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ABSTRACT

lower rates of 2,4-D when used in combination with either chlorsulfuron 
or mesotrione, for control of ragwort (Senecio jacobaea) and nodding 
thistle (Carduus nutans). Experiments on potted plants evaluated 
herbicide combinations at several growth stages from small rosettes 

well controlled by the half-rate of 2,4-D plus either chlorsulfuron or 
mesotrione. For nodding thistle, mesotrione was a better additive. In the 

rate of 2,4-D plus either chlorsulfuron or mesotrione was equal to or 

Keywords: nodding thistle, Carduus nutans, ragwort, Senecio jacobaea,
2,4-D, mesotrione, chlorsulfuron.

INTRODUCTION

The advantages of the new hormone type herbicides would probably not have been 
fully realised were it not for the parallel development of precise, low-volume, hydraulic 

1949). However, these sprayers were not suitable for rolling and hill country farms and 

formulations and their application methods ceased. However, 2,4-D remains the most 

now with improved formulations with reduced volatility. 
2,4-D is effective in controlling many major weeds of pasture, including ragwort 

(Senecio jacobaea) and nodding thistle (Carduus nutans

of 2,4-D applied to pasture. The Ministry for the Environment has formulated a policy 

Also, farmers are wanting to reduce or avoid the use of 2,4-D due to concerns with 
herbicide drift and off-target damage or because of problems with herbicide resistance 
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have been evaluated as alternative or combination herbicides for control of ragwort and 

in combination with reduced rates of 2,4-D for control of ragwort and nodding thistle, 
with the aim of reducing the total amount of herbicide used in pasture.

MATERIALS AND METHODS
Field trials

the use of certain herbicides below their recommended application rates (spikes) in 
combination with 2,4-D for the control of ragwort and nodding thistle. The active 

® TM) and 
mesotrione (CallistoTM). Urea was also used as an inorganic adjuvant in the nodding 
thistle trial. All spikes and adjuvants were evaluated with the ethylhexyl ester formulation 
of 2,4-D (Pasture-KleenTM). Chlorsulfuron was also used with the dimethylamine salt 

®

recommended rates and at half label rates in combination with the spikes and adjuvants. 
A lower rate of chlorsulfuron was used in the ragwort trial in an attempt to reduce pasture 
damage from this mixture. The new herbicide, aminopyralid (Tordon Max®), was also 
included for comparison.

nodding thistle was the problem weed. Nodding thistle plants ranged from large rosettes 

2

ragwort were also carried out. 
Outdoor pot experiments

diameter plastic pots and grown outside with regular watering and nutrient supplements. 

All treatments were applied with a CO2

increased to be the same as used for nodding thistle. The average size of the plants at 
treatment is presented in Table 1. After treatment the plants were assessed every 2 weeks 
until they had either died and the crown decayed or they began to regrow. 

All the data were subjected to ANOVA to separate treatment means and the LSD 
was calculated. 
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TABLE 1: Average size of potted plants at treatment.

Treatment 
date No. of leaves

Diameter
(mm)

Treatment 
date No. of leaves

Diameter
(mm)

1

- - -
1

RESULTS AND DISCUSSION
Field trial – nodding thistle

The results for Trial 1 on nodding thistle are presented in Table 2. The large plants 

only resulted in slight damage. However, when the half rate of 2,4-D was combined with 

both the half and full rate of 2,4-D alone. Flumetsulam and urea as additives to 2,4-D 

control of the nodding thistles present at treatment.

TABLE 2: Control of nodding thistle (% remaining number of nodding thistle 
plants per plot) and damage to white clover (%) from herbicide 
combinations applied on 26.10.06, with measurements made on 
21.11.06 (Nov), 18.12.06 (Dec) and 26.1.07 (Jan).

Nodding thistle White clover
Nov Dec Nov Dec

Untreated

69
21 24

99

24.9 14.2

Unfortunately the treatments that offered the best weed control also resulted in the 
most pasture damage, particularly to the white clover (Trifolium repens) (Table 2). 
However, the damage to ryegrass and white clover from the 2,4-D mixtures was not 
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damaging to white clover, removing it completely for the duration of the trial. Damage 
to perennial ryegrass (Lolium perenne) was minimal in the trial with only 2,4-D plus 
chlorsulfuron causing damage. For the 2,4-D ester plus chlorsulfuron this was assessed 

no damage.
Field trial – ragwort

of chlorsulfuron used in this trial were lower than in Trial 1 and pasture damage was 

any of the assessments. 

TABLE 3: Control of ragwort (% remaining number of ragwort plants per plot) 
and damage to white clover (%) from herbicide combinations applied 
on 28.11.06, with measurements made on 18.12.06 (Dec), 26.1.07 (Jan) 
and 21.2.07 (Feb).

White clover1

Dec Feb Dec
Untreated

46

12

92
94

22.2
1No clover damage was observed during the February assessment except for aminopyralid, 

Outdoor pot experiments – impact of stage of growth

(ragwort). These show that nodding thistle was readily killed when the plants were 

began to decline, particularly for the low rates of 2,4-D. Of the treatments applied on 
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evaluated (data not shown). Overall, with the application rates chosen mesotrione was a 
superior additive to 2,4-D than chlorsulfuron for control of nodding thistle but effective 

TABLE 4: Visual assessment of damage (%) to potted nodding thistle plants, 
planted on 9.5.07, and sprayed at four different stages of growth.

Rate ai2

Treatment1 4Wk4 12Wk 4Wk 4Wk 11Wk 4Wk
2,4-D ester 99

99

2,4-D amine
99

99

99
99
99 96

94

96
Untreated -

LSD 4.1 12.4 12.2

1

2

Treatment date.
4

mesotrione and chlorsulfuron combinations with 2,4-D provided faster knockdown 
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TABLE 5: Visual assessment of damage (%) to potted ragwort plants, planted 
on 7.6.07, and sprayed at four different stages of growth.

Rate ai2

Treatment1 4Wk4 12Wk 4Wk 4Wk 11Wk 4Wk
2,4-D ester

92
91

2,4-D amine

92
96 99

96
99 94
99 96

99 91

96

64
96

61 69
Untreated -

9.2 21.6 16.9
1

2

Treatment date.
4

CONCLUSIONS
These results demonstrate that the application rate of 2,4-D could be halved and 

effective control of both nodding thistle and ragwort still be achieved if low doses of 
either chlorsulfuron or mesotrione are used as additives in a treatment mix. Mesotrione 
would be the preferred choice as this mixture was more effective on nodding thistle and 
also resulted in less pasture damage. As well as being able to halve the rate of 2,4-D 

of the weeds. The data presented here could also be used to more accurately match 2,4-D 

populations of uniform size. 

slightly better than the higher rate of 2,4-D alone and did not perform well on the older 
plants in the pot trial, it is unlikely that these would be effective on multicrown ragwort 

to the phenoxy herbicides and additives to 2,4-D have been successfully used to control 
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combinations evaluated here were not tested on phenoxy-resistant nodding thistles but 
due to their possible greater pasture safety this would be the logical next step.
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