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SUMMARY

Circium arvense infestations are quite frequent in sunflower crops, especially in short rotation
systems where it is present on about 30 to 35% of sunflower fields, at least in patches.
Chemical as well as mechanical techniques are not satisfying in sunflower crops to control Canada
thistle. Canada thistle control must be considered at the crop rotation level and be a permanent
concern in the different crops. 5 weeds control strategies, which differed in the number of
applications and the nature of active ingredients used against Canada thistle, were tested in field
experiments carried out in En Crambade experimental farm, in a pea-wheat-sunflower rotation. The
results confirm that an efficient control of Canada thistle needs to be managed continuously in the
rotation in order to weaken the root and vegetative multiplication system of these perennial weeds.
The most satisfying strategy allows to decrease thistle infestation by 95% in spring crops after 2
years.
Considering that Canada thistle frequently emerge before sunflower sowing in the South of France,
glyphosate treatments were tested in order to control, but not eradicate, Canada thistle growth and
competition in the sunflower crop itself. On a single experiment, results are quite satisfying
considering the limitation of competition to sunflower crop, and depend on thistle growth stages at
the time of herbicide applications. These observations are to be confirmed for both efficacy and
selectivity.
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INTRODUCTION

Circium arvense is a highly invading species, due to its ability to multiply through both sexual
reproduction (C. arvense is a dioecious species, which produces a lot of seeds transported by wind)
and vegetative reproduction (through rhizoms, horizontal branching root system) (Hogdson, 1968;
Donald, 1994). It is an early summer species, which flowers from July (Chicouene, 1996). C.
arvense grows very efficiently by vegetative reproduction, in circular patches, usually made of one
clone: each new shoot will develop its own rooting system (Dock Gustavsson, 1997). It is reported
that a single plant of C. arvense might invade up to 250 m3 within 3 years, i.e a patch of 18 m in
diameter. C. arvense roots invade the soil quite deeply, more than 2 m depth.
No selective herbicide allows to control thistles in sunflowers, and mechanical hoeing is not really
satisfying since thistles can grow within the sunflowers rows (ITCF, 1995; Pilorgé, 1998).
Furthermore, cutting the thistle shoots tends to favor the emergence of new shoots, by suppression
of the apical dormancy.
Several surveys operated by CETIOM in the main sunflower production areas (Archenault and
Sagot, 1996; Pilorgé, 1998) indicated that thistles were present in 29% of the sunflower fields in
1996 in the South of France. Short rotations seems to be a key factor: 48% of these fields were
grown with sunflower in 1995 or in 1994.
A similar field survey implemented on 61 fields in the West-Atlantic region (Vienne district)
showed that C.arvense was present on 34 of these fields (> 50%), and that 16 fields (26%) were
heavily infested on 5 to 20% of their area. Most of them were grown in short sunflower rotations.
76% of the farmers declared that they observed thistles in the previous crops: in most cases, a
preventive control in the previous crop (generally a cereal) is possible.
The main suspected causes for the recent thistle development are (Pilorgé, 1998):

 the frequence of short rotations with sunflowers,
 simplified soil tillage without classical mouldboard plowing,
 changes of weed control practices in cereals, with a development of early post

emergence herbicide applications and a decrease in the use of hormons,
 low control of weed populations during fallow periods.

Since no chemical solution is available to control thistle in sunflowers, 2 approaches were tested:
1) specific control in every crop of the rotation where systemic herbicide solutions exist, especially
in cereals (clopyralid, metsulfuron methyle, glyphosate, sulfosate, etc...) in order to lower the field
infestation and possibly eradicate thistles; 2) control during the intercropping period, before
sunflower sowing, in order to lower the competition of thistle in sunflowers.

RESULTS AND DISCUSSION

1. Control in the rotation

Materials and methods
The objectives of this study were:
- to compare different weedscontrol strategies against thistle over a 4-yr rotation Pea/durum wheat/
sunflower/durum wheat.
- to study the dynamics of thistle infestations and its relations to weed control strategies, herbicide
persistence, secondary invasions and patch evolutions.



