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Seeds of Glycine max, Gossypium hirsutum, Helianthus annuus, Oryza sativa, Sorghum bicolor 

and Zea mays; seed mixtures and native seeds; as well as used agricultural machinery and 

equipment are recommended. 
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Summary of the Express Pest Risk Analysis for Amaranthus palmeri 

PRA area: EPPO region in 2020 (Albania, Algeria, Austria, Azerbaijan, Belarus, Belgium, Bosnia and 

Herzegovina, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Georgia, 

Germany, Greece, Guernsey, Hungary, Ireland, Israel, Italy, Jersey, Jordan, Kazakhstan, Kyrgyzstan, Latvia, 

Lithuania, Luxembourg, The Republic of North Macedonia, Malta, Moldova, Montenegro, Morocco, 

Netherlands, Norway, Poland, Portugal, Romania, Russia, Serbia, Slovakia, Slovenia, Spain, Sweden, 

Switzerland, Tunisia, Turkey, Ukraine, United Kingdom, Uzbekistan) 

Describe the endangered area:  

The EWG considered that the endangered area includes agricultural environments in the Mediterranean area, 

middle east area and central Asian area of the EPPO region. The EWG considered the species distribution 

modelling conducted as part of this PRA (see Appendix 3) to be a realistic projection of the potential 

occurrence of A. palmeri in the EPPO region.  

Main conclusions  

 

Amaranthus palmeri presents a high phytosanitary risk for the endangered area with low uncertainty.  

 

The likelihood of new introductions to the EPPO region occurring via bird feed is very high with a high 

uncertainty. The likelihood of new introductions to the EPPO region occurring via grain of peanut Arachis 

hypogaea, soybean (Glycine max), sunflower (Helianthus annuus), rice (Oryza sativa), sorghum (Sorghum 

bicolor) and maize (Zea mays) is high with a moderate uncertainty. For seeds of Glycine max, Gossypium 

hirsutum, Helianthus annuus, Oryza sativa, Sorghum bicolor and Zea mays, the likelihood of new 

introductions is moderate with moderate uncertainty. Entry into the EPPO region via seed mixtures and single 

species native seed packets is moderate with a high uncertainty.   

 

Within the EPPO region, the species mostly grows in managed habitats such as ruderal and agricultural 

environments. A. palmeri is capable of invading many summer crops in particular late sowing crops like 

maize and soybean. The high frequency of maize and soybean in the crop rotation system in many EPPO 

countries is a factor that may facilitate the establishment of A. palmeri once the field has become 

contaminated. The likelihood of further establishment outdoors is very high with low uncertainty. 

Establishment in protected conditions is moderate with high uncertainty. Protected conditions such as in 

nurseries and polytunnels may offer appropriate conditions for the development of the pest. The potential for 

spread within the EPPO region is very high with a low uncertainty. A. palmeri can spread both naturally and 

via human assisted spread.  Seeds of A. palmeri can be moved through agricultural machinery and plant 

products (e.g. grains, seeds) within the EPPO region.  

 

The impacts of A. palmeri in North America are primarily the reduction of crop yields and increased 

management costs. The EWG considered the potential socio-economic impacts in the EPPO region will be 

high with a moderate uncertainty.  

 

A. palmeri is difficult to manage because it can produce large volumes of seeds and build up a persistant seed 

bank. This species has already been shown to easily develop resistance to various herbicide mode of actions 

in North America. The EWG considered that early detection and rapid responses are critical to avoid further 

spread and impact of A. palmeri. The EWG recommended that a weed management strategy should to be 

developed for the EPPO region as a priority due to the recent increase in the reported spread (Catalonia in 

Spain). 

Phytosanitary risk for the endangered area (Individual 

ratings for likelihood of entry and establishment, and for 

magnitude of spread and impact are provided in the 

document) 

High X Moderate ☐ Low ☐ 

Level of uncertainty of assessment  
High ☐ Moderate ☐ Low X 
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(see Section 17 for the justification of the rating. Individual 

ratings of uncertainty of entry, establishment, spread and 

impact are provided in the document)  

The EWG conducted two PRAs simultaneously on A. palmeri and A. tuberculatus. Text written in these 

PRAs have similarities. Amaranthus palmeri and A. tuberculatus are very similar in their biology and 

pathways, and both are important weeds in North America. However, these species show differences in terms 

of competitiveness and area of potential establishment in the EPPO region.  

