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Abstract: The biological efficacy of herbicides MCPA+tribenuron-methyl (code name: MT-565 SG)
and diflufenican+chlorotoluron (Legato Pro 425 SC) was estimated in eighteen field experiments on
winter cereals in Poland and Germany to control broadleaf weeds. Postemergence application of
tribenuron-methyl in combination with MCPA, applied at the 3-leaf stage to 3 tillers detectable in
autumn in winter cereals, resulted in the majority of weed species occurring in autumn being effec-
tively eliminated with MCPA+tribenuron-methyl applied at 1.0 kg-ha. It also provided an accepta-
ble (82.4-94.1%) and comparable level of control to commonly occurring weeds Brassica napus,
Capsella bursa-pastoris, Centaurea cyanus, Lamium purpureum, Tripleurospermum inodorum, Stellaria me-
dia, and Thlaspi arvense. A satisfactory level of control of 66.3 to 88.3% was confirmed for Veronica
persica, Viola arvensis, and Galium aparine. According to these results, the formulation of tribenuron-
methyl combined with MCPA can be recommended for application in winter cereals in the autumn
as an alternative to commonly available herbicides.
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One of the most important areas of plant production in the Europe are cereals, occu-
pying a third of EU’s agricultural area, growing on half of the European Union’s farms
and accounting for a quarter of its crop production value. In Europe, the total cereal pro-
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duction accounts for 20% of the global scale, with great importance in human nutrition
(24%), but also in the feeding of farm animals (61%), alcoholic beverages (5%), bio-energy
(4%), and seeds (3%) [1].

Crop yields can be significantly reduced due to weeds [2]. The introduction of herb-
icides has become a very effective and relatively cheap way of weed control, significantly
contributing to the increase in average yield during the period of their adoption and im-
proving crop quality [3,4]. Thus far, herbicides are the most effective weed control tools
developed, controlling 90 to 99% of the weeds targeted [5-7]. Therefore, control of weeds
largely depends on chemical methods [8], and herbicides are an integral part of any weed
management system and play an important role in producing high-yielding crops and
maintaining the stability of agricultural production. However, Rahman [9] pointed out
that herbicides cause many environmental and health hazards.

Cereals are most sensitive to competition from weeds (weed community composi-
tion) in their early stages of growth, especially in autumn-sown crops, and particularly in
cereals established with reduced cultivation [10,11]. Weeds start to grow at the same time
as the crop, if not earlier, affecting growth, competing with the crop for water, light, soil
nutrients, space, and COz, and reducing the potential crop yield [12]. Moreover, weed
control in the autumn is usually much better than that applied in the spring [13], because
weeds are generally smaller and autumn application controls weeds that would normally
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survive during the winter, thus providing better conditions for competition by the crop
when vegetative growth begins in the spring [14].

The dominant role of herbicides as a convenient tool used for weed control in modern
agriculture has led to the rapid evolution of herbicide-resistant (HR) weeds [15-17]. One
of the key components of an integrated weed management approach that may reduce the
risk of the evolution of resistance in weeds are herbicide mixtures and herbicide rotations
[18]. Combining herbicides with different modes of action is also one of the useful meth-
ods used to safely reduce herbicide rates, control a wider spectrum of weeds, and reduce
production costs, while maintaining weed control at acceptable levels [19,20].

The aim of the field experiments carried out in Poland and Germany was to examine
the potential of herbicide combination as soluble granules (SG) containing 15 g/kg of tribe-
nuron-methyl (ALS-inhibitor) and 550 g/kg of MCPA (synthetic auxin) applied in autumn
for the control of dicotyledonous weeds already emerged in winter cereals.

2. Materials and Methods

Field experiments were conducted in 2016 and 2017 in Poland and Germany. A total
of 18 efficacy trials were carried out on a range of several cultivars for winter wheat, win-
ter barley, winter rye, and winter triticale (Figure 1, Table 1). Field experiments were im-
plemented in fields sown with commercial cereal cultivars, where crops are produced
commercially, and in fields with a known history of weed infection. In all experiments,
the infestation was natural. Sites were selected to represent the range of agricultural and
environmental conditions (including climatic conditions) likely to be encountered in prac-
tice in potential use.
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Figure 1. Locations of the experimental fields in Germany and Poland.
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Table 1. Experimental site descriptions and application details are presented.

