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Abstract

In 2018-2019, on the experimental field of the Agricultural University of Plovdiv, Bulgaria, a field experiment with
maize hybrid P1114 was performed. The experiment included the following herbicide treatments: Callam (0.40 kg ha™')
+ Kelvin OD (1.00 [ ha' ) + Dash (1.00 | ha'), Callam (0.50 kg ha™') + Kelvin OD (1.25 [ ha™) + Dash (1.25 [ ha''),
Callam (0.30 kg ha™') + Kelvin OD (1.25 | ha'') + Dash (0.625 [ ha*), Callam (0.30 kg ha™) + Kelvin OD (1.25 | ha™),
Cambio SL (2.00 [ ha') + Kelvin OD (1.25 [ ha*) and Arat (0.20 kg ha™) + Kelvin OD (1.25 [ ha™). The application
was done in 4" - 6™ true leaf of maize (BBCH 14-16). The dominant weeds on the field were Sorghum halepense (L.)
Pers. developed from seeds and rhyzomes, Setaria viridis (L.) P. Beauv., Chenopodium album L., Amaranthus
retroflexus L., Xanthium strumarium L., Abutilon theophrasti Medik., Datura stramonium L. and Solanum nigrum L.
The nicosulfuron-containing herbicide in combination with other products showed good to excellent efficacy depending
on the weed species. For all variants treated whit herbicides 1000 grain weight, hectolitre mass and the yield, were
higher and with statistically proved differences in comparison to the untreated control.
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INTRODUCTION Weed vegetation is a major limiting factor,
providing serious competition to maize in terms
Providing an abundance of food for the ever-  of vegetation factors, leading to lower yields

growing population of Earth, of technical and and quality of the production (Tonev et al.,
medicinal raw materials, of fodder for farm 2019; Saleem et al., 2015; Arnold et al., 2013).
animals, of building materials, etc. is an In addition, weeds deplete 30-40% of the
inalienable concern for humanity (Tonev et al., applied nutrients from the soil. They hinder the
2019). All branches of biological science work  efficiency of the use of fertilizers from
intensively and purposefully to solve a large cultivated plants, as a significant part of the
number of problems and tasks (Georgiev et al., fertilizer added to the soil is used by the weeds
2019; Nenova, 2019; Nenova et al., 2019; (Mundra et al., 2002).

Petrova et al., 2019; Georgiev et al., 2017, Studies by a number of authors show that
Nenova, 2017; Shopova & Cholakov, 2015; depending on the type and degree of weed
Shopova & Cholakov, 2014; Tonev et al., infestation, as well as period of crop-weed
2010a; Tonev et al., 2009a). competition and its intensity (Rai et al., 2018)
Maize (Zea mays L.) is one of the most widely ~ the maize grain yield can be decreased from
grown plants in the world and is a major food 24.0% to 96.7% (Dimitrova et al., 2018; Ehsas
crop in many developing countries (Ram et al., et al., 2016; Jagadish et al., 2016; Kakade et al.,
2017). It is grown for both grain and green  2016; Yakadri et al., 2015; Mukherjee &
fodder and silage for animals (Iken & Amusa, Puspajit, 2013; Jat et al., 2012; Oerke & Dehne,
2004). Its grain is a source of starch and 2004; Khan et al., 2003; Zhalnov & Raikov,
cooking oils, and is used as a raw material for 1996). According to Hall et al. (1992), maize is
fermentation. Due to its productive potential  highly sensitive to weed competition in the
and wider adaptability, maize is also known as early development stages.

the queen of cereals. In addition to weeds, the lack of nutrients,
According to Aldrich et al. (1975) Zea mays L. which is often caused by them, also has a
has the greatest potential for carbohydrates per  negative effect on the formation of crop yields
unit area per day. (Ivanov et al., 2019; Manolov & Neshev, 2017,
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Neshev & Manolov, 2016; Kostadinova et al.,
2015; Manolov et al., 2015; Neshev &
Manolov, 2014; Neshev et al., 2014;
Goranovska et al., 2014).

Depending on the latitudes and the presence of
weed seeds in the soil, different weed
associations develop in maize. In Bulgaria the
weeds economically important in this crop are
Amaranthus retroflexus L., Datura stramonium
L., Xanthium strumarium L., Solanum nigrum
L., Chenopodium album, Abutilon theophrasti
L., Sinapis arvensis L., Echinochloa crus-gali
L., Setaria glauca L., Sorghum halepense L.,
Convolvulus arvensis L, Cinodon dactilon L.
and Cirsium arvense L. (Mitkov et al., 2019;
Hristova et al.,, 2012; Kalinova et al., 2012;
Tonev et al., 2010D).

According to Vizantinopoulos and Katranis
(1998) in Greece, in areas with intensive maize
cultivation the weed species Amaranthus spp.
dominates.

In Slovakia studies showed that the most
common weeds in maize are Chenopodium
album L., Amaranthus spp., Echinichloa crus-
galli (L.) P. Beauv, Datura stramonium (L.),
Fallopia convolvulus (L.) A. Love, Persicaria
spp., Cirsium arvense (L.) Scop, Eltrigia
repens (L.) P. Beauv, Avena fatua (L.) and
Abutilon theophrasti Medik (Tyr and Veres,
2012). Smatana et al. (2015) reported that in
maize the weeds Atriplex spp. and Setaria
viridis (L.) P. Beauv. are widely distributed.

In India, the most aggressive weeds growing in
the early stages of maize development are
Polygonum (P. pensylvanicum, P. persicaria,
P. orientale), Stellaria media, Stellaria
aquatica, Oldelandia diffusa, Oldenlandia
umbellate, Physalis minima, Solanum nigrum.
In Belgaum district of Karnataka, India, the
most distributed weeds are Cynodon dactylon,
Dinebra retroflexa, Echinochloa colonum,
Eleusine indica, Cyperus rotundus, Parthenium
hysterophorus, ~ Commelina  benghalensis,
Portulaca  oleracea,  Cynotis  cuculata,
Phyllanthus niruri and Amaranthus viridis
(Soren et al., 2018; Mukherjee & Puspajit,
2013; Haji et al., 2012).