5 weed control strategies against thistle were compared. They differed mainly in the number of
specific applications against thistles: from none to 3 specific sprays.

Table 1. Weed control strategies under test

STRATEGIES
YEAR CROP 1 2 3 4 5
1995 Protein peas glyphosate

1080g/ha +
adjuvant

(polyoxyethylene
amine) applied 8

days before
harvest, on June

30, 1995

0 0 0 0

1996 Durum wheat (clopyralid
70g/ha +
2.4MCPA

350g/ha + 2.4D
300g/ha) +
(fluroxypyr

120g/ha) on April
1st, 1996, thistle
shoots at stage 5

to 20 cm

(clopyralid
70g/ha +
2.4MCPA

350g/ha + 2.4D
300g/ha) +
(fluroxypyr

120g/ha) on April
1st, 1996, thistle
shoots at stage 5

to 20 cm

metsulfuron
methyl

6g/ha      +
(fluroxypyr

120g/ha) on
April 1st,

1996, thistle
shoots at
stage 5 to

20 cm

(bromxynil 202
g/ha + ioxynil

202 g/ha +
mecoprop-p

603 g/ha)
applied on

March 3, 1996,
at the end of
wheat tillering

metsulfuron
methyl 6g/ha      +

(fluroxypyr
120g/ha) on April
1st,1996,  thistle
shoots at stage 5

to 20 cm

Intercropping glyphosate
1080g/ha +

adjuvant
(polyoxyethylene
amine) applied
on September

3rd, 1996

glyphosate
1080g/ha +

adjuvant
(polyoxyethylene
amine) applied
on September

3rd, 1996

0 0 glyphosate
1080g/ha +

adjuvant
(polyoxyethylene
amine) applied on
September 3rd,

1996
1997 Sunflower 0 0 0 0 0

The trial, implemented by ITCF near the En Crambade research station (near Toulouse) had no
replications. The experimental plots were 12 m wide over 78 m long. The trial was located on a
deep clayey soil of the Hers valley.
In order to evaluate the efficacy of the weed control strategies, thistle infestations were followed
over the complete rotation. Because of the patch infestation, the weed assessment consisted in
mapping the infestations at different key periods all over the 3 years. Every experimental plot was
divided into 104 cells of 3 x 3 meters; each cell was given a global infestation score. The average
plot infestation at each observation date was calculated as the mean of the scores of the 104 cells.
The percentage of ``volunteer'' shoots is calculated as the ratio between the average plot infestation
at the date of the observation to the average initial infestation.

The following scales were used to score the global infestation:
0 = absence of any thistle shoot ; 1: less than 1 shoot/m²;  2: 1 to 5 shoots /m²; 3: 6 to 20 shoots /m²;
4: 21 to 40 shoots / m²; 5: > 40 shoots/ m²



Soil preparation followed common farmer’s practice: simplified soil tillage without mouldboard
ploughing before wheat, classical soil preparation including mouldboard ploughing before
sunflower.

Results

Table 2.  Average numbers of shoots/m² and % volunteer shoots over the 3 years rotation
Number of
shoots/m2

jul 5, 1995 sep 21, 1995 mar 18, 1996 jul 5, 1996 sep 2, 1996 jun 9, 1997

Plot 1 6.6 3.9 0.2 1 0.4
Plot 2 9.9 0.6 4.5 2.1
Plot 3 4.5 0.3 3.9 2.8
Plot 4 4.6 1 3 3.8
Plot 5 8.4 1 6 2.7

%
volunteer

shoots

sep 21, 1995 mar 18, 1996 jul 5, 1996 sep 2, 1996 jun 9, 1997

Plot 1 0% 60% 3% 15% 6%
Plot 2 6% 45% 22%
Plot 3 7% 86% 62%
Plot 4 23% 65% 82%
Plot 5 12% 71% 32%