 

Other recommendations: 

• perform a proper botanical survey in the EPPO region (e.g. during August when the inflorescence 

is visible). This can be performed for A. palmeri and A. tuberculatus together. If performed on the 

endangered area identified for A. tuberculatus, this would already cover the A. palmeri endangered 

area. 

• take samples to determine herbicide resistance of the established populations.  

• develop educational materials to help people identifying this species and promote early detection in 

new areas. 
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EPPO Pest Risk Analysis:  

Amaranthus palmeri S.Watson 
 

Stage 1. Initiation 
 

Reason for performing the PRA:  

Amaranthus palmeri was first observed in the EPPO region (e.g. Sweden) in the early 1900s and is now 

recorded as established in a few EPPO countries and transient in several others. In the USA, A. palmeri 

is considered a significant weed in agricultural systems (Ward et al., 2013). Despite its invasive pattern 

in North America, the emergence of A. palmeri as a major agronomic weed is relatively recent. Major 

impacts have been reported in maize, soybean, peanut, sweet potato and the plant has become one of 

the most economically damaging weed species in the USA. Its high capacity for developing herbicide 

resistance could complicate control programmes using traditional techniques within the EPPO region, 

should the species become established. Following relatively recent reports in maize fields in Spain, the 

species has been added to the EPPO Alert List in 2014. In June 2019, the Panel on Invasive Alien Plants 

prioritized A. palmeri for a pest risk analysis.  

 
PRA area:  

EPPO region in 2020: (Albania, Algeria, Austria, Azerbaijan, Belarus, Belgium, Bosnia and 

Herzegovina, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Georgia, 

Germany, Greece, Guernsey, Hungary, Ireland, Israel, Italy, Jersey, Jordan, Kazakhstan, Kyrgyzstan, 

Latvia, Lithuania, Luxembourg, The Republic of North Macedonia, Malta, Moldova, Montenegro, 

Morocco, Netherlands, Norway, Poland, Portugal, Romania, Russia, Serbia, Slovakia, Slovenia, Spain, 

Sweden, Switzerland, Tunisia, Turkey, Ukraine, United Kingdom, Uzbekistan). 

 

(see https://www.eppo.int/ABOUT_EPPO/eppo_members) 

 

https://www.eppo.int/ABOUT_EPPO/eppo_members


 

Stage 2. Pest risk assessment 
 

1. Taxonomy:  

Kingdom: Plantae, Division: Magnoliophyta, Class: Angiospermae, Order: Caryophyllales, Family: 

Amaranthaceae, Sub-family: Amaranthoideae Genus Amaranthus, Species Amaranthus palmeri S. Watson, 

according to S. Watson Proc. Am. Acad. 12: 274 1877 (as Amarantus).  

 

EPPO code: AMAPA 

 

Synonyms: 

Amaranthus palmeri var. glomeratus Uline & W.L.Bray 

 
Ref: The Plant List (http://www.theplantlist.org/tpl1.1/record/kew-2633009)  

 

Common name: 

(English) careless weed, dioecious amaranth, Palmer amaranth, (Czech) laskavec Palmerův, (Dutch) 

tweehuizige amarant, (Finish) rassirevonhäntä, (French) Amarante de Palmer (German) Palmer-Amarant, 

Palmer-Fuchsscchwanz, (Hebrew) yarbuz palmer, (Italian) Amaranto di Palmer, (Japanese) ô-honaga-

aogeitô, (Korean) gin i sak bi reum, (Norwegian) soya-amarant, (Polish) szarłat Palmera, (Russian) щирица 

Пальмера, (Slovak) láskavec Palmerov, (Swedish) kvarnamarant (EPPO, 2020).  

 

Collectively, the genus Amaranthus is known as pigweed.  

 

Plant type: Annual herbaceous. 

 

Related species in the EPPO region:  

The genus Amaranthus has a global distribution and comprises approximately 70 species (Iamonico, 2015). 

Some 40 species are native to the Americas, and the remaining are native to Australia, Africa, Asia and 

Europe (Costea et al., 2001). Examples of native Amaranthus species to the EPPO region are listed below.  

