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Summary Experiments were conducted between
2003 and 2005 to study the seedbank dynamics of
flaxleaf fleabane and to identify effective control
strategies in both fallow and crops. Soil types and
burial depths had significant effects on emergence and
persistence. Flaxleaf fleabane emergence was greater
in lighter soils. After two years of burial, there were
about 17%, 13% and 6% viable seeds at 10, 5, and
0-2 cm soil depths, respectively. Effective fleabane
control in fallow cannot be achieved with any single
herbicide alone, such as glyphosate, Sprayseed® or
paraquat. The addition of a suitable mixing partner,
such as Ally®, 2,4-D, Tordon 75-D®, or Grazon DS®
to glyphosate improved control efficacy. A dou-
ble-knockdown technique, glyphosate followed by
Sprayseed, achieved the most effective and consistent
control of fleabane at various growth stages in fallows.
The study revealed that residual herbicides played
an important role in fleabane management. Atrazine
products at higher rates provided good control of
subsequent flushes in winter fallows and following
spring sorghum. A pre-plant application of Glean®
at 20 g ha! or post-emergence treatment of Ally (7 g
ha') provided effective seasonal control of fleabane
in wheat while a pre-plant application of atrazine at 4
L ha! was very effective in providing residual control
in sorghum. A sequential application of glyphosate 2 L
ha! mixed with Surpass® 3 L ha! or dicamba 1 L ha'!,
followed by at-planting atrazine at 2 or 4 L ha™ also
provided effective control. Successful management of
fleabane can be achieved by a systematic approach,
targeting both fallows and in crops using combination
of chemical and non-chemical tactics.
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INTRODUCTION
Flaxleaf fleabane (Conyza bonariensis (L.) Cronquist)
is an annual plant in the Asteraceae family. Fleabane
problems were initially noted in late 1990s in associa-
tion with no-till farming systems in northern NSW
and southern Queensland. Consumption of stored soil
moisture and nutrients by this tap-rooted weed is a key

limiting factor for the sustainable dryland cropping
systems in this region. Many growers are struggling
to achieve consistent and satisfactory control. Fallow
weed control costs have doubled due to this weed
alone. To address this weed, the present research
investigated seedbank dynamics, and chemical and
non-chemical options in both fallows and crops.

MATERIALS AND METHODS

Seed persistence and emergence Flaxleaf fleabane
seeds (350) were buried in June 2003 in in-ground
pots at three depths (0-2, 5, and 10 cm) in a vertosol
soil under field conditions. Pots were exhumed at
six intervals over two years, and three data points
were presented in Table 1. The exhumed soil layers
containing the weed seeds were placed in a germination
tray in a glasshouse to assess persistence by counting
emergence over a period of six months. The trays
were irrigated daily. A similar experiment was started
the following year to compare the effect of soil types
on weed emergence and persistence. Emergence was
monitored also at a field site in 2005 using four fixed
quadrats (0.5 x 0.5 m?) over one year.

Control in winter fallow Winter fallow experiments
were conducted in 2003 on a light sandy soil with a
natural flaxleaf fleabane population of about 90—100
plants m>. Seventeen knockdown (Table 2) and seven
residual herbicide treatments (Table 3) were separately
evaluated.

Control in wheat The residual effects of Glean and
Ally on flaxleaf fleabane were assessed in 2004 and
2005 at two field sites, with fleabane populations of
450 and 320 plants m?, respectively. A split plot design
was used in both experiments with wheat densities
as the main plot (70 plants and 100 plants m?) and
six herbicide treatments and one untreated control
as subplots (Table 4). Wheat (Triticum aestivum L.)
cv. Baxter was planted in 20 July 2004 and 27 May
2005. Irrigation was applied after planting in 2004
due to dry winter.
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Control in sorghum One on-farm experiment was
established in 2004 (04-A), and two in 2005 (05-B)
and (05-C) to assess the effects of atrazine and other
post-emergent herbicides in sorghum. The flaxleaf
fleabane population ranged from 196 to 520 plants m™.
Sorghum (Sorghum bicolor L.) cv. Buster was planted
in 27 October 2004 and 1 November 2005 to achieve
a population of 60,000 plants ha!. Seven treatments
were evaluated (Table 5).

