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Abstract: The study was conducted on winter wheat during the 2024 - 2025 growing seasons, using the Andrada 

variety developed at S.C.D.A. Turda, characterized by high yield potential and good grain quality. The objective 

of the experiment was to assess the efficacy of post-emergence herbicides applied individually and in tank 

mixtures at the early stem elongation stage (BBCH 30 - 32). The trial included eight experimental variants 

(seven herbicide treatments and untreated control) arranged in three replications. Herbicide application led to a 

significant reduction in weed density with control levels ranging from 75 - 90% in 2024 and 85 - 95% in 2025. 

The tested treatments showed high efficacy against major annual and perennial dicotyledonous weeds, as well as 

annual monocotyledonous species. The highest grain yields were obtained in treatments with Provalia herbicide, 

applied alone or in combination with Broadway Star herbicide and the Vital adjuvant, showing very highly 

significant differences compared with the untreated control (p < 0.001). These findings emphasize the 

importance of selecting appropriate herbicide strategies based on weed infestation levels, species composition, 

application timing and local climatic conditions, in order to reduce weed competition and enhance winter wheat 

productivity. 
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INTRODUCTION 

 

Modern agriculture relies on the integrated control of weeds, combining herbicides 

with agro-technical and preventive methods, adapted to each crop (Berca, 2004). Wheat, 

grown across the entire country under diverse pedoclimatic conditions, is infested by a wide 

range of segetal flora that continuously adapts to climatic changes (Grădilă et al., 2018). 

Weeds strongly compete with crop plants, affecting vegetative growth, tillering capacity, frost 

and drought resistance, productivity and grain quality, consuming a significant portion of 

applied fertilizers and causing plant lodging in the case of climbing species (Șarpe & Strejan, 

1981; Chirilă, 2001; Ionescu et al., 2016; Mondici et al., 2017). 

In Transylvania, direct losses caused by weeds in cereal crops usually range between 

10 and 20%, but can reach to 60% under extreme conditions (Muntean et al., 2014). To 

reduce losses in wheat crops, an integrated system is applied, which includes the prevention 

of infestations through adherence to quarantine rules, seed conditioning and cleaning of farm 

roads, agrotechnical methods such as crop rotation, soil preparation and rational fertilization, 

the use of a wide range of herbicides to control annual and perennial species, biological and 

physical methods, such as burning or mowing weeds (Guș et al., 2004). The application of 

herbicides must be adapted to the degree of infestation and the biological characteristics of 
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weeds, taking into account both their sensitivity and resistance to the active substances 

(Grădilă et al., 2022). The best results for cereal crops in the Transylvanian Plain are achieved 

through timely soil preparation and sowing, along with efficient management of the land and 

herbicides, in order to maximize yield and maintain crop quality (Chețan  et al., 2025).  

The spring period is critical for winter wheat, as weed infestation in early spring 

affects plant physiology and morphology (Șarpe, 1987; Berca & Ciorlăuș, 1994; Auld, 1996; 

Ionescu, 2000) and herbicide application is optimal at the end of tillering and the beginning of 

stem elongation when weeds are in the rosette stage (Șarpe et al., 1983; Chețan  et al., 2017). 

The aim of this research, conducted over the two years, was to identify herbicides for 

the selective control of weeds in wheat, depending on the level of infestation and local 

conditions, with the objective of broadening the spectrum of weeds controlled and reducing 

the negative impact on the environmental. 

 

MATERIALS AND METHODS  
 

Experimental site and crop management 

The research conducted during the 2024 - 2025 period focused on winter wheat 

cultivation, using the cultivar Andrada developed by the Agricultural Research and 

Development Station Turda, a genotype characterized by high tolerance to drought and high 

temperatures, and noted for its high yield potential and superior grain quality (Kadar et al., 

2019; Racz et al., 2022; Ceclan et al., 2015; Moldovan et al., 2012). 
The experiment was established according to the Latin rectangle design and included 

eight variants (seven herbicide treatments and one untreated control), with three replications. 

The herbicides were applied both individually and in combinations (Table 1) using the 

minimum dose recommended by the manufacturer, in order to ensure the most effective weed 

control and minimize environmental impact. 