A number of non-native Amaranthus species occur in the EPPO region (see below).  Here the list is not 

intended to be exhaustive but gives examples of species.   

 

Examples of native species in the EPPO region: 

 

Amaranthus blitum subsp. blitum,  A. graecizans subsp. sylvestris. Amaranthus × cacciatoi and A. hybridus 

var. bouchionii listed by Iamonico (2015) as ‘probably native’ to Europe should be considered as neonative 

species sensu Stace & Crawley (2015).   

 

Examples of non-native species in the EPPO region: 

Amaranthus acutilobus, A. albus, A. blitoides, A. caudatus, A. crispus, A. cruentus, A. deflexus, A. 

emarginatus subsp. emarginatus var. emarginatus, A. emarginatus subsp. emarginatus var. pseudogracilis, 

A. graecizans subsp. graecizans, A. hybridus, (excluding A hybridus var bouchionii) A. hypochondriacus, 

A. muricatus, A. polygonoides, A. powellii, A. retroflexus, A. spinosus, A. tamariscinus, A. tuberculatus, A. 

tricolor, A. viridis (Iamonico, 2015) 

 

2. Pest overview  

 

2.1 Introduction 

Amaranthus palmeri is a C4 summer annual herbaceous species native to North America (Sauer, 1955).   

 

2.2 Identification 

 
Appendix 2 includes images of the plant. Further images can be found in EPPO Global Database 

https://gd.eppo.int/taxon/AMAPA. 

 

The following information on morphology of A. palmeri has been taken from the Flora of North America 

(Mosyakin & Robertson, 1997), Ward et al. (2013) and Iamonico (2015).  

 

http://www.theplantlist.org/tpl1.1/record/kew-2633009
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Stems are erect, branched, usually (0.3-)0.5-1.5(-3) m tall, with many lateral branches often ascending. The 

central stem is reddish-green. Leaves are long-petiolate; blade obovate or rhombic-obovate to elliptic 

proximally, sometimes lanceolate distally, 1.5-7 × 1-3.5 cm, base broadly to narrowly cuneate, margins 

entire, plane, apex subobtuse to acute, usually with terminal mucro. The leaves are green and can have a 

dark V-shaped chevron on the adaxial surface.  Inflorescences are terminal, linear spikes to panicles, usually 

drooping, occasionally erect, especially when young, with few axillary clusters, uninterrupted or interrupted 

in proximal part of plant. Bracts: of pistillate flowers with long-excurrent midrib, 4-6 mm, longer than 

tepals, apex acuminate or mucronulate; of staminate flowers, 4 mm, equaling or longer than outer tepals, 

apex long-acuminate. Pistillate flowers: tepals 1.7-3.8 mm, apex acuminate, mucronulate; style branches 

spreading; stigmas 2(-3). Staminate flowers: tepals 5, unequal, 2-4 mm, apex acute; inner tepals with 

prominent midrib excurrent as rigid spine, apex long-acuminate or mucronulate; stamens 5. Utricles tan 

colour to brown, occasionally reddish brown, obovoid to subglobose, 1.5-2 mm, shorter than tepals, at 

maturity walls thin, almost smooth or indistinctly rugose. Seeds are dark reddish brown to brown, 1-1.2 

mm diam., shiny. However, a lot of variability is observed within A. palmeri. Identification of the species 

should be supported by molecular methods (Section 2.2.2). 

 

Ward et al. (2013) detail that A. palmeri is probably an ancient tetraploid due to different chromosome 

counts which have been reported in the literature (e.g. Gaines et al., 2012: 2n = 34; Rayburn et al., 2005: 

2n = 32).   

 

Amaranthus palmeri has a fibrous root system which extends far from a well-developed taproot (Morichetti 

et al., 2012).   

 

The EWG noted that A. palmeri has high levels of phenotypic and phenological plasticity that can hinder 

the identification of the species at the beginning of its development. Mature plants can be more easily 

identified by its significant inflorescence.  Ward et al. (2013) notes plasticity in leaf morphology and 

root/shoot size ratios.   

 

2.2.1 Morphological identification  

Misidentification between Amaranthus species can and has occurred throughout its range due to the 

morphological variation within species and hybridization between species (Wetzel et al., 1999). There are 

several identification keys that can be used to distinguish between Amaranthus species (e.g. Pratt et al., 

1999; Horak et al., 2019), and some of the key characteristics include flower morphology (needing 

magnification identification due to their small size), leaf shape, presence or absence of hair on the stem, 

seed head shape and seedling shape (Pratt et al., 1999).    

