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Abstract

:

Field trials were conducted with preemergence dimethanamid-P + pendimethalin (D + P; 850 + 1000 g·ha−1) and reduced rates (637.5 + 750 g·ha−1 and 452 + 500 g·ha−1, 75% and 50% of label rate), followed by strongly reduced rates of postemergence herbicides nicosulfuron + rimsulfuron + dicamba (N + R + D; 4 + 15.6 + 93.5 g·ha−1, 50%), tembotrione (T; 33 g·ha−1, 50%), mesotrione + nicosulfuron (M + N; 37.5 + 15 g·ha−1, 50%), foramsulfuron + iodosulfuron (F + J; 7.5 + 0.25 g·ha−1, 20%), and nikosulfuron (N; 15 g·ha−1, 33%) applied with methylated seed oil (MSO; 1.0 L·ha−1) and ammonium nitrate (AMN; 2 kg·ha−1) on 3–5 leaves of maize to assess weed control, grain yield, and economic net return. Reduced rate of soil-applied herbicide followed by reduced rates of any postemergence herbicides applied with adjuvants was the most efficacious weed control program, provided the highest grain yield of maize and similar or higher economic net return, despite 44 to 48% lower herbicide input than the program based on soil-applied herbicide mixture only. It brings not only notable economic benefits but also less negative impact on the environment.
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1. Introduction


Maize is one of the most important crops all over the world, including Poland [1,2]. Maize plants, due to their competitive weakness against weeds, are especially exposed to yield losses [3,4]. During the critical period of competition in maize, from 1 to 15 leaf stages, weeds can cause yield losses from 12% to 70%, even 85% [5,6,7,8,9]; therefore, weed control in maize is necessary and essentially consists of herbicide application. Use of herbicides is the most effective method [10,11] but may negatively affect crop quality [12] and has an adverse effect on the natural environment [13]; furthermore, widely used herbicides can contribute to the selection of resistant weeds [14]. Generally, weed control in maize bases on a single herbicide application during crop vegetation [15,16] and a choice of pre- or postemergence application depends on the current situation on field and a farmer’s decision. Herbicide activity is limited in time and, most often, is not good enough to control weeds appearing during the secondary infestation, weeds which primarily may interfere with harvesting and reduce harvestable yields [17]. Lots of emphasis should be put on herbicide choice to prevent herbicide resistance. It should consist of at least two active ingredients having a different site of action, and it should take into account the weed community composition [18]. Some studies [19,20] indicate advisability of the use of postemergence split application of herbicide mixtures when weeds are most sensitive at the stage from cotyledons to the first pair of leaves. A split application consists of preemergence and postemergence treatments that should provide more consistent weed control because early season weed control is vital to both future yields and profitability since early weeds compete intensely with maize. A clean field at planting is crucial for starting the maize crop, and preemergence herbicides help to both start the maize off clean and to reduce the potential development of weeds [21,22]. Preemergence application keeps late-emerging weeds small during the first weeks after treatment, but when their activity declines, new-emerging weeds occur and postemergence herbicides must be applied for optimal weed control as they can also be very competitive. A split application is related to a higher cost of weed control and additional operations [23]. Optimisation of weed control in maize should reduce the cost of application as well as the amount of pesticides delivered to the environment and should keep great weed control [24]. Preemergence herbicides should cover a broad spectrum of weeds to keep the field clean at the beginning and during the first weeks after sowing [22]. Postemergence herbicides are used when new weeds appear later in the growing season, and they are more controlled and for longer by herbicides with different modes of action [25], applied at reduced rates with appropriate adjuvant [26]. Herbicides tested in the present study belong to a different group and are commonly used because of their broad-spectrum weed control, flexible application timing, tank-mix compatibilities, and crop safety.



The objective of the study was to determine the impact of split application of preemergence applied herbicides (dimethanamid-P + pendimethalin) at reduced rates and postemergence applied herbicide (nicosulfuron + rimsulfuron + dicamba, tembotrione, mesotrione + nicosulfuron, foramsulfuron + iodosulfuron, and nicosulfuron) at strongly reduced rates, used with methylated seed oil adjuvants and ammonium nitrate on weed control, grain yield, and net return.