Water Vol
1 Poland 52%)%?2;’1; XZ?;:;V;;E; 15/11/16; 13 Sandy clay loam 5.8 300
2 Poland 5126%?;5690‘; 12 Vg;rr‘ti(‘)’:;elzt 15/11/16; 15 Sandy cdlay 5.8 200
3 Poland 5136235;2201; Vvvfrl_tgsﬁ;t 21/11/16; 24 Clayloam 7.1 200
4 Poland 512'.15388921212 V\s:rte;xiz;zle 09/11/16; 16 Sandyloam 53 200
5 Poland 5126(;5;9117951; V\:::rte;xigge 23/11/16; 15 Sandyloam 62 200
6 Poland 5212167356131 1; Yz\:rn;\ire]ﬁz 26/10/17; 13 Clay 55 200
7 Poland 5123023;% 1;:1 Vfﬁﬁerzﬁiify 4/11/17, 22 Sandy clay 6.1 300
8 Poland 5126(;5591172 1; V‘C:rtegl’j:;y 17/11/17; 23 Sandy clay 6.1 400
9 Germany 512..923;25;3;}\31 Vi:;tifaﬁz‘t 22/11/16; 13 Silt loam 6.5 200
10 Germany i%’_ilgi(i?; V\G:rte;;:iat 26/10/16; 12 Loamysand 63 300
11 Germany i%’iiéié? V‘CZEQE;’;“ 16/11/16; 21 Loamysand 63 300
12 Germany 5121611)‘3% 1; V\Y;?t;:;iizt 22/11/16; 22 Silty clay 6.6 300
13 Germany 512963(;2 1; Wint'igtjsttifie var. 22/11/16; 22 Loam 6.8 200
14 Germany 43;’3:5156 ]1; Vglngterfor 24/11/16; 13 Silty clay loam 7.8 200
15 Germany 499.'?5 6217]{:\] Vay;’ge;:r};zm 25/10/16; 13 Silty sand 6.7 300
16 Germany ‘i%’_‘j;iiil; xinﬁgf;jﬁ 22/11/16; 23 Loamysand 57 200
17 Germany 4;'9859 ;1586 ]1; Vf}ife;aiﬁizy 22/11/16; 13 Loamysilt 6.4 300
18 Germany 499"261088551 S V\\Ilzt.esr;‘giiy 22/11/16; 13 Loamysand 5.6 300

All trials were carried out in accordance with the principles of good experimental

practices (GEP). MT-565 SG was applied by broadcast foliar spraying at the doses of 0.8
kg ha™ (440 g a.i. ha' of MCPA and 12 g a.i. ha! of tribenuron-methyl) and 1.0 kg ha!
(550 g a.i. ha' of MCPA and 15 g a.i. ha™ of tribenuron-methyl) compared to the reference
product at 2.5 L ha™! (Legato Pro 425 SC, 62.5 g a.i. ha! of diflufenican and 1000 g a.i. ha™
of chlortoluron) already registered to control weeds in winter cereals. Herbicides were
sprayed using backpack plot sprayers with flat fan nozzles, calibrated to deliver water
volumes ranging from 200 to 400 L ha! aqueous solution, and the plot size of trials varied
between 10 and 21 m2. The experiments were organized as a complete randomized block
design with four replications, and the untreated control was included in the experimental
design. Herbicides were applied at the 3-leaf stage to 3 tillers detectable in autumn. Crop
stages at application, experimental site descriptions and application details presented in
this study are presented in Table 2.
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Table 2. Weed species growth stages (BBCH) during herbicide application at individual locations.

