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ABSTRACT. Field experiments were carried out in 2017 and 2018 on 

two individual farms that grew maize for grain, in Tetovo and Skopje 

locality, to determine the effectiveness of different adjuvants on the 

efficacy of Stellar applied at reduced rates. Herbicide treatment selectivity 

and influence on grain yield were estimated, as well. Both sites were 

naturally infested with a high population of Polygonum lapathifolium L., 

Chenopodium album L., Echinochloa crus-galli (L.) P. Beauv. and 

Sorghum halepense (L.) Pers. Overall efficacy of herbicides in control of 

weeds 28 DAT was ranged of 77% (Stellar + White oil applied at 0.125 + 

0.2 L ha–1) to 98% (Stellar + Trend applied at 0.75 + 1.0 L ha–1) in Tetovo 

locality, and 64% (Stellar + White oil applied at 0.125 + 0.2 L ha–1) to 99% 

(Stellar + DASH applied at 0.75 + 2.0 L ha–1) in Skopje locality, 

respectively. In both localities, the efficacy of the full rate of Stellar (90 

and 80%, respectively) was on the level of Stellar + White oil applied at 

0.25 + 0.2 L ha–1 (90 and 78%, respectively). Herbicide efficacy 56 DAT 

was similar to the previous period of estimation. Efficacy of herbicide and 

herbicide plus adjuvants treatments in control of prevailing weeds 28 and 

56 DAT ranged from 22–100% in Tetovo locality and 30–100% in Skopje 

locality, respectively. No visual maize injured was determined by any 

herbicide treatments in both localities for both years. Maize grain yields 

for each treatment in both localities generally reflected overall weed 

control. 

© 2022 Akadeemiline Põllumajanduse Selts. | © 2022 Estonian Academic Agricultural Society. 

 

Introduction 

Maize (Zea mays L.) is the world’s third most 

important cereal grain after wheat and rice (Kage et al., 

2013; Karavina et al., 2014; Huma et al., 2019). In 

North Macedonia, it is grown on an area of 33 967 
hectares with an average grain yield of 4 277 kg ha–1 

(State Statistical Office, 2020). Although there is a 

great potential for increasing its yield, as maize hybrids 

with high yield potential are under cultivation, the 

average yield is still far below as compared to the 

achievable potential of hybrids. Among various factors 

responsible for low yield, weed infestation is of 

supreme importance (Thobatsi, 2009; Peña-Asin et al., 

2013; Imoloame, Omolaiye, 2017; Iderawumi, Friday, 

2018), particularly during the first weeks after sowing, 

in which, maize plants are strongly exposed to weed 

competition (Ghosheh et al., 1996; Evans et al., 2003; 

Sulewska et al., 2012; Idziak, Woznica 2013), inclu-

ding such persistent species as Chenopodium album, 

Echinochloa crus-galli and Sorghum halepense. Accor-

ding to Dogan et al., (2004) and Isik et al., (2006), 

weeds occurrence in maize causes significant yield 

losses with an average of more than 29% in case of no 

weed control and more than 12% despite weed control 

applications. Averaged across the seven years (2007–

2013), weed interference in maize in the United States 

and Canada caused an average of 50% yield loss, which 

equates to a loss of 148 million tons of maize valued at 

over U.S.$26.7 billion annually (Soltani et al., 2016). 

Thus, poor maize competitiveness with weeds makes 

human intervention necessary.  

The use of herbicides is the most effective and 

reliable method of weed control in maize fields (Kir, 
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Doğan, 2009; Kierzek et al., 2012; Noor et al., 2012). 

For that purpose, in North Macedonia, many new 

herbicides for maize weed control were registered 

recently. One of them is Stellar (a.i. topremazone + 

dicamba). Dicamba is a well-known broadleaf weed 

control herbicide, which is either a benzoic acid 

(Golijan, 2015), or chlorophenoxy herbicide (Reigart, 

Roberts, 1999). Dicamba mimics a plant growth hor-

mone, causing uncontrolled, abnormal and disorga-

nized plant growth, disrupting normal plant functions 

that lead to plant death (Caux, 1993; Kelley, Riechers, 

2007). On the other side, topremazone belongs to the 

new chemical class of pyrazolones or benzoylpyrazoles 

and was commercially introduced in 2006 (Grossmann, 

Ehrhardt, 2007; Zollinger, Ries, 2006). When applied 

as a post-emergence herbicide, it controls a wide spect-

rum of annual grass and broadleaf weeds (Ransom, 

Ishida, 2005; Porter et al., 2005; Schonhammer et al., 

2006; Bollman et al., 2007; Mahto et al., 2020) and is 

safe to maize crop (Soltani et al., 2007; Gitsopoulos et 

al., 2010; Swetha et al., 2015).  

Sometimes, intensive herbicide use results in envi-

ronmental pollution and the development of weed 

resistance. In addition, the cost of weed control is also 

too high (Zhang et al., 2013). An effective way to 

reduce the side effect of the herbicide was to apply the 

lowest dose needed for biologically effective weed 

control (Kudsk, Streibig, 2003). Some previous studies 

showed that herbicide rates can be adjusted to the 

sensitivities of different weed species, weed growth 

stages, and environmental conditions and that the 

influences of these factors on herbicide efficacy can be 

quantified by conducting dose-response experiments 

(Christensen, Olesen, 1995; Kudsk, Streibig 2003; 

Pannacci, Covarelli 2009; Raimondi et al., 2015). 

In that direction, when herbicides are used at reduced 

rates (Praczyk, Adamczewski, 1996; Idziak, Woznica, 

2013), added adjuvants to spraying liquid are necessary 

to improve the effectiveness of foliage-applied herbici-

dal treatment (Hazen, 2000; Penner, 2000; Curran, 

Lingenfelter, 2009; Idziak, Woznica, 2014), through 

increasing the retention of spray droplets, plant surface 

wettability and absorption of herbicide from spray 

deposit on plant surface into their cells (Sanyal et al., 

2006; Pacanoski, 2010; Whitford, Patton, 2016).  

Although such studies have been carried out worldwide 

for more than 20 years (Kir, Dogan, 2009; Gołębiowska, 

Yıldırım, 2016), there is a lack of studies on the optimiza-

tion of herbicide doses in maize in North Macedonia. 

Because of that, the objective of this study was to 

determine the effectiveness of different adjuvants on the 

efficacy of Stellar applied at reduced rates and to 

determine its effect on maize weed control and grain yield. 

Materials and Methods 

Field experiments were carried out in 2017 and 2018 

on two individual farms that cultivate maize for grain 

in Tetovo and Skopje locality, the Republic of North 

Macedonia, on Molic-vertic gleysol cumuligleyic and 

Fluvisol sandy loam, respectively (Filipovski, 2006) 

(Table 1). 

 
Table 1. Localities, soil types and characteristics (%) 

Characteristics Locality 

Tetovo Skopje 

Type Molic-vertic gleysol 

cumuligleyic 

Fluvisol sandy loam 

Coarse 27.1 10.5 

Fine sand 47.3 63.1 

Clay+silt 25.6 26.4 

Organic matter 1.86 2.66 

pH 6.3 6.7 

 

The seedbed was prepared by moldboard ploughing 

in the summer (immediately after wheat harvest), follo-

wed by two passes with a field cultivator, one in the 

autumn, and the second one in the spring, a few days 

before maize sowing. NPK 15:15:15 fertilizer was 

added before sowing at a rate of 400 kg ha–1, while 

KAN fertilizer was added at a rate of 300 kg N ha–1 as 

ammonium nitrate (34% N) in two equal doses at 4–5 

maize leaf stage (BBCH 14–15) and the beginning of 

stem elongation (BBCH 30). The experimental design 

was a randomized complete block with four replicates, 

and the area of the main plots was 21 m2 (5 m long and 

4.2 m wide, i.e., seven maize rows). The field studies 

were carried out with maize hybrid 'Kermes' produced 

by the KWC from Germany which was seeded in a 

well-prepared seedbed at a seeding rate of 25 kg ha–1 

on May 10th, 2017 and April 28th, 2018 on Tetovo 

locality and May 17th, 2017 and May 3rd, 2018 in 

Skopje locality, respectively. The interrow/row spacing 

was 70/25 cm and the seeding depth was about 5 cm. 

