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There will probably always be weeds and weed problems in agriculture but, when cultivation
practices change, so do the problems. Some of the changes which have been observed are de-
scribed and other possible risks are suggested. It does not appear that weeds will be a technical
barrier to development of new techniques but there may be economic and managerial problems.

Introduction
The weed flora of our agricultural land has evolved as
a result of generations of human activities, of which
cultivation, in various forms, is one of the most impor-
tant. It seems very probable that major changes in
cultivation practice will lead to further evolution.

Such evolution is no longer the result of an interaction
between the biological attributes of potential weed
species and cultural activities only. Virtually all our field
crops are now dependent on- the use of herbicides. The
success of a weed in any cultural system is therefore
dependent both on the biological attributes of the weed
and on the ease and cheapness with which it can be
controlled by herbicides. This is just as true in rotations
which include broad-leaved crops as in intensive cereal
systems.

From the weed biologist's point of view, these new
systems are difficult to define. Instead of a number of
definite systems, it may be more accurate to consider
the range of cultivation possibilities as a continuous
graded sequence. At one end of the sequence is direct
drilling, but even this cannot truly be defined as zero
cultivation from the weed point of view. Cultivator drills
move a high proportion of the surface soil, and triple-
disc machines do so under dry conditions, especially
when the soil surface has weathered to a natural tilth.
In addition, it is normal practice to harrow across the
rows to cover the seed, so that direct drilling represents
very shallow cultivation, rather than none. Tine cultiva-
tion systems are even more difficult to define. Such
systems range from very shallow and limited soil move-
ment to deep cultivations which may involve more soil
movement than mouldboard ploughing, albeit with less
soil inversion. Finally, mouldboard ploughing itself may
be so variable in depth and in degree of soil inversion
that it is scarcely a reliable standard against which to
judge new techniques. Despite all these qualifications,
however, it is possible to distinguish some major influ-
ences of cultivation systems on weed behaviour in the
short term and to postulate other changes in the longer
term.

Effects of cultivation on perennial weeds
Almost without exception perennial weed populations
increase when cultivation is reduced. Timing and type
of cultivation may be critical; we have shown that tine
cultivation can lead to less survival of Agropyron repens
than inefficient mouldboard ploughing. Generally, how-
ever, reduction in disturbance and in burial leads to
greater survival of these weeds. Against this can be set a
reduction in spread of rhizomes, and other vegetative
propagules, by physical transference on cultivators. One
could expect these perennial plants to be rather more
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spot-bound in habit in direct-drilled land. However,
many of the perennials do successfully set seed which
may move naturally, as with dandelion (Taraxacum
officinale) , or via the combine harvester, as is the case
with Agropyron. Since some of the perennials to be
discussed are reasonably adapted to uncultivated
ground, the seed must have a fair chance of survival and
provide a significant medium of spread.

I t has long been recognized that perennial grasses
provide the greatest threat to the adoption of minimum
cultivation systems. Recent work at the ARC Weed
Research Organization has helped to quantify this
threat. In the third year of a long term experiment
conducted at Begbroke Hill, Oxfordshire, the growth of
new rhizome on direct-drilled plots was over 600 times
that on plots cultivated in September and ploughed in
December. The survival of rhizome from season to season
was also very much greater on direct-drilled plots, thus
compounding the treatment differences. In undisturbed
soil, rhizome was produced at increasingly shallow
depths, so that after two years direct drilling the mean
rhizome depth was 2'7 em whereas on ploughed plots it
was 8 em. These data from arable land confirm earlier
observations on Agropyron in a ryegrass ley (Cussans
1973) .

The extent to which the couch grasses are favoured
by direct drilling, together with their ubiquitous nature,
suggests that most farmers following a direct drilling
system will be forced, at some time, to consider one of
two choices. Either they must break their direct drilling
system to enable cultivation once in a while or they must
place total reliance on herbicides. Up to now the
problem with the herbicide option has been that the
three foliar-applied herbicides available (paraquat,
aminotriazole and dalapon) have all been considered
to require cultivation to augment the herbicidal effect.
However, a new herbicide, glyphosate, holds out the
possibility of a very high order of weed control without
the assistance of cultivation. With this herbicide farmers
may be able to opt for the second course of total reliance
on herbicides.

With all the translocated herbicides, there is a problem
of timing, which is particularly acute in the case of land
to be planted to cereals in the autumn. The problem is
that sufficient leaf must be present to allow adequate
retention of spray, so that regrowth must occur after
harvest before the weed is sprayed. Straw-burning has
an important effect; reducing the leaf area available and
necessitating further delay.