The herbicide treatments were carried out in spring using a Pandora MF-PA1008 

battery-powered manual sprayer (16 L capacity), seven days before the first plant protection 

treatment and plants were in the early stage of stem elongation (BBCH 30 - 32) when the first 

internode appeared, while the weeds were in the rosette stage, 2 - 4 leaves or even more 

advanced (Table 1). 

 
Table 1. Herbicide treatments, application rates and weed control spectrum 

No. Experimental variant 
Dose (kg, l/ha 

per 300 l water) 
Weed control spectrum 

V1 Untreated control – – 

V2 
Broadway Star (70.8 g/kg piroxulam, 14.2 g/kg florasulam, 

70.8 g/kg cloquintocet-mexyl) + Vital adjuvant 
260 g/ha 

Mono and dicotyledonous 

annuals 

V3 Broadway Star + Dicopur D + adjuvant Vital 
260 g/ha + 

1.0 L/ha 

Mono and dicotyledonous 

annuals and perennials 

V4 Provalia + Broadway Star + adjuvant Vital 
0.50 L/ha + 

260 g/ha 

Dicotyledonous annuals and 

perennials 

V5 
Provalia (135 g/L fluroxypyr + 30 g/L thifensulfuron-metil 

+ 5 g/L metsulfuron-metil) + adjuvant Vital 
0.50 L/ha 

Dicotyledonous annuals and 

perennials 

V6 
Dicopur D (600 g/L acid 2,4-D din sare de dimetilamină) + 

adjuvant Vital 
1.0 L/ha 

Dicotyledonous annuals and 

perennials 

V7 Sekator Progress OD + Broadway Star + adjuvant Vital 
0.10 L/ha + 

260 g/ha 

Mono and dicotyledonous 

annuals and perennials 

V8 

Sekator Progress OD (100 g/L amidosulfuron + 25 g/lL 

iodosulfuron-methyl-Na + 250 g/L mefenpyr diethyl) + 

adjuvant Vital 

0.10 L/ha 
Dicotyledonous annuals and 

perennials 
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Weed assessment and statistical analysis  

Weed density was assessed using a 0.25 x 0.25 m frame, at three diferent times: before 

herbicide application, at 7, 14 and 28 days after treatment and prior to wheat harvest. The data 

were statistically analyzed using analysis of variance (ANOVA 2015) with the Polifact 

software. The mean efficacy values of the treatments were compared using the least 

significant difference (LSD) test at probability levels of 5, 1 and 0.1% (POLIFACT, 2015). 

 

Soil type, tillage, and fertilization: 

Soil type: Vertic clay-illuviated phaeozem (SRTS, 2012) with a clayey texture, having 

a pH ranging from 6.80 to 7.00, humus content of 2.14 - 3.12% and clay content of 51.8 - 

55.5%, determined at a depth of 0 - 30 cm. The experiment was conducted within a three-year 

crop rotation: soybean - winter wheat - maize. Soil tillage in autumn: Plowing was carried out 

with a reversible Kuhn plow to a depth of 30 cm followed by seedbed preparation using a 

rotary harrow resulting in a very well-prepared field. Sowing carried out with a Directa 400 

drill at 18 cm row spacing ensuring a seeding rate of 550 germinable seeds/m². Fertilization: 

N100P40K0 applied in a split manner: N40P40K0 applied at sowing + N60 in spring at wheat 

regrowth. 

The first plant protection treatment was applied at the beginning of stem elongation, 

and consisted of a tank-mix of 1 L/ha Twist Plus fungicide and 100 ml/ha Apis 200 

insecticide, to which 3 kg/ha AgroK foliar fertilizer and Vital 90 adjuvant at 0.3 L/ha were 

added in 300 L water/ha. The second plant protection treatment was applied at the beginning 
of flowering using a tank-mix of 0.7 L/ha Revycare fungicide and 0.2 L/ha insecticide Mavrik 

2F, to which 3 kg/ha AgroK foliar fertilizer and 0.3 L/ha Vital 90 adjuvant were added in 300 

L water/ha. 

 

RESULTS AND DISCUSSIONS 

 

Climatic conditions and herbicide efficacy 

During the 2023 - 2025 growing seasons, autumn and winter recorded temperatures 1 - 

3°C above the multi-annual average of the past 65 years, favoring germination, initial 

development, and the passage of wheat through vegetative dormancy without risk of frost. In 

spring and summer 2024, temperatures exceeded the multi-annual average by 1 - 4°C (Șimon, 

2025) accelerating vegetative growth, tillering and early crop maturation. During the 2025 

growing season, temperatures were 2 - 3°C above the multi-annual average, favoring rapid 

growth while allowing more balanced maturation compared with the previous year. 