The used herbicide was Stellar manufactured by the 

company BASF from Germany, and the following 

treatments were included in the study (Table 2). 

All herbicide treatments were done POST in 4–6 

maize leaf stage (BBCH 14–16), on June 10th, 2017 and 

May 28th, 2018 in Tetovo locality and, June 16th, 2017 

and June 1st, 2018 in Skopje locality, respectively. 

During POST application broadleaved weeds were in 

the cotyledons – 4 leaf stage (BBCH 10–14), and grass 

weeds in the 3–5 leaf stage (BBCH 13–15). The full 

rate of Stellar (1.0 L ha–1) was applied without 

adjuvant, while reduced Stellar rates (0.75; 0.50; 0.25 

and 0.125 L ha–1) were applied with recommended rates 

of all study adjuvants (White oil (COC) at 0.2; DASH 

(MSO) at 2.0 and Trend (NIS) at 1.0 L ha–1). All 

herbicide and herbicide plus adjuvants treatments were 

applied with a CO2-pressurized backpack sprayer 

calibrated to deliver a 300 L ha–1 aqueous solution at 

220 kPa. An untreated control was included in the 

studies, as well. The estimation of weed population was 

done for 1 m2 for each repetition. The control plots 

were left untreated during the entire experimental 

period. 

Weed control efficacy was estimated at 28 and 56 

days after treatment (DAT), by the weed plants 

counting from 1 m2 area within each plot, and herbicide 

efficacy was calculated by Equitation 1 (Chinnusamy 

et al., 2013). 
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Table 2. Trade names, herbicide active ingredients, adjuvants and time of application of herbicides in maize 

Treatments Herbicide active ingredients and adjuvants Rate, L ha–1 Time of application 

Untreated control – – – 

Stellar topremazone (50 g a.i L–1.) + dicamba (160 g a.i. L–1) with no adjuvant 1.0 *POST 

Stellar + White oil topremazone (50 g a.i L–1.) + dicamba (160 g a.i. L–1) + crop oil concentrate (COC) 0.75 + 0.2 POST 

Stellar + DASH topremazone (50 g a.i L–1.) + dicamba (160 g a.i. L–1) + methylated rapeseed oil (MSO) 0.75 + 2.0 POST 

Stellar + Trend topremazone (50 g a.i L–1.) + dicamba (160 g a.i. L–1) + nonionic surfactant (NIS) 0.75 + 1.0 POST 

Stellar + White oil topremazone (50 g a.i L–1.) + dicamba (160 g a.i. L–1) + crop oil concentrate (COC) 0.50 + 0.2 POST 

Stellar + DASH topremazone (50 g a.i L–1.) + dicamba (160 g a.i. L–1) + methylated rapeseed oil (MSO) 0.50 + 2.0 POST 

Stellar + Trend topremazone (50 g a.i L–1.) + dicamba (160 g a.i. L–1) + nonionic surfactant (NIS) 0.50 + 1.0 POST 

Stellar + White oil topremazone (50 g a.i L–1.) + dicamba (160 g a.i. L–1) + crop oil concentrate (COC) 0.25 + 0.2 POST 

Stellar + DASH topremazone (50 g a.i L–1.) + dicamba (160 g a.i. L–1) + methylated rapeseed oil (MSO) 0.25 + 2.0 POST 

Stellar + Trend topremazone (50 g a.i L–1.) + dicamba (160 g a.i. L–1) + nonionic surfactant (NIS) 0.25 + 1.0 POST 

Stellar + White oil topremazone (50 g a.i L–1.) + dicamba (160 g a.i. L–1) + crop oil concentrate (COC) 0.125+0.2 POST 

Stellar + DASH topremazone (50 g a.i L–1.) + dicamba (160 g a.i. L–1) + methylated rapeseed oil (MSO) 0.125 + 2.0 POST 

Stellar + Trend topremazone (50 g a.i L–1.) + dicamba (160 g a.i. L–1) + nonionic surfactant (NIS) 0.125 + 1.0 POST 

*POST – 4–6 maize leaf stage (BBCH 14–16) 

 

𝑊𝐶𝐸 =
𝑊𝑢𝑝 −𝑊𝑡𝑝

𝑊𝑢𝑝
× 100, (1) 

where WCЕ – weed control efficiency 

Wup – number of weeds in the untreated plots 

Wtp – number of weeds in the treated plots 

 

Maize injuries were estimated visually using a 0 to 

100% scale, where 0% = no maize injury and 100% = 

complete maize plant death (Frans et al., 1986). Maize 

plants injury was rated 14 and 28 DAT. The injury was 

visually rated by determining the average percentage of 

deformation, plant stunting, bleaching, chlorosis, or 

necrosis (or all) occurring in treated maize plants when 

compared with nontreated plants. Maize grain yields 

were determined by hand harvesting the central part of 

each plot 3.5 m2 (1.4 m × 2.5 m) when the crop was 

mature, and recording the fresh weight of the harvested 

sample. Harvest in both localities was conducted 

between early and mid-October. The yield was adjusted 

to 15% moisture. Efficacy comparisons, as well as 

maize grain yields, were made between the full rate of 

Stellar without adjuvant and the reduced Stellar rates 

treatments with adjuvants. 

During the present study, meteorological conditions 

throughout POST applications at both localities in both 

years favoured the action of Stellar and its reduced rates 

in mixtures with adding adjuvants (Table 3). 

All statistical analyses were performed by using R 

3.5.1 software. The data were tested for homogeneity of 

variance and normality of distribution (Ramsey, Schafer, 

1997) and were log-transformed as needed to obtain 

roughly equal variances and better symmetry before 

ANOVA was performed. Data were transformed back to 

their original scale for presentation. Means were sepa-

rated by using the LSD test at 5% of probability. 

 
Table 3. Meteorological conditions during POST applications 
at Tetovo and Skopje localities in 2017 and 2018 

Days of POST applications 

Tetovo locality Skopje locality 

2017 2018 2017 2018 

June 10th May 28th June 16th June 1st 

P, 

mm 

T, 
oC 

AH, 

% 

P, 

mm 

T, 
oC 

AH, 

% 

P, 

mm 

T, 
oC 

AH, 

% 

P, 

mm 

T, 
oC 

AH, 

% 

2 24 48 1 22 53 0 26 41 2 24 45 

P – precipitations, T – temperature, AH – air humidity 

Results and Discussion 

Weed population 

The weed population in both localities for both years 

has consisted mainly of summer broadleaves and 

grasses, annual and some perennial weeds. The weed 

community varied across locations. In Tetovo locality, 

the weed population has consisted of 13 weed species, 

and the total number of weeds was 333 plants m2 –1 

(Table 4). The most prevailing among the 13 weed 

species were Polygonum lapathifolium (162 plants m2 –1), 

Echinochloa-crus galli (82 plants m2 –1) and Chenopo-

dium album (26 plants m2 –1). In the Skopje locality, the 

weediness was lower in comparison with the previous 

one. The total number of weeds was 105 plants m2 –1. 

The most prevailing among the 12 weed species were 

Echinochloa-crus galli (34 plants m2 –1), Sorghum 

halepense (20 plants m2 –1) and Chenopodium album 

(16 plants m2 –1). 

 
Table 4. Weed population (species and no, m2 –1) in maize crop 
at Tetovo and Skopje localities, averaged over 2017 and 2018 

Weed species Tetovo Skopje 

Polygonum lapathifolium L. 162 – 

Chenopodium album L. 26 16 

Galinsoga parviflora Cav. 9 – 

Amaranthus retroflexus L. 9 7 

Amaranthus lividus L. 5 – 

Solanum nigrum L. 4 – 

Xanthium strumarium L. 2 2 

Echinochloa crus-galli (L.) P. Beauv. 82 34 

Convolvulus arvense L. 9 6 

Cirsium arvense (L.) Scop. 6 – 

Rubus caesius L. 2 – 

Sorghum halepense (L.) Pers. 9 20 

Cynodon dactylon (L.) Pers. 8 10 

Sinapis arvensis L. – 3 

Polygonum aviculare L. – 2 

Anagallis arvensis L. – 2 

Abutilon theophrasti Med. – 2 

Diplotaxis muralis (L.) DC. – 1 

Total weed species 13 12 

Total weeds, no, m2 –1 333 105 

 

Weed control and herbicide efficacy 

The criterion for herbicide efficacy was taken as the 

percentage of weeds that are controlled by any particu-

lar treatment in comparison with untreated control. 