In maize fields in Mashhad, Iran the most often
observed  broadleaf weed species are
Amaranthus  retroflexus L., Chenopodium
album L., Portulaca oleracea L. and Solanum
nigrum L. (Baghestani et al., 2007).
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One of the main weed control methods in maze
is the usage of herbicides (Mitkov, 2020;
Goranovska & Kalinova, 2018; Goranovska et
al., 2017; Janak & James, 2016; Sevov et al.,
2015; Umesha & Sridhara, 2015; Goranovska
& Kalinova, 2014; Dimitrova et al., 2013b;
Skrzypczak et al., 2011; Pannacci & Covarelli,
2009, Tonev et al., 2009b).

Against the annual grass and broadleaf weeds
high efficacy for the application of Gardoprim
plus gold 500 SK — 4.00 1 ha™! (99%), Lumax
538 SK — 4.00 1 ha! (97%), Wing — 4.00 1 ha™!
(97%) and Merlin flex — 0.42 1 ha™! (94.6%)
was recorded (Dimitrova et al., 2013a).

The application of Merlin Duo in rates of 1.00 1
ha! to 2.00 1 ha' after sowing before
germination of maize controls Abuthilon
theophrasti L. and Solanum nigrum L. The
highest efficacy against Chenopodium album L.
after the application of Merlin Duo in the rates
of 1.25, 1.5 and 2.00 1 ha'! was reported
(Mitkov et al., 2018).

It was found that the application of
foramsulfuron in dose of 20.3 g ai ha™' showed
95% efficacy against Amaranthus retroflexus
L., Setaria viridis (L.) Beauv., Sinapis arvensis
L. and Solanum nigrum L. Against Abutilon
theophrasti Medik., Chenopodium album L.
and Echinochloa crus-galli (L.) Beauv. the
same efficacy results are obtained, but for the
rates of 20 1o 50 g ai ha! of foramsulfuron
(Pannacci, 2016).

For control of Sorghum halepense L.,
Convolvulus arvensis L., Echinochloa crus-gali
L., Chenopodium album L., Amaranthus
retroflexus L. and Abutilon theophrasti L. in
maize it is recommended to apply Stomp 33
EK + Mistral 4 SK in rates of 3.00 1 ha™! + 1.30
1 ha'! (Kalinova et al., 2000). It is important to
note that the use of pendimethalin has a lower
risk of groundwater contamination compared to
herbicides as alachlor (Brahushi et al., 2011).
Acording to Kierzek et al. (2012), the best
control of mixed weed infestation in maize
after the application of the mixture s-
metolachlor + terbuthylazine + mesotrione,
followed by foliar application of nicosulfuron
with adjuvant Atpolan Bio 80 SL. In the maize
fields Tonev et al. (2016) recorded high
efficacy against broadleaf and grass weed
species as Sorghum halepense L. Convolvulus
arvensis L. and Cirsium arvense L. after



application of the herbicide combination of
Flurostar 200 EK + Nishin 4 OD in rates of
0.70 1 ha' + 1.30 1 hal. If there is high
infestation with Chenopodium album L. the
combination of Mustang 306.25 SK and Nishin
4 OD in doses of 0.60 1 ha™! + 1.30 1 ha! in tank
mixture is recommendable.

For control of Xanthium  strumarium,
Amaranthus retroflexus, Datura stramonium
and Chenopodium album in maize Damalas et
al. (2018) established efficacy from 92 to 100%
after the alone treatment of tembotrione at 100
g ai ha' and three mixtures of tembotrione
with: rimsulfuron at 10 g ai ha™!, nicosulfuron
at 40 g ai ha™! and foramsulfuron at 60 g ai ha™’.
After the application of foramsulfuron and
nicosulfuron (sulfonylurea herbicides) applied
in tank-mix with 2.4 D + MCPA the weeds
Amaranthus retroflexus L. and Chenopodium
album L. can be successfully controlled - from
78 to 100%, depending on the herbicide rates
(Sarabi et al., 2018).

The aim of the current research is to study
some possibilities for herbicidal control of
mixed weed infestation in maize (Zea mays L.).

MATERIALS AND METHODS

In the period of 2018 — 2019 a field plot trial
with the maize hybrid P1114 (590 FAO) was
conducted. The experiment was situated on the
experimental field of the department of
“Agriculture and herbology” at the Agricultural
University of Plovdiv, Bulgaria.

The experiment included the following
tretments: 1. Untreated control; 2. Callam (600
g/kg dicamba + 125 g/kg tritosulfuron) +
Kelvin OD (40 g/l nicosulfuron) + Dash
(adjuvant) in rates of 0.40 kg ha! + 1.00 1 ha™!
+1.00 1 ha''; 3. Callam + Kelvin OD + Dash in
rates of 0.50 kg ha! + 1.25 1 ha! + 1.25 1 ha'l;
4. Callam + Kelvin OD + Dash in rates of 0.30
kg ha' + 1.25 T ha! +0.6251ha’!; 5. Callam +
Kelvin OD in rates of 0.30 kg ha' + 1.25 1 ha'!;
6. Cambio SL (320 g/l bentazone + 90 g/l
dicamba) + Kelvin OD in rates of 2.00 1 ha™! +
1.25 1 ha'!; 7. Arat (500 g/kg dicamba + 250
g/kg tritosulfuron) + Kelvin OD in rates of 0.20
kg ha! + 1.25 1 ha'l. The trial was performed
by the randomized block design in 4
replications with size pf the experimental plot
28 m2 The herbicide application was done in
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4" _ 6" true leaf of maize (BBCH 14-16) via
electrical backpack sprayer SOLO (model 417)
with size of the working solution 250 1 ha™.
During the two years of the research the maize
was grown as monoculture. Also, the plants
were grown under conditions of drip irrigation.
On the trial field deep ploughing, two times
disc harrowing and two times cultivation before
sowing were done. On the whole experimental
area basic combine fertilization with 250 kg ha
I'NPK (15:15:15) and spring dressing with 200
kg ha! NH4NOs was performed. The sowing
was performed in the optimal period. The
sowing distance between the rows was 70 cm,
with sowing density of 78 000 germinating
seeds ha''. After sowing rolling was done.