 

Iamonico (2015) provides short descriptions of the Amaranthus species found in the EPPO region.  

 

Seeds of A. palmeri are not visually distinguishable from those of all other Amaranthus species.  

 

2.2.2 Molecular identification  

Molecular methods are available to identify species within the genus using either plant material or seed.    

 

A PCR test method has been developed to distinguish seven weedy Amaranthus species (A. palmeri, A. 

spinosus, A. retroflexus, A. blitoides, A. viridis, A. tuberculatus and A. hybridus) from plant material based 

on intron 1 sequences from the 5-enolpyrvylshikimate-3-phosphate synthase gene (Wright et al., 2015).  

Other methods are also described in the literature (e.g. Wetzel et al., 1999; Popa et al., 2010).   

 

A qPCR assay to distinguish A. palmeri seeds from 12 other Amaranthus species has been developed and 

validated in the USA (Murphy et al., 2017).  The method can detect a single A. palmeri seed from a sample 

of 100 Amaranthus seeds.   

 

2.3 Hybridization  

Amaranthus palmeri has been shown through field and greenhouse experiment to be capable of hybridizing 

with A. spinosus, A. tuberculatus and A. hybridus (Gaines et al., 2012).  Hybridization rates varied between 

greenhouse and field experiments where frequency rates between A. palmeri and A. spinosus in field studies 

ranged from <0.01% to 0.4%, and 1.4% in greenhouse crosses. Those hybrids which were grown to adult 

plants were monoicous and the majority produced viable seed.  Hybrids were also formed from field 

experiments between A. palmeri and A. tuberculatus (frequency rate < 0.2 %) and A. palmeri and A. 
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hybridius (frequency rates < 0.01 %).  In the same study, Gaines et al., 2012 did not find any evidence of 

hybridization between A. palmeri and A. powellii or A. palmeri and A. retroflexus.  Ward et al. (2013) 

suggests that the aforementioned studies highlight that hybridization under field conditions is low and 

probably rare within the natural environment especially when consideration is given to the lack of overlap 

in flowering times between congeners.  It is important to note, however, that A. palmeri has been shown to 

have developed herbicide resistance to a number of active substances (see section 2.7) and herbicide 

resistance can be passed on through gene flow (Ward et al., 2013). Hybridization is not a common situation 

in field conditions. 

 

2.4 Life cycle and environmental requirements  

A. palmeri is a dioecious summer annual species. Spaunhorst et al. (2018) highlight that even though A. 

palmeri can vary biologically from different populations, plants exhibit phenotypic plasticity driven by the 

environment which facilitates their spread and persistence in new areas. The competitive ability of A. 

palmeri may, in part, be attributed to its high photosynthetic rate which has been cited up to 81 µmol/m2/s 

at 42 oC) (Davis, 2015 citing Ehleringer, 1983). However, the EWG note that this rate is high and other 

publications detail 60 µmol/m2/s (Jha et al., 2008) and 30 µmol/m2/s Berger et al., 2015). In its native 

desert habitat, A. palmeri grows as a summer annual herb and is adapted to the rigors of intense heat and 

low unpredictable rainfall. PFAF (2019) detail that A. palmeri is a frost sensitive species. It can grow on a 

wide range of soil types in terms of texture and pH: it grows in light (sandy), medium (loamy) and heavy 

(clay) soils where it prefers well drained soils, but can also grow and persist in flooded rice (Norsworthy et 

al., 2013). The pH of preferred soils include acid, neutral and alkaline soils.  It prefers full sunlight to shade 

(Ward et al., 2013). A. palmeri can persist in very high temperatures. Indeed, at 45/40 °C, A. palmeri plants 

only died 25 days after initiation of the heat treatment (Guo & Al-khatib, 2003).  

 

2.4.1 Seed germination and emergence of seedlings 

Seed germination is initiated with availability of moisture, coupled with temperature and light availability 

(Jha, 2008). Amaranthus palmeri seeds germinate quickly in the soil often within 1 or 2 days. The small 

size of the seeds necessitates a relatively shallow position within the soil profile for successful germination 

(Ward, 2013). Steckel et al. (2000) highlights that germination can occur between 5 °C and 35 °C with 8 % 

and 71 % emergence respectively.  Guo and Al-khatib (2003) conducted experiments on the effect of 

temperature on seed germination and did not observe any germination at 15/10oC day/night temperatures. 

