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Stability of herbicides and herbicide tank-mixtures at winter oilseed canola by influence of 
different meteorological conditions

G. Delchev*

 Department of Plant Production, Faculty of Agriculture, Thrakia University, 6000 Stara Zagora, Bulgaria

Abstract. During the period 2010 – 2012, on the experimental field of the Field Crops Institute - Chirpan was carried out a field experiment with conventional 
Maximus hybrid PR44D06 (Brassica napus). A total of 15 variants were investigated. Canola hybrid from Maximus product line which is included in the study 
eliminates the need for growth regulators. The efficacy of the herbicide Salsa when used separately without the other partner herbicide is higher when treated 
with adjuvant Trend compared to adjuvants Codacide and Silvet. At tank mixtures of Salsa and Butizan, herbicide efficacy and crop long action against weeds 
are higher when they are introduced with adjuvant Codacide. When herbicide tank mixture Salsa + Pantera is treated with adjuvant Codacide synergism is 
accounted. At tank mixtures of Salsa + Agil, higher efficiency is accounted in its joint use with adjuvant Trend. Technologically the most valuable are tank 
mixtures of herbicides Salsa and Butizan with adjuvant Codacide, followed by these with adjuvant Trend. From the viewpoint of technology for growing winter 
oilseed canola, high rating also have tank mixtures of Salsa with antigrass herbicides Pantera and Agil, followed by that of Salsa with Runway. Combinations of 
Salsa with adjuvants Trend, Codacide and Silvet, but without a partner herbicide, have low rating because they are inefficient against grassy weeds and 
absence of soil action.

Keywords: winter oilseed canola, weeds, herbicides, seed yield, stability
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Introduction from Maximus product line which is included in the study eliminates 
the need for growth regulators. It allows us to investigate only the 
influence of herbicides, adjuvants and their tank mixtures.Many authors in their studies establish the efficacy of different 

The selectivity of herbicides and herbicide tank mixtures has herbicides and herbicide combinations for weed control in canola 
been established through their influence on seed yield. The math crops and their positive effect on seed yield (Oliveira Junior, 2001; 
processing of the data was done according to the method of analysis Pérez Fernández et al., 2001; Bulavin et al., 2007; Luzhinskiy et al., 
of variance (Shanin, 1977; Barov, 1982; Lidanski, 1988). The 2011; Leonov et al., 2011). Combined use of herbicides with 
stability of herbicides for seed yield with relation to years was adjuvants considerably increases their efficacy against weeds in 

2 2estimated using the stability variances σ  and S  of Shukla (1972), winter oilseed canola (Miklaszewska et al., 2000; Murawa and i i

the ecovalence Wi of Wricke (1962) and the stability criterion YS of Warminski, 2005). i

Cruciferous weeds are the most dangerous weeds in canola Kang (1993).
due to their difficult control in its crops. Sinapis arvense and 
Raphanus raphanistum are the dominant species among them. 
Studies about herbicides providing secure control over them are still Results and discussion
very limited. Studies about the stability of herbicides in different 
years in terms of climate are very limited, too. The highest seed yield was obtained by treatment with the 

The aim of this study was to investigate the use of new combination Salsa + Butizan + Codacide treated during 4 – 6 and 2 – 
vegetation herbicide Salsa 75 WG in combination with other partner 4 leaf stages, respectively, 21.1 % and 20.2 % above no treated 
products – herbicides and adjuvants to ensure long and steady check (Table 2). Good results are obtained also by tank mixtures 
herbicide effect over the different years. Salsa + Butizan + Trend treated during 4 – 6 and 2 – 4 leaf stage. 

High yields of these variants are due to good herbicide efficacy of 
Salsa and the long action of Butizan for control and secondary 

Material and methods growing weeds. Adding of adjuvant Codacide to herbicide tank 
mixture Salsa + Butizan led to higher seed yield compared with 

During the period 2010 – 2012, on the experimental field of the adding of adjuvant Trend during the all experiment years.
Field Crops Institute, Chirpan was carried out a field experiment with At herbicide tank mixture Salsa + Pantera + Codacide due to the 
conventional Maximus hybrid PR44D06 (Brassica napus). The synergism between preparations, seed yields are equal to those of 
experiment was carried out by the block method, in four replications, the combinations with Butizan. At herbicide tank mixture Salsa + 

