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Abstract  The herbicides flumetsulam and imazethapyr
have residual activity which has the potential to dam-
age sensitive crops grown in seasons following their
application.  Bioassays were used to detect residues in
soil assayed to a depth of 40 or 60 cm.  Flumetsulam
residues were detected 17 months after application and
imazethapyr residues 23 months after application.
Leaching of flumetsulam, which tended to persist in
the top 20 cm of soil, was considerably less than that
of imazethapyr which was detected throughout the
entire 40 cm depth of soil.  The persistence of these
herbicides makes it important that herbicide users fol-
low the guidelines on the herbicide labels stringently
to avoid damage to subsequent crops.

INTRODUCTION

The acetolactate synthase enzyme inhibiting (ALS)
herbicides (sulfonylureas, sulfonanilides and
imidazolinones) are one of the major groups of herbi-
cides used by the cropping industries of Australia.  The
impact of these residues on crops sown in years fol-
lowing their application causes some concern.

The sulfonylurea herbicides have been in use since the
early 1980s and there has been considerable work done
on the leaching and persistence of sulfonylureas
through the soil profile under Australian conditions
(Ferris et al., 1995; Stork, 1995; Noy, 1996).
Flumetsulam, a sulfonanilide, and imazethapyr, an
imidazolinone, were released in Australia during the
early 1990s.  Subsequently there is much less infor-
mation available on the leaching and residual patterns
of these herbicides under local conditions.

Preliminary laboratory studies conducted in America
suggested that flumetsulam persistence increased with
decreasing soil pH (Lehmann et al., 1992).  However
field research on American soils of pH 6.0 to 7.6 by
Shaw and Murphy (1997) found pH had no measur-
able effect on persistence.  They found rainfall was the
most important factor governing persistence; high rain-
fall led to less persistence.  Persistence was found to
increase with increasing organic matter content; this
was attributed to enhanced adsorption and reduction

in residue availability for microbial break down.  They
concluded microbial degradation was the main route
of dissipation in the field.  Murphy and Shaw (1997)
considered leaching was not a significant route of
flumetsulam dissipation in the field.  The fact that high
rainfall, but not leaching, was considered an impor-
tant factor in reducing persistence implied increased
microbial activity in wetter soil promoted residue deg-
radation.

Imazethapyr residue persistence, reported in a Cana-
dian study on soils of pH ranging from 5.4 to 7.0, was
found to be greater in the lower pH soils.  Drier than
normal soil conditions during the growing season when
imazethapyr was applied, giving reduced microbial
activity, also led to greater persistence (O’Sullivan et
al., 1998).  In soils with high clay and organic matter
persistence was also found to be greater due to greater
adsorption which decreased imazethapyr availability
to microbial degradation (Cantwell et al., 1989).

This study of residual activity of flumetsulam and
imazethapyr in the cropping areas of Victoria and South
Australia is part of a five year GRDC project.  The
study aims to measure leaching and persistence pat-
terns of ALS inhibiting herbicides and the effect of
any residues on susceptible crops grown in the sea-
sons after their application.  Only results from residues
studied in Victoria are presented here.  Results show
residue concentrations in soil to a depth of 40 or 60
cm from plots sprayed with herbicide in either 1996 or
1997.  The results are related to the label recommen-
dations for these herbicides under Victorian conditions.

MATERIALS AND METHODS

Field trials  The field trials were located at Walpeup
(mallee sand, pH 7.4 and low organic matter of 1-2%),
Dooen (cracking clay, pH 8.6, low organic matter of
1-2%) and Kaniva (sodic clay, pH 6.3-8.2, moderate
organic matter of 2-5%).  The pH and organic matter
values quoted are for the top 10 cm of soil.  Four rep-
lications of each herbicide treatment and a control were
arranged in a randomised block design with plots at
least 3 m × 20 m.
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Flumetsulam was applied (25 g post-emergent as Dow
AgroSciences Broadstrike®) at Walpeup, Dooen and
Kaniva, and imazethapyr (300 mL pre-emergent as
Cyanamid Spinnaker®) at Dooen and Kaniva using a
motorbike sprayer at 64 L ha-1.

Soil samples were taken pre-sowing, mid-season and
at harvest with a hydraulic sampler using a 10 cm di-
ameter split core to a depth of 40 or 60 cm depending
on the site.  Samples were refrigerated at 4°C within a
day of sampling and then dried at 40°C for 18 h before
long term storage at 4°C.  They were crushed to 2 mm
and homogenised prior to bioassay analysis.

