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Summary
International trade is a major route by which nonindigenous organisms are introduced into new habitats.
Various kinds of weed seeds have been introduced
through grain trade. The objectives of this study were to
understand the factors that aﬀect the initial assemblage
of plant species introduced by the international grain
trade and to extract their general attributes. We
surveyed weed seed contamination of spring wheat
imported from Canada to Japan and analysed the
eﬀects of the ﬁeld abundance of each weed and of
harvesting and cleaning on the quantity of weed seed
included in the imported wheat. The ﬁeld abundance

was positively correlated with the weed seed quantity.
Seeds of short weeds and seeds with a pappus were
eliminated from the wheat by the harvesting or cleaning
process. Many other crop plants contaminated the
wheat. Because various transportation vehicles, temporary storage sites and port elevators are used commonly
with all exported crops and it is diﬃcult to remove all
residues from them, other crops might be carried over
into the wheat commodity. These relationships also
apply to other grains.
Keywords: cleaning, harvesting, contamination, ﬁeld
abundance, weed seeds, wheat.
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Introduction
The transportation of invasive alien species among
continents, regions and nations has often had signiﬁcant
impacts on the recipient ecosystems (Williamson, 1996;
Mack et al., 2000; Sala et al., 2000) and has caused
major economic losses in agriculture, forestry and other
industries ([OTA] U.S. Congress, Oﬃce of Technology
Assessment, 1993; Pimentel et al., 2000). Disease-causing invaders (McCormick & Platt, 1980; Van Riper
et al., 1986), predation and grazing by invaders (King,
1984; Dickman, 1996; Goldschmidt, 1996; Naylor, 1996)
and superior competitiveness of invaders (DÕAntonio &
Mahall, 1991) can devastate native species and reduce
crop production.
Successful invasion comprises three stages: introduction of a species to a new habitat outside its native

range, establishment of self-sustaining populations within the habitat and spread of the organism to nearby
habitats (Williamson, 1996). The establishment and
spread stages have received the greatest attention. On
the other hand, very limited study has focused on
understanding how species are introduced (Puth & Post,
2005, but see Green, 1997; Tilman, 1997; Lonsdale,
1999), although several authors have pointed out that
variations in the level of invasions among recipient
communities could be simply the consequence of diﬀerences in the numbers of exotics introduced (Williamson,
1996; Mack et al., 2000).
Identifying general attributes of introduced species
can help prevent their establishment and spread. Many
attempts have been made to construct lists of common
traits shared by successful invaders (Heywood, 1989).
Although some invaders may have traits in common, such
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lists are applicable only for a small group of species and
exceptions abound (Rejmanek & Richardson, 1996).
These discrepancies could simply reﬂect a lack of consideration of the mechanisms of introduction, rather than a
lack of attributes that favour establishment and spread
(Simberloﬀ, 1989). Thus, information on how many
propagules of each species were introduced and which of
them succeeded in establishment and spread is required.
To understand opportunities for alien species introduction, we need to take into account human-mediated
processes. International trade has long been recognised
as a major route by which non-indigenous organisms are
introduced to new habitats (Lonsdale, 1999; Mack et al.,
2000; Levine et al., 2003). Many worldwide invasive
plants were introduced accidentally or intentionally
through global commerce (Mack et al., 2000). Exotic
weeds in agricultural ﬁelds are typical cases of unintended introduction. Some studies reported that various
kinds of weed seeds were contained in imported grain
seeds (Fay, 1990; Huelma et al., 1996; Shimizu, 1998).
Because the volume of global trade of cereals is more
than 100 million tonnes every year (USDA, 2004), a very
large amount of weed seeds is introduced into grainimporting countries, even if the commodity contamination levels are very low. Human-driven movements of
organisms now have more impact on species distribution
than the movements of organisms by natural forces
(Carlton & Geller, 1993).
The objectives of this study were to understand the
factors that aﬀect the assemblage of plant species
introduced as contaminants through the international
grain trade and to extract their general attributes. We
surveyed weed seed contamination of spring wheat
imported from Canada to Japan for the following
reasons: (i) Canada is one of the worldÕs principal
exporters and Japan is a major importer of cereal grains
(FAO, 2004); (ii) the grain cleaning process in Canada is
well documented (CGC, 2006b); and (iii) the species
composition and density of the weed ﬂora have been
well surveyed periodically in agricultural ecosystems in
Canada (Thomas, 1985; Leeson et al., 2005). In this
study, we analysed the eﬀects of the ﬁeld abundance of
weeds and of grain harvesting and cleaning on the
quantity of weed seed included in the wheat.

