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Is seed dispersal density-dependent?
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Summary In many weeds, plant architecture will
influence dispersal immediately around the parent
plant, as well as determining the proportion of seeds
that will be dispersed by harvesting equipment over
much greater distances. Since resource availability
affects growth, competition with a crop can logically
be expected to affect dispersal. This experiment was
designed to assess the influence of competition on the
final architecture, spatial pattern of pods and pattern
of pod dispersal in wild radish (Raphanus raphanis-
trum L.). The results of this experiment showed that
at high crop density, wild radish plants were smaller
and produce shorter branches and fewer pods at greater
heights. In contrast, plants produced longer branches
and more pods were released at greater distances from
the base of plant when plants were grown at zero or
low crop density. This resulted in greater mean dis-
persal distance when the weed was grown in zero or
low-density wheat than at high density. The scale of
the relative frequency distributions of distances were
affected by density.
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INTRODUCTION

Seed dispersal has been recognised as one of the most
important factors affecting plant recruitment, rate of
population spread, spatial distribution and long-term
viability of populations (Harper 1977; Nathan and
Muller-Landau 2000). Dispersal enables agricultural
weeds to colonise unoccupied sites within or outside
the field. Seed dispersal is influenced by a variety
of factors including the morphology of propagules,
plant architecture, external agents and initial location
of propagules in space (Donohue 1998, Ghersa and
Holt 1995, Harper 1977). The position of propagules
in space, which may affect seed dispersal patterns for
heavy seeds, is likely to be determined by morphologi-
cal characteristics of the maternal plant (Cousens and
Rawlinson 2001).

Previous competition studies have shown that the
architecture of plants and seed number per plant are
both density-dependent (Donohue 1998, Geber 1989,
Weiner et al. 1990). However, the extent to which
competition and architecture affects seed dispersal

distances, especially of weeds in agricultural systems,
has not been documented. In this study we examined
the effects of competition on both the plant architec-
ture and the pattern of seed dispersal. We used the
troublesome agricultural weed wild radish (Raphanus
raphanistrum L.) as a model plant.

MATERIALS AND METHODS

The experiment was conducted at the experimental sta-
tion of Burnley Campus, the University of Melbourne
in 2003. Single plants of wild radish (a population from
Western Australia) were grown among wheat (Triticum
aestivum cv. Frame) at densities of 0, 90, 180 and 360
plants m?. The experimental design was a randomised
complete block with six replicates. Experimental plots
were 2 m x 2 m with 0.90 m between them.

At the end of the growing season, after most pods
had fallen, each wild radish plant was cut at its base
and taken to the laboratory. At this stage, the dead
plant ‘skeleton’ was rigid and accurately represented
the mature plant at the time of propagule release.
The spatial coordinates (X, y, z) of branches, pod
bases (where pods were still attached) and abscission
scars were recorded using an Isotrak IT1® 3D-digitiser
(Polhemus, Colchester, VT, USA), in conjunction
with the FLORADIG software package (Hanan and
Room 2000).

The wheat plants were removed from each plot by
a hedge cutter and discarded. Using the digitiser, the
exact positions of pods relative to the base of the wild
radish plant were then mapped for each plot.

In order to summarise plant architecture, various
quantities were extracted from FLORADIG, such
as branch lengths, branching heights, branching
angles, the numbers of branches of different orders
and distances from branch bases to the centre of the
plant. Means and frequency distributions were then
calculated. To quantify the patterns of seed dispersal
on the ground, mean dispersal distance, position of
the centroid, area of ground dispersed into and relative
frequency distributions of pod dispersal distance and
angle were calculated and analysed. Only representa-
tive examples of these parameters will be presented
here.
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RESULTS
Wild radish plants grown with the crop were taller
and thinner, whereas those grown in the absence of
the crop were extremely large and wide (Figure 1a-
¢). With increasing crop density from 0 to 360 plants
m?, the number of branch orders decreased by >40%
(Figure 2). Wild radish plants produced significantly
more branches and had longer branches at 0 and
low-density (90 plants m) of the crop than at higher
densities (Figure 2). Branches were produced at a
greater height from the base of the plant where wild
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Figure 1. Example 3-D views of digitised wild radish
plants grown in: (a) 0, (b) 90 and (c) 360 plants m?>
of wheat. Squares show the pods. Scales are in mil-
limetres. Note that scales are not the same.
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radish plants were grown in wheat (Figure 3). The
mean branching height for wild radish plants grown
in the absence of the crop was less than half that for
plants grown in a wheat crop.

