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Selectivity and stability of new herbicides and herbicide combinations for the seed yields of 
some field crops
II. Effect at milk thistle (Silybum Marianum Gaertn.)

G. Delchev*

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

(Manuscript received 28 January 2016; accepted for publication 30 May 2016)

Abstract. During 2013 – 2015 on pellic vertisol soil type was conducted a field experiment. Under investigation was Bulgarian milk thistle cultivar Silmar 
(Silybum marianum Gaertn.). Factor A included the years of investigation. Factor B included no treated check, 6 soil-applied herbicides – Tendar EC, Sharpen 
33 EC, Merlin flex 480 SC, Smerch 24 ЕC, Raft 400 SC, Eagle 75 DF and 5 foliar-applied herbicides – Kalin flo, Eclipse 70 DWG, Sultan 500 SC, Granstar super 
50 SG, Starane 250 EK. Factor C included no treated check and 1 antigraminaceous herbicide – Tiger platinium 5 EC. All herbicides, herbicide combinations 
and herbicide tank-mixtures were applied in a working solution of 200 l/ha. Mixing of foliar-applied herbicides was done in the tank on the sprayer. Soil-applied 
herbicides were treated during the period after sowing before emergence. Foliar-applied herbicides were treated during rosette stage of the milk thistle. Tank 
mixtures of antigraminaceous herbicide Tiger platinum with foliar herbicides Kalin flo, Eclipse, Sultan, Granstar super and Starane leads to obtaining high seed 
yields of milk thistle. High yields seeds are also obtained by foliar treatment with Tiger platinum after soil-applied herbicides Raft, Sharpen and Eagle. The use 
of the soil-applied herbicides Smerch, Merlin flex and Tendar does not increase the seed yield due to its higher phytotoxicity against milk thistle. Herbicide 
Tendar and herbicide combination Tendar + Tiger platinum are the most unstable, followed by herbicide Merlin flex. Herbicide tank-mixtures Kalin flo + Tiger 
platinum and Eclipse + Tiger platinum and herbicide combination Raft + Tiger platinum are technologically the most valuable. They combine high seed yield 
with high stability with relation to different years. Single application of soil-applied or foliar-applied herbicides have low estimate; due to that they must be 
combined for full control of weeds in milk thistle crops.

Keywords: milk thistle, herbicides, herbicide combinations, seed yield, selectivity, stability
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Introduction the next crops, especially for winter cereals and winter oilseed 
canola (Delchev, 2015, Delchev and Georgiev, 2015a, 2015b). The 
seeds maintain their germination ability for a long time and easily Milk thistle (Silybum marianum Gaertn.), belongs to the 
spread by wind at harvest.Asteraceae family; it is an annual herb of a height 150 – 200 cm. 

Weed control is based on mechanical cultivation. Herbicides There are two cultivars in Bulgaria – Silmar and Oreshets. Milk thistle 
can be given as soil-applied after sowing before emergence or as is grown mostly for pharmaceutical use, for the flavonolignans found 
foliar-applied during rosette stage of milk thistle (Zheljazkov et al., in fruits that protect liver cells, stabilize cell membranes and prevent 
2006; Drapalova and Pluhackova, 2014).toxins to enter hepatocytes (Bruneton, 1999). The area grown varies 

The purpose of this investigation was to establish the selectivity according to the need of processing companies.
and stability of some herbicides, herbicide combinations and Uneven maturation time of individual anthodia is typical and the 
herbicide tank mixtures on milk thistle under the influence of different achenes tend to fall out from the ripe anthodia, so optimal time of 
meteorological conditions.harvest must be selected (Spitzová, 1997; Moudrý et al., 2001; 

Hecht et al., 1992; Schunke, 1992). Although the growing 
technology is known from the 1970s and 1980s, it has never been 

Material and methodsfully solved, including plant protection. There are few plant 
protection products registered for milk thistle (Carruba and la Torre, 
2003; Khan at al., 2009). During 2013 – 2015 a field experiment was conducted on pellic 

The most common weeds are Sonchus arvensis L., Agropyron vertisol soil type. A three factor experiment was carried out as a block 
2repens Beauv., Cirsium arvense Scop., Convolvulus arvensis L., method in 4 repetitions, on a 15 m  crop plot. Under investigation was 