The experimental area was naturally infested
with Sorghum halepense (L.) Pers. developed
from seeds and rhyzomes, Setaria viridis (L.)
P.  Beauv.,, Chenopodium  album L.,
Amaranthus  retroflexus L.,  Xanthium
strumarium L., Abutilon theophrasti Medik.,
Datura stramonium L. and Solanum nigrum L.
The biological efficacy was reported on 14",
28" and 56 day after the herbicide application.
The efficacy against the weeds was evaluated
by the 10-score visual scale of EWRS. The
efficacy results were compared with the
untreated control.

The selectivity of the studied herbicides was
evaluated on the 7" 14" 28th and 56" day
after the treatments by the 9-score visual scale
of EWRS (at score 0 - there is no damage on
the crop, and at score 9 there is complete death
of the crop).

The following indicators are evaluated and
analyzed: absolute seed mass of 1000 air-dry
seeds (g), hectolitre seed mass (kg) and maize
grain seed yield (t ha™).

The reported biometric indicators were
processed with the software package SPSS 17 -
module two-factor analysis of variance for
Windows 8. The difference between the
evaluated treatments was statistically analysed
by ONE WAY ANOVA by using Duncan’s
multiple rage test. Statistical differences were
considered proved at p<0.05.

RESULTS AND DISCUSSIONS

During both experimental years the weed
infestation was presented by weeds belonging



to two biological groups. The presenters of the
late-spring weeds were Setaria viridis (L.)
P.Beauv., Chenopodium album L., Amaranthus
retroflexus L., Xanthium strumarium L.,
Abutilon  theophrasti ~ Medik.,  Datura
stramonium L. and Solanum nigrum L.
Presenter from the perennial group of weeds
was Sorghum halepense (L.) Pers. developed
from seeds and rhyzomes.

On the 14™ day after application the highest
herbicidal efficacy against S. halepense
developed from seeds for the treatment with
Callam (0.50 kg ha') + Kelvin OD (1.25 1 ha™)
+ Dash (1.25 1 ha!) — 90.0% average for both
year was found (Table 1). Similar to those
efficacy for the treatment with Callam (0.40 kg
ha!) + Kelvin OD (1.00 1 ha'!) + Dash (1.00 1

ha'!) was reported - 86.7% in 2018 and 90.0%
in 2019. For the other treatments, the efficacy
against this weed varied from 83.4% - 87.5%.
The average results on the 28" day after
treatments showed increasing values regarding
the efficacy against S. halepense developed
from seeds. For treatments 2, 3, 4 and 7 the
efficacy was 100%.

On the 56™ day after treatments, the reported
efficacy reched 100% for all tretments. This
can be explained by the sufficient time of
action of the herbicides, especially
nicosulfuron, on the weeds and their ability to
show their maximum potential. Hernandez-
Labrador et. al. (2000) also reported that
nicosulfuron at 30 g a.i. ha'! showed excellent
control of Sorghum halepense.

Table 1. Efficacy of the studied herbicides against Sorghum halepense (L.) Pers. developed from seeds, %

. 2018 2019 Average

Variants 147 [ 28" | 56" | 14% | 28" | 56" | 14" | 28" | 56"
1. Untreated control - - - - - - - - -
2. Callam (0.40 kg ha™') + Kelvin OD (1.00 1 ha'') 867 | 100 | 100 | 90.0 | 100 | 100 | 884 | 100 | 100
+ Dash (1.00 1 ha™!) ) : :
3. Callam (0.50 kg ha™') + Kelvin OD (1.25 1 ha™')
+ Dash (1.25 1 ha) 90.0 | 100 | 100 | 90.0 | 100 | 100 | 90.0 | 100 | 100
4. Callam (0.30 kg ha") + Kelvin OD (1.25 1 ha!)
+ Dash (0.625 | ha'!) 85.0 | 100 | 100 | 83.3 | 100 | 100 | 84.2 | 100 | 100
5. Callam (0.30 kg ha') + Kelvin OD (1.251ha™") | 81.7 | 100 | 100 | 85.0 | 98.3 | 100 | 83.4 | 99.2 | 100

: S :
fl;rl(;ambw SL (2.00 Tha™ + Kelvin OD (125 11 g5 3 1 100 | 100 | 85.0 | 983 | 100 | 842 | 992 | 100
7. Arat (0.20 kg ha™!) + Kelvin OD (1.25 1 ha'!) 88.3 | 100 100 | 86.7 | 100 | 100 | 87.5 | 100 | 100
Compared with the efficacy of the studied  seeds, the efficacy against S. halepense

herbicides against S. halepense developed from

developed rhyzomes was lower.