Efficacy of POST herbicides varied among treatments, 
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weed species, and localities, respectively. Data regar-

ding overall performances of herbicides efficacy 

presented in Tables 5 and 6 showed that all investigated 

treatments had a significant (P <0.05) effect on weed 

density per m2, 28 and 56 days after their applications. 

Also, our results indicate that Stellar + adjuvant 

treatments, except the minimum ones (Stellar at 0.125 

+ adjuvants) provided mainly greater control of weeds 

compared to the use of Stellar applied alone at a 

recommended rate without adjuvant.  

However, in both localities, the maximum weeds (333 

and 105, respectively) were recorded in untreated 

control plots. Among herbicide and herbicide plus 

adjuvants treatments 28 DAT, minimum weed density 

in Tetovo locality were recorded in plots treated with 

Stellar + Trend and Stellar + DASH, applied at 0.75 + 

1.0 L ha–1 and 0.75 + 2.0 L ha–1, respectively (7 and 10, 

respectively). On the other side, maximum weed 

density was recorded in plots treated with Stellar 

applied at 0.125 L ha–1 with all studied adjuvants 

(White oil, Trend and DASH, respectively) (78, 73 and 

72, respectively). In Skopje locality, same as in the 

previous one, minimum weed density was counted in 

plots treated with Stellar + DASH (0.75 + 2.0 L ha–1) 

– 1, followed by Stellar + Trend (0.75 + 1.0 L ha–1) – 3, 

while maximum weed density in herbicide treatments 

was observed in plots treated with Stellar applied at 

0.125 L ha–1 with White oil – 28.0, followed by Stellar 

+ DASH (0.75 + 2.0 L ha–1) – 22.3 and Stellar + Trend 

(0.125 + 1.0 L ha–1) – 21.5, respectively.  

Reduction of the weed density was in positive corre-

lation with herbicide efficacy. Overall efficacy of 

herbicides in control of weeds 28 DAT was ranged of 

77% (Stellar + White oil applied at 0.125 + 0.2 L ha–1) 

to 98% (Stellar + Trend applied at 0.75 + 1.0 L ha–1) in 

Tetovo locality, and 64% (Stellar + White oil applied at 

0.125 + 0.2 L ha–1) to 99% (Stellar + DASH applied at 

0.75 + 2.0 L ha–1) in Skopje locality, respectively. In 

both localities, the efficacy of the full rate of Stellar (90 

and 80%, respectively) was on the level of Stellar + 

White oil applied at 0.25 + 0.2 L ha–1 (90 and 78%, 

respectively) (Table 5).

 
Table 5. Effect of herbicidal treatments on weed density per m2 and herbicide efficacy 28 DAT in maize crop in Tetovo and Skopje 
localities in 2017 and 2018, averaged over years 

Treatments 
Rate, L ha–1 

Weed density per m2 Herbicide efficacy, % 

Tetovo Skopje Tetovo Skopje 

Untreated control – 333 105 – – 

Stellar 1.0 32de 22de 90d 80cd 

Stellar + White oil 0.75 + 0.2 18abc 5a 95abc 96a 

Stellar + DASH 0.75 + 2.0 10ab 1a 97ab 99a 

Stellar + Trend 0.75 + 1.0 7a 3a 98a 97a 

Stellar + White oil 0.50 + 0.2 23cd 19cde 93bcd 82c 

Stellar + DASH 0.50 + 2.0 13abc 12b 96abc 89b 

Stellar + Trend 0.50 + 1.0 11a 13bc 97ab 88b 

Stellar + White oil 0.25 + 0.2 35e 23e 90d 78d 

Stellar + DASH 0.25 + 2.0 27cde 17bcde 92cd 84bc 

Stellar + Trend 0.25 + 1.0 21bcd 16bcd 94abcd 85bc 

Stellar + White oil 0.125 + 0.2 78f 38f 77e 64f 

Stellar + DASH 0.125 + 2.0 72f 32f 79e 69ef 

Stellar + Trend 0.125 + 1.0 73f 32f 78e 70e 

LSD0.05 – 11.81 6.84 4.38 5.75 

Random effect interactions 

POST herbicide treatments x locality 

   
* 

*Significant at the 5% level according to a Fisher’s protected LSD test at P <0.05. 

POST treatments were applied in the 4–6 maize leaf stage (BBCH 14–16). 

Weed control efficacy was estimated at 28 DAT. 

Means followed by the same letter within a column are not significantly different according to Fisher’s Protected LSD at P <0.05. 

 

Weed density 56 DAT, was similar to the previous 

period of estimation. In Tetovo locality, minimum 

weed density among herbicide and herbicide plus 

adjuvants treatments were recorded in plots treated 

with Stellar + Trend (0.75+1.0 L ha–1) and Stellar + 

DASH (0.75 + 2.0 L ha–1) – 5 and 7, respectively, while 

in Skopje locality, same as in the previous period of 

estimation, minimum weed density was observed in 

plots treated with Stellar + DASH (0.75 + 2.0 L ha–1) 

and Stellar + Trend (0.75 + 1.0 L ha–1) (1 and 2, 

respectively) (Table 6). From the other side, in Tetovo 

locality, maximum weed density were recorded in plots 

treated with Stellar + White oil (0.125 + 0.2 L ha–1) – 

72, followed by Stellar + DASH (0.125 + 2.0 L ha–1) – 

66 and Stellar + Trend (0.125 + 1.0 L ha–1) – 65. Similar 

as in the Tetovo, in Skopje locality, maximum weed 

density in herbicide/adjuvants treatments were obser-

ved in plots treated with Stellar + White oil (0.125 

+ 0.2 L ha–1) – 25 and Stellar + Trend (0.125 

+ 1.0 L ha–1) and Stellar + DASH (0.125 + 2.0 L ha–1) 

– 21 and 19, respectively. Overall herbicide efficacy 56 

DAT was ranged of 78% (Stellar + White oil applied at 

0.125 + 0.2 L ha–1) to 99% (Stellar + Trend applied at 

0.75 + 1.0 L ha–1) in Tetovo locality and 76% (Stellar + 

White oil applied at 0.125 + 0.2 L ha–1) to 99% (Stellar 

+ DASH applied at 0.75 + 2.0 L ha–1) in Skopje locality, 

respectively. Similar to in the previous period of 

efficacy estimation (28 DAT), in both localities, the 

efficacy of the full rate of Stellar (91 and 84%, 

respectively) was on the level of Stellar + White oil 

applied at 0.25 + 0.2 L ha–1 (89 and 82%, respectively) 

(Table 6). 
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Table 6. Effect of herbicidal treatments on weed density per m2 and herbicide efficacy 56 DAT in maize crop in Tetovo and Skopje 
localities in 2017 and 2018, averaged over years 

Treatments Rate, L ha–1 Weed density per m2 Herbicide efficacy, % 

Tetovo Skopje Tetovo Skopje 

Untreated control – 333 105 – – 

Stellar 1.0 30de 17de 91cd 84def 

Stellar + White oil 0.75 + 0.2 15ab 6ab 95abc 94ab 

Stellar + DASH 0.75 + 2.0 7a 1a 98a 99a 

Stellar + Trend 0.75 + 1.0 5a 2a 99a 98a 

Stellar + White oil 0.50 + 0.2 20bc 15cde 94bc 86cde 

Stellar + DASH 0.50 + 2.0 10a 10bc 97ab 90bc 

Stellar + Trend 0.50 + 1.0 12ab 10bc 96ab 90bc 

Stellar + White oil 0.25 + 0.2 34e 18e 89d 83ef 

Stellar + DASH 0.25 + 2.0 28cde 13cde 91cd 88cd 

Stellar + Trend 0.25 + 1.0 21bcd 12cd 94b 89bcd 

Stellar + White oil 0.125 + 0.2 72f 35g 78e 67g 

Stellar + DASH 0.125 + 2.0 66f 29f 80e 72g 

Stellar + Trend 0.125 + 1.0 65f 31fg 81e 70g 

LSD0.05 – 9.49 5.29 4.25 5.22 

Random effect interactions 

POST herbicide treatments x locality 

   
* 

* Significant at the 5% level according to a Fisher’s protected LSD test at P <0.05. 