Seed germination was at its peak with 35/30oC day/night temperature.  Jha (2008) conducted seed 

germination experiments using seed collected in South Carolina and showed germination was related to 

temperature with a time factor. Seeds collected in November had lower germination rates when exposed to 

constant temperatures compared to the higher fluctuating temperatures. Seeds which underwent a time 

period dormancy (exposed to winter temperatures in nylon bags) showed the highest germination rates.   

 

Steinmaus et al. (2000) estimate that the minimum temperature required for development (base temperature 

(Tb) of A. palmeri is 16.6 oC. Seeds were observed to germinate at a minimal temperature above 15°C in 

the USA, from mid-March to October (November for the unique situation of Florida). 

 

The EWG noted that seed germination is not observed in field conditions in the USA (Florida) before March 

(J. Ferrell, pers. comm., 2020). Based on experimental studies in greenhouses conditions, the EWG 

considered that at least a few seeds of A. palmeri can germinate at a temperature range of between 2.5 – 

42.5 °C. Amaranthus palmeri can exhibit a prolonged emergence period throughout the growing season 

(Davis, 2015), and there can be a number of peak emergence periods throughout the season (Jha, 2008) 

driven by the timing of rainfalls and moisture periods (e.g. irrigation).  

 

There seems to be a physical dormancy based on seed coat thickness which is related to how long the seed 

is staying on the mother plant. 

 

Shading (light quality) of the maternal plant can influence seed germination (Ward et al., 2013; Jha, 2008).  

Additionally, the location of the seed on the mother plant can influence seed germination (Jha, 2008). Jha 

(2008) showed that plants grown in 87 % shade produced seed with a lower percentage germination 

compared to plants grown in full sunlight. Seed from the middle and top third of the plant had a higher 

percentage germination compared to seed from the lower third of the plant.   
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2.4.2 Growth rates 

Amaranthus palmeri has first a lag phase with a low above ground growth rate with a rapid root extension 

(J. Ferrell, pers. comm., 2020). Three to four weeks after germination, a rapid growth rate is observed (up 

to 2 to 3 inches [5.1 to 7.6 cm] per day (Hensleigh, 2017). Maximum growth is achieved during the summer 

months.   

 

2.4.3 Pollen 

Pollen is wind-dispersed and male flowers produce copious amounts of pollen (Ward et al., 2013).  Pollen 

has been shown to fertilize female plants up to 250 m from the paternal plant (Davis, 2015). However, 

pollen may be dispersed over much longer distances.  Extreme fluctuations in humidity and temperature 

during pollen dispersal can decrease the viability of pollen (Davis, 2015).     

 

2.4.4 Seed production 

A number of aspects can influence the number of seeds produced (Ward et al., 2013; Davis, 2015). 

Spaunhorst et al. (2018) showed that above-ground biomass of individual plants was positivity correlated 

with the number of seeds.  Ward et al. (2013) (citing Keeley et al., 1987) details that female plants in 

California, which emerge between March and June, can produce between 200 000 and 600 000 seeds when 

growing without plant competition.  Plants that emerge later were observed to produce fewer seeds (< 80000 

seeds per plant), but much faster than early season emerging plants (e.g. production of maturated seeds in 

about 1.5 months) (Spaunhorst, 2018).  

 

2.4.5 Seed bank persistence 

Seed bank densities have been estimated to be as high as 1.1. billion seeds ha -1 (Menges, 1987). The length 

of time seed occurs in the soil profile can affect its viability. In a burial experiment, Sosnoskie & Culpepper 

(2011) showed that seed viability decreased with time following burial. When an average was taken over 

varying depths, seed viability was 60 % after 12 months and 40 % after 24 months. Ward et al.,  (2013) 

citing Burnside et al., 1996), highlights that studies have excavated viable seeds from burial experiments 

17 years after burial. In addition to time as a factor of viability, the depth seed occurs in soil is also reported 

to affect seed viability within the seed bank. Sosnoskie and Culpepper (2011) showed that seeds buried at 

depths of 1-10 cm lost 30 % of their viability after 6 months and 50 % after a year, reducing to less than or 

equal to 15 % viability.  When buried at 40 cm, seed viability was greater with 78, 61, and 22 % viability 

at 6, 12 and 36 months respectively (Sosnoskie and Culpepper, 2011). Jha et al. (2014) demonstrated that 

the seedbank in soil will be almost completely depleted in 4 years if no additional seed are allowed to enter. 