2. Materials and Methods


Field trials were carried out in 2013 and 2014 at the Poznan University of Life Sciences Research and Education Center (REC) in Brody (52°25’ N, 16°18’ E), Poland. The soil at site was Luvisols (Marcinek et al. 2011). Plant, soil, and herbicide application dates are presented in the Table 1.



Maize cultivars each year were planted in the last 10 days of April. Field experiment was arranged in a randomized complete block design with four replications. The individual plots were 5 m long and 2.5 m wide (12.5 m2); each of the 32 plots contained 4 rows spaced 70 cm apart. The previous crop in 2013 was winter wheat and spring barley in 2014. Experimental fields were moldboard plowed in the fall and shallow cultivated in the spring prior to planting. Mineral fertilization, according to plant needs and nutrient content in the soil, consisted of 60 kg P and K ha−2 applied in the fall. Nitrogen at 140 kg·ha−1 was applied before planting at 80 kg·ha−1 and at 2–3 leaf stages of maize: 60 kg·ha−2.



Treatments included herbicide dimethanamid-P + pendimethalin (D + P, Wing P 462.5 EC, BASF SE, Ludwigshafen, Germany) applied once (0) at label rate 850 + 1000 g·ha−1 and reduced rates 637.5 + 750 g·ha−1 and 452 + 500 g·ha−1 (respectively, 75 and 50% of label rate). Herbicide D + P was applied preemergence. Herbicide application consisted of D + P at 452 + 500 g·ha−1 and postemergence herbicides (A) applied at strong reduced rates, such as nicosulfuron + rimsulfuron + dicamba (N + R + D, Hector Max 66.5 WG, Du Pont International Operations Sarl., Geneva, Switzerland) at 4.0 + 15.6 + 93.5 g·ha−1 (50% of label rate), tembotrione (T, Laudis 44 OD, Bayer CropScience, Monheim, Germany) at 33 g·ha−1 (50% of label rate), mesotrione + nicosulfuron (M + N, Elumis 105 OD, Syngenta Crop Protection AG, Bazylea, Switzerland) at 37.5 + 15 g·ha−1 (50% of label rate), foramsulfuron + iodosulfuron (F + I, Maister 31 OD, Bayer CropScience, Lyon, France) at 7.5 + 0.25 g·ha−1 (25% of label rate), and nicosulfuron (N, Accent 75 WG, Du Pont International Operations Sarl., Geneva, Switzerland) at 15 g·ha−1 (25% of label rate). Tested herbicides vary according to mode of action and belong to different HRAC (Herbicide Resistance Action Committee) groups: K3—dimethanamid-P; K1—pendimethlin; B—nikosulfuron, rimsulfuron, formasulfuron, and iodosulfuron, O—dicamba; and F2—tembotrione and mesotrione. Postemergence herbicides with addition of emulsified methylated seed oil (MSO, Atpolan BIO 80 EC, ZPH Agromix, Niepolomice, Poland) at 1.0 L·ha−1 based on rapeseed oil fatty acids with a build-in surfactant and pH buffer, buffering pH of the liquid spray at the level of 7.3–7.8, and ammonium nitrate (AMN, 34% N, Anwil Grupa Orlen, Wloclawek, Poland) at 2 kg·ha−1 were applied at the stage of 3–5 maize leaves when most dicotyledonous weeds were at the 2–4 leaf stages and barnyard grass from the 3-leaf stage to the end of flowering. Untreated control plots were included in randomization.



Tested herbicides were applied with CO2-pressurized sprayer equipped with flat fan nozzles TeeJet XR 11002 VS (2013) and TeeJet DG 11002 VS (2014) calibrated to deliver 230 L·ha−1 at 0.22 MPa. Herbicide treatments were made with 2.5 m boom equipped with five nozzles spaced 50 cm apart. In 2013, temperatures during the first and second applications were, respectively, 11.2 °C and 16.0 °C and humidity was 79% and 81% and, in 2014, temperatures were 19.8 °C and 17.9 °C and humidity was 45% and 37%, without any rainfall on application days. Average temperatures after treatments in the year 2013 amounted to 11.3–19.5 °C and 12.6–19.5 °C and, in 2014, ranged from 12.2 to 14.8 °C and 12.6–17.0 °C (Table 2).