2 Pantera + Trend, Salsa + Agil + Codacide and Salsa + Agil + Trend, size of experiment plot 15 m , on leached vertisol soil type after 
seed yields are lower due to poorer control of secondary growing predecessor durum wheat. A total of 15 variants were investigated. 
weeds during wet and warm autumn. Seed yields are the lowest at Active substances, doses and treatment periods of investigated 
the use of herbicide Salsa without adjuvant – 10.5 % over weeded herbicides and herbicide tank-mixtures are shown in Table 1. All 
check. Adding adjuvants Trend, Codacide and Silvet or herbicide variants are treated with working solution of 200 l/ha. Canola hybrid 
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Runwey to Salsa increases seed yields, but they remain lower than herbicides is well proven at p ≤  1 %. There is an interaction of 
those of variants with Salsa + Butizan, Pantera or Agil due to poorer herbicides with the meteorological conditions of year (A x B) – 2.2 %. 
control of grassy weeds. It is proven at p ≤ 5 %.

Analysis of variance for seed yield (Table 3) shows that the Based on proven year x herbicide interaction, stability 
influence of the investigated variants is 90.7 % of the total variability parameters for each variant for seed yield of winter oilseed canola 

2of the data. They are proven at p ≤ 0.1 %. Years have the highest was evaluated with relation to years (Table 4). Stability variances σ  i
2influence on seed yield – 83.0 % on the variants. It is determined by and S  of Shukla, the ecovalence Wi of Wricke and the stability i

the unequal response of variants to change in environmental 2 2criterion YS of Kang were calculated. Stability variances (σ  and S ) i i iconditions. The reason is the large differences in the meteorological 
of Shukla, who recorded respectively linear and non-linear 

conditions during the three years of investigation. The strength of 
interactions, evaluate unidirectionally the stability of variants. These 

influence of herbicides and herbicide combinations is 5.5 %. The 
variants which showed lower values are considered to be more 

influence of the years is well proven at p ≤  0.1 %. Influence of 

Table 1. Investigated variants

№

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Check – weeded

Salsa 75 WG +
Trend 90

Salsa 75 WG +
Codacide

Salsa 75 WG +
Silwet L-77

Salsa 75 WG

Salsa 75 WG +
Butisan 400 SC +
Trend 90

Salsa 75 WG +
Butisan 400 SC +
Codacide

Salsa 75 WG +
Butisan 400 SC +
Trend 90

Salsa 75 WG +
Butisan 400 SC +
Codacide

Salsa 75 WG +
Pantera 40 EC +
Trend 90

Salsa 75 WG +
Pantera 40 EC +
Codacide

Salsa 75 WG +
Agil 100 EC +
Trend 90

Salsa 75 WG +
Agil 100 EC +
Codacide

Runway

Salsa 75 WG +
Runway +
Trend 90

-

ethametsulfuron-methyl
*

ethametsulfuron-methyl
**

ethametsulfuron-methyl
***

ethametsulfuron-methyl

ethametsulfuron-methyl
metazachlor

*

ethametsulfuron-methyl
metazachlor

**

ethametsulfuron-methyl
metazachlor

*

ethametsulfuron-methyl
metazachlor

**

ethametsulfuron-methyl
quizalofop-P-tefuryl

*

ethametsulfuron-methyl
quizalofop-P-tefuryl

**

ethametsulfuron-methyl
propaquizafop

*

ethametsulfuron-methyl
propaquizafop

**

clopyralid + picloram + aminopyralid

ethametsulfuron-methyl
clopyralid + picloram + aminopyralid

*

-

20 g/ha
0.1 %

20 g/ha
1.5 l/ha

20 g/ha
100 ml/ha

20 g/ha

15 g/ha
1.25 l/ha

0.1 %

15 g/ha
1.25 l/ha
1.5 l/ha

20 g/ha
2 l/ha
0.1 %

20 g/ha
2 l/dh

1.5 l/ha

20 g/ha
800 ml/ha

0.1 %

20 g/ha
800 ml/ha
1.5 l/ha

20 g/ha
500 ml/ha

0.1 %

20 g/ha
500 ml/ha
1.5 l/ha

300 ml/ha

20 g/ha
300 ml/ha

0.1 %

-

2-4 leaf

2-4 leaf

2-4 leaf

2-4 leaf

2-4 leaf

2-4 leaf

4-6 leaf

4-6 leaf

2-4 leaf

2-4 leaf

2-4 leaf

2-4 leaf

2-4 leaf

2-4 leaf

Variants Active substance Doses Treatment period
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stable because they interact less with the environmental conditions. values of the index, the more unstable the variant.
2 2 On this basis, using the first three parameters of stability, it is Negative values of the indicators σ  and S  are considered 0. At high i i