 

2.4.6 Seed dispersal capacity 

Seeds are naturally dispersed by barochory (falling from the parent plant) and hydrochory (dispersal via 

water). In the case of barochory, dispersal takes place over very limited distances (a few metres around the 

mother plant). In the case of hydrochory, Norsworthy et al. (2014) reports that A. palmeri seed can travel 

as far as 114 m in rainwater. Seeds can be spread through water movement, along rivers and streams and 

throughout a catchment.  

 

2.5 Habitats 

A. palmeri is an early successional species colonizing disturbed areas. It is found in natural habitats along 

permanent or intermittent streams, river flood plains, dried river beds and the edge of marshes (Sauer, 

1955). The species is also found in artificial habitats in the United States including irrigation ditches, 

roadsides, railways and dumps (Bagavathiannan & Norsworthy, 2015; Sauer, 1955). The species is mainly 

found in agricultural habitats within the fields or along the field margins. crops (section 2.6). 

 

See section 7 for further details on habitats in the EPPO region.   

 

2.6 Association with crops 

As a summer annual species, A. palmeri is able to persist and thrive in crops which have a similar agronomic 

lifecyle to the species. A. palmeri has been found in fields of a number of crop types (Table 1). North 

Central IPM Center (2020) highlights that crops with a different life cyle to A. palmeri, i.e. perennial crops 

and winter grown cover crops present unfavorable environments for the species.  
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Table 1. Main crops which Amaranthus palmeri is associated with. Country codes are ISO Country 

codes (AR: Argentina, IL: Israel, IT: Italy, US: USA, TR: Turkey)  

Crop Country Reference  

Arachis hypogaea AR, US Morichetti et al., 2013; Burke et al., 2007 

Glycine max AR, US, IT Fabbri & Campagna, 2016; Morichetti et al., 2013; Klingaman 

and Oliver 1994 

Ipomoea batatas US Meyers et al., 2010 

Sorghum bicolor US Moore et al. 2004 

Citrullus lanatus IL, TR, US  Matzrafi et al., 2017; Özaslan et al., 2017; Bertucci et al., 2019 

Zea mays IL, US, TR Massinga et al., 2001; Matzrafi et al., 2017 

Oryza sativa US Norsworthy et al., 2017 

Helianthus annuus US Reddy et al., 2015 

Cucumis sativus US McGowen et al., 2018 

Gossypium hirsutum IL, US, TR Massinga et al., 2001; Matzrafi et al., 2019 

 

A. palmeri may be associated with other summer crops in its area of origin. 

 

China intercepted A. palmeri in canola grains (Brassica napus subsp. napus) from Canada (GACC, 2020). 

The EWG commented that it can be explained by a secondary contamination. Therefore, canola grains are not 

considered further in the PRA.  

 

Amaranthus palmeri has also repetitively been reported on 12 port sites situated along the Romanian Black 

Sea). The authors hypothesize that it may have been transported with cereal containers (Anastasiu et al., 

2011). However, the EWG note that it is unlikely that seed of the species would be a contaminant of cereal 

crops in North America.   

 

2.7 Herbicide resistance 

Resistance has been confirmed in populations of the species to eight different herbicide mechanisms of 

action including: ALS-inhibiting herbicides (e.g. imazethapyr), auxins (e.g. 2,4-D), tubulin inhibitors (e.g. 

trifluralin), EPSPS (e.g. glyphosate), HPPD inhibitors (e.g. mesotrione), Protoporphyrinogen Oxidase 

(PPO, e.g. acifluorfen), Photosystem II (PSII, e.g. atrazine) and VLCFA (e.g. metolachlor) (Heap, 2020; 

USDA, 2019a). Resistance has been shown in the USA (cotton, soybean, maize, sorghum, alfalfa, peanut), 

Argentina (soybean), Brazil (cotton, maize, soybean) and Israel (maize, cotton, watermelon) (Heap, 2020).   