Materials and methods
Prairie weed survey

The cereal and oilseed grains exported from Canada are
produced mostly in the central provinces of Alberta,
Saskatchewan and Manitoba (i.e. the Canadian Prairies). Researchers have periodically surveyed the species
composition and density of the weed ﬂora in agricultural

ecosystems there since the 1970s (Thomas, 1985; Leeson
et al., 2005). Field selection was based on a stratiﬁed,
random-sampling methodology using ecodistricts, which
are areas of similar landform, soil, vegetation and land
use, as the units for stratiﬁcation. The surveys were
conducted in the summer before harvest. We used the
data from 1593 spring wheat ﬁelds in the 2000s, the most
recent data available. We calculated the abundance of
each species (number of plants per m2) from the
frequency (number of ﬁelds in which a target species
occurred as a percentage of the total number of ﬁelds),
ﬁeld uniformity (number of quadrats per ﬁeld in which a
target species occurred as a percentage of the number of
quadrats) and density (number of individuals of a target
species per m2, expressed as an average over the ﬁelds in
which the target species occurred) of each target species:
1593 ﬁelds · frequency ⁄ 100 · 20 quadrats · ﬁeld uniformity ⁄ 100 · ﬁeld density. The abundance of each
species ﬂuctuated across the years, but the general trend
of major weeds was almost similar over several years.
Therefore, we assumed that the records of the 2000s
would be appropriate for our analysis of wheat samples
obtained in 2006.
Grain cleaning in Canada

More than 20 million tonnes of grain is exported from
Canada every year (CGC, 2006a). Port elevators are
used to receive, clean, dry, store and ship grain before
export (CFIA, 2006). Grain is cleaned to remove the
ÔdockageÕ to meet the export standards as established by
the Canadian Grain Commission (CGC, 2006b). Dockage is waste material in grain, which must be removed
for assignment of a grade. Any material left in grain
after the cleaning is called Ôforeign materialÕ. The foreign
material usually includes weed seeds, roughage, stones,
ergot, Sclerotinia sclerotes and so on, even after cleaning. The maximum total foreign material allowed in
highest-quality export wheat is 0.4% by weight. During
cleaning, light waste material is removed by aspiration,
waste material larger than threshed wheat is removed by
ÔriddleÕ (sieve) and then waste material smaller than
threshed wheat is removed by Ôbuckwheat sievesÕ (CGC,
2006b).
The ports of Vancouver and Prince Rupert are the
major ports in Canada (CGC, 2006a). Wheat exported
to Japan is treated at both ports. All exported grains are
processed through shared elevators at each port.
Identification of weed seeds detected from spring
wheat imported into Japan

In 2006, we investigated two 20-kg and one 10-kg
samples of spring wheat imported from Canada to
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Japan to determine contaminant seed composition. The
wheat is destined for milling for human food trade. Each
sample came from a diﬀerent shipment. The samples had
not gone through any cleaning or processing in Japan.
First, we sieved each sample in a No. 7 hand sieve
(opening of 2.83 mm; Bunsekifurui Co., Tokyo, Japan)
to separate out the material smaller than the wheat. The
grain remaining on the sieve was a mixture of large seeds
and wheat seeds; we picked out the large seeds by hand.
The material that passed through was then placed in a
No. 48 sieve (opening of 0.297 mm) to separate out the
ﬁne dust. No seed was present in the dust. Seeds other
than wheat were picked out of the material remaining on
the No. 48 sieve. These processes were conducted
carefully so as not to miss any weed seeds. The handsorted seed samples were then weighed and the percentage was calculated. The seeds were identiﬁed on the
basis of the shape, size, colour and texture of the surface
(Martin & Barkley, 1961; Davis, 1993; Ishikawa, 1994;
Guo, 1998; Guan et al., 2000) and the number of each
type was counted. To verify the seed identiﬁcation, some
of the seeds were germinated and grown in an isolated
garden to maturity and then the plants were identiﬁed
(Osada, 1989; Flora of North America Editorial Committee, 1993+; Flora-Kanagawa Association, 2001).
Statistical model