Precipitation during the 2023 - 2024 growing season was below the multi-annual 

average of the last 65 years. Autumn and winter were extremely dry (0.2 - 14 mm), spring and 

summer remained below average limiting soil water availability for wheat germination and 

vegetative growth. 

The characterization of the thermal and precipitation regime for wheat cultivation 

during 2023 - 2025 (Figures 1 and 2) was performed based on primary data recorded by the 

Turda Meteorological Station (23°47′ longitude, 46°35′latitude, 427 m altitude). 
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Figure 1. The thermal regime at ARDS Turda (2023–2025) 

 

During the 2024 - 2025 growing season, precipitation was uneven, with drought 

conditions in autumn and early winter (3.8 - 19.2 mm), while spring and summer were rainy 

exceeding the multi-annual average in March, May and July, partially replenishing water 

reserves and creating more favorable conditions for wheat growth and development. 

  

 

Figure 2. The rainfall regime at ARDS Turda (2024–2025) 
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In 2024, herbicide treatments were applied on April 19. In the period preceding the 

application, the average temperatures during the second and third ten-day periods in April 

were 13.2 and 12.0°C, respectively, with a slight increase in the first ten-day period of May 

(15.5°C). Precipitation in April was low, totaling 14.8 mm in the second ten-day period and 

23 mm in the third ten-day period, increasing to 36.4 mm in the first ten-day period of May. 

On the day of treatment, the average daytime temperature exceeded 18.0°C while the 

nighttime temperature fell below 12°C and no precipitation was recorded. However, the lower 

temperatures limited the adequate absorption of the herbicides during the first 7 days, thereby 

reducing their efficacy. During the first two weeks after treatment, the recorded temperatures 

and precipitation promoted herbicide absorption by the plants contributing to the high efficacy 

of the treatments (Table 2). 

The best weed control throughout the experiment was recorded in the variants treated 

with Provalia + Broadway Star + Vital adjuvant (V4) and Provalia + Vital adjuvant (V5), 

where weed control of 97 and 95%, respectively, was achieved. The herbicide Provalia 

exhibited high efficacy against most of the dominant dicotyledonous species, including 

Polygonum convolvulus (POLCO), Veronica arvensis (VERAR), Viola arvensis (VIOAR), 

Chenopodium album (CHEAL) and Amaranthus retroflexus (AMARE), while the 

monocotyledonous species Echinochloa crus-galli (ECHCG) was effectively controlled by 

the herbicide Broadway Star. 

The variants Broadway Star + Vital adjuvant (V2) and Sekator Progress OD + 

Broadway Star + Vital adjuvant (V7) also showed good performance indicating stable weed 
control throughout the 28-day evaluation period (Table 2). 

 

Table 2. Effect of herbicides applied to winter wheat on weeds in 2024  

No. Experimental variant 
% Control at days Controled weeds  

 7 14 28 

V1 Untreated control 0 0 0 - 

V2 BroadwayStar + adj Vital 87 93 90 
POLCO, VERAR, VIOAR, 

CHEAL, SETGL 

V3 Broadway S + Dicopur D + adj Vital 85 90 88 
POLCO, CHEAL, AMARE, 

VERAR, ECHCG 

V4 Provalia + Broadway S + adj Vital 95 99 97 
POLCO, VERAR, VIOAR, 

CHEAL, ECHCG 

V5 Provalia + adj Vital 92 97 95 
POLCO, VERAR, VIOAR, 

CHEAL, STAAN 

V6 Dicopur D + adj Vital 60 70 65 
POLCO, AMARE, CHEAL, 

CNSRE, STAAN 

V7 Sekator P OD +Broadway+ adj Vital 87 95 92 
POLCO, VERAR, STAAN, 

CNSRE XANST 

V8 Sekator Progress OD  + adj Vital 85 90 87 
POLCO, VERAR, VIOAR, 

STAAN, SETGL 

 

Herbicide treatments in 2025 were applied on April 30. In the period preceding the 

treatments, the average temperature was 15.7°C during the third ten-day period of April and 