Table 2. Efficacy of the studied herbicides against Sorghum halepense (L.) Pers. developed rhyzomes, %

Variants 2018 2019 Average
14th 281h 56|h 14th 28111 56th 14th 281h 561]1
1. Untreated control - - - - - - - - -
2. Callam (0.40 kg ha™!) + Kelvin OD (1.00 1 ha"
) + Dash (1.00 I ha'!) 60.0 | 85.0 | 88.3 | 70.0 | 85.0 | 90.0 | 65.0 | 85.0 | 89.2
3. Callam (0.50 kg ha!) + Kelvin OD (1.25 1 ha
)+ Dash (1.25 | ha'!) 70.0 | 88.3 [ 93.3 | 783 | 88.3 | 933 | 742 | 88.3 | 93.3
4. Callam (0.30 kg ha™!) + Kelvin OD (1.25 1 ha"
1)+ Dash (0.625 | ha'!) 583 | 85.0 | 88.3 | 58.3 | 80.0 | 90.0 | 58.3 | 82.5 | 89.2
-1 + : -
15)‘ Callam (0.30 kg ha™) + Kelvin OD (125 Tha™ | 3 5| ¢ 1 900 | 60.0 | 76.7 | 86.7 | 51.7 | 78.4 | 834
- N .
gé_f;amblo SL (2.00 Tha™) + Kelvin OD (125 1\ 6 1 783 | 90.0 | 70.0 | 76.7 | 85.0 | 65.0 | 77.5 | 875
7. Arat (0.20 kg ha™!) + Kelvin OD (1.25 1 ha'") 65.0 | 80.0 | 91.7 | 68.3 | 86.7 | 90.0 | 66.7 | 83.4 | 90.9
During the experimental period, an increase in day after application of the products was
the herbicidal effect from the 14" to the 56"  observed.
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On the 14th day the highest efficacy reported in
2018 was 70.0% for the treatment wit Callam
(0.50 kg ha") + Kelvin OD (1.25 1 ha™') + Dash
(1.25 1 ha). In 2019 the efficacy of this
treatment was similar - 78.3%.

On average the efficacy for the concrete
treatment reached 88.3% on the 28™ day.

The average results for the efficacy of the
studied products on the 56™ day were similar.
The highest efficacy was found to be for the
treatment with Callam (0.50 kg ha') + Kelvin
OD (1.25 1 ha!) + Dash (1.25 1 ha'0 — 93.3%.
The lowest herbicide efficacy for the treatment
with Cambio SL (2.00 1 ha') + Kelvin OD
(1.25 1ha™!) was recorded — 87.5% (Table 2). In
experiments carried by Eleftherohorinos and
Kotoula-Syka (1995), the authors observed
satisfactory efficacy against S. halepense from
rhizomes after application of nicosulfuron.
Regarding the control of Setaria viridis (L.) P.
Beauv, the obtained results were close to those
recorded for the control of S. halepense
developed rhyzomes. In 2018, on the 14" day
after application of Arat (0.20 kg ha™) + Kelvin
OD (1.25 1 ha') and Callam (0.40 kg ha') +
Kelvin OD (1.00 1 ha!) + Dash (1.00 1 ha'!') the
efficacy against the weed was 83.3%. In 2019
the highest efficacy against S. viridis was for

Callam (0.50 kg ha") + Kelvin OD (1.25 1 ha™")
+ Dash (1.25 1 ha™!) — 86.7% (Table 3).

On the 28" day after treatments, average for the
period, the highest herbicide efficacy for the
treatment with Callam (0.50 kg ha™') + Kelvin
OD (1.25 1 ha') + Dash (1.25 1 ha!) was
observed — 95.0%.

The results obtained on the 56" day did not
show significant increase when compared to
those recorded on the 28" day. The highest
efficacy against S. viridis for Arat (0.20 kg ha
) + Kelvin OD (1.25 1 hal) — 95.9% and
Callam (0.50 kg ha') + Kelvin OD (1.25 1 ha™!)
+ Dash (1.25 1 ha') — 95.8% average for both
years was found.

From the herbicides studied, the lowest efficacy
against S. viridis was reported for the treatment
with Callam (0.30 kg ha") + Kelvin OD (1.25 1
ha') —90.9% (Table 3).

Dobbels and Kapusta (1993) reported that the
application of nicosulfuron in maize showed
98-100% efficacy against S. viridis. Control of
S. viridis was reduced when nicosulfuron at 24
g was applied as a tank-mix with atrazine alone
or in combination with bentazone, bromoxynil
or dicamba. Also, bentazone + atrazine in
combination with nicosulfuron at 35 g reduced
control of the weed.

Table 3. Efficacy of the studied herbicides against Setaria viridis (L.) P.Beauv., %

Variants 2018 2019 Average
141]1 281h 56lh 14|h 281h 56(h 141]1 281h 56th
1. Untreated control - - - - - - - - -
2. Callam (0.40 kg ha') + Kelvin OD (1.00 1
o)) + Dash (100 L ha) 833 ] 917|933 | 85.0 | 933 | 95.0 | 84.2 | 92.5 | 942
3. Callam (0.50 kg ha™') + Kelvin OD (1.25 1
') + Dash (1.25 T ha') 76.7 | 93.3 | 933 | 86.7 | 96.7 | 983 | 81.7 | 95.0 | 95.8
4. Callam (0.30 kg ha!') + Kelvin OD (1.25 1
har!) + Dash (0625 1 har) 75.0 | 91.7 | 933 | 783 | 86.7 | 95.0 | 76.7 | 89.2 | 94.2
“Callam (0.30 kg ha'") + Kelvin OD (1.25 1
}Slaf;a am (0.30 kg ha”) + Kelvin OD (125 11 2 1 500 [ 917 | 75.0 | 85.0 | 90.0 | 72.5 | 875 | 90.9
. io SL (2.00 [ ha')  Kelvin OD (1.25 1
Ea,lc)amb“’ SL (200 Tha™y + Kelvin OD (125 1\ 23 51 o0 | 917 | 817 | 933 | 950 | 77.5 | 917 | 93.4
7. Arat (0.20 kg ha!) + Kelvin OD (1.25 I ha) | 83.3 | 95.0 | 96.7 | 85.0 | 93.3 | 95.0 | 842 | 942 | 959

The efficacy obtained after the treatments
against the Chenopodium album L. is presented
on table 4. In 2018, on the first reporting date,
the efficacy of treatment 6 (Cambio SL - 2.00 1
ha! + Kelvin OD 1.25 1 ha™" was the highest —
88.3%. In 2019 for treatment 3 and 2 the
efficacy was — 91.7%. The average efficacy on
the second reporting date was for the treatment

with Callam (0.50 kg ha™") + Kelvin OD (1.25 1
ha') + Dash (1.25 1 ha™) - 95.9%.

