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Biological invasions are easily perceived by the general public, who see the development of populations of exotic
animals or plants on roadsides, ponds or urban wastelands… The expansion dynamics of these species could be a
cause for satisfaction in the global context of reduced diversity if biological invasions were not themselves one of
the causes of the disappearance or, at least, drastic reduction of animal and plant diversity. The problem of
invasive plants concerns all environments, especially those used for agriculture. In fact, agriculture is both the cause
(voluntary or involuntary) of many introductions and one of the main victims. Invasive species cause yield losses
that farmers can respond to by increasing the use of herbicides, which is an environmental issue. Finally, some
species such as common ragweed can cause very significant allergy problems for human populations. Only
preventive management seems to allow a certain level of efficiency and some regulation of invasive species
populations at a level where they could blend into the local flora. Epidemiological surveillance networks have been
set up in France to anticipate such biological invasions.

1. Plants that are moving
Mosquito tiger, Asian hornet, Florida turtle, coypu, ragweeds or even primates, the list of species that proliferate with which we
are confronted has grown steadily since the beginning of the 20th century. These species are referred to as "invasive" when they
have been introduced (voluntarily or accidentally) by humans outside their natural range and their spread threatens
biodiversity, the economy and/or human health.
Of the 6,000 vascular plant species recorded today in France, more than 20% are considered non-indigenous, but only slightly
more than a hundred have proliferating behaviour, at least locally. Many texts attempt to regulate or organize the fight against
these species. The latest European Regulation 1143/2014 [1] on the management of the introduction and spread of
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invasive species sets out rules to prevent, minimise and mitigate the adverse effects on biodiversity of the introduction and
spread of these species within the European Union.

Figure 1. On the left, water lettuce (Pistia stratiotes L.) invading the Rhône counter-channel near Avignon. On the right, collection of
aquatic plants in the Burgundy Canal. [Source: Water lettuce - © Guillaume Fried; Canal de Bourgogne - © UMR Agroecologie]

Rapid and spectacular plant invasions (Figure 1A) can be the source of nuisances that require often costly control practices
(chemical weeding, mowing, pulling). Despite these sometimes high costs, the success of these actions is not always
guaranteed (Figure 1B), with significant negative environmental effects. Weeding practices (synthetic herbicides, intensive
mowing, wetland cleaning) have negative consequences on communities and already fragile habitats. The effects sometimes
directly affect human populations, as in the case of green tides on the Brittany coast (Ulva lactuca) [2] (see Nitrates in the
environment and Phosphorus and eutrophication).
To better understand these phenomena, much theoretical and practical work on these changes in plant range has been carried out
in ecology since the late 1950s. These studies involve researchers from different disciplines ranging from health to ecology. The
effects of climate change, which can accelerate the progression of some of these plant species, are extensively studied and
modelled in order to better anticipate potential new introductions and future expansions.

2. More species but also more problems
One of the major concerns related to biological invasions is a decrease in the diversity of local plant species [3]. Many
studies focus on the negative effects of invasive plant species on fragile ecological environments in which endemic species may
be endangered by more competitive or allelopathic invasive species (emission of compounds toxic to other plants). Other
invasive species can also modify the initial environment: excessive water consumption, modification of organic matter
degradation. These transforming species make it difficult to restore [4] the environment, as the initial flora can only be
re-established with difficulty due to changes in soil characteristics.
The phenomenon of biological invasions is closely linked to trade globalization. Specialists take as a key date the discovery of
the New World (end of the 15th century) to locate the introduction of a new wave of plants such as the species of the genus
Amaranthus, now very common in cultivated plots. Introduced voluntarily for aesthetic reasons, such as for the butterfly-bush
(Buddleja davidii Franch.), or in botanical gardens (species of the genus Erigeron), some of these species are now part of the
common flora such as the common field speedwell (Veronica persica Poir.).
With the development of modern means of transport and globalization, the arrival of new plant species accelerated throughout
the 19th and 20th centuries. Humanized and disturbed environments such as harbours, stations, roads, gravel pits or brownfields
are habitats colonized by invasive alien plants. While these environments may appear to be particularly "difficult" from an
ecological point of view (soils that are more or less artificial and poor in nutrients or polluted with water stresses accentuated by
limited water reserves), invasive plants settle there very regularly for two reasons:
a high frequency of introductions and movement of commodities into these human habitats, which mathematically increases the
chances that an individual accidentally introduced with these commodities will find the right conditions for settlement.
the low intensity of competition from plants that do not constitute sufficiently dense, important and settled communities to
prevent the development of newcomers.
Thus, habitat degradation, linked to human activities that can lead to a weakening of local plant and animal communities,
promotes the development of invasive species.

