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Abstract   Assessing future weed management options,
especially in relation to a changing climate, would
greatly benefit from well validated eco-physiological
models. Our ability to predict the effects of weeds on
crop performance depends on our understanding of
plant behaviour in mixture. Unfortunately, crop physi-
ological knowledge of growth in mixtures is limited.
Our results show that plant morphology, height and
leaf thickness, differ between plants growing in
monoculture and in mixture. In particular annual
ryegrass showed considerable plasticity in mixtures.
The outcome of competition cannot accurately be pre-
dicted from parameters solely derived from
monocultures. Far more physiological work on mix-
tures is needed if we ever want to be able to predict the
effects of weeds on crop performance.

INTRODUCTION

Understanding the processes that take place in crop-
weed mixtures is essential if we want to be able to
predict the effects of weeds on crop performance. Nu-
merous studies have shown that above- and below-
ground environment will differ between mixtures and
monocultures, either as changes in microclimate above-
ground (light, temperature and relative humidity) and/
or the availability of water and nutrients below-ground
(Berkowitz 1988 and references therein)

Species adapt differently and to varying degrees to a
changing environment. Adaptations to growth in mix-
tures can be phenological (emergence and ripening
dates), physiological (i.e. uptake rates of resources) or
morphological (above and below ground). However,
above-ground changes in morphology (height, specific
leaf area) seem to be of greater importance in ensuring
competitive success in mixtures than physiological
changes (Nassiri 1998). It remains to be seen how root
morphology and physiology respond to growth in mix-
tures. There are indications that root morphology de-
termines to a large extent competitive success
(Berkowitz 1988).

The aim of this paper is to quantify the importance of
adaptations in canopy morphology and changes in
height to competitive success in a mixture of wheat
and annual ryegrass, under both irrigated and dryland
conditions. To achieve this we will use the eco-physi-
ological crop-weed competition model INTERCOM
(Kropff and van Laar 1993). Eco-physiological mod-
els can help improve our understanding of crop-weed
competition and thus develop new weed management
options.

MATERIALS AND METHODS

Wheat (Triticum aestivum L. c.v. Dollarbird) and an-
nual ryegrass (Lolium rigidum Gaud. c.v. Guard) were
grown in monoculture and mixture at the Wagga Wagga
Agricultural Institute, NSW. Both species were grown
in monoculture and mixture under irrigated and dryland
conditions. A rainshelter was used to exclude rain from
the dryland treatment from 32 days after sowing. The
experiment was sown on 18 May 1998. The average
density of wheat and ryegrass was 130 pl. m-2 and 250
pl. m-2 respectively. The experiment was arranged as a
split-plot design and within the irrigated and dryland
main plots the monocultures and the mixture of both
species were replicated 5 times. Nine harvests were
taken evenly through the season. Plants were separated
into green leaf, yellow leaf, stem and ear. Dry weight
of all samples was determined after drying for 48 h at
90ºC. The area of green leaf, green stem and green
ears was measured using a Delta-T® leaf area meter
(MK2, Burwell, Cambridge, England).

On two occasions during the season a stratified clip of
the canopy was taken. The first stratified clip was taken
in three replicates on 81 and 82 DAE, during stem elon-
gation, and the canopy was cut into 5 cm layers. The
second stratified clip was done in two replicates on
143 and 144 DAE, after anthesis of the wheat, cutting
the canopy into 10 cm layers. The area of green leaves,
stems and ears was measured and dry weight deter-
mined. The results of the stratified clips were expressed
as the fraction of the total area of an organ against the
relative height of the species and a polynomial was
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used to fit these data in most cases. For the second
stratified clip the area data of stem and leaf in irrigated
ryegrass were described using exponential curves. The
variation explained by the fits was in general higher
than 90% with the exception of a few cases in the
ryegrass, second clipping, where the variation ex-
plained was around 70%.

The data were used to parameterise the crop-weed
model INTERCOM. This model contains a detailed
description of the distribution of light within and be-
tween species. It assumes leaf, stem and ear area are
distributed homogeneously in the horizontal plane. For
this paper the vertical area density profiles of leaf, stem
and ear area were changed according to the results of
the stratified clips. The model was used to calculate
the effect on final biomass when using the area den-
sity profile or height of the monoculture instead of the
mixture in the model parameterized for the mixture
situation. This way, rather than providing a statistical
test per layer, the effect of whole profiles is calculated
using the model. Both species were changed separately.
The observed areas of leaf, stem and ear were used in
the model calculations.