In 2018, on the third reporting date 100%
efficacy after the treatments with Callam (0.50
kg ha') + Kelvin OD (1.25 1 ha') + Dash (1.25
1 ha!) and Arat (0.20 kg ha) + Kelvin OD
(1.25 1 ha'). At the other treatments, the
herbicide efficacy varied between 96.7% and
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98.3%. In 2019, on the 56" day after
application, the efficacy for all treatments
achieved 100% control of the weed.

Mitkov et al. (2019) reported 100% control of
Ch. Album after the application of Arigo WG
(330 g ha') + Trend 90 (1000 ml ha) and

Principal Plus WG (440 g ha') + Trend 90
(1000 ml ha'). Sarabi et al. (2018) established
that the combine application of foramsulfuron
and nicosulfuron in tank mixture with 2.4-D +
MCPA successfully controlled Ch. Album.

Table 4. Efficacy of the studied herbicides against Chenopodium album L., %

Variants 2018 2019 Average
14th 281h 561h 141h 28111 56‘}' 14th 28111 56xh
1. Untreated control - - - - - - - - -
2. Callam (0.40 kg ha') + Kelvin OD (1.00 1
ha™!) + Dash (1.00 1 ha'!) 783 1 933 | 96.7 | 91.7 | 93.3 | 100 | 85.0 | 93.3 | 984
3. Callam (0.50 kg ha™') + Kelvin OD (1.25 1
ha'!) + Dash (1.25 1 ha'!) 85.0 | 95.0 | 100 | 91.7 | 96.7 | 100 | 88.4 | 959 | 100
4. Callam (0.30 kg ha') + Kelvin OD (1.25 1
ha'!) + Dash (0.625 | ha™") 78.3 | 90.0 | 98.3 | 85.0 | 93.3 | 100 | 81.7 | 91.7 | 99.2
5. Call 0.30 kg ha'!') + Kelvi D (1.251
ha_f;a am (0.30 kg ha™ + Kelvin OD ( 783 | 933 | 983 | 80.0 | 95.0 | 100 | 79.2 | 94.2 | 99.2
. io SL (2.00 1 ha!) + Kelvin OD (1.25 1
fla,lc)amb‘o SL(2.001ha™) + Kelvin OD (1251 ¢ 3 | 933 | 967 | 883 | 933 | 100 | 88.3 | 933 | 984
7. Arat (0.20 kg ha'!) + Kelvin OD (1.251ha') | 83.3 | 91.7 | 100 | 85.0 | 93.3 | 100 | 84.2 | 92.5 | 100

As well as S. halepense developed from seeds,
during the trial, very easy to control with the
evaluated herbicides were the weed species
Amaranthus  retroflexus L. and Xanthium
strumarium L.

The highest herbicide efficacy against A.
retroflexus on the 14" day for the application of
Arat (0.20 kg ha!) + Kelvin OD (1.25 1 ha™)

average for the years of the study was reported
— 93.3%. On the 28" day the efficacy was
increased and reached 100% on the last
reporting date (Table 5). Dobbels and Kapusta
(1993) also recorded 100% control of A.
retroflexus after the alone application of
nicosulfuron or in combinations with other
herbicides.

Table 5. Efficacy of the studied herbicides against Amaranthus retroflexus L., %

Variants 2018 2019 Average
140 [ 28% | 56% | 14% | 28" | 56® | 14% | 28" | 56°
1. Untreated control - - - - - - - - -
2. Callam (0.40 kg ha') + Kelvin OD (1.00 1
o) + Dash (1.00 | ha! 883 | 100 | 100 | 95.0 | 100 | 100 | 91.7 | 100 | 100
3. Callam (0.50 kg ha™') + Kelvin OD (1.25 1
o) + Dash (1.25 [ hal 933 | 100 | 100 | 91.7 | 100 | 100 | 92.5 | 100 | 100
4. Callam (0.30 kg ha!) + Kelvin OD (1.25 1
ha) + Dash (0.625 1 ha-) 90.0 | 100 | 100 | 883 | 98.3 | 100 | 89.2 | 99.2 | 100
5. Callam (0.30 kg ha') + Kelvin OD (1.25 1
ha_ga am ( g ha’) + Kelvin OD ( 90.0 | 100 | 100 | 88.3 | 98.3 | 100 | 89.2 | 992 | 100
. io SL (2.00 1 ha'") + Kelvin OD (1.25 1
fla_lc)amblo SL (200 Tha™) + Kelvin OD (1251} 5, 21 100 | 100 | 933 | 100 | 100 | 925 | 100 | 100
7. Arat (0.20 kg ha') + Kelvin OD (1.25 L ha') | 933 | 100 | 100 | 933 | 100 | 100 | 933 | 100 | 100

Regarding the control of the weed Xanthium
strumarium L., the studied herbicide treatments
showed approximately equal efficacy as those
for the weed A. retroflexus.

The efficacy of all herbicide treatments varied
within narrow extends, ranging from 83.3% to

91.7% on the 14" day after application in the
first year and from 88.3% to 93.3% in the
second year. The average results on the 28"
day after application was 100% for the
treatments with Callam (0.50 kg ha™') + Kelvin
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OD (1.251ha") + Dash (1.25 1 ha!) and Arat
(0.20 kg ha™') + Kelvin OD (1.25 1 ha™!).