Weed control efficacy of the tested herbicides was assessed 4 weeks after postemergence treatment by estimating reduction in weed fresh biomass (biomass was recorded from two randomly selected rectangles, 70 cm × 50 cm, from each plot) from herbicide treatment compared to untreated control, using the Henderson–Tilton formula. The formula applied was % weed reduction = (1 − (N in the control plot before treatment × N in treated plot after treatment)/(N in the control plot after treatment × N in treated plot before treatment)), where N = % weed fresh biomass and untreated plot = no herbicide treatment [27]. Impact of herbicides on maize grain yield was determined by harvesting the two central rows of each plot and expressed at 15% moisture level, and net return of weed control was additionally assessed. Net return was computed according to value of increase of maize grain yield from herbicide treatments compared to untreated control, taking into account the cost of applied herbicides and adjuvants. In both years, the cost of their application was the same, 9.4 €·ha−1, D + P 32 €·ha−1 (label rate), R + N + D 22.3 €·ha−1, T 21.5 €·ha−1, M + N 23.1 €·ha−1, F + I 17 €·ha−1, N 8 €·ha−1, MSO 4.6 €·ha−1, AMN 0.3 €·ha−1, grain price 141 €·t−1 in 2013 and 162 €·t−1 in 2014. Calculations were done basing upon average prices of grain of maize in 2013 and 2014, herbicides, adjuvants, and cost of their application (average 2013–2014) obtained from local cooperative elevator and farm supply.



Statistical procedures were conducted using Statistica 12 software (StatSoft Polska Ltd., Kraków, Poland). Raw data were transformed to arc sine square root to stabilize error variance before analysis even though all means are presented in their original units. Significant differences among treatments were determined using analysis of variance (ANOVA), and means were separated by protected Tuckey’s HSD test at p = 0.05. The untreated check was not included in the weed control analysis. Year by year treatment interactions were not significant, so 2013 and 2014 data are presented separately.




3. Results


In both years, the weather conditions rather advantageously affected the growth and development of maize plants as only temporarily low rainfall deficit of water was observed in July, August, and September in 2013 and in July 2014 (data not shown).



The most common species occurring in both years (Table 3) were common lambsquarter (Chenopodium album L.), barnyardgrass (Echinochloa crus-galli (L.) Pal. Beauv.), black bindweed (Polygonum convolvulus L.), field pansy (Viola arvensis Murr.), common fumitory (Fumaria officinalis L.), and cornflower (Centaurea cyanus L.). During field study, they were also recorded as occurring, as were a small number of weeds species like common chickweed (Stelaria media (L.) Vill.), shepherd’s purse (Capsella bursa-pastoris (L.) Medicus), purple dead-nettle (Lamium purpureum L.), quackrass (Elymus repens (L.) Gould), cleavers (Galium aparine L.), field penny-cress (Thlaspi arvense L.), common poppy (Papaver rhoeas L.), corn chamomile (Anthemis arvensis L.), and knotgrass (Polygonum aviculare L.). In 2013, total fresh weight of weed was 2272 g·m−2 and was 7290 g·m−2 in 2014 (Table 4). Activity of D + P applied pre-emergency at label and reduced rate, even in the case of 25% and 50% reduction of active ingredient, was high, and they effectively controlled all weeds in both years. Efficacy ranged from 91% to 100%, except for field pansy in 2013—efficacy under 64%—and common lambsquarter in 2013 at 425 + 500 g·ha−1—78% (Table 3).



Mixtures of D + P and postemergence herbicides applied with MSO and AMN were very effective (treatments 5–8), reducing weed fresh mass in many cases over 94% (Table 3). Only the mixture of D + P with adjuvants and tembotrione (treatment 6) in 2013 controlled less effectively field pansy (85%), and mixture D + P with adjuvants, mesotrione, and nicosulfuron in 2014 controlled black bindweed effectively but showed a slightly lower efficacy—88%. D + P applied preemergence, at each rate in 2013, poorly controlled field pansy, only up to 68% and, in 2014, 100%.