Year 1995,  Peas : The pea crop was highly infested by thistle. Plot 1 only received a specific spray
against thistle, 8 days before harvest. Thistles had already spread their seeds at that time.
During intercropping period, thistles growth was medium to low because of summer drought. At the
end of september, plot 1 was free from thistles.
Year 1995- 96, Durum wheat : Weed control was especially designed for thistle control on plots 1,
2, 3 and 5: the absence of any early treatment allows thistles to grow without obstacle untill they
reach the stage of highest susceptibility to herbicides, when they are treated.The infestation as
annual broadleaf weeds was low, thus enabling the absence of early spray in wheat. The use of
fluroxypyr in addition to the spray against thistles is justified by the presence of cleavers (Galium
aparine). Anthemis sp, Veronica sp, Viola arvensis, Sinapis arvensis and Rapistrum rugosum were
also present.

Fig.1 - % of volunteer thistle shoots compared to initial population



The strategy of plot N°4 is commonly used against dicots in wheat fields of the region. The
association (bromoxynil+ ioxynil + mecoprop) has a moderate efficacy on thistle.
The efficacies of the treaments in wheat were evaluated before harvest. The efficacy is satisfying to
very satisfying (90%) on plots 1, 2, 3, 5, which received a specific application against thistles. On
plot 4, the efficacy is medium; but the infestation level remained too low to justify a specific spray
after wheat flowering or before harvest..
After wheat harvest, and before soil preparation, the observation on September 2nd, 1996, shows
important differences between plots with respect to the quantity of volunteer thistle shoots. The
cleanest plot is plot 1, which already received 2 specific sprays. Among the plots which received at
that time a single specific spray, plot 2, sprayed with clopyralid+MCPA+2.4.D obtains the best
results (45% volunteer shoots) and plots 3 and 5, sprayed with metsulfuron-methyl result in 78%
volunteer shoots compared to initial situation. In plot 4, which did not received any specific spray
against thistles, the level of volunteers is slightly lower  to plots 3 and 5.
Plots 1, 2 and 5 were sprayed with glyphosate on September 3, when thistles were 10 to 30 cm high,
and in good growth conditions. Mouldboard plowing was operated 9 days later.
The survey of  thistle shoots emergence and growth stages in wheat (1996) showed that:
- thistle shoots emerged early (80% of the final infestation emerged before mid-February),
- plants issued of new germinations are 5 to 6% of the total population,
- thistles shoots started to elongate on the 3rd decade of March.

Year 1997 / Sunflower: Very few thistles emerged between plowing and sunflower sowing. An
evaluation of the infestation was done on July 9, at stage 10-12 leaves of sunflower, as a final
evaluation of the experiment. In fact, a fungus disease, rhizoctonia type, developped on thistles
roots and stems during summer , and almost totally destroyed the thistles patches.
We observe an interesting efficacy of the glyphosate spray before plowing, if we compare plot 3,
which received a single herbicide spray in wheat, to plot 5, which received the glyphosate spray in
addition.The % of volunteer shoots is 62% compared to 32% for plot 5.

Year 1998 / Wheat: Thistles almost disappeared in wheat crop. The disease observed in 1997 is
probably the main reason of this decay of thistle population. No measurements were carried out in
1998.

Discussion. The results of this pluriannual study confirm that thistle control is obtained through a
strategy at crop rotation level, with successive specific sprays in order to exhaust the vegetative
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reproduction system of the patches. If we consider plot 4 as a test plot which did not receive
specific sprays against thistle and where, after a temporary efficacy of the herbicide in wheat, the
infestation rose up to reach nearly its initial level, we observe the followings:
- plot 3, with a single specific spray, behaves almost as plot 4: satisfying control of thistles in wheat
followed by a strong growth during the intercropping period.
- for plots 2 and 5, where a glyphosate spray during the intercropping period was added to a specific
spray in wheat, thistle infestation in sunflower decreased by 70-75% compared to the initial
infestation level.
- plot 1, with a first specific spray before the harvest of peas, obtains the best reduction of thistle
infestation. The infestation level in sunflower is about 95% of  the 1995 level in peas.