On the 56" day the efficacy reached 100% for
all treatments (Table 6).

Table 6. Efficacy of the studied herbicides against Xanthium strumarium L., %

Variants 2018 2019 Average
14th 281h 56|h 14|h 28111 56th 14th 28111 56th
1. Untreated control - - - - - - - - -
2. Callam (0.40 kg ha™) + Kelvin OD (1.00 |
o) + Dash (1.00 | hal 833|983 | 100 | 90.0 | 983 | 100 | 86.7 | 983 | 100
3. Callam (0.50 kg ha™') + Kelvin OD (1.25 1
b)) + Dash (1.25 T ha') 883 | 100 | 100 | 91.7 | 100 | 100 | 90.0 | 100 | 100
4. Callam (0.30 kg ha') + Kelvin OD (1.25 1
o) + Dash (0.625 1 har) 833 | 100 | 100 | 90.0 | 96,7 | 100 | 86.7 | 98.4 | 100
“Callam (0.30 kg ha') + Kelvin OD (1.25 1
lslaf;a am (0.30 kg ha”) + Kelvin OD (125 11 5 | 100 | 100 | 883 | 96,7 | 100 | 86.7 | 98.4 | 100
: e
gé_%amb“’ SL (200 Tha™ + Kelvin OD (1251 o5 1 950 | 100 | 933 | 100 | 100 | 892 | 97.5 | 100
7. Arat (0.20 kg ha) + Kelvin OD (1.25 Lha') | 91.7 | 100 | 100 | 91.7 | 100 | 100 | 91.7 | 100 | 100

According to Dobbels and Kapusta (1993) the
control of Abutilon theophrasti depends on the
nicosulfuron content, on the other herbicide
when applied as a tank mix and growing
conditions. In the current study, the most
efficient control of Abutilon theophrasti
Medik., average for the period, on the 14" day
after the treatment with Callam (0.50 kg ha'!) +
Kelvin OD (1.25 1 ha") + Dash (1.25 1 ha!) —

74.2%, followed by Cambio SL (2.00 1 ha!) +
Kelvin OD (1.25 1 ha™!) — 73.4% was acieved.
On the second reporting date, the efficacy was
the highest for the variant treated with Callam
(0.50 kg ha") + Kelvin OD (1.25 1 ha™!) + Dash
(1.251ha™") - 96.7%.

On the last reporting date the highest efficacy
of 96.7% against A. theophrasti was found to
be for treatment 3 (Table 7).

Table 7. Efficacy of the studied herbicides against Abutilon theophrasti Medik., %

Variants 2018 2019 Average

l4th 281h 56lh ]4lh 281h 56111 l4th thh 56111
1. Untreated control - - - - - - - - -
2. Callam (0.40 kg ha™) + Kelvin OD (1.00 1
ha'!) + Dash (1.00 1 ha'!) 58.3 | 88.3 1 90.0 | 73.3 | 98.3 | 100 | 658 | 93.3 | 95.0
3. Callam (0.50 kg ha') + Kelvin OD (1.25 |
ha'!) + Dash (1.25 1 ha'!) 66.7 | 93.3 | 93.3 | 81.7 | 100 | 100 | 74.2 | 96.7 | 96.7
4. Callam (0.30 kg ha') + Kelvin OD (1.25 1
ha'!) + Dash (0.625 1 ha'!) 583 | 85.0 | 91.7 | 73.3 | 96.7 | 100 | 65.8 | 90.9 | 959

-1 + :

fl;l_ga”am (0.30 kg ha’) + Kelvin OD (125 1) ¢, 2 | ¢33 | 867 | 71.7 | 883 | 96.7 | 667 | 85.8 | 91.7
6. Cambio SL (2.00 1 ha!) + Kelvin OD (1.251
ha_l)am io SL.( @)+ Kelvin OD ( 70.0 | 80.0 | 91.7 | 76.7 | 91.7 | 100 | 73.4 | 85.9 | 95.9
7. Arat (0.20 kg ha'!) + Kelvin OD (1.251ha') | 58.3 | 86.7 | 88.3 | 71.7 | 91.7 | 100 | 65.0 | 89.2 | 94.2

The application of nicosulfuron + dicamba +
bentazon; nicosulfuron + dicamba + bentazon;
nicosulfuron + tritosulfuron + dicamba;
nicosulfuron + mesotrione; nicosulfuron -+
mesotrione + atrazine; etc. can have very good
results for controlling D. stramonium (Torma et
al., 2006). In the present research the efficacy
of the studied herbicides against Datura
stramonium L. is presented on table 8.

On the first reporting date in 2018, the highest
results were for the treatment with Callam
(0.50 kg ha') + Kelvin OD (1.25 1 ha™') + Dash
(1.25 1 ha') — 58.3%, followed by Callam
(0.40 kg ha!) + Kelvin OD (1.00 1 ha™') + Dash
(1.00 1 hay — 56.7%. In 2019 the highest
efficacy was for Callam (0.40 kg ha™!) + Kelvin
OD (1.00 1 ha''y + Dash (1.00 1 ha'') — 76.7%
and Callam (0.50 kg ha!) + Kelvin OD (1.25 1
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ha') + Dash (1.25 1 ha') — 75.0%. On the
second date the highest results were also for the
treatments with Callam (0.50 kg ha™!) + Kelvin
OD (1.25 1 ha!) + Dash (1.25 1 ha))- 96.7%
and Callam (0.40 kg ha") + Kelvin OD (1.00 1
ha') + Dash (1.00 1 ha'!) — 93.4% average for
the period.