Addition of MSO and AMN adjuvants to herbicides, especially with multiple active ingredients having multiple site of action, even applied at reduced rates, can lead to great total control (Table 4). Split application of mixtures of pre- and postemergence herbicides caused increase of grain maize yield by 7.0–7.8 in 2013 and by 7.9–8.8 t·ha−1 in 2014 compared to untreated check (Table 4). Grain yield after only preemergence herbicide application (treatments 2–4) in 2013 was slightly lower compared to pre- and postemergence application (treatments 5–8), even though no significant differences were found. Moreover, treatments 2–4 in 2013 showed grain yield values similar to that recorded in 2014. Application of mixtures of pre- and postemergence herbicides led to great weed control (Table 4), an increase of value of grain yield enhancement and net return, in spite of 28%–40% higher cost of weed control (Table 5). The net return index was similar or higher: in 2013, about 3%–4% and 68–91 €·ha−1 and, in 2014, up to 7% and up to 106 €·ha−1 than from D + P at label rate. Generally, independently of slight differences between years, better activity of pre- and postemergence applied herbicides and, simultaneously, low usage of active ingredients were observed (Table 4).




4. Discussion


Maize plant growth and development depend on the temperature and rainfall during vegetation season [28] similar to weed plants that also react to weather changes, but their response usually has higher plasticity [29]. Generally, weather conditions during field experiments were rather favourable for both maize and weed species plants.



Weed control efficacy depends on selected herbicides, weed community, their physiological condition, and weather conditions during and after application [30]. Activity of herbicides varies depending on uptake of active ingredients. The better physiological condition of weeds, the better uptake of herbicides is observed; therefore, generally, optimal temperature for best weed control ranges from 10 to 25 °C or even over 30 °C [31] and higher relative humidity [32]. Temperature influences herbicide activity because it affects their solubility, volatility, sorption, desorption, and high humidity, slowing evaporation of herbicide from a plant surface and increasing its performance [33,34]. Precipitation before and after, first of all for preemergence herbicide application, was rather beneficial for herbicide action. Weather conditions during and after treatments finally fostered the activity of herbicide, especially applied with adjuvants.



Knowledge of weed community structure is essential for effective weed control [35]. A single herbicide does not usually control all weeds species; therefore, combination of herbicides or sequential treatments are required. Properly selected herbicides, especially those containing substances with different sites of action, allow effective control over a wide range of weed species, and it is an element of strategy for herbicide-resistance weed management [36]. The mixtures of herbicides at reduced rates can be an effective strategy to manage the problem of resistance development in weeds but only when they are really as effective as herbicides applied at label rates. Weed resistance is unlikely to occur in such situations. For better efficacy during critical periods for weed control, the use of split rates of postemergence herbicides is indicated [37]. Expansion of this idea is application with pre- and postemergence herbicides. A preemergence herbicide applied at a strong reduced rate is used to reduce weed infestation emerging with maize to protect yield from early season weed competition (residual weed control) but it may not guarantee proper weed control at critical stage of maize growth and development at about the 15-leaf stage of maize [38], although during our study it controlled unexpectedly well. Weather conditions, particularly precipitation amount and timing, and soil moisture influence the efficacy of preemergence herbicides. It is important especially when reduce rates are used. Under unfavourable application conditions, the treatment should be postponed and replaced by a postemergence one. Postemergence herbicides should be used against new emergence of weeds when they are at the 2–4 leaves stages. In both years, split application led to great control of all weeds occurring during the study. Use of postemergence herbicides at reduces rates is also one of the most essential tools to limit herbicide input into the environment [39].