As suggested in Asai et al. (2007), several factors might
aﬀect contamination: ﬁeld abundance at harvest, life
cycle (annual or perennial), plant height, seed size,
presence or absence of a pappus and status as weed or
crop. We took these factors into account for several
reasons:
1. Generally, a positive correlation is expected between
the ﬁeld abundance of a weed and its total seed
production. Therefore, seeds of abundant weeds are
more likely to contaminate wheat.
2. Most annuals reproduce only by seeds, but perennials
often regenerate from vegetative organs. Because
perennials sometimes allocate resources for reproduction into vegetative propagation instead of into seeds
(Silvertown, 1987), ﬁeld abundance and seed production of perennials do not necessarily correlate positively. Therefore, fewer seeds of perennials than of
annuals were expected.
3. Wheat grows c. 100–120 cm tall. Seeds of shorter
weeds than this are likely to be eliminated during
harvesting. Therefore, seeds of taller weeds are more
likely to contaminate wheat.
4. Seeds larger or smaller than wheat can be eliminated
by the cleaning processes. Therefore, similar size seeds
to wheat are more likely to contaminate wheat.

5. Seeds with a pappus are likely to disperse and be
eliminated by the harvesting or cleaning processes.
Therefore, seeds without a pappus are more likely to
contaminate wheat.
6. Various transportation vehicles, temporary storage
sites and port elevators are used between the farm
ﬁelds and the commodity sampling in Japan, all of
which usually handle various crops and are subject to
incomplete cleaning, resulting in carry-over of noncommodity crops into wheat. Therefore, seeds of
other crops are more likely to contaminate wheat.
We compared species contaminating the wheat with
those ranked in the top 100 by ﬁeld abundance in spring
wheat ﬁelds (Leeson et al., 2005), but pteridophyte
species were excluded from the analysis. Seed size was
deﬁned as the longest dimension of the seed. Information about typical seed size was obtained from seed
identiﬁcation books (Davis, 1993; Guan et al., 2000) and
the Seed ID Workshop (McDonald et al., 2006). Information about plant height and life cycle was obtained
from the PLANTS Database (USDA, 2006) and Flora of
North America (Flora of North America Editorial
Committee, 1993+). If ranges of seed size and plant
height were presented, median values were used. Biennial herbs were categorised as annuals. The nomenclature followed Darbyshire (2003).
We used a general linear mixed-eﬀects model ﬁtted
by maximising the restricted log- likelihood to analyse
the eﬀects of ﬁeld abundance, life cycle, plant height,
seed size, pappus presence and status as crop or weed
on the number of weed seeds in the wheat. The wheat
samples were included as a random variable. We added
0.5 to the seed number and ﬁeld abundance and then
log-transformed the seed number, ﬁeld abundance, seed
size and plant height. Statistical analyses were performed using R v. 2.3.1 (R Development Core Team,
2006).

Results
Contaminant seed composition

Forty-two types of weed seeds from 13 families were
found in the wheat samples (Table 1). Thirty-ﬁve were
identiﬁed to species level, three to genus level and four to
family level only. Poaceae was the most dominant
family, with 11 types, followed by Brassicaceae (5),
Asteraceae (5) and Chenopodiaceae, Fabaceae and
Polygonaceae (4 each). The mean percentage of contaminant seeds in wheat samples was 0.23% by weight.
The total number of contaminant seeds was about 1700
per 10 kg of wheat (Table 1). The species composition of
each sample was similar. Seed of Brassica spp. (oilseed
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Table 1 Numbers of each seed type detected in spring wheat imported from Canada into Japan. Weights of wheat samples 1, 2 and 3 were
20 , 20, and 10 kg respectively
Seed number ⁄ 10 kg wheat
Family

Scientific name

English name

Alismataceae
Amaranthaceae
Asteraceae

Alisma plantago-aquatica L.
Amaranthus retroflexus L.
Anthemis cotula L.
Cirsiinn arvense (L.) Scop.
Helianthus annuus L.
Sonchus asper (L.) Hill
Asteraceae sp.
Buglossoides arvensis (L.) I.M. Johnston
Brassica spp.
Camelina microcarpa Andrz. ex DC.
Sinapis alba L.
Thlaspi arvense L.
Brassicaceae spp.
Silene noctiflora L.
Stellaria media (L.) Vill.
Vaccaria hispanica (Mill.) Rauschert
Chenopodium album L.
Kochia scoparia (L.) Schrad.
Salsolakali L. subsp. ruthenica (Iljin) So —
Chenopodiaceae sp.
Glycine max (L.) Merr.
Lens culinaris Medic.
Medicago saliva L.
Trifolium spp.
Linum usitatissimum L.
Malvapusilla Sm.
Avena fatua L.
Avena saliva L.
Bromus leclorum L.
Echinochloa crusgalli (L.) P. Beauv.
Hordeum vulgar e L.
Lolium persicum Boiss. & Hohen. ex Boiss.
Phalaris canariensis L.
Phleum pralense L.
Selaria pumila (Poir.) Roem. & Schult.
Selaria viridis (L.) P. Beauv.
Poaceae sp.
Fallopia convolvulus (L.) Á. Löve
Polygonum lapalhifolium L.
Polygonum persicaria L.
Rumex spp.
Galium spurium L.