Herbicide application and measurement Roundup
CT® (450 g L' glyphosate) was used in the experiments.
A double knockdown technique, glyphosate + Surpass
followed by Sprayseed, was used to effectively control
established weed populations at various growth stages
prior to the experiments in wheat and sorghum.
Treatments were applied with a tractor-mounted
compressed-air-pressurised sprayer at a volume of 70
L ha' except the Sprayseed and paraquat treatments,
which were set to 100L ha''. Control efficacy was
assessed based on either the percent biomass reduction
using visual ratings or the plant counts from three
quadrats (0.5 x 0.5 m?).

Design and statistical analysis Most experiments
were arranged in a randomised complete block design
with three replicates, except for the split plot design
in wheat experiments. One or three untreated plots
were included as controls within each replicate. The
plot size was 40 m>.

RESULTS

Emergence and persistence Soil types had signifi-
cant effects on flaxleaf fleabane emergence. Fleabane
did not emerge in the self-mulching black vertosol soil
in the in-ground pots, while one major flush (5.4%)
emerged in the light sandy soil in June 2005 (data not
shown). On-farm data showed that flaxleaf fleabane
emerged throughout autumn, winter and spring, with
the main emergence in late autumn and early winter
(Figure 1).

Seed viability of flaxleaf fleabane seeds was
calculated as (the number of emerged seedlings in
glasshouse/350 seeds buried)*100. Viability declined
rapidly after burial, decreasing from the initial 80%
to 5-15% at 12 months of burial. No further decline
in viability was evident in the second year after
burial, regardless of burial depth. Burial depth had
significant effect on seed persistence. Seeds buried at
deeper soil layers retained higher viability (Table 1).
After two years of burial, there were about 17% and
6% viable seeds at 10 cm and 0-2 cm burial depths,
respectively.
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Table 1. Emergence of flaxleaf fleabane (%) in the
glasshouse after 2, 12 and 24 months of burial (350
seeds buried on § June 2003).

Burial depth Duration of burial (months)
(cm) 2 12 24
0-2 0.4 5.1 5.7
5 18.1 10.1 12.8
10 30.7 14.8 17.1
LSD (P <0.05) 7.1 10.3 32
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Figure 1. Flaxleaf fleabane emergence in the field.

Knockdown herbicides in fallow Contact herbi-
cides alone, such as Sprayseed or paraquat, were
not effective in flaxleaf fleabane control (50%),
even though they were applied early (Table 2). Re-
growth was common after these treatments. However
a sequential application, glyphosate followed by
Sprayseed (double knockdown), was very effective,
providing 96% control on flaxleaf fleabane.

Herbicide control efficacy declines as the plant
matures. Early application of glyphosate at a rosette
stage of <8 cm in diameter gave 88% control, while
only 13% of control was achieved when applied to
weed plants of more than 10 cm in diameter. Effec-
tive control (>90%) was achieved with the addition of
the following to glyphosate: Ally, Amitrole T%, 2,4-D
ester, Surpass, Tordon 75D, Grazon DS, dicamba and
Garlon 600®. Three non-glyphosate mixes, 2,4-D es-
ter + Amitrole T, Surpass + Amitrole T, and Surpass
+ Ally, also achieved over 90% of control. These
mixes provided alternative solutions to rotate with
glyphosate, thereby minimising the risk of evolving
glyphosate resistance.