Bioassays  Bioassays, using root length reduction, were
used to estimate the herbicide concentration in soil
samples collected from the field.  The bioassay used
plants sensitive to the herbicides; lentil (Lens culinaris
L. cv Digger or Cobber) to assay flumetsulam and
canola (Brassica napus L. cv Rainbow) to assay
imazethapyr.  The assays were grown for 7 days in a
controlled environment room with a 21/11°C day/night
temperature and 12 hour day length with lighting in-
tensity of 190 µE s-1 m-2.

Control soil was dosed in the laboratory with a range
of concentrations of each herbicide.  This was used to
prepare calibration curves of herbicide concentration
related to root length reduction for each site and depth
of soil. This ensured that any interaction between the
herbicide and soil characteristics, such as sodicity, were
accounted for.  Non-linear regression analysis was used
to fit these calibration curves to a logistic dose response
curve model (Streibig, 1988).  Concentrations less than
the effective dose required to give 10% root length
reduction (ED

10
), calculated from the calibration curve,

were considered not significant.

RESULTS AND DISCUSSION

Flumetsulam  The results are presented as % root
length reduction (compared to the control) because all
calibration curves have not been completed.  Results
for the three sites are presented in Table 1.

At Dooen and Kaniva most of the residues, sufficient
to cause between 13 and 53% root length reduction,
were confined to the top 20 cm of the soil. The low
levels of herbicide below 20 cm suggest that at these
two sites leaching is not a significant means of dissi-
pation. There were less residues, at both sites, after
application in the wetter year of 1996 compared to af-
ter the 1997 application.  These findings are consist-
ent with those of Murphy and Shaw (1997) in that
leaching was not significant but high rainfall was

related to lower levels of persistence.  The higher rain-
fall in 1996 may have led to greater microbial break-
down of residues in moist soil.

At Walpeup residues from both years’ applications,
sufficient to cause root length reduction ranging from
12 to 65%, were confined to the top 40 cm of soil.
Leaching was less than that of the sulfonylurea herbi-
cides, triasulfuron and metsulfuron-methyl, which were
found to leach to at least 60 cm at this site over the
same time giving root length reduction of up to 52% at
40-60 cm (Hollaway and Noy, 1999).  Flumetsulam
residues at Walpeup did not follow the same trend of
greater persistence after the 1997 application as at
Dooen and Kaniva.  Instead the residues appeared to
persist in greater amounts and for longer after the 1996
application.  In 1997 the crop failed and this site was
mulched with straw to prevent erosion.  This may have
enhanced microbial breakdown in that year.

The herbicide label minimum recropping period (Vic-
toria) for sensitive crops such as canola, faba beans,
and lupins is nine months after application of
flumetsulam on deep soils (with no impermeable sub-
horizon).  This period increases to two years on shal-
low, low organic matter soils.  Residues, which reduced
root length between 10 to 21%, were found at all sites
more than 9 months after application in at least one
year.  These small amounts of bioassay growth reduc-
tion may not translate to damage to crops growing in
the field.  Bioassays confined to pots are generally more
sensitive to herbicide residues than crops in the field
with unconfined root growth.  Also visible damage of
plants does not necessarily result in yield reduction.
The sensitivity of field crops to residues at these sites
will be determined in recropping trials in 1999.

Imazethapyr  Results are presented as ng of
imazethapyr g-1 soil for the two sites in Table 2.  The
application rate for imazethapyr at Dooen and Kaniva
was 48.9 and 43.0 ng imazethapyr g-1 soil, respectively,
assuming the herbicide was mixed through the top 10
cm of the soil profile.

At Dooen four months after the 1996 application no
residues were found in the top 10 cm of soil, however
there was 0.6 ng imazethapyr g-1 soil at 10-20 cm and
1.6 ng imazethapyr g-1 soil at 20-40 cm.  This pattern
of greatest concentrations at 20-40 cm continued until
the last sampling 21 months after application with a
concentration of 2.2 ng imazethapyr g-1 soil at 20-40
cm, sufficient to reduce the canola assay root length
by 33%.  As no analysis was conducted for residues
below 40 cm it could be concluded that either the
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herbicide was lost from the profile by leaching to be-
low 40 cm or by microbial breakdown due to the wet-
ter year being more conducive to microbial activity in
the top soil.  After application in the drier year of 1997
the herbicide was found to be more evenly spread
through the whole 0-40 cm depth in concentrations
ranging from 1.1 to 5.9 ng imazethapyr g-1 soil.  The
high concentrations at 20-40 cm suggest leaching
played an important role in dissipation of the herbi-
cide through the profile.

