glauca L., Sorghum halepense L., 
Convolvulus arvensis L., Cynodon dactilon L. 
and Cirsium arvense L. (Hristova et al., 2012; 
Kalinova et al., 2012). 
The maize grain yield can decrease from 24% 
to 96.7% (Mukherjee and Debnath, 2013; 

Oerke & Dehne, 2004; Zhalnov & Raikov, 
1996). 
The monoculture growing of maize can lead to 
increase of the population of S. halepense, C. 
arvense, C. arvensis L., C. dactilon and other 
perennial weed species.  
The most efficient and economically most 
effective and environmentally safest is integra-
ted weed control. It includes applicayion of 
different weed control means - mechanical, 
chemical, cultural, biological etc. (Tonev, 2013). 
The chemical method is the most often used by 
the farmers. The method is highly effective, 
fast and easy to apply. The proper herbicide 
application reduces the weed management costs 
up to 60%. The fuel cost as well the soil 
erosion are also decreased (Valcheva, 2011). 
The aim of the study is to evaluate the 
possibilities for efficient chemical weed control 
in maize. 
 
MATERIALS AND METHODS  
 
During the 2017 and 2017 a field experiment 
was carried out in the experimental base of the 
Department of Agriculture and Herbology of 
the Agricultural University of Plovdiv, 
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Bulgaria. The studied maize (Zea mays L.) 
hybrid was “Р 9241”. The trial was conducted 
by the randomized block design in 4 
replications. The size of the harvesting plot was 
28 m2.  
The variants of the trial were: 1. Untreated 
control; 2. Equip OD (75 g/l mesotrione + 30 
g/l nicosulfuron) - 2500 ml/ha; 3. Elumis OD 
(75 g/l mesotrione + 30 g/l nicosulfuron) - 2000 
ml/ha; 4. Arigo WG (360 g/kg mesotrione + 
120 g/kg nicosulfuron + 30 g/kg rimsulfuron)  
+ Trend 90 (adjuvant) - 330 g/ha + 1000 ml/ha; 
5. Samson Extra 6 OD (60 g/l nicosulfuron) - 
750 ml/ha; 6. Samson 4 OD (40 g/l 
nicosulfuron) - 1250 ml/ha; 7. Principal Plus 
WG (552 g/kg dicamba + 92 g/kg nicosulfuron 
+ 23 g/kg rimsulfuron) + Trend 90 - 440 g/ha + 
1000 ml/ha; 8. Capreno SK (345 g/l 
tembotrione + 68 g/l thiencarbazone-methyl + 
134 g/l isoxadifen-ethyl) + Mero (adjuvant) - 
290 ml/ha + 2000 ml/ha. 
The herbicide products were applied in ВВСН 
14-15. The volume of the spraying solution was   
250 l/ha.  
The efficacy of the studied herbicides against 
the weeds was performed by the 10 score scale 
of EWRS (European Weed Research Society) 
on the 14th, 28th and on the 56th day after 
application.  
The selectivity of the herbicides was evaluated 
by the 9 score scale of EWRS. 
The yield was recorded by harvesting the whole 
experimental plot of every repetition from each 
treatment. 
Statistical analysis of collected data was 
performed by using Duncan’s multiple range 
test of SPSS 17 program. Statistical differences 
were considered significant at p < 0.05. 
 
RESULTS AND DISCUSSIONS 
 
The existing weeds on the experaimental field 
were Setaria viridis L., Echinochloa crus-gali 
L., Sorghum halepense Pers. developed from 
seeds, Chenopodium album L., Amaranthus 
retroflexus L., Xanthium strumarium L., 
Abutilon theophrasti Medic., Datura 
stramonium L., Solanum nigrum L., Portulaca 
oleracea L., S. halepense developed from 
rhizomes and Cynodon dactylon L.  
On Table 1 is shown the dynamics considering 
the efficacy of the studied herbicide products 

against S. viridis. In both experimental years, 
on the 14th day after the herbicide application 
the efficacy is not satisfactory, but the weed is 
depressed, growth retardation is also observed.  
On the next evaluation dates very high efficacy 
is reported. The efficacy ranges from 85 to 
100% on the 56th day after treatments.  

Table 1. Efficacy of the studied herbicide products 
against S. viridis, average for 2017-2018, % 

Treatments 
Days after 
application 

14th  28th  56th  
1. Untreated control  - - - 
2. Equip OD 75 85 90 
3. Elumis OD 75 85 90 
4. Arigo WG + Trend 90 85 95 95 
5. Samson Extra 6 OD 85 100 100 
6. Samson 4 OD 85 95 100 
7. Principal Plus WG +Trend 90 80 90 100 
8. Capreno SK + Mero 60 75 85 

 
The efficacy against E. crus-gali is on Table 2. 
The data from the reports showed efficacy 
percentage close to those of S. viridis.  
On the first reporting date the results are low 
and increasing in the next evaluations. The 
lowest efficacy is recorded to be for treatment 8 
(Capreno SK + Mero - 290 ml/ha + 2000 
ml/ha). 
In previous study Mitkov et al. (2018) observed 
the highest efficacy against Echinochloa crus-
galli L. for Merlin Duo at rate of 2.00 l/ha. 
 