POST treatments were applied in the 4–6 maize leaf stage (BBCH 14–16). 

Weed control efficacy was estimated at 28 DAT. 

Means followed by the same letter within a column are not significantly different according to Fisher’s Protected LSD at P <0.05. 

 

For optimal weed control, topramezone should be 

applied with a certain adjuvant, and DASH (MSO) is 

the most recommended (Torma et al., 2011). This 

herbicide has good field performance when applied 

with the MSO adjuvant (Zhou et al., 2010; Zheng et al., 

2011; Zhang et al., 2013), because significantly 

increases foliar absorption by weed plants (Grossmann, 

Ehrhardt, 2007). Some other reports also presented that 

a good efficacy could be achieved when this herbicide 

was tank-mixed with MSO adjuvant (Young et al., 

2007; Zollinger, Ries, 2006). Applied as a post-

emergence herbicide, it controls a wide spectrum of 

annual grass and broadleaf weeds (Ransom, Ishida, 

2005; Porter et al., 2005; Schonhammer et al., 2006; 

Bollman et al., 2007). Weed control efficacy was 

significantly higher with the application of toprame-

zone 336 SC at 25.2 and 33.6 g a.i. ha–1 + MSO 

adjuvant (94.8 and 95.4% based on weed dry weight 

(Tiwari et al., 2018). Field research conducted by 

Zollinger, Ries, (2006) showed that topramezone 

applied at a 1X rate completely controlled A. retro-

flexus, C. album, S. arvensis, K. scoparia, S. sarachoi-

des, and X. strumarium, while A. artemisiifolia control 

from topramezone applied alone was 95% through the 

growing season. In addition, topramezone gave 100% 

control of Abutilon theophrasti in maize crops (James, 

Cooper, 2012). Swetha et al., (2018) recorded the 

lowest density of grasses (4.50 m2) and broad-leaved 

weeds (3.56 m2) in a mixture of topramezone + atrazine 

(25.2 + 250 g a.i ha–1) + MSO adjuvant. Dobbels, 

Kapusta (1993) reported up to 100% control of C. 

album, A. retroflexus and Setaria viridis with nicosul-

furon plus dicamba plus atrazine plus adjuvant X–77® 

(a mixture of alkylarylpolyoxyethylene glycols, free 

fatty acids, and isopropanol) in maize. However, nico-

sulfuron combination with companion herbicides such 

as dicamba plus X–77® provided inconsistent (0–

100%) control of A. theophrasti in maize (Dobbels, 

Kapusta 1993). Nicosulfuron plus dicamba provided 

90–98% control of A. theophrasti, 99% control of 

A. artemisiifolia, 74–99% control of C. album and 80–

94% control of S. viridis. The control of C. album 

improved with the addition of either Agral 90® 

(Nonylphenoxy phenoxyethanol 90%) or Liberate® 

(non-ionic surfactant) (Soltani et al., 2010). 

However, limited research has been conducted about 

the biological efficacy of reduced rates of topramezone 

plus dicamba (Stellar) with different adjuvants on 

weeds in maize crops. 

Weed control of predominant weeds 

Efficacy of herbicide and herbicide plus adjuvants 

treatments in control of prevailing weeds at 28 and 56 

DAT ranged from 22 to 100% in Tetovo locality 

(Table 7) and 30 to 100% in Skopje locality, respec-

tively (Table 8).  

Stellar at a recommended rate (1.0 L ha–1) without 

adjuvants excellent controlled predominant broad-

leaved P. lapathifolium and C. album in both localities 

and years (100%), except E. crus-galli (<65%) in 

Tetovo locality and E. crus-galli and S. halepense (<63 

and <60%) in Skopje locality, respectively for both 

estimation periods. At the recommended dose toprame-

zone provided good control on broadleaved weeds 

whether it was applied at the 2–3 leaf or 4–5 leaf stage 

of weeds (Zhang et al., 2013). Similar results were 

reported by Bollman et al. (2008). Topramezone provi-

ded greater than 90% control of C. album, A. theo-

phrasti and A. artemisiifolia. 

In Tetovo locality, 28 DAT Stellar at 0.75; 0.50; 0.25 

and 0.125 L ha–1 with all studied adjuvants provided 

control of P. lapathifolium between 100 and 88%. At 

the same time, control of E. crus-galli with Stellar at 

0.75; 0.50 and 0.25 L ha–1 with Dash (MSO) and Trend 

(NIS) adjuvants was higher than 90%, which was quite 

effective than Stellar applied at the recommended rate 

(1.0 L ha–1) without adjuvants (64%). Control of 

E. crus-galli with Stellar at 0.75; 0.50 and 0.25 L ha–1 
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with White oil (COC) adjuvant was significantly lower 

in comparison with other adjuvants (between 86 and 

76%), but statistically higher in comparison with Stellar 

applied at the recommended rate (1.0 L ha–1) without 

adjuvants. From the other side, all adjuvants with 

Stellar at 0.125 L ha–1 showed the poorest control of 

E. crus-galli (<29%). Reduced rates of Stellar (0.75 

and 0.50 L ha–1) with Dash (MSO) and Trend (NIS) 

adjuvants resulted in maximum mortality (100%) of C. 

album compared with <89% control of this weed with 

Stellar at 0.75 and 0.50 L ha–1 with White oil (COC) 

adjuvant. Satisfactory efficacy in the control of 

C. album (>87%) was obtained with the lowest rates of 

Stellar (0.25 and 0.125 L ha–1) with Dash (MSO) and 

Trend (NIS) adjuvants, which was not the case with the 

same Stellar rates (0.25 and 0.125 L ha–1) and White oil 

(COC) adjuvant (77 and 68%, respectively) (Table 7). 

56 DAT full rate of Stellar without adjuvants, as well 

as reduced rates of Stellar with adjuvants, provided 

similar levels of predominant weeds control as in the 

previous period of weed control estimation – 28 DAT. 

Reduced rates of Stellar (0.75 and 0.50 L ha–1) with all 

studied adjuvants achieved complete control of 

P. lapathifolium. On the other side, Stellar applied 

alone at recommended rate (1.0 L ha–1) excellent 

controlled broadleaved weeds, including predominant 

Polygonum lapathifolium and Chenopodium album and 

shows some activity on grass weeds, but without com-

mercially acceptable control of those grasses (Goršić et 

al., 2008; Soltani et al., 2012). Stellar at 0.25 L ha–1 

with all adjuvants gave 88–90% control of P. lapathi-

folium, but the efficacy of Stellar at 0.125 L ha–1 with 

all adjuvants gave only marginal control of this weed 

(between 66 and 74%). The lack of predominant 

P. lapathifolium control because this weed recovered 

after application of the lowest rate of Stellar 

(0.125 L ha–1), regardless of adjuvants. Reduced rates 

of Stellar (0.25; 0.50 and 0.75 L ha–1) with Dash (MSO) 

and Trend (NIS) adjuvants effectively controlled 

E. crus-galli; control ranged from 90–98%. Opposite, 

the same rates of Stellar with White oil (COC) adjuvant 

provided control levels of E. crus-galli between 79 and 

89%. The three COC, MSO and NIS adjuvants added 

to the Stellar liquid spray at the lowest reduced rate 

(0.125 L ha–1) showed the poorest E. crus-galli control 

(<26%). Concerning C. album, excellent control was 

achieved with Stellar at 0.75 and 0.50 L ha–1 with Dash 

(MSO) and Trend (NIS) adjuvants (100%), and with 

Stellar at 0.25 L ha–1 with Dash (MSO) and Trend (NIS) 

adjuvants (96–97%). White oil (COC) adjuvant only 

with Stelar at 0.75 and 0.50 L ha–1 provided good 

control levels of C. album (92 and 87%, respectively). 