3. Why in the fields?
The problem of invasive alien plants also affects cultivated environments [5] which constitute unique ecosystems due to the
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selection pressures exerted there.

3.1. Favourable farming practices
Various farming practices carried out by farmers are involved:

environmental disturbance due to tillage and mechanical weeding;
chemical or thermal weeding practices;
preferential installation of a cultivated plant sown at optimal densities for its yield.
These practices create an environment in which a limited number of species can survive. Selection pressures are therefore both
strong and frequent, but are also variable in space and time due to the crop rotation that takes place there.

Figure 2. Reynoutria japonica in a wheat plot. [Source: © UMR Agroecology]

Species that can tolerate or even benefit from these different practices will have a generally nutrient-rich environment and vast
areas with few landscape structures at its disposal, which is highly conducive to the development of biological invasions. These
entries into cultivated plots may be occasional (presence of Reynoutria japonica in a wheat plot, Figure 2). But they require
chemical or mechanical weeding interventions by the farmer to avoid sustainable 'installation' of the species. If the pest of
invasive species in crops varies from one species to another, yield losses can be observed up to complete crop destruction.
At the beginning of their development, annual crops cover only a small area of the soil, allowing the natural flora of cultivated
areas (commonly called weeds or weed flora) to develop. This low coverage capacity was compensated by the farmer either by
chemical weeding with herbicides applied when the crop emerged, or by early mechanical weeding practices or by installing a
living or dead vegetation cover between rows.
However, these practices are not sufficient to limit the presence of weed flora. Invasive species generally have particularly
important developmental capacities that are linked to different factors: particular biological characteristics, low effectiveness of
weeding practices or lack of biological regulation by predators or parasites. It is observed that spring and summer crops host
more invasive species than winter crops. These observations can be explained by the biology of invasive species: many of these
exotic species (cocklebur, amaranth …) ) come from different continents (Asia, Africa, America) and are summer plants that are
particularly well adapted to crops such as corn. However, if the species does not meet favourable ecological conditions, its
development may remain very limited, as is currently the case with Abultilon theophrasti (originating from Asia) in France [6].

3.2. Special biological characteristics
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Figure 3. Variability in seed size and shape of some invasive weed species in cultivated areas. A: Amaranthus retroflexus; B: Ambrosia
artemisiifolia; C: Erigeron bonariensis; D; Xanthium strummarium. [Source: © UMR Agroecology]

Various studies have attempted to determine the general biological characteristics most often associated with invasive crop
species:
it seems that large size (competition for light), vigorous vegetative growth, early and prolonged flowering are regularly observed
in some of these species.
invasive species produce a significant number of seeds, more than 1000 seeds per plant for a common ragweed. This does not
distinguish them particularly from other weeds that can produce much more (more than 20,000 per plant for a common poppy Papaver rhoeas). But invasive species are characterized by the duration of seed survival in the soil (Figure 3), which allows them
to build up large seed stocks for long-term survival of up to ten years.
The success of invasive plants in crops could be partly due to the occupation of a still vacant ecological niche [7], as European
native species are mainly winter germinating species. In addition, by comparing the frequency of American species in crops,
only 3% of these invasive species are found in winter cereals, 27% in summer crops (corn or sorghum), while vines and orchards
contain about 50%. The establishment of these species in cultivated environments would therefore be more related to the
occupation of environments with low plant competition than to biological invasion with the risk of loss of diversity. However,
for the farmer, this is a new and sometimes important problem to manage.

3.3. Herbicide-resistant plants
However, some of the problematic invasive weeds observed today in cultivated areas are plants such as bachelor's button (Cyanus
segetum Hill) or common corn-cockle (Agrostemma githago L.) introduced during the Neolithic period with the first crops
(so-called archaeophyte plants). The sudden geographical spread of these plant species is generally due to changes in farming
practices that have hitherto constituted a lethal selection pressure, or new environmental conditions that are particularly
favourable to them (reduced tillage). The development of grassy weed populations (wild oats, ryegrass, blackgrass) in the middle
of the last century would have benefited from the use of the first herbicides that only destroyed broadleaf species.
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Figure 4. Alopecurus myosuroides is one of the most common weeds nowadays in cultivated plots because of its ability to adapt to
farmers' practices but also because it has become resistant to some herbicides. [Source: © UMR Agroecology]

The black-grass (Alopecurus myosuroides Huds.; Figure 4), an annual grass now present in more than a third of winter wheat plots
in France (more than 2 million hectares), has been known since at least the 18th century as a potential weed plant. From the
1960s onwards, this plant became one of the major weeds in our cropping systems in Europe due to its ability to adapt to short
winter crop rotations. But, as with other weed species, its current success is also due to its genetic ability to resist different
herbicide families to the point of making its management by chemistry alone uncertain.