RESULTS

Drought reduced biomass production (above-ground)
of ryegrass and wheat to a similar extent (about 47%).
Under irrigated conditions final biomass production
was 13,346 kg/ha for wheat and 5,054 kg/ha for
ryegrass. Growing the two species together affected
ryegrass much stronger than wheat. When grown in
mixture under both dryland and irrigated conditions,
wheat biomass was reduced by 14% whereas ryegrass
biomass was reduced by 81%. Changes similar in mag-
nitude to those measured in biomass were observed in
the Leaf Area Index (LAI). On average, growth in mix-
ture reduced green leaf mass by around 80% in ryegrass
and 15% in wheat. Averaged across all harvests spe-
cific leaf area (SLA) did not differ much between
monoculture and mixture. This was due to similar val-
ues for monoculture and mixture at the beginning and
end of the season. However, SLA differed consider-
ably at maximum LAI, when crop growth rates were
highest. Maximum LAI occurred around 101 DAE in
wheat and around 119 DAE in ryegrass. Table 1 shows

the ratio of values in mixture to monoculture of LAI,
green leaf mass and specific leaf area (SLA) at maxi-
mum LAI. It shows that ryegrass LAI was more
strongly affected than wheat LAI. For both wheat and
ryegrass in mixture, the decrease in green leaf mass
was similar under both dryland and irrigated condi-
tions. The increase in SLA (thinner leaves) was much
larger under irrigated conditions.

Height in wheat was not affected by the presence of
ryegrass, but was reduced as water became limiting at
the end of the season (data not shown). Ryegrass height
increased early in the season when grown in mixture
(Figure 1). This pattern continued through the season
under irrigation. Under dryland conditions however,
ryegrass in mixture tended to be shorter than ryegrass
in monoculture later in the season. Under irrigation,
ryegrass lodged during seed filling.

The results form the first stratified clip at stem elonga-
tion showed that apart from the irrigated ryegrass, the
maximum LAI for both species occurred slightly higher
in the canopy in mixture than in monoculture (data not
shown). By the second stratified clip around anthesis,
results were more variable. In irrigated wheat the height
of maximum LAI was higher in mixture than in
monoculture but in dryland ryegrass it was lower (Fig-
ure 2). In irrigated ryegrass and dryland wheat there
were no distinguishable difference between mixture and
monoculture in height of maximum LAI.

Overall, using monoculture heights in the mixture
models had less impact than using monoculture area
density profiles. Simulated wheat biomass did not
change when monoculture height was used instead of
the height measured in mixture. Simulated ryegrass
biomass declined by 4% under irrigation and by 2%
under dryland conditions when monoculture height was
used. When the area density profiles measured in
monoculture were used, simulated biomass was lower
under irrigation (7% in wheat and 5% in ryegrass).
For the dryland situation however, the reverse was true.
Simulated biomass increased by 6% in wheat and by
4% in ryegrass when the area density profiles from the
monoculture of each species were used.
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Table 1. The ratio of mixture to monoculture of LAI, green leaf
mass and SLA at maximum LAI (101 DAE for wheat and 119 DAE
for ryegrass).

LAI Green SLA
 leaf mass

   Wheat Irrigated 1.09 0.82 1.32
Dryland 0.93 0.91 1.02

Ryegrass Irrigated 0.36 0.28 1.28
Dryland 0.25 0.22 1.07
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Figure 1. Total height of ryegrass. Standard error bars are smaller than symbols

DISCUSSION

The results show that ryegrass morphology responds
more strongly to competition than wheat. In mixture,
SLA and height increase – although severe drought at
the end of the season reduced height in ryegrass mix-
ture (Figure 2). These results do not necessarily mean
that ryegrass is more plastic than wheat. Ryegrass is
the shorter species and subsequently is growing under
a different light environment than the wheat. As the
plants were adequately provided with minerals the com-
petition under irrigated conditions would have been
mainly for light. Under dryland conditions both spe-
cies seemed to suffer to the same extent, as the relative
biomass reductions were the same as under irrigation.
However, the reasons for this are not clear.

Literature indicates ryegrass is a less efficient water
user and has a shallower rooting depth (Murphy 1998).
Therefore one would expect wheat to suffer less from
competition with ryegrass than vice versa when com-
peting for water. More physiological work needs to be
done to shed further light on this result.

The modelling exercise shows that adaptation of plant
height in mixtures seems to be less important than
changes in the area density profiles in explaining dif-
ferences in biomass production. An increase in SLA
also is an important adaptation in mixture as far as
canopy morphology is concerned.

Although the effects are relatively small, results show
yield of crop-weed mixtures cannot accurately be pre-
dicted by using monoculture data. One would expect
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that using the area density profile of the monoculture
would lead to underprediction of the biomass in mix-
ture. This was the case under irrigation but not under
dryland conditions. The height of the maximum LAI
determines to a large extent the outcome of competi-
tion for light (Nassiri 1998), as it will increase the
amount of light intercepted by a species when grown
in mixture. In the dryland plots the height of the maxi-
mum LAI was slightly higher in mixtures than in the
monocultures during stem elongation, but not around
anthesis (Figure 2). Under irrigation maximum LAI
occurred higher in the canopy all through the season.
Increasing drought during the season seems to have
reduced the ability of both wheat and ryegrass to adapt
to a changing environment during competition. Height
growth was restricted and SLA increased little, if at
all. Whether or not an increased investment in the root
system coincided with this is not known. Unfortunately,
very little field research has been done to elucidate
root:shoot relations under competition. As our work
has shown: the outcome of competition is the result of
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Figure 2.  The area profile of wheat (circles) and ryegrass (triangles) at anthesis in dryland conditions

many interacting processes, which we do not under-
stand and can therefore not predict, yet.
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