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Introduction
It is impossible to deal completely with a
complex topic in a short paper; material must
be omitted and assumptions must be made.
Therefore, I begin with two assumptions. My
first assumption is that some weeds at a
specified density, competing for a defined
duration, will reduce the yield of wheat
(Triticum aestivum L.), maize (Zea mays L.),
and other temperate crops. This statement
might be regarded as an axiom of weed
science. However, Oliver and Buchanan's
statement that "it is axiomatic that weeds
reduce crop yields" (13) is debatable because
it implies all weeds at any density.

United States data suggest that annual
losses from weeds are about 12% of the value
of crop production (17) and others estimated
weeds eliminated 14.6% of the world's crop
production (14). Donald, without questioning
the ultimate value of weed control, suggests
that yield losses due to weeds in wheat, and,
by implication, other crops, have probably
been 'overestimated, because they are fre-
quently based on worst case situations (4). But,
I suggest, wéed scientists no longer need
debate whether some density of weeds for a
specified time cause qualitative and quantita-
tive yield losses. Those who wish to debate the
point will find substantial evidence of the
effect of weeds on crops in the weed science
literature. Therefore, my second assumption is
that because weed -crop competition is a
reality, weed scientists no longer need to
establish its existence and determine how
many weeds reduce crop yield. We should
shift our emphasis to why competition occurs,
rather than continuing to define what happens.

I have deliberately chosen to resist defining
weed impact in the agronomic sense of how
many weeds reduce crop yield by some

percentage. I have resisted the, nearly over-
whelming, temptation to define the impact of
weeds on profit. Instead, I have chosen to
examine (albeit briefly) some of the major
weed problems in wheat (representing cereal
grain crops) and maize (representing row
crops) and then move rapidly to the impact our
present knowledge should have on future
directions for weed research in these crops.

Discussion
Wheat
Wheat is harvested, somewhere in the world,
every month of the year. Weeds associated
with the crop, in its diverse locations, are
determined by sowing time, harvest time, crop
rotation, fertility, and control measures - the
usual things. Dale and Thomas (2) suggested
that weed communities in Saskatchewan were
determined primarily by soil and associated
climate and were independent of the crop -
perhaps an unusual thing. This may be true for
most crop -weed associations, but there are few
supporting data.

The evidence from the world's developed
countries supports the assumption that fewer
weeds will be important in temperate crops in
the future (10). Wheat's phytosociological
associations are complex in the world's
developed countries, but fewer weed species
are found in wheat fields of the developed
world now than in former times. In contrast,
weed populations in wheat fields in the
world's developing countries are more com-
plex because they consist of many species and
families. Two Moroccan studies illustrate the
point. In a dry, southern region, 330 species
from 50 families were identified in 345
cropped fields; 84% were dicots (15). In 122
sugarbeet (Beta vulgaris) fields, 256 species
from 45 families were identified and 84%
were dicots (16). A logical conclusion is that
the pressure of control has reduced the number
of species in developed agriculture, and
because the same control strategies are not
readily available in developing countries a
more varied weed population still exists. As
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improved weed control techniques are used in
developing countries, it is suggested that the
weed flora will undergo similar changes
toward fewer species.

The most troublesome weeds in North
American wheat have changed during this
century but many remain important (5). Fay
(5) combined his data with an earlier survey
(3) to determine the ten most important weeds
of wheat in the United States (Table 1).
Surveys of this kind inevitably omit important
regional weeds, e.g., Secale cereale L. which
is a very important weed in the Rocky Moun-
tain area of the U.S.. Europeans would include
some of the weeds in Table 1, but classify
others as equally, if not more, important. A
more complete world list would include at
least the additional weeds shown in Table 2.

The weeds in Table 1 are fróm nine plant
families. Table 2 adds only two plant families
but six additional monocots (five annuals and
one perennial) and four annual broadleaf
weeds. Many of the presently important weeds
in wheat seem to have always been important,
e.g., Convolvulus arvensis L. and Cirsium
arvense L.. The dominant problem plants are
annual broadleaf and grass species. With the
benefit of hindsight, one could argue that it
was entirely predictable that grasses would
become more important because of the success
of the growth regulator herbicides against
some, but not all, broadleaf species. Some
weeds continue to be problems because there
was no selective pressure applied against them
by the available control techniques, and niches
were opened for them as susceptible species
were controlled.

Weed scientists and farmers often take
what could be called a snapshot, or short -
range, view of the weed problem in a field or
crop. This view, and the actions to which it
leads, are different than the view obtained
from a long- range, dynamic view. It is well
known that changes in weed flora result from
habitat modification by crop rotation, opera-
tion timing, fertility, and imposed control
techniques. For example, much of the world's
dryland wheat is grown in a wheat - fallow
rotation. Weed scientists know that the
introduction of a spring crop would change the
2 -year cycle and the weed flora. This change
would not eliminate all weeds, but would
change the species to be controlled. However,
changing rotations or cropping systems is

difficult because there are few profitabÌe'.h "''
alternative crops, and government policies
(e.g., crop base allocations) and the need for
income stability may preclude long -range,
agronomically -wise decisions. Thus, govern-
ment policy has a major impact on weed
management programs.

Many of the weeds in Tables 1 and 2
persist as problems due to our snapshot view
of agriculture. This has resulted in the "tech-
nological fix" of herbicides as solutions to
most weed problems. In wheat, reliance on
herbicides for weed management has compli-
cated the problem through the development of
weed species resistant to herbicides, most
notably the sulfonylureas...