European water plantain
0.0
Redroot pigweed
4.5
Stinking mayweed
1.0
Canada thistle
0.5
Sunflower
0.5
Spiny annual sow-thistle
0.0
–
1.0
Corn gromwell
0.0
Canola ⁄ rapeseed
204.0
Small-seeded false flax
2.0
White mustard
32.0
Stinkweed
4.0
–
3.0
Night-flowering catchfly
2.5
Chickweed
2.5
Cow cockle
42.5
LambÕs-quarters
8.5
Kochia
35.0
Russian thistle
1.0
–
2.5
Soya bean
4.0
Lentils
1.5
Alfalfa
3.0
Clover species
0.0
Flax
44.5
Round-leaved mallow
3.5
Wild oats
231.0
Oats
4.0
Downy brome
51.5
Barnyard grass
22.5
Barley
136.5
Persian darnel
139.0
Canary grass
3.0
Timothy
0.5
Yellow foxtail
11.5
Green foxtail
22.0
–
1.0
Wild buckwheat
114.0
Pale smartweed
2.5
LadyÕs- thumb
0.0
Dock species
2.0
False cleavers
1.0
Total
1145.5

Boraginaceae
Brassicaceae

Caryophyllaceae

Chenopodiaceae

Fabaceae

Linaceae
Malvaceae
Poaceae

Polygonaceae

Rubiaceae

rape) was the most abundant (Table 1, Fig. 1). A large
number of seeds of Hordeum vulgare L. (barley), Avena
fatua L. (wild oats) and Fallopia (Polygonum) convolvulus (L.) Á. Löve (wild buckwheat) were also present.
Oilseed rape and barley are major export crops in
Canada (CGC, 2006a). Among the four seed types that
were identiﬁed only to family level, one type of
Brassicaceae was either or both of Capsella bursapastoris (L.) Medik. and Descurania sophia (L.) Webb ex
Prantl. One type of Asteraceae was tentatively identiﬁed
as Senecio vulgaris L. We had absolutely no idea about

Sample 1

Sample 2 Sample 3

Mean

0.5
1.5
0.0
0.0
2.0
1.0
0.0
0.5
584.0
0.0
5.5
1.5
0.0
2.5
0.0
5.0
2.0
18.5
0.5
0.0
3.0
2.5
0.5
0.0
47.5
1.5
178.5
44.0
15.5
19.0
207.5
68.5
3.5
0.0
13.5
27.0
1.5
108.5
3.0
0.0
2.5
3.5
1376.0

0.2
3.7
0.3
0.2
1.2
0.3
0.3
0.2
561.3
0.7
70.2
7.5
4.0
1.7
1.2
23.2
8.2
41.8
2.5
1.5
4.0
2.7
1.2
0.3
47.3
3.3
261.2
18.3
28.3
20.8
357.0
85.2
4.8
0.8
8.3
28.7
1.2
110.2
3.8
0.3
3.2
2.5
1723.5

0.0
5.0
0.0
0.0
1.0
0.0
0.0
0.0
896.0
0.0
173.0
17.0
9.0
0.0
1.0
22.0
14.0
72.0
6.0
2.0
5.0
4.0
0.0
1.0
50.0
5.0
374.0
7.0
18.0
21.0
727.0
48.0
8.0
2.0
0.0
37.0
1.0
108.0
6.0
1.0
5.0
3.0
2649.0

one type of Chenopodiaceae and one type of Poaceae.
Therefore, we excluded these four species and their data
from the following analysis.
In the species (types) ranked in the top 100 by ﬁeld
abundance in spring wheat ﬁelds (Leeson et al., 2005),
Asteraceae was the most dominant family, with 20 types,
followed by Poaceae (15), Fabaceae (11), Brassicaceae
(9), Caryophyllaceae (8) and Polygonaceae (8). Thirtytwo of these were common to the three wheat samples.
Thirteen were excluded from the following comparison
because the seed sizes were unknown.
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Discussion

(1)

(2)

(3)

Fig. 1 Percentage distribution of the number of weed seeds in
each wheat sample. The seeds are grouped by family. Names of
species or genera with especially large numbers of seeds are shown.
The total numbers of seeds in each sample are shown in Table 1.