In summary then, the perennial grasses have generally
not been favoured by the change from mouldboard
plough systems to tine cultivation systems. Many suc-
cessful control systems have been based on replacement



of mouldboard ploughing by cultivations. However,
the further change to direct drilling must always be
at risk from these grasses. There is much that we can
do with herbicides but, as the recent work by Tiedau
et al (1974) has shown, even with favourable crop
rotation and the use of extremely effective herbicides it
is difficult to achieve total control of perennial grasses in
a direct drilling system.

Perennial broad-leaved weeds
There is much less practical experience and almost
no experimental evidence available on these species.
However, as a general rule, they appear to follow the
broad pattern of increasing intensity with reducing
cultivation, although their increase appears to be much
less dramatic than that of the perennial grasses. The
author's own observations have been limited but suggest
that the following species at least could be more trouble-
some in direct-drilled cereals than in conventionally
cultivated land: Convolvulus aruensis (field bindweed),
Taraxacum officinalis (dandelion), Rumex spp. (docks),
Trifolium repens (wild white clover) and Cirsium aroense
(creeping thistle).

Herbicides are available to suppress or kill all of these
weeds but there remains a problem of timing. The
foliage develops too late in the spring to allow the
herbicides to achieve maximum effect. This may be
particularly significant in the case of autumn-sown
crops, especially those sprayed early to catch over-
wintered plants of other weed species e.g. chickweed.
Most of these species can be controlled by glyphosate,
aminotriazole or one of the cheaper growth-regulator
herbicides applied after cereal harvest. Unfortunately
some of these species senesce fairly early in the autumn
and, frequently, there is insufficient foliage in the cereal
stubble to allow optimum results from these herbicides.
This is particularly so when straw has been burnt.

In summary again, one cannot expect the perennial
broad-leaved species to pose problems of the same order
as those presented by the couch grasses. However, an
increase in these species must be expected. It may be,
too, that more exotic species are favoured by this new
system of cereal growing. Seedlings of Sambucus nigra
(elder), which are rare in cultivated land, have been
observed in considerable numbers on direct-drilled cereal
plots, but were killed by conventional herbicide spraying.

Annual weeds
The majority of weeds are annual plants. A great
diversity of species exists; as many as 20 or go may be
present in anyone field, and there can be no generaliza-
tion about their reaction to non-ploughing techniques.

The annual grasses can be divided rather arbitrarily
into three groups: wild oats; the small-seeded grasses-
Alopecurus myosuroides (blackgrass) , Poa annua (annual
meadow grass) and seedling Poa trivialis (rough-stalked
meadow grass); and the volunteer cereals.

The common wild oat (Avena fatua) demonstrates a
subtle set of effects and interactions, some of which have
been reported elsewhere (Wilson 1972, Wilson & Cussans
1972, 1975). The responses of freshly shed seed to
cultivation are different to those of older reserves of seed
buried in the soil.

Freshly shed seed of Avenafatua is equipped with a
self-burial mechanism whereby, with alternate wetting

and drying, the seed is driven across the soil surface. It
may thus fall down soil cracks or bury itself beneath
stones or in loose surface mould. Clearly, burial is a
survival mechanism, but the self-burial system is
relatively inefficient and slow. Early cultivation markedly
aids survival of freshly shed wild oat seeds; an example
of timing of cultivation being more important than
method. Straw-burning kills some freshly shed seeds and
reduces the dormancy of the survivors. Stubble cultiva-
tion and straw-burning have little or no effect on the
old reserves of seed.

Stubble cultivations cause more autumn emergence
of seedlings of Avena fatua and this autumn seedling
population is almost all derived from the freshly shed
seed fraction. Combinations of early tine cultivation and
straw burning interact to give a very high number of
autumn seedlings, even though the proportion of seed
that has germinated is low, and this can give a serious
seedling infestation in early sown autumn crops. Al-
though some of these seedlings may be killed by frost,
many will reach sufficient size by the onset of hard
weather to overwinter and these will provide a very
serious wild oat problem. This must be regarded as an
area of risk for non-ploughing systems.

In summary the practice of frequent tined cultivation
starting earlier in the autumn than is customary with
mouldboard ploughing does appear to pose a high risk
of increased wild oat build-up, a risk which has been
observed in detailed experiments and farm practice. The
further change to direct drilling in the case of spring
cereals can be expected to reduce the extent of popula-
tion build-up of this weed. However, in the case of
of autumn cereals, the burning and shallow cultivation
associated with early direct drilling may give rise to a
greater number of autumn seedlings which could be
serious.