14.7°C during the first ten-day period of May, while total precipitation amounted to 24.3 and 

63.7 mm, respectively. On the day of treatment, the average daytime temperature exceeded 

19°C, the nighttime temperature did not fall below 13°C and the absence of precipitation 

created favorable conditions for herbicide application. During the first two weeks after 

treatment, the recorded temperatures and precipitation promoted herbicide absorption by the 

plants, thereby contributing to the high efficacy of the treatments (Table 3). 
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Similar to 2024, the best product combinations for weed control in 2025 were 

recorded in the variants treated with Provalia + Broadway Star + Vital adjuvant (V4) and 

Provalia + Vital adjuvant (V5). An control of 98% (V4) and 95% (V5) was recorded in these 

variants demonstrating high efficacy against most of the dominant dicotyledonous species, 

including Consolida regalis (CNSRE), P. convolvulus, C. album, S. glauca, V. arvensis and 

Stachys annua (STAAN). 

The variants V3, V6 snd V7 also showed good performance indicating an rapid and 

stable weed control throughout the 28-day evaluation period (Table 3). 

 
Table 3. Effect of herbicides applied to winter wheat on weed control in 2025  

No. Experimental variant 
% Control at days Controled weeds  

 7 14 28 

V1 Untreated control 0 0 0 - 

V2 BroadwayStar + adj Vital 80 90 85 
CNSRE, POLCO, CHEAL, 

AMARE, SETGL 

V3 Broadway S + Dicopur D + adj Vital 88 95 90 
CNSRE, CHEAL, AMARE, 

VERAR, POLAV 

V4 Provalia + Broadway S + adj Vital 95 99 98 
CNSRE, POLCO, CHEAL, 

SETGL, VIOAR 

V5 Provalia + adj Vital 95 99 95 
CNSRE, POLCO, VERAR, 

STAAN, CHEAL 

V6 Dicopur D + adj Vital 87 93 90 
CNSRE, AMARE, CHEAL, 

XANST, ANGAR 

V7 Sekator P OD +Broadway+ adj Vital 90 95 92 
CNSRE, POLCO, VERAR, 

CHEAL, ECHCG 

V8 Sekator Progress OD  + adj Vital 86 93 85 
CNSRE, VERAR, STAAN, 

VIOAR, HIBTR 

  

At the time of herbicide application in 2024, weeds covered on average 25-30% of the 

crop in the experimental plots. The spectrum of dominant weeds included P. convolvulus 

(42.6%), S. glauca (16.3%), C. album (11.9%), A. retroflexus (8.7%), V. arvensis (4.6%), P. 

aviculare (3.9%), Viola arvensis (3.2%), C. regalis (2.6%), S. annua (2.2%), C. arvensis 

(CONAR) (1.4%) and Xanthium strumarium (XANST) (0.6%). Other weed species accounted 

for 2.0% of the total weed population. 

At 28 days after treatment in 2024, the effect of the herbicides had decreased and 

reinfestation of the wheat crop was observed. Prior to harvest, weeds were present on average 

on less than 14% of the crop area. The most dominant species were P. convolvulus (35% of 

the total weeds), S. glauca (17.4%), P. aviculare (14.7%), C. arvensis (8.3%), Silene latifolia 

(SILLT) (5%), V. arvensis (4.4%), and Hibiscus trionum (HIBTR) (2.7%). Less 

representative species included Anagallis arvensis (ANGAR) (2.3%), S. annua (1.9%), C. 

album (1.4%), and X. strumarium (1.2%), while the remaining species accounted for 5.7%. 

At the time of herbicide application in 2025, weeds covered 30–35% of the crop. The 

spectrum of dominant weeds included C. regalis (36%), P. convolvulus (21.6%), S. glauca 

(8.3%), A. retroflexus (7.3%), C. album (5.5%), C. arvensis (4.9%), Viola arvensis (3.3%), P. 

aviculare (2.8%), V. arvensis (2.3%), H. trionum (1.7%), and X. strumarium (1.3%). Other 

species accounted for 5% of the total weeds.  