Table 2 Effects of factors on the number of seeds contaminating
the wheat analysed as a general linear mixed-effects model. The
wheat samples were treated as a random effect
Fixed effects

d.f. Coefficient SE

Field abundance
Life cycle (perennial)
Plant height
Seed size
Pappus (presence)
Status (weed)

1
1
1
1
1
1

0.28
)0.37
0.44
0.23
)1.07
)0.97

t

P

0.03
8.52 <0.0001
0.22 )1.71
0.0886
0.16
2.79
0.0058
0.12
1.92
0.0564
0.29 )3.72
0.0002
0.30 )3.25
0.0013

Factors affecting contaminant seed composition

There was a signiﬁcant positive relationship between
ﬁeld abundance and the number of contaminant seeds in
the wheat samples (Table 2, Fig. 2). Plant height was
also positively correlated with the number of contaminant seeds. Seeds with a pappus were proportionally
less common than seeds without pappus. Seeds of other
crops were more abundant than those of weeds. On the
other hand, life cycle and seed size did not show a
signiﬁcant correlation with the number of contaminant
seeds. The adjusted R2 of this model was 0.387. So,
38.7% of the variability in the number of contaminant
seeds was explained by ﬁtting the model.

As would be expected, ﬁeld abundance was the most
signiﬁcant factor aﬀecting the number of seeds contaminating the wheat samples (Table 2). Plant height,
presence or absence of a pappus and status as weed or
crop also had signiﬁcant eﬀects. Seeds of short weeds
and seeds with a pappus were likely eliminated from the
wheat by the harvesting and cleaning processes. Common use of various transportation vehicles, temporary
storage sites and port elevators would explain carry-over
of other crops into wheat.
Globally, nearly 40% of troublesome weeds occur in
two families: Poaceae and Asteraceae (Radosevich &
Holt, 1984). These families were also dominant in spring
wheat ﬁelds in the Canadian Prairies, with 14% and
20% of types respectively (Leeson et al., 2005). However, we found only a small number of Asteraceae seeds
in the wheat. This is because many species of Asteraceae
produce seeds with a pappus, which, under natural
conditions, assists in long-distance dispersal by wind
(Tackenberg et al., 2003). Adaptation to anemochory
results in seeds that are easily dislodged and dispersed at
harvest time (rather than being captured) and are more
readily eliminated by cleaning processes. In spite of their
prevalence as weeds, the dispersal mechanisms of the
Asteraceae result in proportionally lower commodity
contamination levels. This may suggest a distinct diﬀerence between the population dynamics, distribution and
dispersal of common troublesome weed species of
Poaceae and Asteraceae on a worldwide basis. Most
populations of Asteraceae weeds may be typically selfsustaining within local areas, whereas some populations
of Poaceae weeds may often be augmented by repeated
introductions from other sources. Such a diﬀerence may
be revealed by analysis of genetic diﬀerentiation among
populations around the world.
Life cycle did not aﬀect the number of contaminant
seeds in wheat, contrary to our expectation (Table 2).
We expected that because perennials can allocate more
resources into vegetative propagation than into seeds,
we would ﬁnd fewer seeds of perennials than of annuals.
Troublesome perennial weeds are characterised by
vigorous vegetative reproduction or regeneration from
cut pieces (Radosevich & Holt, 1984). As vegetative
reproducers develop faster and become reproductive
more quickly than germinated seedlings (Benson &
Hartnett, 2006), they can grow large enough to produce
many seeds within a year. Therefore, perennial weeds
can match the seed production of annual weeds by
having a head start.
We also expected that seeds whose size is diﬀerent
from that of wheat would be eliminated; however, we
did not ﬁnd such a relationship. Seeds of various sizes
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Fig. 2 Relationship between each factor
and mean number of seeds in wheat. The
ﬁeld abundance and the seed number had
0.5 added. Box plot represents 75th (top),
50th (middle) and 25th percentile (bottom).
Top whisker extends to the most extreme
data point which is no more than 1.5 times
the interquartile range from the box. The
values which lie beyond the extremes of the
whiskers are shown by circle points.
Sample unit is each weed species.