With increasing density from 0 to 360 plants m?,
the mean branching height increased significantly, by
>50%. In contrast, branches were produced at a greater
distance (in a horizontal plane) from the centre of the
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Figure 2. Effects of wheat density on the branching
structure of wild radish (Raphanus raphanistrum
L.). The error bar in each graph shows the pooled
standard error.



plant where wild radish was grown in the absence of
the crop (Figure 3). With increasing density from 0 to
360 plants m, the mean branching distance decreased
significantly, by >50%.

With increasing density from 0 to 360 plants m?,
the mean distance of pods from the base of the plant
before dispersal significantly (P <0.001) decreased
(see Figure 5). This means pod release sites were closer
to the centre of the plant (in a horizontal plane) where
wild radish was grown in wheat.

The results also show that the scale of the relative
frequency distributions of dispersal distances were af-
fected by density. The majority of pods fell closer to
the source plant where wild radish was grown within
high-density crops (180 and 360 plants m) than in a
low density (90 plants m™) crop or in the absence of
the crop (Figure 4).

With increasing density from 0 to 360 plants m?,
the mean dispersal distance decreased significantly,
by >50% (Figure 5). The mean distance dispersed was
similar to the mean distance of pods on the plant prior
to dispersal, suggesting that pods mostly fall straight
to the ground.
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Figure 3. Effects of wheat density on mean branching
height and mean horizontal distance of branch bases
from the base of the plant in wild radish (Raphanus
raphanistrum L.). The error bar in each graph shows
the pooled standard error.
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Figure 4. Relative frequency distributions of pod
dispersal distance for wild radish (Raphanus raphanis-
trum L.) grown at: (a) 0 and (b) 180 plants m? wheat.
Line shows fitted Weibull distributions; note that the
y axes are not to the same scale.
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Figure 5. Effect of density on the mean distance of
pods from the plant base of the wild radish before
dispersal (dotted line) and the mean dispersal dis-
tance of pods on the ground (solid line). The error
bar in the graph shows the pooled standard error for
both lines.
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DISCUSSION

The results of this study showed clearly that competi-
tion influences the pattern of seed dispersal immedi-
ately around the parent plant, through its influence
on plant architecture. Competition significantly
reduced all architectural traits of wild radish, such as
the number of branches, the number of branch orders
and mean branch length. As the architectural traits of
plants are known to be the only means of seed dispersal
in species with passive dispersal such as wild radish,
any changes in the plant architecture potentially affect
measures of seed dispersal, such as mean dispersal
distance. The results showed that in the absence of a
crop, where there was no competition, wild radish had
more branch orders and many more branches. Having
these traits, along with greater branch lengths, enabled
the plant to carry more pods and at greater distances
from the centre of the plant.

Crop density also significantly changed the pattern
of seed dispersal. The majority of pods fell closer to
the source plant where wild radish was grown within
high-density wheat than in a low density crop or in
the absence of wheat. The lack of a significant differ-
ence between the mean distances of pods on the plant
before dispersal and mean dispersal distance of pods
on the ground after dispersal (Figure 5), showed that
pods mostly fall straight to the ground. This suggests
that even though pod release in wild radish may be
mediated by wind, for example by knocking the crop
against the radish stems, seed dispersal distance is
not greatly affected by wind. Pods are too heavy and
friction with the crop decreases wind velocity within
the canopy.

These results emphasise the need to view the
morphological characteristics of the parent plant as a
component of dispersal, not just the dispersal adapta-
tions of the dispersing propagules themselves. Seed
dispersal immediately around the parent plant was
density-dependent simply because plant architecture
was density-dependent. (Wender et al. 2005). Plant
morphology may also affect long-distance dispersal
by harvesting equipment. Fewer branches at greater
heights from the ground will result in a greater pro-
portion of pods being above the cutting height of the
harvester (although a denser crop will also increase
the likelihood of pods being knocked to the ground
before harvest).
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These changes in plant architecture and seed
dispersal also have implications for both the integrity
of patches and the rate of spread of the weed. The
local patterns, which are crucial for determining the
structure and dynamics of weed populations within
a field, are strongly influenced by passive dispersal
around parent plants.
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