Satisfactory efficacy (83%) was obtained with the 

Stellar at 0.125 L ha–1 with Dash (MSO) and Trend 

(NIS) adjuvants. The lowest C. album efficacy 56 DAT 

in Tetovo locality showed Stellar at 0.25 and 

0.125 L ha–1 rate with White oil (COC) adjuvant (77 

and 62%, respectively) (Table 7).

 
Table 7. Control of predominant Polygonum lapathifolium, Echinochloa crus-galli and Chenopodium album 28 and 56 DAT in 
maize crop in 2017 and 2018, averaged over years in Tetovo locality 

Treatments Rate, L ha–1 Weed control, % 

28 DAT 56 DAT 

POLLA ECHCG CHEAL POLLA ECHCG CHEAL 

Untreated control – 0 0 0 0 0 0 

Stellar 1.0 100a 64d 100a 100a 65d 100a 

Stellar + White oil 0.75 + 0.2 100a 86b 89c 100a 89b 92c 

Stellar + DASH 0.75 + 2.0 100a 96a 100a 100a 98a 100a 

Stellar + Trend 0.75 + 1.0 100a 95a 100a 100a 98a 100a 

Stellar + White oil 0.50 + 0.2 99a 79c 84d 100a 80c 87d 

Stellar + DASH 0.50 + 2.0 100a 93a 100a 100a 93ab 100a 

Stellar + Trend 0.50 + 1.0 99a 93a 100a 100a 94ab 100a 

Stellar + White oil 0.25 + 0.2 92cd 76c 77e 88b 79c 77e 

Stellar + DASH 0.25 + 2.0 95b 90ab 95b 90b 90b 97b 

Stellar + Trend 0.25 + 1.0 94bc 90ab 93b 90b 92ab 96bc 

Stellar + White oil 0.125 + 0.2 88e 24e 68f 66d 22e 62f 

Stellar + DASH 0.125 + 2.0 90de 29e 87cd 72c 25e 83d 

Stellar + Trend 0.125 + 1.0 90de 29e 88c 74c 26e 83d 

LSD0.05  2.80 6.03 3.87 3.45 6.23 4.61 

Random effect interactions 

POST herbicide treatments x DAT 

 
NS 

DAT – days after treatments; POLLA – Polygonum lapathifolium; ECHCG – Echinochloa crus-galli; CHEAL – Chenopodium album.  

NS – not significant according to a Fisher’s protected LSD test at P <0.05. 

Weed control efficacy was estimated at 28 and 56 DAT. 

Means followed by the same letter within a column are not significantly different according to Fisher’s Protected LSD at P <0.05. 

 

In Skopje locality, 28 DAT Stellar at 0.75; 0.50 and 

0.25 L ha–1 with Dash (MSO) and Trend (NIS) adju-

vants provided control of E. crus-galli higher than 91%, 

significantly higher in comparison with 67% efficacy 

of Stellar applied at the recommended rate (1.0 L ha–1) 

without adjuvants (Table 8). White oil (COC) adjuvant 

with Stellar at 0.75; 0.50 and 0.25 L ha–1 reduced the 

occurrence of E. crus-galli between 90 and 75%. The 

poorest control of E. crus-galli (<50%) was obtained in 

the lowest rate of Stellar (0.125 L ha–1) with all studied 

adjuvants. The slightly higher efficacy of herbicide and 

herbicide plus adjuvants treatments was recorded in the 

control of S. halepense (Table 8). Both Dash (MSO) 

and Trend (NIS) adjuvants with Stellar at 0.75 and 

0.50 L ha–1 provided nearly 100% control of S. hale-

pense, while White oil (COC) adjuvant with the same 
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rates of Stellar provided S. halepense control level of 

95 and 91%, respectively. Reduced rates of Stellar 

(0.75; 0.50 and 0.25 L ha–1) with COC, MSO and NIS 

adjuvants provided significantly higher control of S. 

halepense (between 80 and 100%) in comparison with 

69% efficacy of Stellar applied at the recommended 

rate (1.0 L ha–1) without adjuvants. Non-satisfactory 

efficacy in the control of S. halepense was recorded in 

the lowest rate of Stellar plus adjuvants treatments 

(between 55 and 67%). Stellar at 0.75; 0.50 and 

0.25 L ha–1 with Dash (MSO) and Trend (NIS) adju-

vants, as well as Stellar in full rate (1.0 L ha–1) without 

adjuvant, resulted in nearly maximum mortality (98–

100%) of C. album compared with 95, 93 and 89% 

control in Stellar at same rates with White oil (COC) 

adjuvant. Satisfactory control of C. album (90%) was 

obtained with the lowest rate of Stellar (0.125 L ha–1) 

with Dash (MSO) and Trend (NIS) adjuvants, which 

was not the case with the same Stellar rate (0.125 L ha–1) 

and White oil (COC) adjuvant (72%). 

The trends in predominant weed control with a full 

rate of Stellar without adjuvant, as well as reduced rates 

of Stellar with adjuvants 56 DAT, were similar to weed 

control estimation 28 DAT. Stellar (0.75; 0.50 and 

0.25 L ha–1) tank-mixed with Dash (MSO) and Trend 

(NIS) adjuvants effectively controlled more than 92% 

of E. crus-galli. On the other side, the same rates of 

Stellar with White oil (COC) adjuvant provided control 

levels of E. crus-galli between 77 and 90%. Tank 

mixing Stellar (0.125 L ha–1) with COC, MSO and NIS 

adjuvants, controlled E. crus-galli less than 42%. 

Stellar at 0.75 and 0.50 L ha–1 with Dash (MSO) and 

Trend (NIS) adjuvants achieved complete control of S. 

halepense. White oil (COC) adjuvant with Stellar at 

0.75 and 0.50 L ha–1, as well as Stellar at 0.25 L ha–1 

with Dash (MSO) and Trend (NIS) adjuvants gave 

control of S. halepense between 88 and 92%. The 

lowest control of S. halepense (<58%) was recorded in 

the plots treated with Stellar at 0.125 L ha–1 with all 

studied adjuvants. Stellar at 0.75; 0.50 and 0.25 L ha–1 

with all adjuvants achieved control of C. album bigger 

than 90%, while tank mixing Stellar (0.125 L ha–1) with 

COC, MSO and NIS adjuvants, controlled C. album 

between 75 and 85% (Table 8). 

Topramezone applied at 0.75X rate with MSO-type 

adjuvant completely controlled A. retroflexus, C. al-

bum, S. arvensis, K. scoparia, S. sarachoides, and 

X. strumarium (Zollinger, Ries, 2006). Spraying plants 

of S. faberi, S. bicolor and S. nigrum at the third leaf 

stage with topramezone (0.75 L ha–1) and Dash HC 

(1.0 L ha–1) caused strong photobleaching effects on 

shoots within 2–5 days after treatment. Consequently, 

the addition of an adjuvant such as Dash HC to the 

spray solution of topramezone was essential for 

excellent weed control (Grossmann, Ehrhardt, 2007). 

As observations and previous experience with other 

herbicides suggested that most weed species could be 

controlled with significantly lower herbicide rates than 

recommended (Dogan et al., 2005), a reduction in costs 

could be possible if effective minimum rates are 

determined for any herbicide.

 
Table 8. Control of predominant Echinochloa crus-galli, Sorghum halepense and Chenopodium album 28 and 56 DAT in maize 
crop in 2017 and 2018, averaged over years in Skopje locality  

Treatments Rate, L ha–1 Weed control, % 

28 DAT 56 DAT 

ECHCG SORHA CHEAL ECHCG SORHA CHEAL 

Untreated control – 0 0 0 0 0 0 

Stellar 1.0 67d 69f 100a 63f 60d 100a 

Stellar + White oil 0.75 + 0.2 90b 95bc 95abc 90c 92b 100a 

Stellar + DASH 0.75 + 2.0 98a 100a 100a 100a 100a 100a 

Stellar + Trend 0.75 + 1.0 98a 100a 100a 100a 100a 100a 

Stellar + White oil 0.50 + 0.2 81c 91d 93bcd 83d 88b 95b 

Stellar + DASH 0.50 + 2.0 95ab 98ab 100a 98ab 100a 100a 

Stellar + Trend 0.50 + 1.0 93ab 98ab 100a 98ab 100a 100a 

Stellar + White oil 0.25 + 0.2 75c 80e 89d 77e 75c 90c 

Stellar + DASH 0.25 + 2.0 91ab 93cd 98ab 92c 90b 95b 

Stellar + Trend 0.25 + 1.0 91ab 91d 98ab 94bc 90b 97ab 

Stellar + White oil 0.125 + 0.2 38f 55g 72e 30h 44e 75e 

Stellar + DASH 0.125 + 2.0 47e 66f 90cd 40g 58d 85d 

Stellar + Trend 0.125 + 1.0 50e 67f 90cd 42g 58d 88cd 

LSD0.05  7.75 3.49 5.80 5.15 4.75 4.38 

Random effect interactions 

POST herbicide treatments x DAT 
NS 

DAT–days after treatments; ECHCG–Echinochloa crus-galli; SORHA–Sorghum halepense CHEAL–Chenopodium album. 