Table 1. Flumetsulam bioassay results for field sam-
ples as % root length reduction for lentils. Reduction
of less than 10% is considered not significant (ns).  Soil
samples not assayed are left blank.  Sampling date is
presented as month of sampling and months after treat-
ment (MAT).

Site, treatment and Depth (cm)
sampling date
(MAT) 0-10 10-20 20-40 40-60

Dooen-1996 application
Oct 96 (2.5) ns 14 ns

Jun 97 (10) ns 14 ns

Oct 97 (13.5) ns ns ns

Dooen-1997 application
Oct 97 (2.5) ns 34 ns

Dec 97 (4.5) ns 38 20

Kaniva-1996 application
Oct 96 (3) 32 ns ns

May 97 (10) ns ns ns

Aug 97 (13) ns ns ns

Kaniva-1997 application
Aug 97 (1) 53 15 10

Dec 97 (5) 48 13 ns

May 98 (9.5) 16 ns ns

Walpeup-1996 application
Aug 96 (1.5) 65 25 12 ns

Oct 96 (3.5) 55 16 25 ns

June 97 (11.5) 10 12 ns ns

Aug 97 (13.5) 21 ns ns ns

Dec 97 (17) 19 ns ns ns

May 98 (22) ns ns ns ns

Walpeup-1997 application
Aug 97 (0.5) 45 56 48 ns

Dec 97 (4) 29 ns 20 ns

May 98 (9) ns ns ns ns

At Kaniva the pattern of persistence through the pro-
file was markedly different from that at Dooen.
Residues from the 1996 application were at their high-
est concentration in the top 10 cm of the Kaniva soil
profile, whereas at Dooen no residues were found at
this depth.  The sodic soil at Kaniva is less well drained
than soil at Dooen which could have led to compara-
tively less residue loss through leaching.  Kaniva also
has a lower pH and higher soil organic matter content
than Dooen; both are factors which contributed to the
persistence of imazethapyr in an overseas study
(O’Sullivan et al. 1998).  In common with Dooen, af-
ter the application in the drier year of 1997, the con-
centrations were greater in the top 10 cm compared to
after the 1996 application.  This may have been due to
either less microbial activity or decreased leaching in
the drier year.

The herbicide label minimum recropping period rec-
ommendation (Victoria) ranges from 10 months after

Table 2. Imazethapyr bioassay results for field sam-
ples as ng imazethapyr g-1 soil.  Sampling date is pre-
sented as month of sampling and months after treat-
ment (MAT).

Site, treatment and Depth (cm)
sampling date (MAT) 0-10 10-20 20-40

Dooen-96 application
Oct 96 (4) ns 0.6 1.6

June 97 (11) ns 1.8 2.1

Oct 97 (15) ns 1.4 4.4

Dec 97 (17.5) ns 1.3 2.0

May 98 (21) ns 1.2 2.2

Dooen-97 application
Oct 97 (3.5) 3.6 5.0 5.4

Dec 97 (6) 2.9 5.5 3.1

May 98 (11.5) 1.1 5.9 4.1

Kaniva-96 application

Oct 96 (4) 7.7 5.3 3.1

May 97 (11.5) 4.5 1.5 0.3

Aug 97 (14) 5.4 2.3 0.3

Dec 97 (18) 3.5 0.9 ns

May 98 (23) 2.3 1.0 0.3

Kaniva-97 application

Aug 97 (3) 15.6 2.2 0.1

Dec 97 (6.5) 7.2 2.1 0.2

May 98 (11.5) 6.7 0.8 ns
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application of imazethapyr for crops such as lucerne,
lupins and pasture legumes to 34 months for some sen-
sitive crops including canola.  Rainfall requirements
include ensuring rainfall from spraying to sowing of
cereals is >300 mm.  As the bioassay used canola,
which has a recommended 34 month recropping inter-
val, detection of the herbicide in the soil up to 23
months after application was not unexpected.  A
recropping trial in 1999 on plots sprayed in 1996 and
1997 will determine the effect of residues on sensitive
species up to three years after application.  The bioassay
results showed a marked effect of rainfall on residue
persistence.  This reinforces the importance of heed-
ing label recommendations on rainfall when deciding
on crop rotations and use rates of imazethapyr.
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DISCLAIMER

The advice provided in this publication is intended as
a source of information only. Always read the label
before using any of the products mentioned. The State
of Victoria and its employees do not guarantee that the
publication is without flaw of any kind or is wholly
appropriate for your particular purposes and therefore
disclaims all liability for any error, loss or other con-
sequence which may arise from you relying on any
information in this publication.