Table 2. Efficacy of the studied herbicide products 
against E. crus-gali, average for 2017-2018, % 

Treatments 
Days after 
application 

14th  28th  56th  
1. Untreated control  - - - 
2. Equip OD 80 90 95 
3. Elumis OD 80 90 95 
4. Arigo WG + Trend 90 85 95 95 
5. Samson Extra 6 OD 85 95 100 
6. Samson 4 OD 80 90 100 
7. Principal Plus WG +Trend 90 85 95 100 
8. Capreno SK + Mero 60 75 85 

 
The efficacy against S. halepense developed 
from seeds is on Table 3. 
All studied herbicide products sucseffully 
control S. halepense Pers. developed from 
seeds. On the last evaluation date, the weed is 
100% controlled independently the herbicide 
product.   
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Table 3. Efficacy of the studied herbicide products 

against S. halepense developed from seeds for  
2017-2018, % 

Treatments 
Days after 
application 

14th  28th  56th  
1. Untreated control  - - - 
2. Equip OD 90 100 100 
3. Elumis OD 80 90 100 
4. Arigo WG + Trend 90 85 95 100 
5. Samson Extra 6 OD 85 100 100 
6. Samson 4 OD 80 95 100 
7. Principal Plus WG +Trend 90 85 95 100 
8. Capreno SK + Mero 80 90 100 

 
The efficacy data against Ch. album for 2017-
2018 is shown on table 4. 
Against this weed the efficacy of Arigo WG + 
Trend 90 and Principal Plus WG + Trend 90 
was excellent - 100% on the 3rd evaluation date 
56 days after the herbicide treatments. The 
efficacy of Equip OD, Elumis OD and Capreno 
SK + Mero is lower and raging from 85 to 
90%. Unsatisfactory efficacy from the 
treatments with Samson 4 OD and Samson 
Extra 6 OD was recorded - fromт 35 to 40%. If 
there is high infestation with Chenopodium 
album L. tank mixture of  Mustang® 306.25 SC 
+ Nishin® 4 OD at rates of 600 ml/ha + 1300 
ml/ha can be successfully applied (Tonev et al., 
2016). 
 

Table 4. Efficacy of the studied herbicide products 
against Ch. album for 2017-2018, % 

Treatments 
Days after 
application 

14th  28th  56th  
1. Untreated control  - - - 
2. Equip OD 70 85 85 
3. Elumis OD 70 80 90 
4. Arigo WG + Trend 90 80 90 100 
5. Samson Extra 6 OD 80 60 40 
6. Samson 4 OD 75 55 35 
7. Principal Plus WG +Trend 90 85 95 100 
8. Capreno SK + Mero 80 90 90 

 
Independently the applied herbicide product, on 
the last reporting date the efficacy reached 
100% for all treatments (Table 5). It was 
observed for bot experimental years.   
Damalas et al. (2018) report excellent efficacy 
against A. retroflexus after treatment with 
herbicide mixtures based on tembotrione + 
rimsulfuron, nicosulfuron or foramsulfuron 
(label rates for weed control in maize). 

Zhao et al. (2017) observed excellent efficacy 
against A. retroflexus after application of 
Isoxaflutole, Mesotrione and Isoxaflutole + 
acetochlor in both experimental years of their 
research.  
 

Table 5. Efficacy of the studied herbicide products 
against A. retroflexus for 2017-2018, % 

Treatments 
Days after 
application 

14th  28th  56th  
1. Untreated control  - - - 
2. Equip OD 85 95 100 
3. Elumis OD 80 90 100 
4. Arigo WG + Trend 90 85 95 100 
5. Samson Extra 6 OD 80 90 100 
6. Samson 4 OD 75 95 100 
7. Principal Plus WG +Trend 90 90 95 100 
8. Capreno SK + Mero 80 90 100 

 
From all annual dicotyledonous weeds present 
in the study, Xa. strumarium was the most 
difficult to control. The obtained results are 
shown on table 6.  
For none of the studied herbicide products, the 
efficacy reached satisfactory results. The 
efficacy of Equip OD, Principal Plus WG + 
Trend 90 and Capreno SK + Mero the average 
efficacy for both trial years was fom 85 to 90%. 
On the first evaluation date the efficacy of 
Arigo WG + Trend 90 was 70%, but the weed 
recovered to some extend and on the last 
reporting date the efficacy decreased to 50%.   
From the rest three herbicides the efficacy was 
0% on last reporting date.  
Saflufenacil and saflufenacil + dimethenamid-p 
applied pre-emergence and dicamba, dicamba + 
diflufenzopyr, dicamba + atrazine and 
mesotrione + atrazine applied post-emergence 
had the potential to provide from good to 
excellent control of common cocklebur in corn 
(Soltani et al., 2010).  
 