Table 2. Effects of post emergent treatments on
flaxleaf fleabane in winter fallow (2003). ~ Early treat-
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Table 3. Effects of residual herbicide treatments on
flaxleaf fleabane in winter fallow (2003).

ments were applied to weeds at a rosette stage <8 cmin  Herpicide Control (%)
diameter; " sequential application; all others were late  (product ha'') T 0wk 21wk
treatments applied at a rosette stage >10 cm. Glyphosate (15 L) + Atrazine 600 2 L) 93 39
Herk(’;“‘:‘;l : Control  Glyphosate (1.5 L) +Atrazine 600 (41) 97 82
(product har) n 06) Glyphosate (1.5 L) + Primextra (3.2 L) 95 84
Sprayseed 250 (2.4 LA) 47 Glyphosate (1.5 L) + Dual Gold 2 L) 91 18
Paraquat 250 (1.3 L) >3 Glyphosate (1.5L) + Goal CT 250L) 93 47
Glyphosate (1.5 L)* 88 Glvohosat D

yphosate (1.5 L) + Diuron 900DF
Glyphosate (1.5 L) 13 (1.4kg) 94 50
Glyphosate (1.5 L) — Sprayseed 250 (2.4 L)® 96 Glyphosate (1.5 L) 85 34
Glyphosate (1.5 L) + Amitrole T (2.5 L) 93 LSD (P <0.05) 5.5 432
Glyphosate (1.5 L) + Ally (7 g) 90
Glyphosate (1.5 L) + 2,4-D Ester 800 (700 mL) 94 Tabled. Flaxleaffleab trol in wheat (2004 and

able 4. Flaxleaf fleabane control in whea an
Glyphosate (1.5 L) + Surpass 300 (3.3 L) o7 2005). In 2004, the pre-plant (PP) treatments (Glean)
Gl(ﬁp ;1 (f)ate (15 L) + Ally (7 g) + Surpass 300 93 were applied on 25/5/04, early post-emergent (EPE)

' treatments applied on 16/9/04, late post-emergent

Glyphosate (1.5 L) + Tordon 75-D (1 1) 9 (LPE) on 24/9/04, and pre-harvest (PH) on 28/10/04.
Glyphosate (1.5 L) + Grazon DS (750 mL) 98 In 2005, PP treatments were applied on 27/5/05, EPE
Glyphosate (1.5 L) + Dicamba (200 g) 96 treatments applied on 7/7/05, and LPE on 18/7/05.
Glyphosate (1.5 L) + Garlon 600 (120 mL) 96 Herbicide Weed density
2,4-D Ester 800 (700 mL) + Amitrole T (2.5 L) 98 (product ha™) (10 m?)
Surpass 300 (3.3 L)+ Amitrole T (2.5 L) 94 2004 2005
Surpass 300 (3.3 L) +Ally (7 g) 95 27/10 1/12  27/7
LSD (P <0.05) 10 Glean 20 g (PP) 1.0 06 56
A Early treatment; ® sequential treatment. Glean 20 g (PP) —» 2,4-D amine 1.5 L

(PH) 30 1.0 na*
Residual herbicides in fallow At nine weeks after ~ G1¢an 20 g (PP) - Tordon 242 1.0 L
application, the six residual herbicide treatments (EPE) 13 18 06
achieved more than 90% of control, compared ~ Ally 7 & (EPE) 33 54 L1

with 85% control with glyphosate alone (Table 3).
In addition, higher rates of atrazine (4 L ha') and
Primextra® (3.2 L ha') provided long term residual
control, with more than 80% of control even at 21
weeks after treatments.

Control in wheat The target wheat populations were
established in both years due to the irrigations in 2004
and good soil moisture in 2005. However, poor wheat
growth later in the season undermined the competitive
effect of higher seeding rates in both experiments

The pre-plant application Glean at 20 g ha! gave
very good control (>90%) of subsequent flushes of
flaxleaf fleabane throughout the season (Table 4).
There was no significant advantage in applying a fol-
low-up post-emergent application of Tordon 242 or
2,4-D amine, although improved control was achieved
in 2005 experiment. In 2004 Glean was applied at two
months prior to planting, while it was applied at just
prior to planting in 2005.