Herbicide efficacy depended more on growth stage of weeds [40], but other studies pointed also to factors such as weather conditions [41]. Weed control can be improved by the addition of well-chosen adjuvants, which will be able to overcome factors hindering retention of spray droplets on the surface of weed, thereafter absorption and transport to the place of action [19,42]. Compounds of used blend adjuvants enhance emulsifying, dispersing, spreading, sticking, or wetting properties of herbicides; give quicker absorption and solvent of cuticular waxes; reduce loss of carrier during and after application; affect the half-life solubility; and buffer and control pH in the tank mix, preventing herbicides from being degraded by hydrolysis in aqueous solutions [43,44]. Our results indicated that a properly selected adjuvant, based on emulsified methylated seed oil, in this case rapeseed oil fatty acids with surfactants and pH buffer (multifunctional adjuvant), had a positive impact on the herbicides. Further improvement of herbicide activity can be achieved by use of nitrogen fertilizers as mineral adjuvants, for instance ammonium nitrate, also together with other adjuvants [45]. Mineral adjuvants increase droplet retention and spreading, improve rainfastness, and enhance absorption and translocation of active ingredients [15,46,47,48]. Relatively polar, weak acid herbicides such as sulfonylureas or imidazolinones are usually applied with addition of ammonium salts. In this trial, the great efficacy of split applied herbicides at strongly reduced rates primarily resulted from the addition of MSO and mineral adjuvants. This way, effective tank-mixtures reduce selection of herbicide-resistant biotypes more successfully than rotating herbicide mode of action [49].



The obtained data indicate that herbicides applied at mixtures with adjuvants greatly controlled weeds but that the costs of split application of herbicides were much higher than only preemergence application. However, the value of maize grain yield and net return was also higher. Taking into consideration both high herbicidal efficacy and growth in the value of grain yield, the profitability of these treatments was higher than expected.




5. Conclusions


Weed infestation is a supremely important factor that is responsible for low maize grain yield [50]. Split application of various herbicides usually contributed to the increase in yield stronger than a single treatment. Results from our studies indicated that, due to elimination of weeds, both single and split application of herbicides with MSO and AMN adjuvants caused grain yield increase compared to untreated control. Considering a high herbicidal efficacy and, consequently, a growth in the value of grain yield harvested, the profitability of using herbicide mixtures with an addition of adjuvants was higher than that using comparative herbicides at one time. However, final results depend on herbicides in the mixture and may slightly vary in years. The split application of herbicides on weeds in the period of their highest sensitivity can be admittedly beneficial in economic terms due to the lower usage of active ingredients.
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Table 1. Soil characteristics, maize hybrid, planting and harvest dates, seed rates, and application time for field studies carried out in Brody, PL in 2013 and 2014.
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Year

	
Soil

Texture

	
Soil OM 1

%

	
Soil

pH

	
Maize

Hybrid

	
Planting

	
Harvest

	
Seed Rate

No. ha−1

	
Application

Time




	
Date






	
2013

	
LS 2

	
1.0

	
5.9

	
P8100

	
April 30th

	
September 27th

	
80,000

	
May 2nd

June 4th




	
2014

	
LS

	
1.2

	
6.1

	
PR39H32

	
April 22nd

	
September 22nd

	
80,000

	
April 22nd

June 16th








1 organic matter; 2 loamy sand.
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Table 2. Meteorological data at the Research and Education Center Brody during and after spray application in 2013 and 2014.






Table 2. Meteorological data at the Research and Education Center Brody during and after spray application in 2013 and 2014.





	
Application time: 2 May 2013




	
Temperature: 11.2 °C

	
Air humidity: 79%

	
Rainfall: 0.0 mm




	
Temperature after treatment




	
Date

	
2/05

	
3/05

	
4/05

	
5/05

	
6/05

	
7/05

	
8/05

	
9/05

	
10/05

	
11/05




	
Mean

	
11.3

	
11.9

	
14.9

	
15.8

	
15.1

	
17.3

	
19.5

	
17.8

	
15.3

	
13.7




	
Minimum

	
7.1

	
8.7

	
10.0

	
10.9

	
7.1

	
10.4

	
11.7

	
9.9

	
13.4

	
10.9




	
Total rain in last week before treatment: 3.8 mm

	
Total rain in 1st week after treatment: 0.2 mm




	
First rainfall after treatment, date: 06/05/2013

	
Total rain in 2nd week after treatment: 17.0 mm




	

	
Total rain in 3rd week after treatment: 0.1 mm




	