Table 6. Efficacy of the studied herbicide products 
against Xa. strumarium for 2017-2018, % 

Treatments 
Days after 
application 

14th  28th  56th  
1. Untreated control  - - - 
2. Equip OD 70 80 85 
3. Elumis OD 40 10 0 
4. Arigo WG + Trend 90 70 60 50 
5. Samson Extra 6 OD 20 5 0 
6. Samson 4 OD 15 5 0 
7. Principal Plus WG +Trend 90 70 85 90 
8. Capreno SK + Mero 75 85 90 
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On Table 7 is shown that the average efficacy 
of Equip OD, Principal Plus WG + Trend 90 
and Capreno SK + Mero for 2017-2018 was 
100% on the last reporting date.   
The efficacy of the other treatments was with 
very low differences and also was excellent – 
from 90 to 95%. 
The weed Abuthilon theophrasti L. can also be 
controlled by application of Merlin® Duo 
(Mitkov et al., 2018) 

 
Table 7. Efficacy of the studied herbicide products 

against A. theophrasti for 2017-2018, % 

Treatments 
Days after 
application 

14th  28th  56th  
1. Untreated control  - - - 
2. Equip OD 80 90 100 
3. Elumis OD 80 90 95 
4. Arigo WG + Trend 90 75 90 95 
5. Samson Extra 6 OD 75 90 90 
6. Samson 4 OD 75 85 90 
7. Principal Plus WG +Trend 90 85 95 100 
8. Capreno SK + Mero 80 95 100 

 
After the application of Equip OD, Arigo WG 
+ Trend 90, Principal Plus WG + Trend 90 and 
Capreno SK + Mero the recorded efficacy 
against D. stramonium on the 56th day after 
treatments reached 100%.  
The efficacy Elumis OD, Samson Extra 6 OD 
and Samson 4 OD was also excellent reaching 
from 90 to 95% (Table 8).  
The application of nicosulfuron + dicamba +  
bentazon; nicosulfuron + dicamba + bentazon; 
nicosulfuron + tritosulfuron + icamba; 
nicosulfuron + mesotrione; nicosulfuron + 
mesotrione + atrazine; etc. can have very good 
results for controlling D. stramonium (Torma et 
al., 2006).  
 

Table 8. Efficacy of the studied herbicide products 
against D. stramonium for 2017-2018, % 

Treatments 
Days after 
application 

14th  28th  56th  
1. Untreated control  - - - 
2. Equip OD 85 95 100 
3. Elumis OD 85 95 95 
4. Arigo WG + Trend 90 80 95 100 
5. Samson Extra 6 OD 75 85 90 
6. Samson 4 OD 75 85 90 
7. Principal Plus WG +Trend 90 85 95 100 
8. Capreno SK + Mero 80 95 100 

 

All herbicide products successfully control the 
weed S. nigrum from the first evaluation date to 
the 56th after the treatments average for both 
trial years (Table 9). 
According to Pannacci and Covarelli (2009), in 
order to obtain 95% of efficacy against S. 
nigrum, mesotrione could be used at 1/6 of the 
maximum labelled dose (150 g a.i./ ha).  
According to Mitkov et al. (2018) Solanum 
nigrum can be also controlled successfully with 
Merlin® Duo, Adengo® 465 SC and Lumax® 
538 SC.  
 

Table 9. Efficacy of the studied herbicide products 
against S. nigrum for 2017-2018, % 

Treatments 
Days after 
application 

14th  28th  56th  
1. Untreated control  - - - 
2. Equip OD 90 100 100 
3. Elumis OD 85 95 100 
4. Arigo WG + Trend 90 90 95 100 
5. Samson Extra 6 OD 80 90 100 
6. Samson 4 OD 80 95 100 
7. Principal Plus WG +Trend 90 95 100 100 
8. Capreno SK + Mero 85 95 100 

 
The efficacy results against the weed P. 
oleracea average for the period are shown on 
Table 10. Dogan et al. (2005) reported 90% 
efficacy against Portulaca oleracea when 
nicosulfuron (Samson) and 2.4 D amine salt 
(Di Amin) was applied.   
In our trial all evaluated herbicide products 
achieved excellent control of this weed average 
for both years. The efficacy was very high from 
the 14th day after application till the last 
reporting date.  
 