seem to have the same potential for elimination by
cleaning processes or not, except for extremely big seeds.
The general linear mixed-eﬀects model explained only
38.9% of the variability in the number of contaminant
seeds, suggesting that other factors contribute. One
important factor might be seed dispersal timing. If the
seed dispersal timing of a weed corresponds with the
harvest time of a crop, serious contamination is likely. In
fact, the seed dispersal timing of four weed species
[A. fatua, F. convolvulus, Kochia scoparia (L.) Schrad.
and Lolium persicum Boiss. & Hohen.], which were
serious contaminants (average of more than 40 seeds per
10 kg of wheat), corresponds with the harvest time of
spring wheat (Sharma & Vandenborn, 1978; Hume
et al., 1983; Holman et al., 2004; NWCB, 2006). Crops
and associated weeds have evolved together under
similar cultural practices or environments, so the growth
and reproduction of the most successful weeds tend to
match those of the crops (Radosevich & Holt, 1984).

Furthermore, a non-seed-shattering habit is likely to be
related to contamination. Two non-seed-shattering
crops, oilseed rape and barley, were serious contaminants. Because easy shattering reduces yield due to grain
loss during harvest, these seed crops have been selected
to retain the seeds on their heads (Konishi et al., 2006).
As a result, seeds of volunteer crops are harvested with
the crop, resulting in serious contamination. In addition,
oilseed rape and barley are major export crops in
Canada (CGC, 2006a). Therefore, many of these seeds
may be left in various vehicles, temporary storage sites
and port elevators as residues.
Some weed seeds might contaminate wheat via other
commodities. We found seeds of Alisma plantagoaquatica L., Buglossoides arvensis (L.) I.M.Johnst.,
Anthemis cotula L., Camelina microcarpa Andrz. ex
DC, and Polygonum persicaria L. Gray in the wheat, yet
these species were not found in wheat ﬁelds. Furthermore, we found a couple of dozen seeds of Bromus
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tectorum L., a winter annual on the Canadian Prairies,
whose seeds are shed long before wheat is harvested.
Therefore, contamination of these seeds may occur at
sites such as vehicles, containers and port elevators. The
seed productivity of each weed might also improve the
predictability of weed seed quantity in wheat, but we
could not ﬁnd reliable data for analysis.
Identifying the predominant attributes of introduced
weed species can help identify critical species, evaluate
their invasiveness and prevent their spread. For example, seeds of A. fatua and F. convolvulus, which are
noxious aliens in Japan (Osada, 1976; [NARO] National
Agriculture and Food Research Organization, 2006),
were abundant in the imported wheat. On the other
hand, although a large number of seeds of K. scoparia
and L. persicum were also present, neither species is
recognised as a weed in Japan. These four species have
been introduced into Japan through the grain trade over
at least 10 years (Asai et al., 2004). The diﬀerence in
their invasiveness may be related to seed viability: that
of the latter two species is rapidly lost in soil (Holman
et al., 2004; NWCB, 2006), but that of the former can
remain high for several years (Sharma & Vandenborn,
1978; Zollinger et al., 2006). Seed viability is thus a
likely key factor in invasion via the grain trade. Further
studies are needed to assess the percentage of viable
seeds of each species in wheat, because they would
identify the species most likely to represent a potential
invasion risk. Importing 1700 seeds 10 kg)1 of wheat is
not a threat if all the seeds are non-viable.
To our knowledge, this is the ﬁrst study to analyse the
eﬀects of ﬁeld abundance and human-mediated processes
(harvesting and cleaning) on contaminant seed quantity
in imported grain. These relationships can also apply to
other grains, which are handled similar to wheat. New
noxious weeds are now expected because the adoption of
genetically modiﬁed crops, changes in herbicides and
tillage systems and crop diversiﬁcation have brought
about changes in weed communities (Derksen et al.,
2002; Culpepper, 2006). Therefore, new weed species
might be introduced into grain importing-countries.
Although grain-cleaning techniques are improving, it
will remain impossible to remove all weed seeds completely, because of the enormous cost. Therefore,
predictions of potential alien weeds based on the ﬂora
and weed control systems of trading partner countries
will become increasingly important.
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