Ally 7 g + Tordon 242 1.0 L (EPE) 23 25 0.2
Ally 7 g (EPE)) +2,4-D amine 1.0 L

(LPE) 1.8 0.8 1.7
Untreated 152 12.6 582
LSD (P <0.05) 78 62 6.7

ANot applied due to limited number of fleabane plants.

The post-emergent application of Ally at 7 g ha'!
provided <80% control in 2004 but 98% in 2005. Con-
sistent results were obtained with Ally either mixing
with Tordon 242 or a follow-up treatment of 2,4-D
amine, resulting in 85-99% control in both years.

Control in sorghum The pre-plant fallow (PPF)
application of atrazine (4 L ha™) applied two months
prior to planting provided good seasonal control
(83-99%), while the lower rate (2 L ha!) only achieved
60-85% control across the three experiments even
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Table 5. Flaxleaf fleabane control in sorghum (2004
and 2005). In 2004, pre-plant fallow (PPF) atrazine
treatments were applied on 27/8/04; pre-plant (PP)
of knockdown herbicides on 24/9/04; at planting
(AP) on 27/10/04 and EPE treatments on 18/11/04.
In 2005, PPF treatments were applied on 14/9/05; PP
on 11/10/05; at planting (AP) on 1/11/05 and EPE
treatments on 30/11/05.

Herbicide Weed density
(product ha') (10 m?)
04-A 05-B 05-C

Atrazine 4 L (PPF) 15 02 07
Atrazine 2 L (PPF) — Atrazine 2 L +

Starane 0.5L (EPE) 56 2.8 1.5
Glyphosate 2 L + Surpass 3 L (PP) —

Atrazine 4 L (AP) 1 00 02
Glyphosate 2 L (PP) — Sprayseed 1.5 L

(PP) — Atrazine 4 L (AP) 2 01 05
Glyphosate 2 L + Surpass 3 L (PP) —

Atrazine 2 L (AP) 3 06 0.0
Glyphosate 2 L + Dicamba 1 L (PP) >

Atrazine 2 L (AP) 2 00 02
Untreated 139 18.7 42
LSD (P <0.05) 583 9.8 1.2

followed by an early post-emergent application of
atrazine (2 L ha') mixed with Starane (Table 5).

The sequential application of glyphosate + Surpass
or Dicamba followed by atrazine at planting achieved
effective and consistent flaxleaf fleabane control
(>95%) in all the three experiments.

DISCUSSION

Flaxleaf fleabane is a prolific seed producer, producing
more than 110,000 wind-dispersed seeds per plant (Wu
and Walker 2004). The seeds germinate predominantly
during autumn, winter and spring. Seedlings emerging
in autumn or early winter actively grow during winter
despite cold and dry conditions in the region. These
over-wintered plants, even though they are small in
appearance, are very difficult to control due to the
growth of a strong deep root system.

It is crucial to apply herbicides when the plant is
small and actively growing. Control efficacy declines
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as plants mature. The study has identified a number of
unregistered glyphosate mixes with group I herbicides,
which provided effective control of young flaxleaf
fleabane plants. Long-term residual control can be
achieved by the use of sulfonylurea (Glean and Ally)
and triazine (atrazine) herbicides.

Glyphosate resistant biotypes of flaxleaf fleabane
have already been confirmed in South Africa and Spain
(Heap 20006), along with the widespread glyphosate re-
sistance in another fleabane species Canadian fleabane
(Conyza canadensis (L.) Cronquist.) in USA (Nandula
et al. 2005). The double knockdown technique and
three non-glyphosate mixes identified in this study can
be used to reduce the reliance on glyphosate.

Although the competitive effect of wheat at higher
seeding rates on flaxleaf fleabane was not established
in this study, field observations showed that flaxleaf
fleabane was a poor competitor. Growing more com-
petitive winter cereals and avoiding wide row spacing
should achieve better control. There is also potential
for the strategic use of tillage to control this weed.
Brown and Whitwell (1988) found that even minimum
tillage (discing) in spring or autumn effectively con-
trolled Canadian fleabane.
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