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Summary
This study discusses how weeds may affect crop yield in reduced.nitrogen fertilizer input systems. it is demonstrated that the
competitive effect of some weeds on the yield of wheat is reducedat low levels of nitrogen, especially if water availability is high,but that the rank order of competitive ability of the weeds againstwheat is not changed. Initial results from a field experiment
indicate that the rank order of abundance of weeds in a continuouscrop of winter wheat over a three year period is also unchanged bythe level of nitrogen input.

Introduction
The relationship between the density of a particular weed and cropyield is complex, and depends on the crop variety, the presence of
other weed species, and a wide range of management and environmental
factors. Quantification of this variation is essential if we are topredict how management changes will affect weed -crop competition andweed population dynamics (eg (3)).

The aim of the project described in this paper is to determinehow changing agricultural practices, particularly reduced inputs ofnitrogen fertilizer, will affect the impact of weeds on wheat. Aseries of experiments has been carried out to quantify how the levelof nitrogen inputs and other edaphic factors affect competitiveinteractions between the weeds and crop. In parallel with this is athree year ongoing field experiment to look at how reduced nitrogenfertilizer inputs affect the population dynamics of Bromus sterilis(sterile brome), Papaver rhoeas (common poppy) and Galium aparine
(cleavers) in winter wheat. Initial findings only are described here:full results and details of experimental methods will be publishedat a later date.

The effect of nitrogen on weed crop competition.
Many studies have looked at the broad scale effects of nitrogenfertilizer on single weed species infestations, and these indicatethat the impact on crop yield of some weeds such as Avena fatua (wildoat) (2) B.sterilis (6) and G.aparine (7), may be greater at highlevels of nitrogen fertilizer. If the competitive relationshipsbetween weeds and crops are affected by the level of nitrogenfertilizer an understanding of the processes involved can enable usto predict how the effect of a weed on crop yield may change withreduced nitrogen fertilizer inputs.

We have quantified how nitrogen affects the competitive abilityof weeds using an experimental design which allows the competitioncoefficient (4) between the weed and the crop to be calculated. Thisthen allows us to predict how different levels of nitrogen fertilizermay influence the impact of a weed on crop yield. In Figure 1 we haveused this approach to predict the yield loss in wheat caused by arange of infestations of G.aparine under different levels ofavailable nitrogen. These predictions are derived from glasshouse
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experiments, where the plants were grown under controlled conditions.
It is clear that weed competition may be dramatically reduced from
nitrogen level x3 to xl, this is within a range that might be
expected to occur if nitrogen inputs were to be reduced from their
current levels in the U.K.(1).

Whilst the results from this experiment, carried out under
controlled conditions, cannot exactly mimic what happens under field

conditions, it nevertheless shows how the amount of available

nitrogen may play a key role in determining the outcome of

competitive interactions.
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Figure 1: Predicted Yield Loss in wheat for a range of densities of
G.aparine over a range of levels of nitrogen availability ('x3'
corresponds to available nitrogen associated with a high input
system, 'xl' a reduced input system.)

Weed -crop competition and the effects of varying nitrogen and water

availability.
Many environmental factors modify competitive interactions in a weed
crop community, and. it is important to understand how some of these
may interact with the effect of nitrogen. For example, water
availability is known to have an effect on the competitive ability
of many weeds such as Stellaria media (chickweed) (5).

Our research has been focusing on how the effect of nitrogen on
the competitive ability of some weeds is modified by water

availability, again under controlled glasshouse conditions. The

competitive effect of Alopecurus myosuroides (blackgrass), Avena
sterilis ssp ludoviciana (winter wild oat) and B. sterilis on wheat

ear weight, was derived from the ratio of crop growth with an
infestation of all three weeds, to crop growth in weed free
conditions. Figure 2 shows how the competitive effect of these weeds
is greater at higher nitrogen levels, and in conditions of low water
availability. There was a reduction in the ear number of wheat in the
presence of weeds at high levels of water and nitrogen, and a
reduction in the number of grains filled at low levels of water.

Clearly water availability appears to interact with the level of

soil nitrogen to influence the competitive effect of a simple
community of three weed species on wheat, particularly at high levels

of soil nitrogen.
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Figure 2: Competitive effect of A.myosuroides, A.sterilis and
B.sterilis on wheat ear weight at three levels of nitrogen and three
levels of water availability.

The effect of varying nitrogen inputs on the relative competitive
ability of weeds.
Results from this and other experiments using the same three grass
weed species grown together in mixtures with wheat suggest that,
whilst there is some variation in competitive ability with soil
nitrogen, the rank order of competitive ability of the species
remains the same. Figure 3a shows how the vegetative weight of the
three weed species together with wheat is affected by competition
from others, measured using a competitive index, which is simply the
ratio of vegetative weight of each species when grown in mixture with
all three other species, to vegetative weight of the species when
grown in monòculture. The lower the index, the more the species in
question is suppressed by its neighbouring species. In this case the
competitive ability of the species can be ranked in the descending
order: Wheat, B.sterilis, A.myosuroides, A.sterilis.
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Figure 3: Competitive Index (C.I.) to describe the effect of
neighbouring species on vegetative weight over a range of nitrogen
levels. (a) in glasshouse conditions and (b) field conditions for:
A Wheat, + B.sterilis, A.myosuroides and A.sterilis. ((a) only).
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We have found the same hierarchy of competitive ability in field
experiments using wheat, A.myosuroides and B.sterilis. Figure 3b
shows how wheat is more competitive than B.sterilis at all levels of
nitrogen whilst A.myosuroides is the least competitive in the three
species mixtures. Whilst there is some indication that B.sterilis
becomes more competitive at high levels of soil nitrogen and A.
myosuroides less competitive, overall these results indicate that
changing nitrogen level may not have any significant effect on the
rank order of competitive ability of these weeds as measured by the
per capita effect on crop yield.

The impact of soil nitrogen on weed population dynamics.
We have shown that nitrogen availability appears to affect the
competitive relationship between weed and crop by reducing the per
capita effect of some weeds on crop yield at lower levels of
nitrogen. The effect of nitrogen availability on this competitive
relationship, together with its effect on the finite rate of
population increase of the weeds and the strength of intraspecific
competition, determines how the abundance of the weeds will be
affected with time (4). We are quantifying the effect of nitrogen on
these population parameters in an attempt to understand the role of
nitrogen in all aspects of the population dynamics of weeds.

Results from a field experiment (6) in which the population
dynamics of B.sterilis, G.aparine and P.rhoeas are being monitored
over a three year period indicate that the change in abundance of
each weed shows very little response to nitrogen, and that the
population of each species relative to each other is unaffected by
nitrogen (figure 4), so that there appears to be no marked effect of
nitrogen fertilizer level on the composition of this multispecies
community.
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Figure 4: Population changes of B.sterilis, G.aparine and
P.rhoeas in a multispecies community over three years under high

or low nitrogen inputs.

The results from the experiments descibed in this paper indicate
that, the competitive effect of the weeds may be reduced at lower
levels of nitrogen, especially if soil moisture levels are high, and
that the rank order of competitive ability of the weeds studied in
relation to wheat remains unchanged. However the effect of nitrogen
on the other components of population dynamics appear to be such that
we have not found large effects of nitrogen on the population
dynamics of this multispecies weed community.
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