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Table 1. Bedstraw control, crop tolerance and yield of early post-emergence
(Zadok 12–14) and tillering (Zadok 21–24) herbicide treatments in wheat
and barley.

Treatment Rate No of % control Crop Yield
g ha-1 Exptl (range) Tolerance % of

Entries EWRC untreated
(range) (range)

fluroxypyr 175 5 96 1.1 111
(90–100) (1.0–1.3) (92–126)

fluroxypyr 250 5 98 1.1 111
(92–100) (1.0–1.3) (105–122)

dicamba + 112 5 98 1.1 108
MCPA ester 476 (94–100) (1.0–1.3) (65**–142)

dicamba + 56 5 97 1.1 116
bromoxynil + 196 (91–100) (1.0–1.3) (89–141)
MCPA ester 392

dicamba 140 4 93 1.3 103
(91–97) (1.0–2.3) (76*–128)

diflufenican + 25 4 93 1.2 98
MCPA ester 250 (88–99) (1.0–1.3) (76*–120)

chlorsulfurona 19 5 92 2.0 128
(90–95) (1.0–4.8) (108–158)

triasulfuron + 10 4 90 2.4 116
terbutryn 300 (83–98) (1.0–5.0) (93–141)

metsulfuron 4 5 75 2.3 117
methyl (50–88) (1.0–3.0) (95–149)

a Agral 600 surfactant added at 2 mL L-1 spray solution.
* Significantly lower than the untreated control (P<0.05) when applied at crop tillering

in one experiment, indicating phytotoxicity.
** Significantly lower than the untreated control (P<0.01) when applied at crop tillering

in one experiment, indicating phytotoxicity.

(Stephenson 1992) or on control by effec-
tive selective herbicides in cereals and
grain legumes. In South Australia, our
observations are that they occur on the
more frequently cropped fields and
heavier soil types, on areas receiving
greater than 400 mm rainfall. Seed ap-
pears to remain viable in the soil for a
number of years. Both species appear to
be readily eaten by sheep, with no appar-
ent ill-effects.

This paper reports the results of herbi-
cide evaluation experiments carried out in
wheat, barley and field peas from 1986 to
1991 with the objective of developing rec-
ommendations for the effective chemical
control of bifora and bedstraw.

Materials and methods
The experiments were carried out in com-
mercial crops of wheat, barley and field
peas grown in the cropping areas north of
Adelaide, South Australia and on Yorke
Peninsula, on red-brown earths (clay-
loam to heavy clay soil textures, with sur-
face pH, in water, in the 6.5–8.5 range).

Most of the herbicide evaluation experi-
ments were a randomized complete block
design with four replicates, 2 m × 10–20 m
plots, with at least one untreated control
per replicate. Herbicides were applied
through 2 m booms in 100–200 L water per
hectare via hand-held gas-pressurized
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Summary
Field experiments were carried out in
South Australia between 1986 and 1991
to assess the efficacy of selective herbi-
cides for the control of bedstraw and
bifora in wheat, barley and field peas.

When applied at the early post-emer-
gence or early tillering stage of wheat or
barley, fluroxypyr, dicamba, dicamba +
MCPA ester, dicamba + bromoxynil +
MCPA ester, chlorsulfuron, triasulfuron
+ terbutryne and diflufenican + MCPA
ester achieved an average control of
bedstraw of 90% or more, with generally
acceptable crop tolerance.

Imazethapyr applied post-plant pre-
emergence or early post-emergence,
metribuzin + imazethapyr applied early
post-emergence, and flumetsulam ap-
plied early or later post-emergence were
the most effective treatments for control
of bedstraw in field peas (80–90% con-
trol). However, crop tolerance of the
flumetsulam treatments was marginal,
especially at the earlier timing.

When applied early post-crop emer-
gence to wheat or barley, chlorsulfuron,
triasulfuron, metribuzin, chlorsulfuron
or triasulfuron + bromoxynil + MCPA
ester and metsulfuron-methyl + diuron
+ MCPA ester provided 90% control or
more of bifora. Crop tolerance was satis-
factory except for metsulfuron-methyl +
diuron + MCPA ester, and for the high
rates of metribuzin in wheat.