On the 56" day, the highest efficacy for the
following treatments was reported: Callam
(0.50 kg ha!) + Kelvin OD (1.25 1 ha™") + Dash
(1.25 1 ha') — 99.2%, Callam (0.30 kg ha™') +
Kelvin OD (1.25 1 ha!) + Dash (0.625 1 ha'!) —
99.2% and Callam (0.40 kg ha!) + Kelvin OD
(1.00 1 ha') + Dash (1.00 1 ha™!) — 98.4%.

Table 8. Efficacy of the studied herbicides against Datura stramonium L., %

Variants 2018 2019 Average
14th zgth 56(11 ]4(11 281h 561}1 14th 281h 561}1
1. Untreated control _ } R B B R B ) R
2. Callam (0.40 kg ha') + Kelvin OD (1.00 1
ha'!) + Dash (1.00 1 ha'') 56.7 | 90.0 | 96.7 | 76.7 | 96.7 | 100 | 66.7 | 93.4 | 98.4
3. Callam (0.50 kg ha') + Kelvin OD (1.25 1
ha'!) + Dash (1.25 1 ha'!) 5831950 | 983 | 75.0 | 98.3 | 100 | 66.7 | 96.7 | 99.2
4. Callam (0.30 kg ha') + Kelvin OD (1.25 1
ha'!) + Dash (0.625 1 ha')) 55.0 | 88.3 | 98.3 | 71.7 | 90.0 | 100 | 63.4 | 89.2 | 99.2
-1 + :
ié_ga“am (030 kg ha’) + Kelvin OD (125 1) 5, 2 1 g5 | 917 | 63.3 | 90.0 | 100 | 575 | 87.5 | 95.9
- S -
Eé_%amblo SL (2:001ha™) + Kelvin OD (1251} 5 | ¢33 | 933 | 61.7 | 967 | 100 | 55.9 | 90.0 | 96.7
7. Arat (0.20 kg ha'!) + Kelvin OD (1.251ha') | 38.3 | 88.3 | 96.7 | 35.0 | 81.7 | 100 | 36.7 | 85.0 | 98.4

The weed S. nigrum is one of the difficult-to-
conrol weeds. In 2018, on the 14" day, the
highest efficiency for the variant with Cambio

SL (2.00 1 ha') + Kelvin OD (1.25 1 ha!) -
73.3% was reported. The lowest for Arat (0.20
kg ha!) + Kelvin OD (1.25 1 ha!) - 43.3%.

Table 9. Efficacy of the studied herbicides against Solanum nigrum L., %

Variants 2018 2019 Average
141]\ 281h 56|h 14th 28111 56th 14th 28111 56th
1. Untreated control - - - - - - - - _
2. Callam (0.40 kg ha') + Kelvin OD (1.00 1
o)) + Dash (100 L ha) 633 | 75.0 | 90.0 | 75.0 | 100 | 100 | 69.2 | 87.5 | 95.0
3. Callam (0.50 kg ha™') + Kelvin OD (1.25 1
b)) + Dash (1.25 Tha') 633 | 667|783 | 71.7 | 767 | 83.3 | 67.5 | 71.7 | 80.8
4. Callam (0.30 kg ha') + Kelvin OD (1.25 1
o) + Dash (0.625 | har) 60.0 | 66.7 | 85.0 | 71.7 | 80.0 | 86.7 | 65.9 | 73.4 | 85.9
“Callam (0.30 kg ha'") + Kelvin OD (1.25 1
lsla_lc)a am (0.30 kg ha”) + Kelvin OD (125 1} 50 1 1 750 1 ¢33 | 667 | 85.0 | 91.7 | 62.5 | 80.0 | 87.5
. io SL (2.00 I ha') + Kelvin OD (1.25 |
ﬁa,(f)amb“’ SL (200 Tha™) + Kelvin OD (1251 13 51 20 3 | 917 | 850 | 96.7 | 100 | 792 | 87.5 | 95.9
7. Arat (0.20 kg ha') + Kelvin OD (1.25 L ha'') | 433 | 55.0 | 83.3 | 51.7 | 683 | 90.0 | 475 | 61.7 | 86.7

In 2019, these results were repeated as the
efficiency in treatment 6 was 85%, and in
treatment 7 - 51.7%. On average for the two-
year of the study period, the best control
against S. nigrum on the 28" day after
treatment in variants 6 and 2 was obtained -
87.5%. The lowest in this reporting date was
the efficiency for variant 7 - 61.7%.

The average results for the biological efficacy
of the herbicides on the 56™ day after treatment
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showed that the best control against S.nigrum
was for the treatment with Cambio SL (2.00 1
ha!') + Kelvin OD (1.25 1 ha!) - 95.9 % and
Callam (0.40 kg ha!) + Kelvin OD (1.00 1 ha™)
+ Dash (1.00 1 ha'') - 95.0% (Table 9).

The visual observations of phytotoxicity in
both experimental years showed that all studied
herbicides in the respective doses showed
excellent selectivity for the hybrid P1114.



The indicator absolute seed mass of 1000 air-
dry seeds gives an idea of the size and
nutritional status of the seeds. The obtained
results showed that there is a statistically
proven difference between the control and the
treated variants. The best results were reported
after the treatment with Callam (0.50 kg ha'!) +
Kelvin OD (1.25 1 ha') + Dash (1.25 1 ha'),
where in 2018 the absolute seed mass was
330.06 g, and in 2019 - 328.97 g.

In the other variants treated with herbicides, on
average for the two years, the values of the

indicator vary from 311.45 g to 322.85 g. It is
worth noting that there is no mathematically
proven difference between the variants treated
with herbicide.

By using Duncan’s multiple range test with
proved differences and the lowest values (at a
level of significance gD = 5%) was the mass of
1000 seeds obtained from the untreated control.
On average for the period it was 272.25 g
(Table 10).