Raphanus raphanistrum L., Sinapis arvensis L., Galium aparine L., the Bulgarian milk thistle cultivar Silmar (Silybum marianum 
Chenopodium album L., Mentha crispa L., Stachys arvensis L. and Gaertn.). Factor A included the years of investigation. Factor B 
Atriplex patula L. (Andrzejewska et. al., 2006; Czyž, 2008). included no treated check, 6 soil-applied herbicides – Tendar EC, 

Herbicides for milk thistle have been insufficiently investigated Sharpen 33 EC, Merlin flex 480 SC, Smerch 24 ЕC, Raft 400 SC, 
within the framework of modern technologies. Milk thistle has good Eagle 75 DF and 5 foliar-applied herbicides – Kalin flo, Eclipse 70 
weed-removing qualities thanks to its quick growth and high leaves DWG, Sultan 500 SC, Granstar super 50 SG, Starane 250 EK. 
cover, but decreased competitive ability during germination to Factor C included no treated check and 1 antigraminaceous 
extensive growth. Milk thistle itself is often an unpleasant weed for herbicide – Tiger platinium 5 EC. Active substances of herbicides 
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and their doses are shown in Table 1. The increase of yield by the single application of antigraminaceous 
All herbicides, herbicide combinations and herbicide tank- herbicide Tiger platinium is less than the increase by the other 

mixtures were applied in a working solution of 200 l/ha. Mixing of herbicides, because the prevailing weeds in the trail are 
foliar-applied herbicides was done in the tank of the sprayer. Soil- broadleaved.
applied herbicides were treated during the period after sowing Tank mixtures of Tiger platinium with herbicides Kalin flo, 
before emergence. Foliar-applied herbicides were treated during Eclipse, Sultan, Granstar super and Starane lead to bigger increase 
rosette stage of the milk thistle. Introduction of herbicide in seed yields compared to yield in single application of the 
combinations during rosette stage is done as herbicide tank respective herbicides. Foliar treatment with Tiger platinum after soil-
mixtures – the mixing is done in the spray tank. applied herbicides Tendar, Sharpen and Raft also increases the 

The selectivity of herbicides has been established through their seed yields during the three years of the investigation. Herbicide 
influence on seed yield. The math processing of the data was done combinations Smerch + Tiger platinum and Merlin flex + Tiger 
according to the method of analyses of variance (Shanin 1977; platinum increase seed yields compared to the single application of 
Barov, 1982; Lidanski 1988). The stability of herbicides and Smerch and Merlin flex, but not proven increase yields compared to 
herbicide combinations for seed yield with relation to years was no treated check.

2 2 Analysis of variance for seed yield (Table 3) shows that the estimated using the stability variances σ  and S  of Shukla (1972), i i

years have the biggest influence on grain yield – 75.5% on the the ecovalence W of Wricke (1962) and the stability criterion YS  of i i

variants. The reason is the large differences in the meteorological Kang (1993).
conditions during the three years of investigation. The strength of 
influence of antibroadleaved herbicides is 5.2% and the strength of 
influence of antigraminaceous herbicides is 4.8%. The influence of 

Results and discussion years, antibroadleaved herbicides and antigraminaceous herbicides 

is very well proven at p ≤ 0.01. There is a proven interaction between 
Experiment data show that the lowest seed yields are obtained 

antibroadleaved herbicides and meteorological conditions of years by single application of herbicide Smerch, followed by herbicide 
(AxB) – 3.9% and between antigraminaceous herbicides and Merlin flex and by the untreated check (Table 2). The use of soil-
meteorological conditions of years (AxC) – 3.6 %. They are well applied herbicides Smerch and Merlin flex does not increase seed 
proven at p ≤ 0.1. Interaction between antibroadleaved herbicides yields despite their very good herbicidal effect against both 
and antigraminaceous herbicides (BxC) – 1.5% is not proven. The graminaceous and broadleaved weeds. The reason for this is their 
interaction between the three experiment factors (AxBxC) is 3.0 % higher phytotoxicity against milk thistle - rating 3 by the scale of 
and it is proven at p ≤ 0.5.EWRS for Smerch and rating 2 by the scale of EWRS for Merlin flex. 