Weed Species

Tl‘\rlioa.l Country GPS CAPBP CENCY LAMPU MATIN STEME VIOAR BRSNN GALAP THLAR VERPE
BBCH
C rawa PN o L w4 owow - -
2 Poland 5126%256?;; IE 12 13 13 - - 12 13 12 12 -
3 Poland iz;iizfo 1]\; - 12 - 12 12 11 12 - 12 -
4 Poland 2215329212 1;:1 - - - 11 12 11 12 - 12 -
5 Poland iigi?;i 1; 12 13 13 - - 12 23 - 12 -
o onama SSN
7 Poland 512:3732;?6 1]\; 14 - 14 14 14 - 15 - 15 15
8 Poland i26(;2911795 l]\; 12 - 12 - - - 12 - 13 -
Comm BN a
10  Germany 513?9?101% 1;:1 14 - - - - 13 - - - -
R
R
13 Germany 51296;(;55?3 1]\; - - 12 - 14 - - - - -
15  Germany 499 f;i ggfé\l - - - - - 12 13 - - -
17 Germany 4;98&_? ; 812115\1 - - - - - - - 12 - 12
18 Germany 4992635(?; ]1;] - - - 12 - - - _ _

CAPBP: Capsella bursa-pastoris; CENCY: Centaurea cyanus; LAMPU: Lamium purpureum; MATIN: Tri-
pleurospermum inodorum; STEME: Stellaria media; VIOAR: Viola arvensis; BRSNN: Brassica napus;
GALAP: Galium aparine; THLAR: Thlaspi arvense; VERPE: Veronica persica.

Before application and during efficacy assessments, the weed population in un-
treated control plots was recorded in absolute terms by recording the density (number of
plants m2) of each weed. Analyses of the plant communities were carried out before the
herbicide application on permanent research plots, which were homogeneous plant
patches of cereals. The total number of species in all plots was determined, and the weed
species in the studied areas were marked. The species composition of weed communities
and the number of plants of each species from the untreated control plots were used to
assess the biodiversity by means of the Simpson (D), Shannon-Wiener (H'), Margalef’s (K)
[21,22], and Berger-Parker (d) [23] indexes according to formulas: D =1 - Y pi; H'=-) H’
= —Y¥  p;Inp; where k is the number of categories and p: is the share of each species in
the sample; and K =1ogS/logN where S is the number of species and N is the total number
of individuals in the sample. Nmax is the number of individuals of the most abundant
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species. Frequency (F) and relative frequency (RF) were calculated based on formulas: F
(%) = (number of sampling units in which species occurred/total number of sampling
units) x 100; RF = (number of target species occurred/number of all species occurred) x
100. The similarity in field species composition between Poland and Germany was com-
puted using the Sorensen coefficient of similarity (Ss) index [24]: Ss =2a/(2a + b + c), where
a=number of species common to both sites, b =number of species in site 1, and c=number
of species in site 2.

The efficacy of the tested herbicides was visually assessed in each treated plot by
comparison to the untreated control plot. The results were expressed simply as a percent-
age according to an inverted scale to express percent weed control (0% =no weed control,
100% = full weed control). The autumn assessment before the end of vegetation growth
(about 24 days after treatment) to evaluate short-term effects and the spring assessment
(about 150 days after application), when the leaves were sprouting, to evaluate the long-
term effect (persistent effect) of the test product on weeds were selected and presented in
this study.

All statistical procedures were conducted using Statistica 13 software (StatSoft Po-
land). Tukey’s honest significant difference test was used to separate treatment means (p
= 0.05). The percent rating of weed control was arc-sine transformed prior to analysis to
correct for unequal variance. The data in tables are reported and are non-transformed. The
random effects of treatment, year, and their interactions were not significant; therefore,
data were pooled only by treatment.

3. Results

A total of 10 weed species from Polish and German experimental fields were identi-
fied (Tables 2 and 3). Similarity in weed species composition: of the total species identified,
10 species were found in Poland and 7 in German fields. The similarity in species compo-
sition (Ss) between Poland and Germany was 0.45 (maximum is 1.0), this means that there
is a low degree of similarity among countries and that each of them has its own character-
istic species.