Table 10. Efficacy of the studied herbicide products 
against P. oleracea for 2017-2018, % 

Treatments 
Days after 
application 

14th  28th  56th  
1. Untreated control  - - - 
2. Equip OD 90 95 100 
3. Elumis OD 85 95 100 
4. Arigo WG + Trend 90 80 90 100 
5. Samson Extra 6 OD 85 95 100 
6. Samson 4 OD 80 95 100 
7. Principal Plus WG +Trend 90 85 95 100 
8. Capreno SK + Mero 80 95 100 

 
The efficacy against the S. halepense developed 
from rhizomes is shown Table 11.  
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None of the evaluated herbicides showed 100% 
efficacy against this weed average for the 
period of the experiment.  
The highest efficacy is achieved after the 
application of Equip OD starting from 70% on 
the 14th day after the herbicide application and 
reaching 95% on the 56th day. The efficacy of 
nicosulfuron-containing herbicide products - 
Samson Extra 6 OD, Samson 4 OD, Principal 
Plus WG and Arigo WG was lower but good. 
Very poor efficacy was reported for the 
products Elumis OD Capreno SK – 40% on the 
56th after treatments. 
In field experiments were carried out in Greece 
from by Eleftherohorinos and Kotoula Syka 
(1995) the authors also observed satisfactory 
efficacy against S. halepense from rhizomes 
after application of nicosulfuron.  
No efficacy (0%) was found against S. 
halepense after the application of Merlin® Duo, 
Adengo® 465 SC and Lumax® 538 SC (Mitkov 
et al., 2018).  
 

Table 11. Efficacy of the studied herbicide products 
against S. halepense developed from rhizomes for  

2017-2018, % 

Treatments 
Days after 
application 

14th  28th  56th  
1. Untreated control  - - - 
2. Equip OD 70 85 95 
3. Elumis OD 20 30 40 
4. Arigo WG + Trend 90 65 75 85 
5. Samson Extra 6 OD 65 85 90 
6. Samson 4 OD 60 80 90 
7. Principal Plus WG +Trend 90 65 80 85 
8. Capreno SK + Mero 20 30 40 

 
On the three evaluation dates the efficacy 
against C. dactylon was 0% independently the 
studied herbicide product (Table 12). 
 

Table 12. Efficacy of the studied herbicide products 
against C. dactylon for 2017-2018, % 

Treatments 
Days after 
application 

14th  28th  56th  
1. Untreated control  - - - 
2. Equip OD 0 0 0 
3. Elumis OD 0 0 0 
4. Arigo WG + Trend 90 0 0 0 
5. Samson Extra 6 OD 0 0 0 
6. Samson 4 OD 0 0 0 
7. Principal Plus WG +Trend 90 0 0 0 
8. Capreno SK + Mero 0 0 0 

No visible signs of phytotoxicity were reported 
for any of the treatments.  
The weeds decrease the yields and the quality 
of maize grain (Masqood et al., 1999). The 
results of the comparative analysis of the yield 
per hectare showed that during the two years of 
the study, significant differences in the benefit 
of the individual treated variants compared to 
the untreated control were demonstrated 
(Figure 1). 
The highest grain yield was recorded for the 
treatment with Principal Plus WG + Trend 90 – 
1.53 t/ha average for both years of the research. 
The result was with proven difference 
according to Duncan's multiple range test (p < 
0.05). The yield from the variants treated with 
Equip OD, Arigo WG + Trend 90 and Capreno 
SK + Mero were with lower yields - 1.02, 0.99 
and 0.95 t/ha respectively. The treatments with 
Elumis OD, Samson Extra 6 OD and Samson 4 
OD had lower yields. The lowest yield from the 
study was reported for the untreated control – 
0.57 t/ha.  
 

 
Figure 1. Maize grain yield, t/ha 

 
Columns with different letters are with a proved 
difference by Duncan's multiple range test (p < 0.05). 
 
CONCLUSIONS  
 
The herbicide products Principal Plus WG, 
Samson Extra 6 OD and Samson 4 OD had the 
highest efficacy against S. viridis and E. crus-
galli L. 
The best herbicide effect is against Ch. album 
L. for Principal Plus WG and Arigo WG was 
observed.  
Xa. strumarium was the most difficult to 
control dicotyledonous weed from the 
treatments with Arigo WG, Elumis OD, 
Samson Extra 6 OD and Samson 4 OD.  
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All herbicide products showed excellent 
efficacy against weeds A. theophrasti and D. 
stramonium. 
The lowest herbicide efficacy against S. 
halepense developed prom rhizomes for Elumis 
OD and Capreno SK was reported. 
The most difficult-to-control-weed present in 
the field was C. dactylon L. The efficacy 
against this weed was 0 % independently the 
studied herbicide product and evaluation date. 
The highest grain yield was recorded for the 
treatment with Principal Plus WG + Trend 90, 
and the lowest yield for the untreated control 
was recorded. 
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