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Summary
A simple empirical model for early prediction of crop yield losses
by weed competition was validated on data from field experiments.
The model accounted generally well the effects of weed density and
relative time of emergence of weeds. However, variation in mor-
phology, life history or development of weed species systemati-
cally caused differences between predicted and observed yield
losses. In addition, the time of leaf cover observation appeared
to affect the single model parameter. Problems related to multi
species weed systems and to variability in the moment of weed
cóver determination are discussed and solutions directed to the
applicability of this model in weed management are indicated.

Introduction
Recently, Kropff and Spitters (2) proposed a simple, one parameter
model that describes crop loss by weed competition from early.ob-
servations of the relative leaf area of weeds. They derived the
model from_ the hyperbolic yield density relationship and they
stated that it accounts well the effects of both the weed density
and the relative time of emergence of the weeds. Therefore, the
model might also be used when weeds emerge in separate flushes,
while determining the relative leaf area of the weeds only once,
e.g. at the time to decide whether or not to spray.

Aim of the present study was to validate the model for sugar
beet and three weed species with different growth forms.

Materials and methods
The model
The basic structure of the model from Kropff and Spitters (2) is

qLw
YL 1 +(q -1)Lw (equation 1)

where YL is the yield loss due to weeds divided byy the yield in
the absence of weeds, Lw the leaf area index (LAI) of the weeds
divided by the LAI of crop and weeds and q a parameter (the rela-
tive damage coefficient). The model can be extended in an additive
way to allow for more weed species (i)

YL
1+): (qi-1) Lw,

EqiLw,
(equation 2)

The field experiments
Sugar beet was grown at Droevendaal Experimental Station
(Wageningen, the Netherlands) in 1991. Pregerminated seeds of
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lambsquarters (Chenopodium album L.), redshank (Polygonum

persicaria L.) and chickweed (Stellaria media L.) were sown at
three different times (for emergence times see Figure 1) and four

densities (ranging between 2.8 and 44.4 plants m-2). The

experiment was of a split -plot design (two blocks, weed species as
main factor and emergence date and weed density as split factors).
Three plots without weeds were included in each block. In a

similar experiment the effect of a combination of lambsquarters
and chickweed (for each species half densities of those in the

one species treatments) on yield loss was tested. Leaf cover

(percentage soil cover) and LAI'of crop and weeds were determined
four times during 10 -42 days after crop emergence. The equations .

were fitted to the data using non -near regression.

Results
Lw computed from LAI was highly correlated with Lw computed from
the percentage soil cover. Only the latter data will be presented
here. Relative yield losses due to lambsquarters were well de-
scribed by equation 1 (Figure 1). At low densities of early emerg-
ing, weeds relative yield loss was slightly overestimated. A proper
fit was also found for the impact of redshank on sugar beet yield.
However, for chickweed equation 1 performed badly since YL showed
a clear asymptote indicating a maximum yield loss of about 20%
(data not presented). The two parameter model

YL =
qLW

1 + (m 1)L,
(equation 3)

with m as maximum yield loss described the yield loss in competi-
tion with chickweed more precisely.

For the mixture of weed species experimentally determined rel-

ative yield losses matched relatively well model predictions
(equation 2) based on single weed species parameters (Figure 2).
Again there appeared to be a structure in error terms: YL due to
low densities of early emerging weeds were slightly overestimated
and to high densities of late emerging weeds slightly underesti-
mated.

Time of leaf cover observation affected the estimation of pa-
rameter q (e.g. for lambsquarters that emerged one day after the
crop q ranged from 37 to 10 during the observation period).

Discussion
The model from Kropff and Spitters accounted generally well for
differences in time of emergence and density of the investigated
weed species. For chickweed, however, this result was only ob-
tained after adding a second parameter that determines the maximum
relative yield losses (equation 3). Compared to the erect growth
form of lambsquarters and the semi -erect growth form of redshank,
chickweed has a procumbent plant architecture. Moreover, chickweed
finished the vegetative stage earlier (by starting to flower) than
the other weed species. These differences in morphology, life his-
tory or development will imply the need for the second model pa-
rameter m. The same plant traits might cause also the slight

overestimation of the competitive effects of low densities of

early emerging weeds and the underestimation of those of high
densities of late emerging weeds (e.g. in the lambsquarters-
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chickweed mixture).
The potential use of the relative leaf cover model in weed

management will be increased when inter specific variation in weed
life history, morphology and development can be accounted for by
lumping species to representative groups of problem weeds. By pa-
rameterizing per species group, the robustness of the .model will
be enhanced. Applicability of the model will also be improved by a
close precision of the period of time and the conditions under
which a control decision has to be taken. Two examples will illus-
trate this statement. In sugar beet, weeds emerged before 30 days
after crop emergence should generally be controlled, irrespective
of weed density (1). The relative leaf cover model therefore has
to be parameterized only for the period from day 30 to canopy
closing. In winter wheat, use of the model can be restricted to
weeds that can not overtop the crop or that emerge in spring .(3).
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Figure 2. Relative yield losses
(RYL) of sugar beet in competition
with lambsquarters- chickweed mix-
tures. Experimental data are com-
pared with model output.