Based on proven antibroadleaved herbicide x year interaction All other soil-applied and foliar-applied herbicides have high 
and antigraminaceous herbicide x year interaction, stability selectivity - rating 1 by the scale of EWRS.
parameters for each variant for seed yield of milk thistle were The single application of soil-applied herbicides Tendar, 

2evaluated with relation to years (Table 4). The stability variances σ  Sharpen, Raft and Eagle and foliar-applied herbicides Kalin flo, i
2 Eclipse, Sultan, Granstar super and Starane increases seed yields and S of Shukla, the ecovalence W of Wricke and the stability i i

because big numbers of weeds are destroyed by these herbicides. criterion YS of Kang were calculated.i

Table 1. Investigated variants

ASBE – after sowing, before emergence

№

1

2

3

4

5

6

7

8

9

10

11

12

Check

Tendar EC

Sharpen 33 EC

Merlin flex 480 SC

Smerch 24 ЕC

Raft 400 SC

Eagle 75 DF

Kalin flo

Eclipse 70 DWG

Sultan 500 SC

Granstar super 50 SG

Starane 250 EK

-

S-metolachlor

pendimethalin

isoxaflutole

oxyfluorfen

oxidiargil

chlorsulfuron

linuron

metribuzine

metazachlor

tribenuron-methyl + tifensulfuron-methyl

fluroxypyr

-

1.5 l/ha

5 l/ha

420 g/ha

1 l/ha

1 l/ha

20 g/ha

2 l/ha

500 g/ha

2 l/ha

40 g/ha

300 ml/ha

-

ASBE

ASBE

ASBE

ASBE

ASBE

ASBE

rosette

rosette

rosette

rosette

rosette

1

2

Check

Tiger platinium 5 EC

-

quizalofop-P-ethyl

-

2.5 l/ha

-

rosette

Variants Active substance

Antibroadleaved herbicides

Antigraminaceous herbicides

Doses Treatment period
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2 2 stability because they interact poorly with the conditions of years.Stability variances (σ  и S ) of Shukla, which recorded i i

To evaluate the complete efficacy of each combination between respectively linear and nonlinear interactions, evaluate the stability 
antibroadleaved herbicide and antigraminaceous herbicide should of the variants unidirectionally. These variants which showed lower 
be considered as its effect on seed yield of milk thistle and its stability values are considered to be more stable because they interact less 
– the reaction of milk thistle to this variant during the years. Valuable with the environmental conditions. Negative values of the indicators 

2 2 information about the value of technologic value of the variant gives σ and S  are considered to be 0. At high values of either of the two i  i
2 2 the stability criterion YS of Kang for simultaneous assessment of iparameters - σ  and S , the variant is regarded as unstable. At the i i

yield and stability, based on the reliability of the differences in yield ecovalence W  of Wricke, the higher the values of the index, the more i

and variance of interaction with the environment. The value of this unstable the variant. On this basis, using the first three parameters of 
criterion is experienced that by using nonparametric methods and stability, it is found that the most unstable are herbicides Tendar and 
warranted statistical differences we get a summary assessment Merlin flex and herbicide combination Tendar + Tiger platinium. In 

2 2 aligning variants in descending order according to their economic these variants values of stability variance σ  and S of Shukla and i i value.
ecovalence W of Wricke are the highest and mathematically proven. i Generalized stability criterion YS of Kang, taking into accounts iThe reason for this high instability is greater variation in seed yields 

both the stability and value of yields gives negative assessments of 
during years of experience as weather conditions affect those most. 

herbicides Smerch, Merlin flex and Tendar and herbicide 
With herbicide Tendar and herbicide combination Tendar + Tiger 

combinations Smerch + Tiger platinium and Merlin flex + Tiger 2platinium instability is linear and no linear types – proven values of σ  i platinium, characterizing them as the most unstable or as the lowest 2and S . With herbicide Merlin flex instability is a linear type - proven i yields. According to this criterion, the most valuable technology 
2 2 values σ , the values of S are not proven. Other herbicides, i i appear to be herbicide tank mixtures Kalin flo + Tiger platinium and 

herbicide combinations and herbicide tank mixtures have high Eclipce + Tiger platinium and herbicide combination Raft + Tiger 

Table 2. Influence of some herbicide combinations on seed yield of milk thistle (2013 – 2015)

LSD, kg/ha:

F.A p≤5%=35 p 1%=52 p 0.1%=73

F.B p≤5%=58 p≤1%=81 p≤0.1%=110

F.C p≤5%=44 p≤1%=64 p≤0.1%=88

AxB p≤5%=107 p≤1%=150 p≤0.1%=202

AxC p≤5%=92 p≤1%=127 p≤0.1%=168

BxC p≤5%=138 p≤1%=179 p≤0.1%=229

AxBxC p≤5%=233 p≤1%=321 p≤0.1%=425

≤ ≤

Herbicides 2013 2014 2015

-

Tendar – 1.5 l/ha

Sharpen – 5 l/ha

Merlin flex – 420 g/ha

Smerch – 1 l/ha

Raft – 1 l/ha

Eagle – 20 g/ha

Kalin flo – 2 l/ha

Eclipse – 500 g/ha

Sultan – 2 l/ha

Granstar super – 40 g/ha

Starane – 300 ml/ha

-
Tiger platinium – 2.5 l/ha
-
Tiger platinium – 2.5 l/ha
-
Tiger platinium – 2.5 l/ha
-
Tiger platinium – 2.5 l/ha
-
Tiger platinium – 2.5 l/ha
-
Tiger platinium – 2.5 l/ha
-
Tiger platinium – 2.5 l/ha
-
Tiger platinium – 2.5 l/ha
-
Tiger platinium – 2.5 l/ha
-
Tiger platinium – 2.5 l/ha
-
Tiger platinium – 2.5 l/ha
-
Tiger platinium – 2.5 l/ha

1009
1044
984

1034
1077
1121
866
900
812
850

1116
1192
1063
1121
1096
1183
1100
1183
1080
1130
1075
1130
1067
1124

100
103.5
97.5
102.5
106.7
111.1
85.8
89.2
80.5
84.2
110.6
118.1
105.4
111.1
108.6
117.2
109.0
117.2
107.0
112.0
106.5
112.0
105.7
111.4

1110
1157
1087
1164
1175
1274
982

1025
925
968

1232
1312
1171
1265
1214
1309
1222
1318
1182
1279
1171
1268
1166
1265

100
104.2
97.9
104.9
105.9
114.8
88.5
92.3
83.3
87.2
111.0
118.2
105.2
114.0
109.4
117.9
110.1
118.7
106.5
115.2
105.5
114.2
105.0
114.0

956
993
929
995

1013
1086
883
941
838
902

1054
1121
1011

108,8
1056
1131
1052
1124
1021
1097
1010
1090
1010
1090

100
103.9
97.2
104.1
106.0
113.6
92.4
98.4
87.7
94.3
110.2
117.3
105.8
113.8
110.5
118.3
110.0
117.6
106.8
114.8
105.6
114.0
105.6
114.0

kg/haAntigraminaceousAntibroadleaved % % %kg/ha kg/ha
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platinium. These variants combine high levels of seed yield and high applied herbicides Sharpen and Eagle. They combine relatively 
stability of this index during the years. From the viewpoint of good seed yields with high stability during the years of investigation. 
technology for milk thistle growing, high rating have tank mixtures of Variants with single application of soil-applied or foliar-applied 
Tiger platinium with foliar-applied herbicides Sultan, Granstar super herbicides, as well as herbicide combination Tendar + Tiger 
and Starane, as well as combinations of Tiger platinium with soil- platinium get low ratings and should be avoided. This is due to 

Table 3. Analysis of variance for seed yield

*p≤0.5       **p 0.1       ***p 0.01≤ ≤

Source of variation Degrees of freedom Sum of squares Influence of factor, % Mean squares