2 2 found that the most unstable is the untreated, weeded check, values of either of the two parameters – σ  and S , the variant is i i

followed by variants with separate use of herbicides Salsa and regarded as unstable. At the ecovalence Wi of Wricke, the higher the 

Table 2. Influence of some herbicides and herbicide tank-mixtures on seed yield of canola (2010 – 2012)

Factor А

Factor В

Check – weeded 3722

4373

4329

4329

4135

4492

4541

4519

4574

4429

4530

4429

4388

4169

4388

4365

100

117.5

116.3

116.3

111.1

120.7

122.0

121.4

122.9

119.0

121.7

119.0

117.9

112.0

117.9

-

3103

3541

3500

3506

3398

3662

3677

3662

3711

3596

3649

3593

3572

3388

3547

3540

100

114.1

112.8

113.0

109.5

118.0

118.5

118.0

119.6

115.9

117.6

115.8

115.1

109.2

114.3

-

2080

2392

2371

2375

2311

2471

2486

2479

2498

2434

2471

2429

2413

2288

2402

2393

100

115.0

114.0

114.2

111.1

118.8

119.5

119.2

120.1

117.0

118.8

116.8

116.0

110.0

115.5

- - -

2968

3435

3421

3424

3281

3542

3568

3553

3594

3486

3550

3484

3457

3283

3446

100

115.7

115.3

115.4

110.5

119.3

120.2

119.7

121.1

117.5

119.6

117.4

116.5

110.6

116.1

Salsa 75 WG - 20 g/ha +
Trend 90 - 0.1 % (2-4 leaf)

Salsa 75 WG - 20 g/ha +
Codacide - 1.5 l/ha (2-4 leaf)

Salsa 75 WG - 20 g/ha +
Silwet L-77- 100 ml/ha (2-4 leaf)

Salsa 75 WG - 20 g/ha (2-4 leaf)

Salsa 75 WG - 15 g/ha +
Butisan 400 SC - 1.25 l/ha +
Trend 90 - 0.1 % (2-4 leaf)

Salsa 75 WG - 15 g/ha +
Butisan 400 SC - 1.25 l/ha +
Codacide - 1.5 l/ha (2-4 leaf)

Salsa 75 WG - 20 g/ha +
Butisan 400 SC - 2 l/ha +
Trend 90 - 0.1 % (4-6 leaf)

Salsa 75 WG - 20 g/ha +
Butisan 400 SC - 2 l/ha +
Codacide - 1.5 l/ha (4-6 leaf)

Salsa 75 WG - 20 g/ha +
Pantera 40 EC - 800 ml/ha +
Trend 90 - 0.1 %  (2-4 leaf)

Salsa 75 WG - 20 g/ha +
Pantera 40 EC - 800 ml/ha +
Codacide - 1.5 l/ha (2-4 leaf)

Salsa 75 WG - 20 g/ha +
Agil 100 EC - 500 ml/ha +
Trend 90 - 0.1 % (2-4 leaf)

Salsa 75 WG - 20 g/ha +
Agil 100 EC - 500 ml/ha +
Codacide - 1.5 l/ha (2-4 leaf)

Runway - 300 ml/ha (2-4 leaf) 

Salsa 75 WG - 20 g/ha +
Runway - 800 ml/ha +
Trend 90 - 0.1 % (2-4 leaf)

Mean
(Factor А)

2010

kg/ha % kg/ha % kg/ha % kg/ha %

2011 2012 Mean (Factor В)

LSD, kg/ha:

F. A             p≤5%=55               p≤1%=73               p 0.1%=94

F. B             p≤5%=123             p≤1%=162             p≤0.1%=210

A x B           p≤5%=212             p≤1%=281             p≤0.1%=364

≤
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Table 3. Analysis of variance for seed yield