Imazethapyr and metribuzin applied
early post-emergence and cyanazine ap-
plied early or later post-emergence were
the most effective treatments for control
of bifora in field peas (80–90% control).
Crop tolerance was acceptable except for
some cyanazine treatments and some of
the higher rates of metribuzin.

The levels of bifora control obtained
from the most cost-effective herbicide
treatments in field peas are unlikely to
provide acceptable management of this
weed unless effective control is also car-
ried out in cereal crops in order to reduce
the numbers of viable seed in the soil.

Introduction
In the cropping areas north of Adelaide
and on Yorke Peninsula, the use of herbi-
cides by farmers to successfully control
a range of annual broadleaf weeds is

long-standing and widespread. This prac-
tice has resulted in a marked change in the
weed flora in many fields. In particular,
bedstraw (Galium tricornutum Dandy)
and bifora (Bifora testiculata L.) have be-
come major problems (Amor and Kloot
1987, Kloot 1986). These weeds continue
to spread as a result of contaminated seed,
machinery and livestock. Bedstraw is well
established and a major problem in some
areas of the Wimmera in western Victo-
ria. However, the economic significance
of bifora is still confined to South Aus-
tralia. Once established in a field, these
weeds gain a competitive advantage from
the selective removal of other broadleaf
annual weeds in crops by the herbicide
programs in current use.

Few data are available in the literature
about the biology of bifora and bedstraw
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Table 2. Bedstraw suppression or control, crop tolerance and yield of
herbicide treatments in field peas.

Treatment Rateb No of % Crop Yield
g ha-1 Exptl Suppressionc Tolerance % of

Entries or controld EWRC untreated
(range) (range) (range)

Post-plant pre-emergence

imazethapyr 20 1 69 2.0 102

imazethapyr 40–50 6 79 1.5 129
(58–95) (1.0–2.0) (104–155)

imazethapyr 60–75 3 74 1.4 117
(45–95) (1.0–2.0) (105–139)

imazethapyr 100 4 92 2.1 121
(87–97) (2.0–2.1) (115–127)

Early post-emergence (2–4 node)

imazethapyra 20–30 3 75 2.3 127
(58–93) (2.0–3.0) (89–168)

imazethapyra 40–50 4 89 1.8 117
(80–96) (1.0–3.0) (98–138)

imazethapyra 60–75 4 93 1.8 139
(84–100) (1.0–3.0) (106–156)

imazethapyra 100 1 97 3.0 132

imazethapyr + 20 3 100 3.7 127
metribuzin 146–197 (99–100) (2.0–5.0) (97–182)

flumetsulama 20 3 91 5.5 107
(75–100) (5.0–6.0) (87–141)

Later post-emergence (6–8 node)

flumetsulama 20 3 81 3.8 121
(46e–100) (3.0–4.0) (89–148)

a A range of adjuvants to promote herbicide uptake were included in these treatments,
depending on the experiment. Details provided by the senior author on request.

b A rate range indicates that particular rates in the category were used in different ex-
periments. Details provided by the senior author on request.

c % suppression for imazethapyr and imazethapyr + metribuzin treatments.
d % control for flumetsulam treatments.
e Poor control in one experiment only.

herbicides for the control of bedstraw in
wheat and barley. When applied at the
early post-emergence (Zadok 12–14) or
tillering stage (Zadok 21–24) of the crop,
fluroxypyr 175–250 g ha-1, dicamba 140 g
ha-1, dicamba + MCPA ester 112 + 476 g
ha-1, dicamba + bromoxynil + MCPA es-
ter 56 + 196 + 392 g ha-1, chlorsulfuron 19
g ha-1, triasulfuron + terbutryne 10–11 +
267–300 g ha-1 and diflufenican + MCPA
ester 25 + 250 g ha-1 achieved an average
of 90% control or more with generally ac-
ceptable crop tolerance (Table 1). There
were exceptions however – treatments
containing dicamba and diflufenican +
MCPA showed depressed yields in single
experiments.