NS–not significant according to a Fisher’s protected LSD test at P <0.05. 

Weed control efficacy was estimated at 28 and 56 DAT. 

Means followed by the same letter within a column are not significantly different according to Fisher’s Protected LSD at P <0.05. 

 

Maize injury and grain yield 

Taking into consideration fact that all investigated 

herbicide and herbicide plus adjuvants treatments were 

applied in properly maize growth stages possesses high 

selectivity to maize, no visual injured were determined 

by any rates in both localities for both years (Table 9). 

Maize grain yields for each treatment in both localities 

for both years generally reflected overall weed control. 

In Tetovo locality, the highest grain yield among herbi-

cide and herbicide plus adjuvants treatments were re-

corded in plots treated with Stellar + Trend at 0.75 + 

1.0L ha–1 and Stellar + DASH at 0.75 + 2.0 L ha–1 (8300 
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and 8250 kg ha–1, respectively, while in Skopje locality, 

same as in the previous case, the highest grain yield 

were observed in plots treated with Stellar + DASH at 

0.75 + 2.0 L ha–1 and Stellar + Trend at 0.75 + 1.0 L ha–1 

(8570 and 8510 kg ha–1, respectively) (Table 9). From 

the other side, in Tetovo locality, the lowest grain yield 

were recorded in plots treated with Stellar + White oil 

(0.125 + 0.2 L ha–1) – 4710 kg ha–1, followed by Stellar 

+ DASH (0.125 + 2.0 L ha–1) – 5180 kg ha–1 and Stellar 

+ Trend (0.125 + 1.0 L ha–1) – 5270 kg ha–1. Similar to 

in the Tetovo, in the Skopje locality, the lowest grain 

yield in herbicide and herbicide plus adjuvants 

treatments were observed in plots treated with Stellar + 

White oil (0.125 + 0.2 L ha–1) – 4460 kg ha–1 and Stellar 

+ Trend (0.125 + 1.0 L ha–1) and Stellar + DASH (0.125 

+ 2.0 L ha–1) – 4590 and 4630 kg ha–1, respectively. In 

both localities, grain yield of the full rate of Stellar 

(5980 and 5530 kg ha–1, respectively) was on the level 

of Stellar + White oil applied at 0.25 + 0.2 L ha–1 (5870 

and 5440 kg ha–1, respectively) (Table 9). Topramezone 

336 g L–1 SC applied at 20.1, 25.2 and 33.6 g a.i. ha–1 + 

MSO adjuvant produce a significantly higher yield than 

the lowest dose 13.4 g a.i. ha–1. + MSO Adjuvant 

(Tiwari et al., 2018). Post-emergence application of 

topramezone at 25.20 g ha–1 + MSO recorded a grain 

yield of 47.12 g ha–1 which was comparable with the 

hand weeding at 20 and 40 DAS (49.41 g ha–1) (Mahto 

et al., 2020). Nicosulfuron plus dicamba increased 

yield by at least 67% compared with the untreated 

control. The addition of Agral 90®and Liberate®to 

nicosulfuron plus dicamba increased yield by 24 and 

17%, respectively (Soltani et al., 2010). 

 
Table 9. Maize plant injury as influenced by POST treatments 
and grain yield as influenced by POST treatments in maize 
crop in Tetovo and Skopje localities in 2017 and 2018, 
averaged over years a–d  

Treatments Rate, L ha–1 Grain yield, kg ha–1 

Tetovo Skopje 

Untreated control – 2570 3210 

Stellar 1.0 5980e 5530e 

Stellar + White oil 0.75 + 0.2 7420c 7770b 

Stellar + DASH 0.75 + 2.0 8250a 8570a 

Stellar + Trend 0.75 + 1.0 8300a 8510a 

Stellar + White oil 0.50 + 0.2 7290c 6020d 

Stellar + DASH 0.50 + 2.0 7960b 7430c 

Stellar + Trend 0.50 + 1.0 7730b 7390c 

Stellar + White oil 0.25 + 0.2 5870e 5440e 

Stellar + DASH 0.25 + 2.0 6110e 5880d 

Stellar + Trend 0.25 + 1.0 6300d 5990d 

Stellar + White oil 0.125 + 0.2 4710g 4460f 

Stellar + DASH 0.125 + 2.0 5180f 4630f 

Stellar + Trend 0.125 + 1.0 5270f 4590f 

LSD0.05  250.41 238.09 

POST – post-emergence; DAT – days after treatments. 

Maize injury estimated at 14 and 28 DAT. 

Means followed by the same letter within a column are not significantly 

different according to Fisher’s Protected LSD at P <0.05. 

Conclusion 

Almost all reduced rates of Stellar (topremazone plus 

dicamba), except the lowest one 0.125 L ha–1 with the 

addition of properly chosen adjuvants, provided excel-

lent control of all investigated weeds, including 

grasses, such as Echinochloa crus-galli and Sorghum 

halepense. The highest efficacy of 28 DAT was 

achieved in plots treated with herbicide Stellar + Trend 

applied at 0.75+1.0 L ha–1 98% in Tetovo locality, 

while Stellar + DASH applied at 0.75+2.0 L ha–1 has 

shown slightly higher efficiencies 99% in Skopje 

locality. Therefore, the use of adjuvants in the spray 

liquid with different mechanisms of action, first, MSO 

and NIS, will improve Stellar efficacy even applied at 

the reduced rates, particularly in control of the 

monocotyledonous species in maize crop. 

 

Conflict of interest 

The authors declare that there is no conflict of interest 

regarding the publication of this paper. 

 

Author contributions 

ZP, AS, AM – study conception and design; 

ZP – acquisition of data; 

ZP, AS, AM – analysis and interpretation of data; 

ZP, AM – drafting of the manuscript; 

ZP, AS, AM – critical revision and approval of the final 

manuscript. 

References 

State Statistical Office 2020. Statistical yearbook of the 

Republic of the North Macedonia. – 10 Agriculture. 

https://www.stat.gov.mk/Publikacii/SG2020/SG202

0-Pdf/10-Zemjodelstvo-Agriculture.pdf Accessed on 

01/12/2021 (In Macedonian) 

Bollman, J., Boerboom, C., Becker, R., Fritz, V. 2007. 

New weed control options for sweet corn. – 

Proceedings of the 2007 Wisconsin Fertilizer, Aglime 

and Pest Management Conference, 46:216–221.  

Bollman, J.D., Boerboom, C.M., Becker, R.L., Fritz, 

V.A. 2008. Efficacy and tolerance to HPPD-inhibiting 

herbicides in weet corn. – Weed Technology, 22:666–

674. DOI: 10.1614/WT-08-036.1 

Caux, P.Y., Kent, R.A., Tache, M., Grande, C., Fan, 

G.T. MacDonald, D.D. 1993. Environmental fate and 

effects of dicamba: a Canadian perspective. – 

Reviews of Environmental Contamination and 

Toxicology, 133:1–58. 

Chinnusamy, N., Chinnagounder, C., Krishnan, P.N. 

2013. Evaluation of weed control efficacy and seed 

cotton yield in glyphosate tolerant transgenic cotton. 

– American Journal of Plant Sciences, 4(6):1159–

1163. DOI: 10.4236/ajps.2013.46142 

Christensen, S., Olesen, J.E. 1995. Adaptive weed 

control in an integrated wheat management system 

for winter wheat. – Proceedings of 9th EWRS 

(European Weed Research Society) Symposium, 

Budapest, Hungary, pp. 663–669. 