Maize
Maize's slow growth rate, large row interval,
and good broadleaf weed control have created
perfect conditions for the success of a range of
thermophilic grasses (7). There are over 85
different grasses from 25 geographic areas
recognized as important weed problems in
maize (7). Species of Digitaria, Echinochloa,
Setaria, and Panicum are important nearly
everywhere maize is grown. Annual and
perennial broadleaf species occur regularly in
maize, but grass management is the major
concern. With the exception of the perennials
Elytrigia repens, C. arvensis, and C. arvense,
and annual members of the genus Setaria, the
species in Tables 1 and 2 are not important
problems in maize.

Because of its high value, maize has
always received a higher level of all inputs,
including herbicides, than wheat and many
other crops. This has contributed to the high
frequency of herbicide resistance among
weeds in maize and, because of the herbicides
used, to the gradual dominance of grass weeds.

Mechanical tillage is often combined with
herbicides in maize and is integral to success-
ful weed management programs. Herbicidal
availability has been very good in maize and
the introduction of the short-term residual
sulfonylurea herbicides, (nicosulfuron and
primisulfuron), have improved the control of
many weeds. The sulfonylureas have a high
potential to select for resistant weeds rapidly,
and, although short-term persistence may
reduce the resistance selection pressure, this
may be counteracted by the necessity for
repeat applications to control late emerging
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weeds.
For much of the growing season, the

culture of maize and other row crops leaves a
large percentage of the soil surface bare and
subject to erosion and weed invasion. Regular
soil tillage often is undesirable because it
increases the possibility of erosion and encour-
ages germination of weed seeds. The extant
cultural patterns thus contribute to current
weed management programs and contribute to
future weeds problems in maize and other row
crops.

Conclusion .

For most temperate crops we know a great
deal about which herbicides, applied at a
certain dose and time, will control specific
weeds. We do not know everything, but it is
enough to use the wide range of available
herbicides safely and successfully. Weed
science is technologically rich. Successful,
integrated weed management systems for
several crops are being developed. However,
our basic biological knowledge of weeds and
our efforts to expand it are insufficient for the
task ahead.

There have been few studies of the popula-
tion dynamics of weeds (Agrostemma githago
L. (6,9); Avena fatua L. (1); Alopecurus
myosuroides Huds. (12); and Poa annua L.
(11)) (8). It is logical to conclude that plant
population dynamics has contributed little to
weed science, and that is unfortunate. In some
cases, greater total yield is obtained when two
species are grown in mixture than when either
is grown alone (18). The fact that certain weed
species at a given density for a given time will
decrease the yield of wheat or maize does not
logically lead to the conclusion that the goal of
their management must be their elimination.
Controlling small populations may not be
economically feasible, and we may find that
some level of weeds is beneficial.

Donald (4) suggests that losses due to
weeds in crops may be over - or underesti-
mated. In any case, they are not accurate. In
Donald's opinion, this stems from the lack of
knowledge of the effect of different weed
species on yield, and the lack of survey
information that reveals the identity and
density of weeds found in cropped fields. In
addition, he suggests that estimates of the
effect of weeds are usually derived from worst
case situations, rather than densities actually

found in farmers' fields. The authors could not
present decision rules for specific weed control
strategies because economic studies, and
decision rules derived from them, have not
been done. This is true for all major crops, not
just wheat. We have assumed that herbicides
and other weed control techniques improve
yields and that farmers benefit economically;
following an examination of this assumption
the cost effectiveness of technological solu-
tions to weed problems will be revealed. This
will answer the question - is weed control
always cost effective in wheat, maize, or any
other crop?

Population biology is the study of numbers
of organisms, their life cycles, and their
interaction with the physical environment,
response to stress, and selection processes
(18). Typical weed -crop interference studies
ask what happens when x weeds compete with
y crop for z time. Population biology studies
try to explain why things occur, rather than
just describe what happens. When we know
why things occur we will have a firmer base
on which to build weed management systems
for any crop. Weed impact studies on wheat,
maize, and other temperate crops must address
the questions Donald (4) raised about past
work in wheat. A good route to this goal will
combine the talents and mission of the weed
scientist with the talents, research methods,
and goals of population biologists and ecolo-
gists.
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Table 1 The ten most important weeds in wheat in the United States in 1965 and 1984 (9,10).

Life cycle
Annual Perennial Annual Perennial

Scientific name Bayer code Monocot Dicot

Allium vineale L. ALLVI
Avena fatua L. AVEFA x
Bromus tectorum L. BROTE x
Chenopodium album L. CHEAL
Cirsium arvense L. CIRAR -
Convolvulus arvensis L. CONAR
Polygonum convolvulus L. POLCO
Lamium amplexicaule L. LAMAM
Sinapis arvensis L. SINAR
Stellaria media (L.)Vill STEME

x
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Table 2 Important weeds in the world's wheat in addition to those in Table 1.

Life cycle
Annual Perennial Annual

Scientific name Bayer code Monocot ; Dicot

Aegilops cylindrica Host AEGCY x
Alopecurus myosuroides Huds. ALOMY x
Anthéinis arvensis L. ANTAR
Anthemis cotula L. ANTCO,
Apera.spica-venti APESV x
Elytrigia repens. AGRRE
Galium apárine L. , GALAP
Papaver rhoeas L. PAPRH
Phalaris minor Retz. PHAMI x
Setariá viridis (L:)Beauv: SETVI . x
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