2. Control before sowing

Material and methods
Six thistle patches, distant by 5 to 30 m from each other, were located in a future sunflower field,
from the early beginning of shoot emergence in February, and marked as 6 x 6 m plots (Estragnat,
1998). It is assumed that a patch must not be divided and is entirely devoted to a specific strategy,
to avoid any interaction at root level.
The warm and dry conditions in February and March 1997 led to an early emergence and growth of
the thistles. Sunflower sowing was operated with a precision planter on April 1st.
3 strategies to control thistles by a glyphosate spray before or at the time of sunflower sowing were
tested:
- To. Non treated patch: observation of the dynamics of emergence, thistle stages.
- T1. Early glyphosate spray, 15 days before sunflower sowing, on thistle patches at stage 8 to 9
leaves
- T2. Glyphosate spray, 2 days after sunflower sowing, on a patch of thistles at stage 15-16 leaves;
- T3. Glyphosate spray, 2 days after sunflower sowing, on a patch of thistles at early floral bud
stage.
Glyphosate (as Roundup Bioforce) is sprayed at a rate of 1260 g/ha, in 300 l/ha water.

Results and discussion
On non treated test plots (Fig.2), the number of thistle shoots increased from 8 shoots/m² at mid-
March to 28 shoots/m2 at the end of May. Sunflower emergence was slower and less regular on the
areas where thistle competition was effective; this phenomenon would be due to competition for
water and soil drying.
In the case of the early spray (T1), we observed a discoloration of shoot apexes, then a rapid and
total necrosis of the young thistle shoots, within 10 days after spraying. But new shoots emerged
after spraying and were not destroyed, thus limiting the efficacy of this early spray.
The efficacies of treaments operated 2 days after sunflower sowing (T2 and T3), on more
developped thistles, were rather satisfying. The destruction of thistle shoots was quite rapid, at the
beginning of June. The efficacy appears to be better when thistles are at bud stage at the time of
spraying (T3), which fits with the recommandations concerning the use of glyphosate on thistles.
At autumn, 3 months after sunflower harvest, the number of thistle shoots was counted on the
patches : 105 thistles shoots/m2 were present on non treated test plots, 30 shoots/m2 on T1, 15
shoots/m2 on T2, and 2 shoots/m2 on T3.
To estimate yield loss, each of the 6 x 6 m plots were harvested separately, by hand. Apparently
because of the different degrees of thistle competitions, the number of harvested plants differed
between patches. Yield differences were rather important between patches but this should be
considered with caution, because of the lack of replications.



This trial confirmed the interest of a treatment with glyphosate just after sowing and before
sunflower emergence. The efficacy of this practice is highly dependant on the presence of the
thistles at the time of sowing and of their development stage. At last, treatment must be operated
without delays after sowing in order to avoid phytotoxicity on germinating sunflowers.

Table 3. Sunflower yield and thistle population in autumn
Plot Number of

harvested
sunflower heads

Dry Yield
kg/36m2

Nber of thistle
shoots (autumn)

T0 171 5.78 105
T1 188 8.41 30
T2 203 9.79 15
T3 209 11.8 2

Nber of shoots/m2
�
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CONCLUSIONS

In case of infested fields, the technique consisting to spray glyphosate at sowing time allows to
control thistles in sunflowers temporarily, as a “last chance” technique. The rather satisfying
success of this practice, which should be confirmed in other locations, could incite farmers to delay
the sunflower sowing dates to wait untill the thistles reach a suitable stage for treatment. Then the
question consists in optimizing sowing dates according to thistle potential competition at the level
of the infested patches, and potentiel sunflower yield depression due to possible dry conditions in
late season, at whole field level.
The most secure and efficient way to control and possibly eradicate thistles consists in a preventive
and continuous specific control at crop rotation level, in the crops were treatments are efficient and
rather easy to  apply, and during the intercropping periods.
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