The performance of metsulfuron-
methyl was erratic and this herbicide is
considered unreliable for bedstraw con-
trol (Table 1). The performance of meco-
propamine, which was used widely in
Europe for the control of cleavers (Galium
aparine L.), was also erratic and its testing
was discontinued early in the program.
Fluroxypyr was specifically introduced in
Europe to control cleavers in cereal crops
(Visbecq et al. 1983, Snel et al. 1986) and it
also performs well on bedstraw. Dicamba
+ MCPA performed as well on bedstraw
and there is no benefit in adding
bromoxynil to the mixture for control of
this weed (Table 1).

All treatments shown in Table 1 except
metsulfuron-methyl are considered com-
mercially acceptable.

Bedstraw in field peas
Six field experiments were carried out in
field peas from 1989 to 1991 to assess
bedstraw control. Imazethapyr was ap-
plied post-plant pre-emergence or early
post-emergence (2–4 node) at rates rang-
ing from 20 to 100 g ha-1, with adjuvants
included in post-emergence applications.
Imazethapyr often stops growth of the
weed rather than providing outright con-
trol (colloquially called the “green skel-
eton” effect), hence an estimate of sup-
pression was the preferred method of as-
sessment in some experiments. The per-
formance of this chemical is dependant
on adequate soil moisture, especially
when applied pre-emergence, and this is
stated on the herbicide label.

Imazethapyr provided 70–95% sup-
pression of bedstraw with good crop tol-
erance (Table 2). At the mid range of rates,
post-emergent applications were more
effective. The addition of metribuzin
146–197 g ha-1 to imazethapyr 20 g ha-1 in-
creased control of bedstraw to 100% when
applied early post-emergence (2–4 node),
but reduced crop tolerance assessed by
the EWRC rating and did not increase
yields compared to imazethapyr 20–30 g
ha-1. Flumetsulam 20 g ha-1 plus adjuvants
provided an average of 91% control when
applied early post-emergence and 81%

knapsack equipment or equipment at-
tached to a small four-wheel drive vehi-
cle. The herbicide treatments that pro-
vided effective weed control are shown in
Tables 1 to 4. Reports of individual ex-
periments are provided in Mayfield
(1992) (peas 1989–91), Black and Matic
(1992) (cereals and peas 1989–91) and
Black and Rutley (1989) (cereals in 1986–
1988).

Weed control was assessed by counting
three 0.25 m2 quadrats in each plot ap-
proximately three weeks after final herbi-
cide application. The per cent weed con-
trol figures shown in the tables were cal-
culated using the untreated control
counts as a basis. At the same time as the
weed counts, crop tolerance was assessed
either by using the European Weed Re-
search Council (EWRC) rating scale (Aus-
tralian Weeds Committee 1979) (all cereal
and some pea experiments) or by estimat-
ing per cent suppression/damage com-
pared to the untreated controls (the re-
mainder of the pea experiments). Where
imazethapyr was used in some pea

experiments, a rating of per cent suppres-
sion of the weed biomass compared to the
untreated controls was carried out in ad-
dition to weed counts. Plots were me-
chanically harvested to obtain grain
yields.

For the purposes of this paper, esti-
mates have been made of the equivalent
suppression of biomass in imazethapyr
treatments in those experiments where
weed counts only were carried out and,
similarly, per cent crop suppression/
damage ratings have been converted to
EWRC scores. The authors consider that
EWRC scores of three or less are generally
commercially acceptable in peas and four
or less in cereals.

Data from individual experiments were
processed using standard two-way statis-
tical analyses.

Results and discussion

Bedstraw in wheat and barley
Five field experiments were carried out
from 1986 to 1989 to assess selective
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reason for the often poor control of bifora
in commercial crops.

Treatments shown in Table 3, except
metsulfuron-methyl + diuron + MCPA
ester, are considered commercially ac-
ceptable.