Curran, W.S., Lingenfelter, D.D. 2009. Agronomy 

Facts 37: Adjuvants for enhancing herbicide 

performance. – Penn State Extension. The 

Pennsylvania State University 2009 Code UC106 

05/14pod https://extension.psu.edu/ spray-adjuvants 

Accessed on 01/12/2022 

http://dx.doi.org/10.4236/ajps.2013.46142


136 Zvonko Pacanoski, Alirami Saliji, Arben Mehmeti  

Agraarteadus | Journal of Agricultural Science  1 ● XXXIII ● 2022 128–138 

Dobbels, A.F. Kapusta, G. 1993. Postemergence weed 

control in corn (Zea mays) with nicosulfuron 

combinations. – Weed Technology, 7:844–850. DOI: 

10.1017/S0890037X00037866 

Dogan, M.N., Boz, Ö., Ünay, A. 2005. Efficacies of 

reduced herbicide rates for weed control in maize 

(Zea mays L.) during critical period. – Journal of 

Agronomy, 4:44–48. DOI: 10.3923/ja.2005.44.48. 

Dogan, M.N., Unay, A., Boz, O., Albay, F. 2004. 

Determination of optimum weed control timing in 

maize (Zea mays L.). – Turkish Journal of Agriculture 

and Forestry, 28: 349–354. 

Evans, S.P., Knezevic, S.Z., Lindquist, J.L., Shapiro, 

C.A., Blankenship, E.E. 2003. Nitrogen application 

influences the critical period for weed control in corn. 

– Weed Science, 51:408–417. DOI: 10.1614/0043-

1745(2003)051[0408:NAITCP]2.0.CO;2 

Filipovski, G. 2006. Soil classification of the Republic 

of Macedonia, MASA, 313–323. 

Frans, R.E., Talbert, R., Marx, D., Crowley H. 1986. 

Experimental design and techniques for measuring 

and analyzing plant responses to weed control 

practices. – In Research Methods in Weed Science 

(3rd ed.). N. D. Camper (Ed.) – Southern Weed 

Science Society Champaign, Illinoise, USA, 37–38. 

Gitsopoulos, T.K., Melidis, V., Evgenidis, G. 2010. 

Response of maize (Zea mays L.) to post-emergence 

applications of topramezone. – Crop Protection, 

29:1091–1093. DOI: 10.1016/j.cropro.2010.06.020 

Gołębiowska, H., Yıldırım, İ. 2016. Optimization of 

herbicide doses in sustainable system of maize 

cultivation. – ÇOMÜ Zir. Fak. Derg. (COMU J. 

Agric. Fac.), 4(1):85–92. 

Golijan, J. 2015. Evaluation of phytotoxicity and 

efficiency of dicamba in suppression of broadleaf 

weed in the corn. – The Serbian Journal of 

Agricultural Sciences, 64(3–4):206–212.  

Goršić, M., Barić, K., Galzina, N., Šćepanović, M., 

Ostojić, Z. 2008. Weed control in maize with new 

herbicide topramezone. – Cereal Research 

Communications. Supplement: Proceedings of the 

VII. Alps-Adria Scientific Workshop, 28 April – 2 

May 2008, Stara Lesna, Slovakia (June 2008), 36: 

1627–1630.  

Ghosheh, H.Z., Holshouser, D.L., Chandler, J.M. 1996. 

The critical period of johnsongrass (Sorghum 

halepense) control in field corn (Zea mays). – Weed 

Science, 44: 944–947. DOI: 10.1017/S00431745000 

94960 

Grossmann, K., Ehrhardt, T. 2007. On the mechanism of 

action and selectivity of the corn herbicide topramezone: 

a new inhibitor of 4-hydroxyphenylpyruvate 

dioxygenase. – Pest Management Science, 63(5):429–

439. DOI: 10.1002/ps.1341 

Hazen, J.L. 2000. Adjuvants - terminology, 

classification and chemistry. – Weed Technology, 

14:773–784. DOI: 10.1614/0890-037X(2000)014% 

5b0773:ATCAC%5d2.0.CO;2. 

Huma, B., Hussain, M., Ning, C., Yuesuo, Y. 2019. 

Human benefits from maize. – Scholar Journal of 

Applied Sciences and Research, 2(2): 4–7.  

Iderawumi, A.M., Friday, C.E. 2018. Characteristics 

and effects of weed on growth performance and yield 

of maize (Zea mays). – Biomed Journal Scientific & 

Technical Research, 7(3):5880–5883. DOI: 

10.26717/ BJSTR.2018.07.001495 

Idziak, R., Woznica, Z. 2013. Effect of nitrogen 

fertilizers and oil adjuvants on nicosulfuron efficacy. 

– Turkish Journal of Field Crops, 18(2):174–178. 

Idziak, R., Woznica, Z. 2014. Impact of tembotrione 

and flufenacet plus isoxaflutole application timings, 

rates, and adjuvant type on weeds and yield of maize. 

– Chilian Journal of Agricultural Research, 74:129–

134. DOI: 10.4067/S0718-58392014000200001 

Imoloame, E.O., Omolaiye, J.O. 2017. Weed 

infestation, growth and yield of maize (Zea mays L.) 

as influenced by periods of weed interference. – 

Advances in Crop Science and Technology, 5(2):267. 

DOI: 10.4172/2329-8863.1000267 

Isik, D., Mannan, H., Bukan, B., Oz, A., Ngauajiro, M. 

2006. The critical period for weed control in corn in 

Turkey. – Weed Technology, 20:867–872. 

James, T.K., Cooper, J.M. 2012. Control of the recently-

introduced weed butterprint (Abutilon theophrasti) in 

maize. – New Zealand Plant Protection, 65:64–68. 

DOI: 10.30843/nzpp.2012.65.5426 

Kage, U., Madalageri, D., Malakannavar, L., 

Ganagashetty P. 2013. Genetic diversity studies in 

newly derived inbred lines of maize (Zea mays L.). – 

Molecular Plant Breeding, 4(9):77–83. 

Karavina, C., Mandumbu, R., Mukaro, R. 2014. 

Evaluation of three-way maize (Zea mays L) hybrids 

for yield and resistance to maize streak virus and 

turcicum leaf blight diseases. – The Journal of Animal 

& Plant Sciences, 24(1):216–220. 

Kelley, K.B., Riechers, D.E. 2007. Recent developments 

in auxin biology and new opportunities for auxinic 

herbicide research. – Pestic. Biochemistry Physiology, 

89(1):1–11. DOI: 10.1016/j.pestbp.2007.04.002 

Kierzek, R., Paradowski, A., Kaczmarek, S. 2012. 

Chemical methods of weed control in maize (Zea mays 

L.) in variable weather conditions. – Acta Scientiarum 

Polonorum series Agricultura, 11(4):35–52.  

Kir, K., Dogan, M.N. 2009. Weed control in maize (Zea 

mays L.) with effective minimum rates of 

foramsulfuron. – Turkish Journal of Agriculture and 

Forestry, 33:601–610 

Kudsk, P., Streibig, J.C. 2003. Herbicides-a-two-edged 

sword. – Weed Research, 43:90–102. DOI: 10.5772/ 

55957 

Mahto, R., Kumar, C., Singh R.K. 2020. Weed 

management in maize (Zea mays L.) through 4-

hydroxyphenylpyruvate dioxygenase inhibitor 

herbicide with or without a methylated seed oil 

adjuvant. – Pesticide Research Journal, 32(1):179–

185. DOI:10.5958/2249-524X.2020.00004.7 



 Effectiveness of different adjuvants on efficacy of stellar (topremazone plus dicamba) applied at reduced rates in maize (Zea mays L.) 137 

Agraarteadus | Journal of Agricultural Science  1 ● XXXIII ● 2022 128–138 

Noor, M., Ashiq, M., Gaffar, A., Sattar, A., Arshad, M. 

2012. Comparative efficacy of new herbicides for 

weed control in maize (Zea mays L.). – Pakistan 

Journal of Weed Science Research, 18(2):247–254. 