Total

Tract of land

Variants

Factor A – Years

Factor B – Antibroadleaved herbicides

Factor C – Antigraminaceous herbicides

AxB

AxC

BxC

AxBxC

Pooled error

215

2

71

2

11

1

22

2

11

22

142

2160216

29992

2188955

197197

103234

96830

19226

16727

11204

135531

41414

100

    1.3

  96.9

  75.5

    5.2

    4.8

    3.9

    3.6

    1.1

    3.0

    1.8

        -

13951.1***

30562.7***

89353.0***

17744.7***

11311.3***

11911.9**

10101.0**

    746.9

  6666.6*

    291.8

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

Herbicides
2σi

2Si Wi YSi

AntigraminaceousAntibroadleaved

-

Tendar – 1.5 l/ha

Sharpen – 5 l/ha

Merlin flex – 420 g/ha

Smerch – 1 l/ha

Raft – 1 l/ha

Eagle – 20 g/ha

Kalin flo – 2 l/ha

Eclipse – 500 g/ha

Sultan – 2 l/ha

Granstar super – 40 g/ha

Starane – 300 ml/ha

-

Tiger platinium – 2.5 l/ha

-

Tiger platinium – 2.5 l/ha

-

Tiger platinium – 2.5 l/ha

-

Tiger platinium – 2.5 l/ha

-

Tiger platinium – 2.5 l/ha

-

Tiger platinium – 2.5 l/ha

-

Tiger platinium – 2.5 l/ha

-

Tiger platinium – 2.5 l/ha

-

Tiger platinium – 2.5 l/ha

-

Tiger platinium – 2.5 l/ha

-

Tiger platinium – 2.5 l/ha

-

Tiger platinium – 2.5 l/ha

1025

1065

1000

1064

1088

1160

912

955

858

907

1134

1208

1082

1156

1122

1208

1125

1208

1094

1169

1085

1163

1081

1160

 -12.0

  27.5

703.1*

642.1*

305.7

370.9

630.2*

444.4

320.7

409.4

 -32.0

 -48.7

306.0

387.3

142.8

149.2

155.2

117.3

150.5

137.1

333.3

105.9

321.0

108.6

99.9

118.8

6091.5

5555.5

746.0

988.9

3141.3

2036.7

923.4

988.2

300.3

258.6

745.3

1091.7

666.6

649.5

691.3

580.9

670.5

707.8

707.1

600.7

678.9

576.2

1

6

-1

5

7

10+

-4

-1

-5

-2

8

12+

7

9+

8

13+

8

12+

7

11+

6

11+

6

11+

   -63.0

     -4.3

  872.3*

  520.6*

  443.8

  406.7

  333.7

  158.5

  412.0

  412.7

    88.8

    63.3

  444.4

  483.4

  234.5

  240.4

  255.6

  210.8

  242.4

  234.5

  456.7

  215.5

4242

  202.5

х
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insufficient control of some of the bexisting weeds for solely applied Bakalářská práce. Mendelu v Brně.
herbicides and the high instability for herbicide combination Tendar + Delchev Gr, 2015. Studies on the chemical control of weeds and 
Tiger platinum. volunteers at five field crops - durum wheat (Triticum durum Desf.), 

winter oilseed canola (Brassica napus L.), oil-bearing sunflower 
(Helianthus annuus L.), grain maize (Zea mays L.) and grain 
sorghum (Sorghum bicolor Moench.), Scientific research work 

Conclusion (Habilitation monograph), Stara Zagora, 386 pp (Bg).
Delchev G and Georgiev M, 2015. Achievements and problems in 

Tank mixtures of antigraminaceous herbicide Tiger platinum the weed control in oilseed canola (Brassica napus L.). Scientific 
with foliar herbicides Kalin flo, Eclipse, Sultan, Granstar super and Papers. Series A. Agronomy, LVIII, 174-180 (Bg).
Starane leads to obtaining high seed yields of milk thistle. High yield Delchev G and Georgiev M, 2015. Achievements and problems in 
seeds are also obtained by foliar treatment with Tiger platinum after the weed control in common wheat (Triticum aestivum L.) and durum 
soil-applied herbicides Raft, Sharpen and Eagle. wheat (Triticum durum Desf.). Agricultural Science and Technology, 

The use of the soil-applied herbicides Smerch, Merlin flex and 7, 281-286.
Tendar does not increase the seed yield due to its higher Drapalova I and Pluhackova H, 2014. Effect of herbicide treatment 
phytotoxicity against milk thistle. Herbicide Tendar and herbicide on milk thistle (Silybum marianum Gaertn.) germination. Conference 
combination Tendar + Tiger platinum are the most unstable, followed MendelNet, 19-20 November 2014. Mendel University in Brno, 
by herbicide Merlin flex. Herbicide tank-mixtures Kalin flo + Tiger Czech Republic, 33-38.
platinum and Eclipse + Tiger platinum and herbicide combination Hecht H, Mohr T and Lembrecht S, 1992. Harvesting medicinal 
Raft + Tiger platinum are technologically the most valuable. They grains by combine. Landtechnik, 47, 494-496.
combine high seed yield with high stability with relation to different Kang M, 1993. Simultaneous selection for yield and stability: 
years. Single application of soil-applied or foliar-applied herbicides Consequences for growers. Agronomy Journal, 85, 754-757.
has low estimate and due to that they must be combined for full Khan MA, Blackshaw RE and Marwat KB, 2009. Biology of milk 
control of weeds in milk thistle crops. thistle (Silybum marianum) and the management options for 

growers in north-western Pakistan. Weed Biology and 
Management, 9, 99-105.
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