Bifora in field peas
Six field experiments were carried out in
field peas from 1988 to 1991 to assess
bifora control. Imazethapyr 100 g ha-1 ap-
plied post-plant pre-emergence provided
83% suppression and 60–100 g ha-1 ap-
plied early post-emergence (2–4 node)
provided 87–90% suppression (Table 4).
Metribuzin 210–290 g ha-1 applied early
post-emergence provided 85–92% control
and cyanazine 750–1000 g ha-1, applied
early or later (6–8 node) post-emergence,
gave 83% control. Metribuzin applied
pre-emergence was not satisfactory. Crop
tolerance was acceptable except for
cyanazine in some experiments and like-
wise some of the higher rates of
metribuzin. Only the higher rates of
imazethapyr (post-emergence) and metri-
buzin provided an average level of con-
trol of 90% or more.

The levels of bifora control obtained
from the most effective herbicide treat-
ments in field peas, which allow an ad-
equate margin of safety without being
overly expensive, are unlikely to provide
completely acceptable management of
this weed, when acceptable management
is defined as a level of control equal to or
greater than 90%. If effective control is
carried out in cereal crops preceding peas
in a rotation so that the numbers of viable
seed in the soil are substantially reduced,
the problem will be minimized. The open
nature of field pea crops allows greater
opportunity for surviving weeds to be-
come competitive and set seed. This exac-
erbates the problem of control that is only
marginal.

Of the treatments shown in Table 4,
imazethapyr 60–75 g ha-1 and metribuzin
210–290 g ha-1 are considered commer-
cially acceptable, although the higher
rates could only be justified in terms of
expense when bifora densities are par-
ticularly high.

Bedstraw and bifora in other grain
legumes
Limited data in faba beans (Mayfield
1992) (not presented here) show that, of
the herbicides showing good activity on
bifora and bedstraw, only imazethapyr
applied pre-emergence is adequately tol-
erated by the crop. The range of options
for control in other grain legume crops
appear to be even less. Therefore a similar
conclusion, that effective control of bifora
and bedstraw in preceding cereal crops is
necessary, also applies where other grain
legumes are used in crop rotations in
southern Australia.

Table 3. Bifora control, crop tolerance and yield of early post-emergence
(Zadok 12–14) herbicide treatments in wheat and barley.

Treatment Rateb No of % control Crop Yield
g ha-1 Exptl (range) Tolerance % of

Entries EWRC untreated
(range) (range)

chlorsulfurona 15–19  7 96 2.6 137
(92–100) (1.0–3.1) (112–204)

triasulfurona 26 3 93 2.4 133
(88–99) (2.0–3.0) (122–156)

metribuzin 210–230 5 90 1.9 160
(75–99) (1.0–3.1) (133–196)

metribuzin 280–300 6 95 2.0 153
(93–100) (1.0–3.8) (126–207)

metribuzin 340–370 3 100 3.8 122
(99–100) (2.0–5.9d) (111d–128)

chlorsulfuron or 15 4 99 3.0 129
triasulfuronc + 26 (98–100) (3.0–3.0) (116–135)
bromoxynil + 140
MCPA ester 140

diuron + 250 3 87 2.2 140
bromoxynil + 140 (69–98) (1.0–3.5) (114–175)
MCPA ester 140

metsulfuron-methyl 4 2 99 3.8 115
diuron + 250 (98–100) (3.5–4.0) (107e–122)
MCPA ester 175

a Agral 600 surfactant added at 2 ml L-1 spray solution.
b A rate range indicates that particular rates in the category were used in different ex-

periments. Details provided by the senior author on request.
c Chlorsulfuron and triasulfuron in different treatments in the same and different ex-

periments, but considered to be equivalent in this mixture at the rates used.
d Crop tolerance EWRC 3.5–5.9 in the two wheat experiments with yield in one experi-

ment significantly lower (P<0.05) than the best treatments that showed similar weed
control; indicating phytotoxicity at this rate in wheat.