In 2025, a decrease in the effect of the treatments was observed 28 days after 

application and the wheat crop was reinfested. The weed cover remained below 12.5% until 

harvest. The most abundant species were C. regalis (23%), P. convolvulus (21.8%), C. album 

(10.5%), S. glauca (8.2%), A. retroflexus (6.9%), P. aviculare (4.4%), V. arvensis (3.9%), C. 
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arvensis (3.7%), H. trionum (3.4%), S. annua (2.9%), and E. crus-galli (1.7%), while other 

minor species accounted for 5.6%.  

In 2024, considering only the treatments in which a single herbicide was applied, the 

best results were obtained in V5 and V2 treated with Provalia and Broadway Star, 

respectively. In these treatments, the yield of winter wheat exceeded 6000 kg/ha, and the 

differences compared with the untreated control were highly significant (p < 0.001). 

In the variants where two herbicides were applied in combination, the highest yield, 

exceeding 6150 kg/ha, was recorded in V4 where the herbicides Provalia and Broadway Star 

were applied together with the Vital adjuvant. 

The yield difference in V4 compared with the untreated control was highly significant 

(p < 0.001) indicating superior efficiency in weed management and a substantial improvement 

in crop yield. 

 In 2025, the highest yields were recorded in the variants with two combined 

herbicides, specifically V4 (Provalia + Broadway Star + Vital adjuvant, 6461 kg/ha) and V7 

(Sekator P OD + Broadway + Vital adjuvant, 6421 kg/ha). Among the variants with a single 

herbicide application, the highest yield was obtained in V5 (Provalia + Vital adjuvant, 6383 

kg/ha). All differences compared with the control were highly significant (p < 0.001) 

highlighting the superior effectiveness of both combined and single treatments in increasing 

wheat yield. 

 
Table 4. Effect of herbicides applied to wheat on yield in 2024 and 2025 

No. Experimental variant 
Yield (kg/ha) Difference 

2024 2025 2024 2025 

V1 Untreated control 5028 5475 0.00ct 0.00ct 

V2 BroadwayStar + Vital adjuvant 6018 5942 990.0*** 467.3*** 

V3 Broadway S + Dicopur D + Vital adjuvant 5880 6250 850.7*** 774.8*** 

V4 Provalia + Broadway S + Vital adjuvant 6188 6461 1158.3*** 986.3*** 

V5 Provalia + Vital adjuvant 6317 6383 1321.7*** 908.7*** 

V6 Dicopur D + Vital adjuvant 5114 6277 152.3- 802.3*** 

V7 Sekator P OD +Broadway+ Vital adjuvant  5935 6421 907.0*** 946.3*** 

V8 Sekator Progress OD  + Vital adjuvant 5477 5967 448.3** 492.3** 

2024: LSD (p 5%) 266.75;  LSD (p 1%) 369.73; LSD (p 0.1%) 513.21. 

2025: LSD (p 5%) 262.70;  LSD (p 1%) 364.16; LSD (p 0.1%) 505.91. 

Significance: ***, ** = p < 0.001, 0.01; ; ct control 

 

CONCLUSIONS 

 

The combined application of the herbicides Provalia and Broadway Star, together with 

the Vital adjuvant, consistently achieved the highest weed control (97%) in both 2024 and 

2025. Single-herbicide treatments, such as Provalia + Vital adjuvant and Broadway Star + 

Vital adjuvant also demonstrated high efficacy (90 - 95%) indicating that both single and 

combined applications can be effective depending on the weed spectrum. 

The dominant weeds varied between years. In 2024, Polygonum convolvulus and 

Setaria glauca predominated, whereas in 2025, Consolida regalis and P. convolvulus were 

dominant. Herbicide treatments significantly reduced weed density although some 

reinfestation occurred 28 days after application emphasizing the importance of proper timing 

and monitoring. 

Effective weed control in the herbicide-treated variants resulted in a significant 

increase in wheat yield compared with the untreated control. 
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Post-emergence application of herbicides allowed targeted weed control while 

minimizing environmental impact. The use of adjuvants enhanced herbicide performance and 

efficacy against both annual and perennial weed species. 

For winter wheat cultivation under conditions similar to those at ARDS Turda, 

integrated weed management using either Provalia + Broadway Star + Vital adjuvant or 

Provalia + Vital adjuvant provides optimal weed control and maximizes yield potential. 

Monitoring local climatic conditions and the weed spectrum is essential for selecting the most 

effective treatment. 
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