Figure 5. Strong development of geraniums (Geranium dissectum) in a wheat plot related to the ability of this plant to tolerate a number of
chemical molecules. [Source: © UMR Agroecology]

Other species with similar characteristics, such as bromes (Bromus sp.), wild oats (Avena fatua L.) or vulpia (Vulpia myuros L.),
are also increasing today. Proper tolerance of a herbicide in cropping systems where herbicide management is dominant may be
sufficient to promote the development of high plant densities such as geraniums (Figure 5).

3.4. Common ragweed: agricultural and public health problems
Among the invasive species on cultivated plots, common ragweed (Ambrosia artemisiifolia L.) is one of the plants that can hardly
escape the term "weed". This annual Asteraceae, native to the North American continent, is one of the higher plants to be subject
to mandatory destruction decrees in France [8] and it is among the 100 most problematic species in the DAISIE database [9],
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[10].

Figure 6. Ambrosia artemisiifolia in cereal stubble (left) and male flower inflorescence (right) from which allergenic pollen grains are
released. [Source: © UMR Agroecology]

Known for its highly allergenic pollen [11], common ragweed is also a highly competitive weed species for crops such as
sunflower and soybean. Unlike other invasive alien species, its arrival and development in France are relatively well documented,
partly because of its particular morphology, which inevitably attracts the eye of the botanist, and partly because of its
concomitant introduction period to the constitution of large herbarium collections in France, where it is possible to find a wealth
of information [12]. In the 1860s, the cultivation of red clover (Trifolium pratense L.) was mentioned many times as the import
vector for France but also for the other European countries concerned (Germany, Netherlands, Great Britain).

Figure 7. Datura stramonium; flowers (left) and fruit (right). [Source: © UMR Agroecology]

The example of common ragweed shows that for a given invasive species, different types of effects can exist: agricultural and
public health problems. The development of jimson-weed (Datura stramonium) also poses a double agricultural/health problem
due to the risks of poisoning linked to the ingestion of the plant by humans [13] and herds [14].
In fact, several invasive species in cultivated fields can also pose a potential threat to the environment: the knotgrass (Paspalum
distichum L.) and the star cucumber (Sicyos angulata L.) help reduce diversity in riverside forests and wetlands.
In some cases, the cultivated ecosystem may only have an important role at the stages of introduction and spread of a given
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species, while the most important negative effects may concern, for example, a public health problem or additional costs of
roadside management.

3.5. Other species to be monitored in crops
Other species that are less publicized because they do not pose health problems should be closely monitored in the crops:
The American pokeweed (Phytolacca americana) was introduced at the beginning of the 18th century for ornamentation and
especially for its use to colour low quality red wines with its berries. In the Landes region, maize crops, grown from the clearing
of pine forests where American grapes were already present in the soil seed bank, are now particularly invasive.
While the Cyperaceae family is not very common in temperate cultivated environments, the edible nutsedge (Cyperus esculentus
leptostachyus) is a plant that has cosmopolitan weed status. This species arrived in southwestern France and Sologne with flower
bulbs from the United States and the Netherlands in the 1980s and is developing very rapidly and is a difficult to control weed
species [15].
Finally, the silverleaf nightshade Solanum elaeagnifolium, a Solanaceae of North American origin, has become such a formidable
weed in the Maghreb that its presence in southern France has led to immediate eradication actions [16] for fear that this species
may become established in France.

4. Effects in cultivated environments that remain to be studied
Invasive plant species in cultivated areas, while they can cause yield losses and real agronomic problems, do not generally pose
direct environmental problems. Indeed, the selection pressures exerted by cultural practices on plant communities appear to be
more intense than those exerted by the presence of invasive plants. But their presence still requires intensive control that can be
harmful to the environment and other species on the cultivated plots, particularly certain species that are already very rare and
dependent on crops. Their management problem is no different from that of a 'local' weed, but their biological characteristics
may require additional weeding interventions (mowing, use of a herbicide). Biological control, which is very poorly developed in
conventional weed species, could be solutions to be developed, but they are complex systems that require a thorough knowledge
of the biology and biological interactions between the different species concerned [17].
Currently, the effects of climate change on temperatures and precipitation patterns are expected to accelerate the recovery and
establishment of new species from the Mediterranean. A number of climatic barriers (disappearance of early frosts in autumn,
period of water stress in spring) will directly favour invasive species by allowing a given species to produce seeds or indirectly by
limiting competition from native plants. If there are no general management rules, reducing the use of synthetic herbicides will
probably require preventive actions depending on the biology of each species, to prevent the development of species before the
establishment of large seed stocks in the soil, which then make management options very limited.
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