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Summary
Wheat, maize and oilseed rape are used as
three examples of typical European temper-
ate crops. The contribution of herbicide
chemistry since 1960 is reviewed in the
context of changing cultural practices and
the appearance of resistant weed species.

Introduction
Rhône - Poulen, Secteur Agro, derives its main
strength in Europe. In 1990, 60% of its total
world agrochemical sales were generated in
Europe and 24 % in North America. Herbi-
cides formed just over half the total.

Winter wheat
In Northern Europe, the most troublesome
grass weeds are Alopecurus myosuroides and
Apera spica venti, while Avena spp. and
Lolium spp. are mainly widespread in the
Southern countries. Among the broadleaves,
Veronica spp. and Matricaria spp. are very
cosmopolitan, Stellaria media, Viola arvensis
and Galium aparine are more common in the
North, while Polygonum spp., Fallopia
convolvulus and Fumaria officinalis are more
common in the South.

Traditionally, cereal fields were sprayed in
the spring to control broadleaved weeds. Grass
control began with the first appearance of
grasskillers. More recently, autumn applica-
tions of grasskillers to control A. myosuroides
and Avena ludoviciana which germinate in
autumn have become popular. As A. spica-
venti germinates in winter, sufficient persist -.
ence is required to ensure its control.
Chlortoluron is sufficiently persistent but has
limited flexibility and is not well tolerated by
all cereal varieties. Neburon is partially
effective on A. myosuroides and can be used in
mixtures for pre- emergence control.

Farmers generally consider "autumn weed

control" as a whole and ask for flexible
compounds, useable pre - as well as early post -
emergence. Many mixtures developed for this
purpose control both grasses and broadleaved
weeds. Examples include those with broadleaf
components such as isoxaben, diflufenican,
pendimethalin, and chlorsulfuron. Develop-
ment of autumn treatments specifically against
dicots can be anticipated.

In many regions, the density of A.
myosuroides and A. spica - venti is decreasing,
but herbicide resistance has been observed.
The reduction in grass density is due to the
repeated use of effective herbicides, such as
isoproturon. Isoproturon is now the most
popular grass herbicide in Western Europe. It
is generally applied in winter, has good
persistent efficacy and is without varietal
restrictions. It can be mixed with almost all the
broadleaf herbicides. For example, several
mixtures of isoproturon + diflufenican show
good activity when used from autumn to early
spring.

For wild oats (Avena spp.) control, diclofop
methyl, difenzoquat and flamprop isopropyl
are applied post- emergence. A recent introduc-
tion, imazamethabenz, allows treatment in
either autumn or winter. Improved grass
control is possible with the new non - persistent,
post- emergence grasskillers, such as
fenoxaprop ethyl and tralkoxydim. These
products cannot be used before the full emer-
gence of, for example, k myosuroides and A.
fatua. This often leads to treatment delay,
which consequently allows longer competition
with the crop.

However, broadleaf treatments are tending
to be earlier. Official recommendations favour
autumn - winter applications using low dose
rates, thus decreasing costs.

Several autumn- germinating weeds, like V.
hederifolia, Viola, Galium and Matricaria, are
tolerant to phenoxyacetics, therefore new
active ingredients have been used. For exam-
ple, mixtures of HBN or bifenox with
mecoprop (D isomer) are still widely used by
farmers, due to their broad spectrum. Applica-
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tion timing has become later and later by
taking the opportunity to apply during mild
days in winter. Combinations of sulfonylureas
are used in the same manner.

Late treatments are typically used for
particular problems; for example, to control
perennials with phenoxies, dicamba, clopyralid
or glyphosate (just before harvest) or to control
Galium spp. that survived an earlier herbicide
treatment. Basically, Galium aparine is the
only broad leaved weed requiring specific
treatment, because it is very competitive and
troublesome at harvest. Therefore mecoprop,
fluroxypyr and, very recently, amidosulfuron
have a special position where this species
occurs.

Maize
The maize crop is fairly sensitive to weed
competition. Its early development can be
slow and it is planted in relatively wide rows.
Thus it is prone to infestation by weeds
competing for water and nutrients (particularly
N and K) at a critical period of its life span.

In this crop, chemical weed control is
preferred as mechanical control such as hoeing
often causes temporary growth depression. For
the last thirty plus years weed control in maize
has been dominated by the use of the
chlorotriazines; atrazine, cyanazine and
simazine. Atrazine is the most used in Europe
as elsewhere.

While it is recognized that atrazine is an
excellent maize herbicide, it has a few major
drawbacks:

its efficacy in controlling some of the late
summer germinating grass weeds such as
Setaria spp., Echinochloa crus -galli and
Digitaria sanguinalis is not always ad-
equate.
its rather long persistence in soil when used
at the full rate of 1 to 1.5 kg a.i. ha-' (up to
4 kg a.i. ha-' to control perennial grasses
such as Elytrigia repens makes it impracti-
cal to rotate maize with other crops.
the development of resistance by a number
of weeds, primarily broadleaves but also a
few grasses such as Bromus tectorum, Poa
annua and Setaria pumila.
This matter has attracted much attention

over the last 10 15 years, although the first
case of resistance, by Senecio vulgaris, was
reported by Ryan in 1970 (1). Atrazine has
become a victim of its success, in that it has

been used so much that resistant weed geno-
types had to appear. At the present time the
most important atrazine resistant broad leaved
weeds are: Amaranthus-retroflexus,
Chenopodium album, Polygonum persicaria,
Senecio vulgaris, Atriplex patula and Solanum
nigrum.