e Yield significantly lower than the best treatments that showed similar weed control
(p<0.01) in one experiment; indicating phytotoxicity.

control when applied later post-emer-
gence (6–8 node). However, crop toler-
ance was marginal especially at the ear-
lier timing. The later timing applications
showed a greater yield increase (Table 2).
Since this work was carried out it has
been decided not to recommend the use
of adjuvants with flumetsulam when ap-
plied to peas. Flumetsulam is generally
adequately tolerated by peas at both tim-
ings when applied without adjuvants and
there is little, if any, reduction in efficacy
against susceptible weed species (P.
Downard personal communication).

Treatments shown in Table 1 that are
considered commercially acceptable and
reasonably priced are imazethapyr 40–45
g ha-1 applied early post-emergence and
flumetsulam 20 g ha-1 (without adjuvants)
applied early and later post-emergence.

Bifora in wheat and barley
Five field experiments were carried out
from 1986 to 1990 to assess selective
herbicides for the control of bifora in
wheat and barley. When applied early
post-emergence (Zadok 12–14), chlor-
sulfuron 15–19 g ha-1, triasulfuron 26 g ha-1

metribuzin 210–370 g ha-1, chlorsulfuron
or triasulfuron + bromoxynil + MCPA
amine 15 or 26 + 140 + 140 g ha-1 and
metsulfuron-methyl + diuron + MCPA
ester 4 + 250 + 175 g ha-1 provided 90%
control or more (Table 3). Crop tolerance
was satisfactory except for metsulfuron-
methyl + diuron + MCPA ester, and the
high rates of metribuzin (340–370 g ha-1)
in wheat.

Metribuzin is registered for use in bar-
ley but not in wheat, as wheat is generally
considered intolerant to this herbicide un-
der Australian conditions . These data in-
dicate that the lower rates of metribuzin
(210–300 g ha-1) were adequately tolerated
by wheat on red-brown earths. The
EWRC crop tolerance data in Table 3
show that metsulfuron-methyl + diuron
+ MCPA ester, although recommended
commercially by herbicide resellers, was
not well tolerated by cereals in these ex-
periments.

Pre-emergent and later post-emergent
(Zadok 22–25) applications of several of
these chemicals were not as effective as
early post-emergent application and in-
correct timing may therefore be the
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in cereals). In ‘Compte Rendu de la 12e
Conference du COLUMA’. Tome 1.
Paris, France. Comite Francais de Lutte
contre les Mauvaises Herbes, 257-67.
Cited in Weed Abstracts 34(4), No. 635.

Table 4. Bifora suppression or control, crop tolerance and yield of
herbicide treatments in field peas.

Treatment Rateb No of % Crop Yield
g ha-1 Exptl Suppressionc Tolerance % of

Entries or controld EWRC untreated
(range) (range) (range)

Post-plant pre-emergence

imazethapyr 60–75 6 74 1.3 127
(49–89) (1.0–2.0) (91–150)

imazethapyr 100 4  83 1.3 131
(75–89) (1.0–2.0) (97–170)

Early post-emergence (2–4 node)

imazethapyra 60–75 5 87 1.7 141
(83–98) (1.0–3.5) (110–156)

imazethapyra 100 4 90 1.6 119
(85–92) (1.0–2.5) (99–132)

metribuzin 210–220 6 85 1.7 125
(72–98) (1.0–2.5) (86–155)

metribuzin 280–290 5 92 2.2 129
(79–100) (1.0–4.0) (84–161)

Early or later post-emergence (6–8 node)

cyanazine 750–1000 6 83 3.0 115
(70–98) (1.0–4.5) (73*–138)

a A range of adjuvants to promote herbicide uptake were included in these treatments.
Details provided by the senior author on request.

b A rate range indicates that particular rates in the category were used in different ex-
periments. Details provided by the senior author on request.

c % suppression for imazethapyr treatments.
d % control for metribuzin and cyanazine treatments.
* Significantly lower than the untreated control (P<0.05), indicating phytotoxicity.
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