Table 3. Indicates of weed community biodiversity at individual locations.

1;1:1 Country GPS Scientific Name (Ij/f) Dnmg H' D d

Capsella bursa-pastoris 18.7
Centaurea cyanus 17.5
51.87723 N Lamium purpureum 18.2

1 Poland 20.01983 E Tripleurospermum inodorum 13.2 312 0775 085 0187
Stellaria media 15.0
Viola arvensis 17.5
Brassica napus 14.1
Capsella bursa-pastoris 15.6
Centaurea cyanus 10.0

2 Poland 5203594 N Galium aparine 13.2 3.48 0.839 0.87 0.179

16.89602 E .

Lamium purpureum 15.6
Thlaspi arvense 13.7
Viola arvensis 17.9
Brassica napus 13.6
Centaurea cyanus 13.0
53.15822 N Tripleurospermum inodorum 13.6

3 Poland 16.54780 E Stellaria media 13.6 39075 08 02%
Thlaspi arvense 17.1
Viola arvensis 29.3
Brassica napus 21.2

4 Poland ??;152292121; Tripleurospermum inodorum 11.2 2.33 0.620 0.73 0.449

Stellaria media 10.6
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Thiaspi arvense 12.1
Viola arvensis 44.9
Brassica napus 15.3
Centaurea cyanus 14.2
52.05919 N Capsella bursa-pastoris 18.6
Pol .01 77 . 214
> oland 16.75175 E Lamium purpureum 16.4 30 0773 085 0
Thlaspi arvense 14.2
Viola arvensis 214
Capsella bursa-pastoris 22.6
51.16363 N Lamium purpureum 26.3
Pol 2.11 . 7 2
6 Poland 2247511 Stellaria media 29.3 0599 078 02%
Viola arvensis 21.8
Brassica napus 15.3
Capsella bursa-pastoris 13.4
Lamium purpureum 13.0
2.3701
7 Poland 5237013 N Stellaria media 14.3 3.49 0.842 0.87 0.172
18.03480 E . .
Tripleurospermum inodorum 11.5
Thiaspi arvense 15.3
Veronica persica 17.2
Brassica napus 21.9
52.05919 N Capsella bursa-pastoris 29.5
8  Poland 1.92 528 .76 .295
oan 16.75175 E Lamium purpureum 26.0 0 0 0
Thlaspi arvense 22.7
9 Germany 51(;92?;?;?;21 Galium aparine 100.0 0.0 0.0 0.0 1.0
53.81500 N Capsella bursa-pastoris 2.8
10 Germany 1049416 E Viola arvensis 972 0.42 0.055 0.05 0.972
53.74694 N
11 Germany 10.46833 E Galium aparine 100.0 0.0 0.0 0.0 1.0
50.76138 N
12 Germany 1(;.41000 E Galium aparine 100.0 0.0 0.0 0.0 1.0
50.97055 N Lamium purpureum 36.4
1 74 2 4 .
3 Germany ) 63555 E Stellaria media 63.6 0 0285 048 0636
49.3041
14 Germany 995;)5556}13\1 Veronica persica 100.0 0.0 0.0 0.0 1.0
49.84027 N Brassica napus 17.9
15 Germany 917861 E Viola arvensis 81 0.54 0.204 0.30 0.821
49.38583 N Veronica persica 86.2
16 G .55 175 24 .862
emany 105722 E Viola arvensis 138 0 0 0 0
49.89416 N Galium aparine 13.5
17 4 172 2 .
Germany 8.95388 E Veronica persica 86.5 046 0 023 0865
49. 1
18 Germany 99261088065 ]IE\I Stellaria media 100.0 0.0 0.0 0.0 1.0

REF: relative frequency; DMg: Margalef diversity index; H': Shannon index; D: Simpson's index of
diversity; d: Berger-Parker dominance index.