*p≤5%       **p≤1%       ***p≤0.1%

Source of variation

Total

Tract of land

Variants

Factor A -Years

Factor B  Herbicides

А х В

Pooled error

-

134

2

44

2

14

28

88

1000000

67980

916958

882460

31714

2784

15062

-

32990.0***

20839.9***

441230.0***

2265.3**

99.4*

171.2

100

6.8

90.7

83.0

5.5

2.2

2.5

Degrees of freedom Sum of squares Influence of factor, % Mean square

Table 4. Stability parameters for the herbicides for seed yield with relation to years

Variants

Check – weeded 2968

3435

3421

3424

3281

3542

3568

3553

3594

3486

3550

3484

3457

3283

3446

951.9**

-6.8

34.5

27.5

283.2*

17.7

52.5

32.8

88.8

-2.8

60.2

-0.6

-6.0

263.5*

-4.9

103.6

-0.8

49.1

40.2

64.1

4.1

-0.6

-0.8

-0.5

-1.1

8.0

-1.1

1.5

60.6

1.4

1663.3

1.5

73.1

60.9

1330.8

43.9

104.3

70.1

167.0

8.4

117.7

12.2

2.9

923.4

4.8

-10

7

3

4

0

13+

16+

15+

17+

11+

14+

10+

9+

1

8+

Salsa 75 WG - 20 g/ha +
Trend 90 - 0.1 % (2-4 leaf)

Salsa 75 WG - 20 g/ha +
Codacide - 1.5 l/ha (2-4 leaf)

Salsa 75 WG - 20 g/ha +
Silwet L-77- 100 ml/ha (2-4 leaf)

Salsa 75 WG - 20 g/ha (2-4 leaf)

Salsa 75 WG - 15 g/ha +
Butisan 400 SC - 1.25 l/ha +
Trend 90 - 0.1 % (2-4 leaf)

Salsa 75 WG - 15 g/ha +
Butisan 400 SC - 1.25 l/ha +
Codacide - 1.5 l/ha (2-4 leaf)

Salsa 75 WG - 20 g/ha +
Butisan 400 SC - 2 l/ha +
Trend 90 - 0.1 % (4-6 leaf)

Salsa 75 WG - 20 g/ha +
Butisan 400 SC - 2 l/ha +
Codacide - 1.5 l/ha (4-6 leaf)

Salsa 75 WG - 20 g/ha +
Pantera 40 EC - 800 ml/ha +
Trend 90 - 0.1 %  (2-4 leaf)

Salsa 75 WG - 20 g/ha +
Pantera 40 EC - 800 ml/ha +
Codacide - 1.5 l/ha (2-4 leaf)

Salsa 75 WG - 20 g/ha +
Agil 100 EC - 500 ml/ha +
Trend 90 - 0.1 % (2-4 leaf)

Salsa 75 WG - 20 g/ha +
Agil 100 EC - 500 ml/ha +
Codacide - 1.5 l/ha (2-4 leaf)

Runway - 300 ml/ha (2-4 leaf) 

Salsa 75 WG - 20 g/ha +
Runway - 800 ml/ha +
Trend 90 - 0.1 % (2-4 leaf)

_
x

2σi

2Si Wi Ysi
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2 At tank mixtures of Salsa + Agil, higher efficiency is accounted in Runway. In these three variants values of stability variance σ  of i

its joint use with adjuvant Trend.Shukla and ecovalence Wi of Wricke are the highest and 
2 Technologically the most valuable are tank mixtures of mathematically proven. Instability is a linear type – proven values σ . i

herbicides Salsa and Butizan with adjuvant Codacide, followed by The reason for this high instability is greater variation in seed yield 
these with adjuvant Trend. From the viewpoint of technology for during years of experience as a result of differences in the efficacy of 
growing winter oilseed canola, high rating also have tank mixtures of herbicides. Other variants exhibit high stability during the three years 
Salsa with antigrass herbicides Pantera and Agil, followed by that of of investigation.
Salsa with Runway.To evaluate the complete efficacy of each variant the reaction of 