Table 10. Absolute seed mass of 1000 air-dry maize seeds, g

Variants 2018 2019 Average
1. Untreated control 269.71 b 27479 b 272.25b
2. Callam (0.40 kg ha™") + Kelvin OD (1.00 1 ha'") + Dash (1.00 1 ha™") 318.73 a 326.96a | 322.85a
3. Callam (0.50 kg ha') + Kelvin OD (1.25 1 ha™!) + Dash (1.25 1 ha'') 330.06 a 328.97 a 329.52 a
4. Callam (0.30 kg ha'!) + Kelvin OD (1.25 1 ha'!) + Dash (0.625 1 ha'!) 306.33 a 322.80a | 314.57a
5. Callam (0.30 kg ha') + Kelvin OD (1.25 1 ha") 305.90 a 317.00a | 311.45a
6. Cambio SL (2.00 1 ha'!) + Kelvin OD (1.25 1 ha'!) 31549 a 325.58a | 320.54a
7. Arat (0.20 kg ha'!) + Kelvin OD (1.25 1 ha'!) 310.89 a 323.19a | 317.04a
F

igures with different letters are with proved difference according to Duncan’ s multiple range test (p<

0.05).

Regarding the indicator hectolitre seed mass,
the highest values on average for the period -
77.66 kg was obtained after the application of
Callam (0.50 kg ha™') + Kelvin OD (1.25 1 ha™!)
+ Dash (1.25 1 ha'!).

The evaluated herbicide combinations did not
show significant influence to this indicator.

This fact is confirmed by the mathematically
unproven differences between the herbicide-
treated variants. The lowest was the hectoliter
mass of the untreated control - 75.67 kg,
proven with the other treatments at the level of
significance gD = 5% (Table 11).

Table 11. Hectolitre seed mass (kg)

Variants 2018 2019 Average
1. Untreated control 76.33 b 76.01 b 75.67b
2. Callam (0.40 kg ha!) + Kelvin OD (1.00 1 ha™!) + Dash (1.00 I ha") 76.95 a 77.78 a 7737 a
3. Callam (0.50 kg ha!) + Kelvin OD (1.25 1 ha'!) + Dash (1.25 1 ha'!) 77.25a 78.06 a 77.66 a
4. Callam (0.30 kg ha!) + Kelvin OD (1.25 1 ha'!) + Dash (0.625 | ha') 76.83 a 77.56 a 77.20 a
5. Callam (0.30 kg ha'!) + Kelvin OD (1.25 1 ha™!) 76.57 a 77.39 a 76.98 a
6. Cambio SL (2.00 1 ha!') + Kelvin OD (1.25 1 ha™') 76.93 a 77.75 a 77.34 a
7. Arat (0.20 kg ha'!) + Kelvin OD (1.25 1 ha™') 76.91 a 77.68 a 77.30a

Figures with different letters are with proved difference according to Duncan’s multiple range test (p < 0.05).

The data for the maize seed yield of hybrid
P1114 confirm that there is a positive
correlation between the effect of herbicides
against the available weeds and the mass of
1000 seeds, hectolitre mass and seed yield. The
maize seed yield was the lowest for the
untreated control where the weed density was
severe and led to yield losses. For the untreated
control the yield in 2018 was 6.99 t ha!, and in
2019 - 7.11 t ha''. The highest grain seed yield
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after the treatment with Callam (0.50 kg ha™') +
Kelvin OD (1.25 1 ha') + Dash (1.25 1 ha™)
was obtained. For the concrete treatment the
yield in 2018 was 11.84 t hal, and in 2019 -
12.48 t ha''. For the other treatments, average
for the period, the maize seed yield varied from
11.88 to 12.02 t ha'!. Only the difference
between the untreated control and the variants
with herbicide combinations was
mathematically proven (Table 12).



Table 12. Maize grain seed yield (t ha™')

Variants 2018 2019 Average
1. Untreated control 6.99 b 7.11b 7.03 b

2. Callam (0.40 kg ha™!) + Kelvin OD (1.00 1 ha'') + Dash (1.00 I ha'!) 11.77 a 1227 a 12.02 a
3. Callam (0.50 kg ha!) + Kelvin OD (1.25 1 ha™!) + Dash (1.25 | ha') 11.84a 1248 a 12.14 a
4. Callam (0.30 kg ha') + Kelvin OD (1.25 | ha') + Dash (0.625 | ha') 11.60a 12.18a | 11.93a
5. Callam (0.30 kg ha!) + Kelvin OD (1.25 1 ha!) 11.54a 12.13a 11.88 a
6. Cambio SL (2.00 1 ha!) + Kelvin OD (1.25 1 ha'!) 11.74 a 1224 a 11.99 a
7. Arat (0.20 kg ha™") + Kelvin OD (1.25 1 ha'!) 11.68 a 12.20 a 11.95a

Figures with different letters are with proved difference according to Duncan’s multiple range test (p < 0.05).

CONCLUSIONS

On the 56 day after application the studied
herbicide combinations showed 100% efficacy
against  Sorghum  halepense (L.) Pers.
developed from seeds, Amaranthus retroflexus
L. and Xanthium strumarium L.

The most efficient control of Sorghum
halepense (L.) Pers. developed rhyzomes,
Setaria viridis (L.) P. Beauv., Chenopodium
album L., Abutilon theophrasti Medik. and
Datura stramonium L. after the application of
Callam (0.50 kg ha™!) + Kelvin OD (1.25 1 ha™)
+ Dash (1.25 1 ha!) was accomplished.

The highest efficacy against the weed Solanum
nigrum L. was for the treatment of Cambio SL
(2.00 1 ha'!) + Kelvin OD (1.25 1 ha™').

Absolute seed mass of 1000 air-dry maize
seeds, hectolitre seed mass and maize grain
seed yield of hybrid P1114 were higher and
with statistically proved differences for all
variants treated with herbicides in comparison
to the untreated control.
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