Relative frequency (RF) determines the result of competition. RF of C. bursa-pastoris
in polish fields varied from 13.4 to 29.5%, C. cyanus 10.0-17.5%, L. purpureum 13.0-26.3%,
T. inodorum 11.2-13.6%, S. media 10.6-29.3%, V. arvensis 17.5-44.9%, B. napus 13.6-21.9%, G.
aparine 13.2%, T. arvense 12.1-22.7%, and V. persica 17.2%, compared to 2.8% of C. bursa-
pastoris, L. purpureum 36.4%, S. media 63.6-100%, V. arvensis 13.8-97.2%, B. napus 17.9%, G.
aparine 13.5-100%, and V. persica 86.2-100% in Germany (Table 3).

Values of Margalef index (DMg) measuring the evenness, ranged in Poland from 3.01
to 3.49, and in three places 1.92-2.33, in Germany 0.0-0.74 (Table 3).
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The value of the Shannon diversity index (H’) varied widely from Poland to Ger-
many, ranging from 0.528-0.842 and 0.0-0.285, respectively (Table 3). The data indicate a
much greater diversity of weed communities in Poland than in Germany.

To describe the evenness (the share of individual species ine the community), the
Simpson index (D) was used. Index D expresss the probability of meeting two individuals
belonging to the same species. The values of the D index in Poland range from 0.73 to 0.87;
in Germany, they range from 0.0 to 0.48 (Table 3). The higher the D value (1 = maximum
diversity), the greater the diversity, and it should be concluded that the results obtained
indicate a rather more diverse weed community in cereals in Poland compared to poor
diversity in Germany.

The Berger-Parker index (d) measures the dominance of the most abundant species.
The value closer to 0 corresponds to higher diversity, and the value of 1 reveals monocul-
ture. Our results indicated that much higher diversity was observed in Poland than in
Germany, respectively 0.172-0.449 and 0.636-1.0 (Table 3).

The frequency shows species that occurred in the observed area. The frequencies of
CENCY, LAMPU, MATIN, STEME, VIOAR, BRSNN, GALAP, and THLAR in Poland
were between 44 and 67%; VERPE was purely 11%. In Germany, the value of the indicator
was only 0-33% (Figure 2). Weed species were grouped into five frequency classes: A =
>80, B = 61-80.9; C = 41-60.9; D = 21-40.9; E = <20% (Figure 3). Five species from Poland
were recorded in frequency class B (the most frequent species recorded in the study), four
in C, and one in E. In Germany, four species were recorded in class D and three in class E.

CAPBP

67 LAMPU

MATIN

BRSNN STEME

VIOAR

—o—Poland —o—(Germany

Figure 2. Frequency (%) of weed species in winter cereals in Poland (wheat, triticale, barley)and
Germany (wheat, triticale, barley, rye). CAPBP: Capsella bursa-pastoris; CENCY: Centaurea cyanus;
LAMPU: Lamium purpureum; MATIN: Tripleurospermum inodorum; STEME: Stellaria media; VIOAR:
Viola arvensis; BRSNN: Brassica napus; GALAP: Galium aparine; THLAR: Thlaspi arvense; VERPE: Ve-
ronica persica.
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Figure 3. Frequency class distribution of weed species in winter cereals in Poland and Germany
(frequency classes: A =280, B =61-80.9; C = 41-60.9; D = 21-40.9; E = <20%).