Several companies, including Rhône-
Poulenc, recognized the problems associated
with the use of atrazine more than fifteen years
ago and developed strategies to solve them.

A somewhat obvious and relatively easy
approach was to develop herbicide combina-
tions to:
1) alleviate the problem of soil persistence

and
2) improve the weed control spectrum to

include species inadequately controlled by
atrazine such as Setaria spp., Digitaria
sanguinalis, Lolium spp., A. myosuroides,
and resistant broad - leaved weeds such as
Amaranthus retroflexus and Solanum
nigrum.
The best known of these combinations are

possibly alachlor + atrazine , EPTC + atrazine
and atrazine + dinitroanilines (butralin,
ethalfluralin, pendimethalin). All these
combinations are applied pre - planting (often
incorporated) or pre- emergence.

A somewhat more original approach was
adopted by Rhône- Poulenc in the seventies by
associating the post- emergence herbicide
bromoxynil with atrazine (Certron. Such á
combination enabled a reduction of the
atrazine rate to below 0.7 kg ha-' while
obtaining an impressive weed contról spectrum
of nearly 30 weeds, including the broad leaved
weeds resistant to atrazine. Other combina-
tions have been developed by other companies
with various post - emergence herbicides
selective in maize, such as bentazone,
dicamba, bromophenoxime and pyridate.
However, bromoxynil is still widely used in
combination, or as a tank mixture with re-
duced rates of atrazine, or on its own, and it is
often considered as the standard.

Presently there is a tendency to shift from
pre - plant/pre- emergence herbicide treatments
to post- emergence applications in order to
treat "only when necessary", thus possibly
reducing the overall use of herbicides.

This led to the development of post -
emergence maize herbicides, such as dinoterb
(Herbogil', which very effectively control
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most of the atrazine resistant broad leaved
weeds (Atriplex, Chenopodium, Solanum
nigrum, Polygonum persicaria) and herbicide
combinations such as bromoxynil + pyridate
(Bropyr®). Both can also be used in tank
mixtures with atrazine.

A common drawback of all post- emergence
maize herbicides has been their restriction to
activity only on broad - leaved weeds. This
situation has recently changed with the
development of at least three new sulfonylurea
compounds (nicosulfuron, primisulfuron and
rimriduron) which are selective in maize.

In order to include broad - leaved weeds,
particularly those resistant to atrazine, the
sulfonylureas must be applied in combination
with an efficacious broadleaf herbicide.
Bromoxynil has been selected as probably the
best choice and its use is currently recom-
mended. Preliminary results with these
mixtures indicate that they are able to solve
most of the weed control problems in maize
encountered in Europe.

Oilseed rape
Oilseed rape has, since the 1960s, had a
startling growth worldwide. In 1976 it was
reviewed as one of a'group of minor crops in
the U.K . At that time the U.K. area of oilseed
rape was under 50,000 ha, although France at
the same time had 300,000 ha. Total European
plantings now exceed 3.0 million ha.

The original basis for this growth was the
emergence of new Canadian varieties which
reduced the toxic factors of erucic acid in the
oil and glucosinolate breakdown products in
the meal. These breeding breakthroughs were
quickly taken up by European breeders. The
double zero varieties now available reflect the
successful manipulation of these characteris-
tics.

Carbetamide, a carbamate post- emergence
graminicide, was discovered by Rhône-
Poulenc in 1960 and originally developed as
an emulsifiable concentrate. A wettable
powder formulation was made available that
gave excellent post- emergence selectivity in
oilseed rape and registration followed in
France in 1973. Prior to 1970 there were only
four graminicides available for use in oilseed
rape; TCA, dalapon, diallate (requiring precise
crop or weed stage applications) and
trifluralin. By today's standards the first three
could not be considered highly selective.

Thus the appearance of carbetamide
marked a new era of post- emergence'efficacy
and crop safety. Napropamide, an amide
herbicide with strong pre- emergence broad -
leaved weed activity, entered the French
market in 1972. Both products continue to
have a strong presence today.

During the 1970s dimefuron, an oxadiazole
type herbicide, became available and was used
in mixture with carbetamide to provide a grass
and broad - leaved weed control product with
longer residual activity. Applied post emer-
gence it exhibited clear weed spectrum
advantages over carbetamide alone.

In the U.K. the formulation developed
contained 575 g a.i. kg-' carbetamide + 175 g
a.i. kg-' dimefuron. In France, Germany,
Belgium, Poland, Czechoslovakia and Hun-
gary the formulation developed was 500 g a.i.
kg-' carbetamide + 250 g a.i. kg-' dimefuron.
The two ratios of active ingredients reflect the
differing requirements of weed spectrum and
cultural conditions in different parts of Europe.

From the late 1970s and early 1980s a
whole range of highly effective post -emer-
gence graminicides, from diclofop to
quizalofop, have been introduced into the
market place. This has shifted the original pre
emergent use of TCA for grass control to post -
emergence applications. The carbetamide and
dimefuron mixture, as a post- emergence grass
and broad - leaved weed herbicide, continues to
be widely used by farmers, especially because
of its activity on Poa annua.

Following market surveys which showed
more than 30% of French farmers were
effecting their weed control in two or occa-
sionally separate applications, a broad - leaved
weed mixture was developed. This has been
based on dimefuron + clopyralid. The advan-
tage of this mixture is its high level of efficacy
on Compositae (especially Matricaria) and
Umbelliferae.

In Central Europe and Scandinavia various
mixtures continue to be developed. Despite
much research, the ultimate goal of post -
emergence selectivity, that of taking
cruciferous weeds out of oilseed rape, remains
elusive.
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