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Abstract: International trade is a major route by which non-indigenous organisms are introduced into new habitats. Invasive 
species has been introduced as weed unintentionally through mass-trading of agricultural products and/or as garden or useful plant 
intentionally. The objectives of the paper were to show the factors that affect the initial assemblage of plant species introduced by 
the international grain trade and to extract their general attributes and importance of residence time of alien plant from the 
introduction for recognition of invasiveness. An analysis of weed seed contamination of spring wheat imported from Canada to 
Japan showed the field abundance of each weed 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, and many other crop plants 
contaminated the wheat. A comparison of number of invasive plant species between New Zealand and Japan suggested that Japan 
has more invasive species then has been recognized. 
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1. Introduction 
 

Invasion by exotic plants is a growing issue, since the invasive species frequently cause economic and ecological 
impacts (Mack et al., 2000; Lockwood et al., 2005). For example, the economic losses associated with invasive alien 
plants (crop weeds, weeds in pasture and weeds in lawns, gardens and golf courses) in the United States alone, was 
estimated at US$34.5 billion per year (Pimentel et al., 2005), not including damage to ecosystem function or loss of 
biodiversity, which also contribute to agricultural production. Contamination of weed seeds in agricultural products 
(Mack, 1991; Shimono & Konuma, 2008) and escapes of imported landscaping and horticultural plant materials 
(Mack & Lonsdale, 2001; Reichard & White, 2001; Dehnen-Schmutz et al., 2007) are the major causes of alien plant 
invasion, with the naturalization of deliberately introduced plants being the most common source of invasive plants. 
In the United States, most herbaceous invasive species were introduced unintentionally through crop seed 
contaminated with weed seed (e.g., Mack, 1991) and 82% of woody invasive plants were introduced intentionally to 
the USA for horticultural purposes (Reichard & Hamilton, 1997). Similarly, 57 to 65% of the naturalized plants of 
Australia were introduced intentionally for horticulture (Kloot, 1987; Groves, 1998 as cited in Reichard and White, 
2001).  

Many hypotheses have been proposed for explaining successful plant invasion (reviewed in Catford et al., 2009). 
These hypotheses can be classified into introduction part of the invasive plant (typically propagule pressure), abiotic 
environmental conditions and biotic interactions with other plants or organisms (Catford et al., 2009). Among those 
factors, in this paper, we focused on introduction process and the role of introduction history of alien plant. 
Identifying general attributes of introduced species can help prevent their establishment and spread. 
 
2. Unintentional introduction through grain trade 
 

Many worldwide invasive plants were introduced unintentionally or intentionally through global commerce (Mack  
et al.,  2000). Exotic weeds in agricultural fields are typical cases of unintentional introduction.  Grain trade is a 
major (and may be largest) route of unintentional introduction of those weeds. Some studies reported that various 
kinds of weed seeds were contained in imported grain seeds (Fay, 1990; Huelma et al., 1996; Shimizu, 1998, 
Shimono & Konuma, 2008). 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 grain - importing 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).  

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 
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help prevent their establishment and spread. Weed seed introduction through grain trade is a human-mediated 
dispersal process of plant propagule.  

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 
worlds 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).  

We hypothesized following factors could be responsible for the contamination of wheat by weed seed (i.e., 
unintentional human-mediated weed seed dispersal), which were (1) field abundance, (2) plant height, (3) seed size, 
(4) annual or perennial, (5) with or without pappus, and (6) crop or weed. 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) Wheat grows ca. 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. 

(3) 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. 

(4) 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, 
field abundance and seed production of perennials do not necessarily correlate positively. Therefore, fewer 
seeds of perennials than of annuals were expected. 

(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 non-commodity crops into wheat. Therefore, seeds of other 
crops are more likely to contaminate wheat. 

We used a general linear mixed-effects model fitted by maximising the restricted log-likelihood to analyse the 
effects of field abundance, plant height, life cycle, 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. 

As would be expected, field abundance was the most significant factor affecting the number of seeds 
contaminating the wheat samples. 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. 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.  

These relationships can also apply to other grains, which are handled similar to wheat. Identifying the predominant 
attributes of introduced weed species can help identify critical species, evaluate their invasiveness and prevent their 
spread. Therefore, predictions of potential alien weeds based on the flora and weed control systems of trading partner 
countries will become increasingly important. 
 
3. Intentional introduction of horticultural plant 
 

Horticulture has been recognized as major pathways for the introduction of invasive plants (Mack & Lonsdale, 
2001; Reichard & White, 2001; Dehnen-Schmutz et al., 2007). Many of invasive plants are recognized as garden 
escape. In New Zealand, about three-quarters (74%) of terrestrial weeds were deliberately introduced as ornamental 
garden plants, with a further 14% deliberately introduced for agriculture, commercial horticulture or forestry (Owen 
1998). Only 10% were introduced accidentally as contaminants with soil, animals or other plants. Similarly over half 
(54%) of aquatic plants were introduced as ornamental plants (Owen 1998).  

Both Japan and New Zealand have similar soil properties because of volcanic activities, location in similar 
climatic zone and share many introduced exotic plants. Despite the similar environmental conditions, number of 
invasive plant is different between the two countries. It is pointed out that there is a time lag for recognition of 
invasive plant from the introduction (e.g., Crooks, 2005). The difference of introduction history may be the reason of 
the different number of invasive plants because New Zealand has longer history of introduction of alien plant. 
Approximately, 25,000 plant species have been introduced to New Zealand (Duncan & Williams, 2002) and 2,500 of 
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these have naturalized (Lynley Hayes, personal communication) since European colonization, it had started late 
1700s. 120 (MAF Biosecurity New Zealand, 2008) to 328 (Howell, 2008) species are recognized as "Invasive" and 
most of them were introduced as garden plants. Compared to New Zealand, the history of alien garden plant 
introduction is shorter in Japan and, until mid of 1800s, the introduction of exotic plants increased only gradually. 
The rate of such introductions jumped twice in the history, which were 1860’s and 1950’s accompanies opening the 
country to the world and after World War II (Muranaka 2008). However, in terms of commercial distribution of 
horticultural plant, it was accelerated rapidly only from 1960-70s along with major economic growth. In general, it 
takes long time (more than 100 years in some cases), for introduced plants to become naturalized and then become 
recognized as invasive. It is estimated that 1200-2200 alien plant species has been naturalized in Japan (Shimizu, 
2003; Muranaka, 2008) now. Extrapolating from the New Zealand experience, one might expect that 100 to 200 of 
these are now naturalizing and have the potential to become invasive weeds in Japan. Nevertheless, the official 
banned alien plant list comprises only 12 species and even the plant under observation is still 84 species (Ministry of 
Environment, 2008). Therefore, it may be urgently required to Japan to develop strict rule of introducing alien plant 
and monitoring system of rapidly spreading weed that is potential invasive. 
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