Pacanoski, Z. 2010. Role of adjuvants on herbicide 

behavior: A review of different experiences. – 

Herbologia, 11(2):67–79. 

Pannacci, E., Covarelli, G. 2009. Efficacy of mesotrione 

used at reduced doses for post-emergence weed control 

in maize (Zea mays L.). – Crop Protection, 28:57–61. 

DOI: 10.1016/j.cropro.2008.08.011 

Peña-Asin, J., Costar, A., Alvarez, A. 2013. Effect of 

weeding management on the performance of local 

maize populations. – Spanish Journal of Agricultural 

Research, 11(4):1078–1084. DOI: 10.5424/sjar/ 

2013114-4027 

Penner, D. 2000. Activator adjuvants. – Weed 

Technology, 14(4):785–790. DOI: 10.1614/0890-

037X(2000)014[0785:AA]2.0.CO;2 

Porter, R.M., Vaculin, P.D., Orr, J.E., Immaraju, J.A., 

O'Neal, W.B. 2005. Topramezone: a new active for 

postemergence weed control in corn. – Proceedings 

of the North Central Weed Science Society, 60:93.  

Praczyk, T., Adamczewski, K. 1996. The importance of 

adjuvants in chemical plant protection. – Progress 

Plant Protection, 36(1):117–121. 

Raimondi, M.A., Oliveira, J-R., R.S., Constantin, J., 

Rios, F.A., Gemelli, A., Raimondi, R.T. 2015. Dose-

response curve to soil applied herbicides and 

susceptibility evaluation of different Amaranthus 

species using model identity. – Planta Daninha, 

Viçosa-MG, 33(1):137–146. DOI: 10.1590/S0100-

83582015000100016. 

Ramsey, F.L., Schafer, D.W. 1997. The statistical 

sleuth: A course in methods of data analysis. – 

Belmont, CA, Duxbury, pp. 91–97.  

Ransom, C.V., Ishida, J.K. 2005. Weed control and 

crop response with Option® and Impact® herbicides 

in furrow-irrigated field corn. – Malheur experiment 

station annual report 2005, Oregon State University, 

Special Report, 27–32.  

Reigart, J.R., Roberts, J.R. 1999. Recognition and 

Management of Pesticide Poisoning (5th ed.) – U.S. 

Environmental Protection Agency, Office of 

Prevention, Pesticides and Toxic Substances, Office 

of Pesticide Programs, U.S. Government Printing 

Office: Washington, DC, USA, pp. 94–96. 

Sanyal, D., Bhowmik, P.C., Reddy, K.N. 2006. 

Influence of leaf surface micromorphology, wax 

content, and surfactant on primisulfuron droplet 

spread on barnyardgrass (Echinochloa crus-galli) and 

green foxtail (Setaria viridis). – Weed Science, 

54:627–633. DOI: 10.1614/WS-05-173R.1 

Schonhammer, A., Freitag, J., Koch, H. 2006. 

Topramezone eineuer Herbizidwirkstoff zur 

hochselektiven Hirse-und Unkrautbekampfung im 

mais. – Journal of Plant Diseases and Protection, 

23:1023–1031. (In German) 

Soltani, N., Dille, J.A.,Burke, I.C., Everman, W.J., 

VanGessel, M.J., Davis, V.M., Sikkema P.H. 2016. 

Potential corn yield losses from weeds in North 

America. – Weed Technology, 30(4):979–984. DOI: 

10.1614/WT-D-16-00046.1. 

Soltani, N., Sikkema, P.H., Zandstra, J., O' Sullivan, J., 

Robinson, D.E. 2007. Response of eight sweet maize 

(Zea mays L.) hybrids to topramezone. – American 

Society for Horticultural Science, 42:110–112.  

Soltani, N., Shropshire, C., Sikkema, P.H. 2010. 

Adjuvant comparison for postemergence weed 

control in corn. – Canadian Journal of Plant Science, 

90:543–547. DOI: 10.4141/CJPS09146. 

Soltani, N., Kaastra, A.C., Swanton, C.J., Sikkema, 

P.H. 2012. Efficacy of topramezone and mesotrione 

for the control of annual grasses. – International 

Research Journal of Agricultural Science and Soil 

Science, 2(1):46–50.  

Sulewska, H., Koziara, W., Smiatacz, K., Szymanska, 

G., Panasiewicz, K. 2012. Efficacy of selected 

herbicides in weed control of maize. – Fragmenta 

Agronomica 29:144–151. 

Swetha, K., Madhavi, M., Pratibha, G., Ramprakash, T. 

2015. Weed management with new generation 

herbicides in maize. – 25th Asian-Pacific Weed 

Science Society Conference on "Weed Science for 

Sustainable Agriculture, Environment and 

Biodiversity", Hyderabad, India, 13-16 October, 

2015, p. 255. 

Swetha, K., Madhavi, M., Pratibha, G., Ramprakash, T. 

2018. Efficacy of herbicide mixtures with and 

without adjuvants on weed control and yield of maize. 

– Research Journal of Agricultural Sciences, 

9(3):578–583. 

Thobatsi, T. 2009. Growth and yield responses of 

maize (Zea mays L.) and cowpea (Vigna unguiculata 

L.) in an intercropping system. – MSc. Agric 

(Agronomy). Faculty of Natural and Agricultural 

Sciences, Department of Plant Production and Soil 

Science, University of Pretoria, South Africa, 149 p.  

Tiwari, D. K., Paradkar, V.K., Dubey, R., Dwivedi 

R.K. 2018. Bio-efficacy of post-emergence herbicide 

topramezone against weed control of maize (Zea 

mays L.). – International Journal of Agriculture 

Sciences, 10(2):5079–5081.  

Torma, M., Adamszki, T., Kazinczi, G. 2011. The role 

of nitrogen in the post-emergence weed control of 

maize. – Herbologia, 12(2):61–69. 

Whitford, F., Patton, A. 2016. Adjuvants and the power 

of the spray droplet: Improving the Performance of 

Pesticide Applications – Purdue Extension (PPP-107) 

(PPP-107), 60 p. 

Young, B.G., Zollinger, R.K., Bernards, M.L. 2007. 

Variability of tembotrione efficacy as influenced by 

commercial adjuvant products. –North Central Weed 

Science Society Proceedings, 62:141.  

https://doi.org/10.1614/0890-037X(2000)014%5b0785:AA%5d2.0.CO;2
https://doi.org/10.1614/0890-037X(2000)014%5b0785:AA%5d2.0.CO;2
http://dx.doi.org/10.1590/S0100-83582015000100016
http://dx.doi.org/10.1590/S0100-83582015000100016


138 Zvonko Pacanoski, Alirami Saliji, Arben Mehmeti  

Agraarteadus | Journal of Agricultural Science  1 ● XXXIII ● 2022 128–138 

Zhang, J., Zheng, L., J. Ortrud, Yan, D., Zhang, Z., 

Gerhards, R., Ni, H. 2013. Efficacy of four post-

emergence herbicides applied at reduced doses on 

weeds in summer maize (Zea mays L.) fields in North 

China plain. – Crop Protection, 52:26–32. DOI: 

10.1016/j.cropro.2013.05.001. 

Zheng, L., Lv, Y., Ni, H. 2011. Efficacy comparison of 

four post-emergence herbicides in weed control in 

corn. – Agrochemicals, 50:597–613.  

Zhou, X., Zhu, J., Chen, Q., Zheng, S., Tu, M. 2010. 

Efficacy of 33.6% topramezone SC in weed control 

in maize field. – Phytomedicine, 23:41–44  

Zollinger, R., Ries, J.L. 2006. Comparing mesotrione, 

tembotrione and topramezone. – North Central Weed 

Science Society Proceedings, 61:114. 

 


	EFFECTIVENESS OF DIFFERENT ADJUVANTS ON EFFICACY OF STELLAR (TOPREMAZONE PLUS DICAMBA) APPLIED AT REDUCED RATES IN MAIZE (Zea mays L.)
	ABSTRACT
	Introduction
	Materials and Methods
	Results and Discussion
	Weed population
	Weed control and herbicide efficacy
	Weed control of predominant weeds
	Maize injury and grain yield

	Conclusion
	References