Combinations of Salsa with adjuvants Trend, Codacide and canola to this variant during the years should be considered as its 
Silvet, but without a partner herbicide, have low rating because they effect on seed yield of winter oilseed canola and its stability. Valuable 
are ineffective against grassy weeds and absence of soil action.information about the value of technologic value of the variant gives 

the stability criterion YS of Kang for simultaneous assessment of i

yield and stability based on the reliability of the differences in yield 
Referencesand variance of interaction with the environment. Synthesis stability 

criterion YS of Kang, taking into account both the stability and value i

of yields, gives a negative assessment only of weeded, untreated Barov V, 1982. Analysis and schemes of the field experiment. Sofia 
control, characterizing it as the most unstable and low yields. (Bg).
According to this criterion, the most valuable technology are tank Bulavin LA, Nebyshinets SS, Belanovsky MA, Gerdovich SV, 
mixtures of herbicides Salsa and Butizan with adjuvant Codacide, Kankevits VA and Apresyan OG, 2009. Aftereffect herbicide Laren 
followed by their tank mixtures with adjuvant Trend. These tank on spring oilseed rape. Farming and breeding in Belarus: 
mixtures combine high levels of seed yield and high stability of this Proceedings, 45, 63-73 (Ru).
index during the years. Kang M, 1993. Simultaneous selection for yield and stability: 

From the viewpoint of technology for growing winter oilseed Consequences for growers. Agronomy Journal, 85, 754-757.
canola, high rating also have tank mixtures of Salsa with antigrass Leonov FN and Yurgel SI, 2002. Effect of ammonium sulphate and 
herbicides Pantera and Agil, followed by that of Salsa with Runway. CAS on pesticidal herbicide and insecticide Dual Gold Karate Zeon 
These tank mixtures combine relatively good yields of seed with high fields of spring rape. Plant protection – problems and prospects for 
stability during the years of the investigation. Despite the high development, pp. 126-128 (Ru).
herbicide efficacy against grassy weeds, these variants have lower Lidanski T, 1988. Statistical methods in biology and agriculture, 
estimation in competition of variants featuring Salsa and Butizan Sofia (Bg).
because of their poorer soil aftereffect in 2010 and 2011, when there Luzhinsky DV, Pilyuk JE and Bulavin LA, 2011. Fighting 
were conditions for secondary weeding in autumn. Tank mixture infestation of crops of fruit drop rape. Agriculture Plant Protection, 
Salsa + Runway gets lower ratings due to its inefficiency against Scientific journal, 4, 36-37 (Bru).
grassy weeds. Combinations of Salsa with adjuvants Trend, Miklaszewska K, Adamczewski K and Stachecki S, 2000. Olbras 
Codacide and Silvet but without a partner herbicide get low ratings. 88 EC – new oil additive to herbicides. Monograph (Pl).
They are ineffective against grassy weeds and they have no soil Murawa D and Warminski K, 2004. Yielding of spring rape exposed 
action. It leads to secondary weeding during the late autumn of 2010 to different plant protection agents. Acta Scientiarum Polonorum. 
and 2011. Agricultura, 3, 2, 221-233 (Pl).

Oliveira Junior RS, 2001. Carryover of imazaquin and alachlor + 
atrazine to the successional canola crop. Ciencia Rural, 31, 2, 219-
224 (Pg).Conclusions
Pérez Fernández MA, Calvo Magro E and López Martín M, 2004. 
Biological control of Briza maxima L. and Raphanus raphanistrum L. The efficacy of the herbicide Salsa when used separately 
using rhizobacteria. 44-th Scientific Meeting of Spanish Society for without the other partner herbicide is higher when treated with 
the Study of Pastures, Salamanca (Spain), p. 151-156.adjuvant Trend compared to adjuvants Codacide and Silvet.
Shanin J, 1977. Methodology of the field experiment. BAS (Bg).At tank mixtures of Salsa and Butizan, herbicide efficacy and 
Shukla G, 1972. Some statistical aspects of partitioning genotype - crop long action against weeds are higher when introduced with 
environmental components of variability. Heredity, 29, 237-245.adjuvant Codacide.
Wricke G, 1962. Über eine Methode zur Erfassung der When herbicide tank mixture Salsa + Pantera is treated with 
ekologischen Strekbreitein Feldersuchen. Pflanzenzucht, 47, 92-adjuvant Codacide synergism is accounted.
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