In the field experiments conducted in Poland and Germany (Tables 4 and 5), ten spe-
cies of broadleaved weeds occurred. Considerably better control of VIOAR was observed
in both assessments after use of reference product diflufenican+chlorotoluron. A similar
relationship can be observed in the case of the control Veronica persica, VERPE. Galium
aparine (GALAP) was not satisfactorily controlled by both doses of MCPA+tribenuron-
methyl. This weed was considerably more effectively controlled by diflufenican+chloro-
toluron. During the assessment performed in the spring, Stellaria media STEME was well
controlled by both herbicides, MCPA+tribenuron-methyl at 1.0 kg ha™ and diflufeni-
cantchlorotoluron. Another broadleaved weed species (BRSNN, CAPBP, LAMPU,
MATIN, and THLAR) were well controlled by MCPA+tribenuron-methyl at 1.0 kg ha!
and comparable to diflufenican+chlorotoluron. Only the control of CENCY by
MCPA+tribenuron-methyl was considerably lower before the end of the vegetation in
comparison to diflufenican+chlorotoluron. A lower dose of MCPA+tribenuron-methyl
controlled fewer weeds. In addition, during the spring assessment, a similar relationship
can be observed, lower doses of MCPA+tribenuron-methyl eliminate weeds less effec-
tively in comparison to higher doses of MCPA+tribenuron-methyl and diflufenican+chlo-
rotoluron, while the higher dose of MCPA+tribenuron-methyl provides a comparable
level of herbicidal efficacy to diflufenican+chlorotoluron against BRSNN, CAPBP,
LAMPU, MATIN, THLAR, and CENCY.
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Table 4. Influence of herbicides MCPA+tribenuron-methyl and diflufenican+chlorotoluron applied
in the autumn on broadleaved weed control in winter cereals in Poland.

No. Treatment Dose Weed Species
per Ha BRSNN CAPBP CENCY GALAP LAMPU MATIN STEME THLAR VERPE VIOAR
Efficacy (%)
1st assessment before end of vegetation period (about 24 DAT)
. MCPA+ 0.8 kg 31 44 26 1 44 35 41 29 50 42
tribenuron-methyl
. MCPA+ 1.0kg 48 67 38 2 61 47 54 57 61 54
tribenuron-methyl
diflufenican+
25L 45 63 57 2 63 51 58 56 62 67
chlorotoluron
HSD 0.05 9.7 8.7 8.8 ns 9.7 24 34 10.2 5.7 5.0
2nd assessment in the spring (about 150 DAT)
| MCPAstribenuron-— 01 g e a7 59 70 79 62 74 66
methyl
p MCPAttribenuron- 0 g3 gp g3 75 82 89 91 89 8 83
methyl
diflufenican+
25L 95 91 83 81 83 90 97 93 90 87
chlorotoluron
HSD 0.05 8.1 9.1 3.8 6.7 7.2 6.0 44 8.8 54 5.8
ns: nonsignificant. BRSNN: Brassica napus, CAPBP: Capsella bursa-pastoris, CENCY: Centaurea cyanus,
GALAP: Galium aparine, LAMPU: Lamium purpureum, MATIN: Tripleurospermum inodorum, STEME:
Stellaria media, THLAR: Thlaspi arvense, VERPE: Veronica persica, VIOAR: Viola arvensis.
Table 5. Influence of herbicides MCPA+tribenuron-methyl and diflufenican+chlorotoluron applied
in autumn on broadleaf weed control in winter cereals in Germany.
Weed Species
No. Treatment Dose Perha "ppSNN CAPBP GALAP LAMPU STEME VERPE VIOAR
Efficacy (%)
1st assessment before end of vegetation period (about 24 DAT)
1 MCPA+tribenuron-methyl 0.8 kg 99 33 6 0 15 19 58
2 MCPA+tribenuron-methyl 1.0kg 96 45 6 0 50 21 61
3 diflufenican+chlorotoluron 25L 99 48 13 0 83 55 71
HSD 0.05 ns 8.1 6.5 ns 23.2 15.1 11.2
2nd assessment in the spring (about 150 DAT)
1 MCPA+tribenuron-methyl 0.8 kg 100 100 48 90 98 80 56
2 MCPA+tribenuron-methyl 1.0kg 100 100 60 96 99 90 76
3 diflufenican+chlorotoluron 25L 100 100 93 100 100 100 99
HSD 0.05 ns ns 18.9 ns 1.6 7.3 17.8

ns: nonsignificant. BRSNN: Brassica napus, CAPBP: Capsella bursa-pastoris, CENCY: Centaurea cyanus,
GALAP: Galium aparine, LAMPU: Lamium purpureum, MATIN: Tripleurospermum inodorum, STEME:
Stellaria media, THLAR: Thlaspi arvense, VERPE: Veronica persica, VIOAR: Viola arvensis.