Most of the small-seeded grasses arise from shallow
germinating seed and seedling numbers appear to be
greatly reduced by deep burial. Thus, non-ploughing
techniques favour the Poa species and blackgrass. The
cultivation effect could in some cases be confounded by
the tendency to earlier planting ofautumn cereals, which
of itself favours survival of these weeds, and is frequently
a concomitant of reduced cultivation systems. This
problem is currently receiving priority in our pro-
gramme at the Weed Research Organization.

Volunteer cereals have arisen as a problem relatively
recently. Their direct effect on crop yield seems to be
small but they harbour disease and may have a very
considerable effect on the quality and therefore the
value of the farmer's produce. Unfortunately these
"weeds", too, seem to be favoured by non-ploughing
techniques and frequently present a major problem.
Autumn-sown crops, and notably early autumn-sown
crops, are more at risk.

Annual broad-leaved weeds
It has been observed over a number of sites and many
years that fewer cultivations lead to both a reduced
number of broad-leaved weed species and reduced
numbers of seedlings within most species so that many
direct-drilled cereal crops have been extremely clean.
Some of the classical annual weeds of cereal land-
notably Sinapis arvensis (charlock) and Raphanus raphani-
strum (wild radish), and some of the Polygonum species-
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have been particularly affected. There appear so far to
be relatively few exceptions to this generality. One very
minor species, Aphanes arvensis (parsley piert), seems to
flourish under direct-drilled conditions and, since this
species, minor though it is, is also resistant to many
herbicides, it must be watched with some interest.
Stellaria media (chickweed) and Matricaria and Tripleuro-
spetmum species (mayweeds) seem to be relatively un-
affected by reduced cultivation systems. They may even
be increased slightly by direct drilling, particularly the
autumn germinating fraction of the population, in over-
win tered crops.

In general then, the broad-leaved weed problem is
eased considerably by the transition to direct drilling
and slightly by the transition to shallow cultivation
systems. Unfortunately it is not always possible to turn
this advantage into an economic gain" because it is
commonly necessary to spray for weed control even
though population levels are much reduced. However,
in time there may be a permanent diminution in the
populations of these weeds and it may be possible to
reduce routine weed control programmes unless exotic
species develop as new problems.

Effects of cultivation on herbicide performance
It is established that herbicide residues are less ofa threat
to subsequent crop establishment and growth if the soil
is mixed thoroughly by ploughing and subsequent
cultivations.

Some herbicides must be incorporated into the soil,
and these are clearly impossible to use in' direct-drilled
land. With these exceptions, it is not well established
that cultural practices influence the behaviour of soil
herbicides. However, the transition to direct drilling may
influence a number offactors which are ofimportance in
this respect; stratification of weed seeds, depth of root
penetration of crop and weed seedlings, presence of ash
and/or plant residues on the soil surface. At present the
use of soil herbicides is comparatively small, but a wide
and growing range is available for use in cereals and
other crops which may be direct drilled. Some of these
herbicides have very important selectivities, e.g. against
blackgrass and are not readily replaced by foliar
materials. It will be important to ensure that both crop
safety and weed control performance are maintained as
direct drilling is introduced.

Long-term considerations
Changes in the weed flora' of fully utilized agricultural
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land take place slowly and the presence, in the soil, of
dormant seed reserves of most species acts as a "buffer"
to major and irreversible changes.

Rotation of crops or rotation of cultivation systems
would both have a profound influence, so estimates of
future problems must be reduced in value until definable
long-term cropping and cultivation systems have been
developed. This suggests a need for very close integration
of all the disciplines concerned with cultivation research.
It may be necessary, for example, to cultivate deeply
every so often to disperse nutrients through the soil
profile or to control problem weeds.

Conclusions
As a personal view, the author does not see weed
problems as a rigid technical constraint on the de-
velopment of these new techniques. Clearly, one must
be aware that the weed problems will change, sometimes
for the worse, but solutions are available for most of
them.

The economic considerations are much more difficult
to review at the moment. It does seem a paradox that
one of the major economic advantages of reduced
cultivation systems appears to be an increased possibility
for planting autumn wheat and for establishing a pro-
portion of this crop earlier in the season. Yet it is this
early planting of autumn cereal by reduced cultivation
which may lead to the most difficult and expensive weed
problems.

In the 1974/75 season, shortage of feedstocks has led
to reduced availability and firmer prices for herbicides,
including some of the oldest standby products. Perhaps
this is a reminder that we may have been a little too
glib in our advice at times and should consider economy
even of the simpler growth regulator products.

However, current problems seem likely to be tem-
porary and, in the long term, chemical methods must
compete economically with tractor-power and man-
power.
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