	
Total rain in 4th week after treatment: 20.7 mm




	
Application time: 4 June 2013




	
Temperature: 16.0 °C

	
Air humidity: 81%

	
Rainfall: 0.0 mm




	
Temperature after treatment




	
Date

	
4/06

	
5/06

	
6/06

	
7/06

	
8/06

	
9/06

	
10/06

	
11/06

	
12/06

	
13/06




	
Mean

	
14.1

	
12.6

	
15.4

	
18.2

	
19.2

	
18.6

	
16.6

	
16.1

	
17.6

	
19.5




	
Minimum

	
10.8

	
7.0

	
8.9

	
12.0

	
12.9

	
14.7

	
11.0

	
7.1

	
7.9

	
9.8




	
Total rain in last week before treatment: 57.8 mm

	
Total rain in 1st week after treatment: 1.1 mm




	
First rainfall after treatment, date: 10/06/2013

	
Total rain in 2nd week after treatment: 0.3 mm




	

	
Total rain in 3rd week after treatment: 0.3 mm




	

	
Total rain in 4th week after treatment: 109.1 mm




	
Application time: 22 April 2014




	
Temperature: 19.8 °C

	
Air humidity: 45%

	
Rainfall: 0.0 mm




	
Temperature after treatment




	
Date

	
22/04

	
23/04

	
24/04

	
25/04

	
26/04

	
27/04

	
28/04

	
29/04

	
30/04

	
1/05




	
Mean

	
14.8

	
14.8

	
13.5

	
14.4

	
14.3

	
12.5

	
12.2

	
14.2

	
14.5

	
12.4




	
Minimum

	
6.8

	
11.2

	
10.2

	
7.6

	
10.7

	
9.1

	
6.1

	
6.3

	
6.6

	
5.6




	
Total rain in last week before treatment: 4.7 mm

	
Total rain in 1st week after treatment: 23.1 mm




	
First rainfall after treatment, date: 23/04/2014

	
Total rain in 2nd week after treatment: 4.7 mm




	

	
Total rain in 3rd week after treatment: 16.0 mm




	

	
Total rain in 4th week after treatment: 15.3 mm




	
Application time: 16 June 2014




	
Temperature: 17.9 °C

	
Air humidity: 37%

	
Rainfall: 0.0 mm




	
Temperature after treatment




	
Date

	
16/06

	
17/06

	
18/06

	
19/06

	
20/06

	
21/06

	
22/06

	
23/06

	
24/06

	
25/06




	
Mean

	
15.1

	
16.4

	
17.0

	
14.2

	
13.6

	
12.9

	
13.8

	
12.6

	
12.6

	
13.5




	
Minimum

	
5.8

	
9.7

	
7.0

	
8.6

	
8.9

	
9.0

	
10.0

	
7.3

	
5.6

	
7.7




	
Total rain in last week before treatment: 25.0 mm

	
Total rain in 1st week after treatment: 6.5 mm




	
First rainfall after treatment, date: 20/06/2014

	
Total rain in 2nd week after treatment: 8.6 mm




	

	
Total rain in 3rd week after treatment: 2.3 mm




	

	
Total rain in 4th week after treatment: 38.1 mm
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Table 3. Influence of dimethanamid + pendimathalin and their mixtures with postemergence herbicide on weed control.
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Treatment

	
Rate 1

per

1 ha

	
Application Time 2

	
CHEAL

	
ECHCG

	
POLCO

	
VIOAR

	
FUMOF

	
CENCY




	

	
2013

	
2014

	
2013

	
2014

	
2013

	
2014

	
2013

	
2014

	
2013

	
2014

	
2013

	
2014




	

	
% Weed Reduction






	
1

	
Untreated

(g m−2)

	
-

	
-

	
0

(1411)

	
0

(5014)

	
0

(11)

	
0

(1531)

	
0

(8)

	
0

(285)

	
0

(190)

	
0

(12)

	
0

(8)

	
0

(79)

	
0

(88)

	
0

(33)