4. Discussion

In agro-ecosystems, especially in agricultural fields, plant species have decreased in
population size and species number. Meyer et al. [25] indicated many reasons for these
species’ decline, such as intensification of the production system, excessive use of water,
nutrients, and chemicals, as well as pollution of the environment. The differentiation in
these areas between Poland and Germany are likely the reason for the differences in the
biodiversity of weed communities in agricultural fields between these countries. One of
the conditions for the proper selection of herbicides is the knowledge of the weed
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community [26]. Their species composition depends on many factors, including species
and varieties of cultivated plants, crop rotation, sowing date, and soil mulching [27-29].
According to Zegeye et al. [30], the frequency index gives an approximate indication of
the homogeneity and heterogeneity of species, and high values in lower frequency classes
and low values in higher frequency classes indicate a high degree of floristic heterogeneity
[31]. In our own study, higher values were obtained in lower frequency classes, which
indicates that a rather high degree of floristic heterogeneity existed in both country.

Herbicides from the group of ALS inhibitors have gained considerable importance
due to their broad spectrum of target species, low dose application, and safety for animals
[32]. Unfortunately, there is an increasing resistance of weeds to herbicides belonging to
this group [33]. Combining herbicides, especially those with different modes of action, has
a lot of advantages over using a single herbicide, including saving time and labor, reduc-
ing production costs and soil compaction, increasing weed control percentages and the
spectrum of weeds controlled, and of course delaying the appearance of resistant weed
species [34]. Mixing ALS inhibitors and synthetic auxins and their synergistic action has
been confirmed and is currently used in practice to protect crops. This is because the mix-
tures of these active ingredients allow for the expansion of the spectrum of controlled
weed species and improved efficacy [35-37]. In this research, postemergence application
of tribenuron-methyl in combination with MCPA, provided that the majority of weed spe-
cies occurring in autumn were effectively eliminated with MCPA+tribenuron-methyl ap-
plied at 1.0 kg ha™, provided an acceptable and comparable level of control to commonly
registered diflufenican+chlorotoluron, particularly for weeds known to be easier to con-
trol during the vegetation period. At a rate of 1.0 kg ha™, it was more difficult to eliminate
VIOAR, VERPE, and GALAP weeds, and they were less effectively controlled by a com-
bination of MCPA and tribenuron-methyl in MCPA+tribenuron-methyl, but still deliv-
ered an acceptable level of crop protection at the beginning of the spring vegetation pe-
riod, confirming good control of a wide spectrum of different broadleaved weeds.

Herbicides from the group of synthetic auxins are commonly used in the cultivation
of cereals [38,39]. Their efficacy largely depends on the temperature [40,41]. In research,
they are used primarily in the spring [42,43]. However, the recorded higher temperatures
in the autumn [44,45] mean that herbicides belonging to the growth regulators can achieve
optimal efficacy when applied in this term. According to these results, the formulation of
tribenuron-methyl combined with MCPA can be recommended for application in winter
cereals in the autumn as an alternative to commonly available herbicides.

5. Conclusions

The composition of the weed community is an important factor limiting yield and
quality of grain, and herbicide control is still the most effective weed control method. The
results of this study indicated that weed communities varied between sites in Poland and
Germany. Much richer weed communities were observed in Poland, with 4-7 species in
each location, compared to 1-2 in Germany. Postemergence application of tribenuron-me-
thyl in combination with MCPA, applied at the 3-leaf stage to 3 tillers detectable in au-
tumn in winter cereals, provided effective elimination of the majority of weed species oc-
curring in the autumn (Brassica napus, Capsella bursa-pastoris, Centaurea cyanus, Lamium
purpureum, Tripleurospermum inodorum, Stellaria media, and Thlaspi arvense). A satisfactory
level of control (66 to 88%) was confirmed for Veronica persica, Viola arvensis, and Galium
aparine. According to these results, the formulation of tribenuron-methyl combined with
MCPA can be recommended for application in winter cereals in the autumn as an alter-
native to commonly available herbicides.
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