	
2

	
D + P

	
100%

	
0

	
99a 3

	
100a

	
100a

	
100a

	
100a

	
100a

	
64c

	
100a

	
99a

	
100a

	
97a

	
100a




	
3

	
D + P

	
75%

	
0

	
97a

	
100a

	
100a

	
100a

	
100a

	
100a

	
42d

	
100a

	
98a

	
100a

	
94a

	
100a




	
4

	
D + P

	
50%

	
0

	
78b

	
100a

	
100a

	
100a

	
100a

	
91a

	
38d

	
100a

	
97a

	
100a

	
93a

	
100a




	
5

	
D + P

R + N + D

MSO

AMN

	
50%

50%

1 L

2 kg

	
0

A

A

A

	
100a

	
100a

	
100a

	
100a

	
99a

	
96a

	
98a

	
100a

	
100a

	
100a

	
100a

	
100a




	
6

	
D + P

T

MSO

AMN

	
50%

50%

1 L

2 kg

	
0

A

A

A

	
100a

	
100a

	
100a

	
100a

	
100a

	
98a

	
85b

	
100a

	
97a

	
100a

	
99a

	
100a




	
7

	
D + P

M + N

MSO

AMN

	
50%

50%

1 L

2 kg

	
0

A

A

A

	
100a

	
100a

	
100a

	
100a

	
100a

	
88a

	
98a

	
98a

	
100a

	
100a

	
100a

	
100a




	
8

	
D + P

F + I

N

MSO

AMN

	
50%

25%

25%

1 L

2 kg

	
0

A

A

A

A

	
100a

	
100a

	
100a

	
100a

	
100a

	
94a

	
99a

	
99a

	
100a

	
99a

	
100a

	
95a








1 % of label rate; D + P—dimethanamid-P + pendimethalin; N + R + D—nicosufluron + rimsulfuron + dicamba; T—tembotrione; mesotrione + nicosulfuron; F + I—foramsulfuron + iodosulfuron; N—nicosulfuron; MSO—methylated seed oil adjuvant; AMN—ammonium nitrate; MSO—methylated seed oil adjuvant; AMN—ammonium nitrate; CHEAL—Chenopodium album; ECHCG—Echinochloa crus-galli; POLCO—Polygonum convolvulus; VIOAR—Viola arvensis; FUMOF—Fumaria officinalis; CENCY—Centaurea cyanus; 2 0—herbicide applied immediately after sowing before the emergences of maize BBCH 00; A—herbicides applied after emergences at the stage of 2–8 maize leaves when most dicotyledonous weeds were at the 2–4 leaf stage and barnyard grass from the 3-leaf stage to the end of flowering. maize BBCH 13–15; 3 different letters indicate that treatments were significantly different according to Tukey post hoc test. Comparisons were made among treatments within the same year.
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Table 4. Influence of herbicides on weed control and grain yield.
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Treatment

	
Rate 1

per

1 ha

	
Application Time 2

	
Total Rate of a.i.

g ha−1

	
Total Weed Reduction 3

%

	
Grain Yield

t·ha−1




	




	

	
2013

	
2014

	
2013

	
2014






	
1

	
Untreated

	
-

	
-

	
0

	
0

	
0

	
9.4b

	
1.6b




	
2

	
D + P

	
100%

	
0

	
1850.0

	
86a 4

	
97a

	
16.4a

	
9.6a




	
3

	
D + P

	
75%

	
0

	
1387.5

	
74b

	
96a

	
14.8a

	
10.5a




	
4

	
D + P

	
50%

	
0

	
925.0

	
59c

	
86b

	
14.3a

	
10.2a




	
5

	
D + P

R + N + D

MSO

AMN

	
50%

50%

1 L

2 kg

	
0

A

A

A

	
1038.1

	
99a

	
95ab

	
17.2a

	
9.6a




	
6

	
D + P

T

MSO

AMN

	
50%

50%

1 L

2 kg

	
0

A

A

A

	
958.0

	
95a

	
93ab

	
17.2a

	
9.5a




	
7

	
D + P

M + N

MSO

AMN

	
50%

50%

1 L

2 kg

	
0

A

A

A

	
977.5

	
99a

	
95ab

	
17.1a

	
10.4a




	
8

	
D + P

F + I

N

MSO

AMN

	
50%

25%

25%

1 L

2 kg

	
0

A

A

A

A

	
947.75

	
99a

	
96a

	
16.4a

	
9.7a








1 % of label rate; a.i.—active ingredient of herbicide; D + P—dimethanamid-P + pendimethalin; N + R + D—nicosulfuron + rimsulfuron + dicamba; T—tembotrione; mesotrione + nicosulfuron; F + I—foramsulfuron + iodosulfuron; N—nicosulfuron; MSO—methylated seed oil adjuvant; AMN—ammonium nitrate; 2 0—herbicide applied immediately after sowing before the emergences of maize BBCH 00; A—herbicides applied after emergences at the stage of 2–8 maize leaves when most dicotyledonous weeds were at the 2–4 leaf stages and barnyard grass from the 3-leaf stage to the end of flowering. maize BBCH 13–15; 3 base on all weed species occurring during field study; 4 different letters indicate that treatments were significantly different.
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Table 5. Influence of herbicides on economic indexes.






Table 5. Influence of herbicides on economic indexes.





	

	
Treatment

	
Rate 1 per

1 ha

	
Application Time 2

	
Total Rate

of a.i.

g ha-1

	
Value of

Grain Yield Enhancement

	
Cost of

Weed Control

	
Net Return 3






	

	
Index 4

(€ ha−1)




	

	
2013

	
2014

	
2013

	
2014

	
2013

	
2014






	
1

	
Untreated

	
-

	
-

	
0

	
57

(1323)

	
17

(259)

	
0

(0)

	
0

(0)

	
57

(1323 b 5)

	
17

(259 b)




	
2

	
D + P

	
100%

	
0

	
1850.0

	
100

(2309)

	
100

(1554)

	
100

(41)

	
100

(41)

	
100

(2268 a)

	
100

(1513 a)




	
3

	
D + P

	
75%

	
0

	
1387.5

	
90

(2078)

	
109

(1694)

	
76

(31)

	
76

(31)

	
90

(2041 a)

	
110

(1664 a)




	
4

	
D + P

	
50%

	
0

	
925.0

	
87

(2009)

	
106

(1647)

	
56

(23)

	
56

(23)

	
88

(1996 a)

	
108

(1634 a)




	
5

	
D + P

R + N + D

MSO

AMN

	
50%

50%

1 L

2 kg

	
0

A

A

A

	
1038.1

	
105

(2424)

	
100

(1554)

	
130

(53)

	
130

(53)

	
104

(2359 a)

	
99

(1498 a)




	
6

	
D + P

T

MSO

AMN

	
50%

50%

1 L

2 kg

	
0

A

A

A

	
958.0

	
105

(2424)

	
99

(1538)

	
128

(52)



	
128

(52)



	
104

(2359 a)

	
98

(1483 a)




	
7

	
D + P

M + N

MSO

AMN

	
50%

50%

1 L

2 kg

	
0

A

A

A

	
977.5

	
104

(2401)

	
108

(1678)

	
133

(54)

	
133

(54)

	
103

(2336 a)

	
107

(1619 a)




	
8

	
D + P

F + I

N

MSO

AMN

	
50%

25%

25%

1 L

2 kg

	
0

A

A

A

A

	
947.75

	
100

(2309)

	
101

(1569)

	
140

(57)

	
140

(57)

	
99

(2245 a)

	
100

(1513 a)








1 % of label rate; a.i.—active ingredient of herbicide; D + P—dimethanamid-P + pendimethalin; N + R + D—nicosufluron + rimsulfuron + dicamba; T—tembotrione; mesotrione + nicosulfuron; F + I—foramsulfuron + iodosulfuron; N—nicosulfuron; MSO—methylated seed oil adjuvant; AMN—ammonium nitrate; 2 0—herbicide applied immediately after sowing before the emergences of maize BBCH 00; A—herbicides applied after emergences at the stage of 2–8 maize leaves when most dicotyledonous weeds were at the 2–4 leaf stages and barnyard grass from the 3-leaf stage to the end of flowering. maize BBCH 13–15; 3 calculations were done based upon average prices of grain of maize, herbicides, adjuvants, and cost of their application; 4 other treatments in relation to dimethanamid-P + 173 pendimethalin at 850 + 1000 g ha−1 = 100; 5 different letters indicate that treatments were significantly different.
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