 

3. Is the pest a vector?  

 

Yes 
 

☐ 

 

No 

 

X 

 

Seeds and grains of A. palmeri are not known to be a vector.  

 

4. Is a vector needed for pest entry or spread?  Yes ☐  No X 

 

5. Regulatory status of the pest  

In the USA A. palmeri is not regulated at the federal level though, A. palmeri is considered a noxious weed 

in the states of Delaware, Minnesota and Ohio (Hensleigh & Pokorny, 2017) and subject to seed restrictions 

in the following states (USDA, 2019b): 

 

• Indiana (Restricted1) 

• Iowa (Prohibited, primary2) 

• Minnesota (Prohibited3) 

• North Dakota (Prohibited) 

• Ohio (Prohibited)   

 
1 It is unlawful for any person to distribute agricultural seeds if the seed consists of or contains restricted noxious-weed seeds in excess of 0.25 

percent, or if it contains more than 2.5 percent of all weed seeds. If less than 0.25 percent of such weed seeds by weight are present, the number 
per pound must be declared on the labelling 
2 Prohibits the sale of agricultural seed if it contains any primary noxious-weed seeds 
3 Minnesota law prohibits the sale of agricultural seed containing any prohibited noxious-weed seeds. *Genetic testing of any Amaranthus 
contaminant must be conducted to determine if Palmer amaranth is present. 
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• South Dakota (Prohibited) 

• Tennessee (Prohibited) 

• Washington (Prohibited) 

• Wisconsin (Prohibited) 

 

In Canada, A. palmeri is not regulated at the federal level but it is regulated as a noxious weed in the 

province of Manitoba (Canadian Food Inspection Agency, 2018).   

 

Brazil: A. palmeri is regulated for several host seeds and grains from various locations which are required 

to be free from the pest demonstrated by either the production in a pest-free area, a phytosanitary inspection 

at the place of production, or laboratory testing (WTO, 2018: WTO notification G/SPS/N/BRA/1369).   

 

Australia: A. palmeri is a quarantine species which is prohibited from entry (Pheloung et al., 2014; 

Moniodis, 2014; BICON, 2019; cited in USDA, 2019a).   

 

In the EPPO region the species is regulated in the following countries: 

 

• Morocco (Quarantine pest, 2018) (EPPO, 2020; ONSSA, 2018) 

• Spain (ORDRE ARP/172/2019, de 10 de setembre , per la qual es declara l'existència de la mala 

herba Amaranthus palmeri i es qualifica d'utilitat pública la lluita contra aquesta) 

 

5.1 Existing PRAs 

A Weed Risk Assessment has been conducted by the Canadian Food Inspection Agency (2018) with 

Canada as the PRA area. Pathways assessed in the PRA include natural dispersal and unintentional 

introduction (contaminant of seed and grain, contaminant of hay and feed, soil, vehicles and farm 

equipment).  Contaminant of wool waste and ballast water were identified as less likely unintentional 

pathways.  In the PRA, the species is scored as a high risk for the PRA area.   

 

A Weed Risk Assessment has been conducted by USDA (USDA, 2019a) with the USA as the PRA area.  

The PRA identified the same pathways as the Canadian risk assessment.  In the PRA, the species is scored 

as a high risk for the PRA area.   

 
A Weed Risk Assessment has been conducted on A. palmeri for Florida (USA) using the Australia/New 

Zealand Weed Risk Assessment adapted for Florida (HEAR, 2020). The species scored a total of 11 points 

resulting in the species being rejected (prohibited from import) due to its negative effects (a score above 6 

equals rejection).    

 

A weed risk assessment has also been conducted in China (Han et al., 2013). The genus Amaranthus is 

regulated in China.  

 

 



6. Distribution  

 
Amaranthus palmeri is native to North America (Mosyakin & Robertson, 1997). The species is recorded as 

being weedy in many states of the USA.  The species has been introduced into Africa, Asia, the EPPO region 

and South America (Table 2). 

 

In North America, A. palmeri has been historically reported as native to the Sonoran Desert (covering a large 

part of Southwestern United States and Northwest Mexico) (Sauer 1955). In North America, the species has 

expanded from its native range to occupy many states across the USA but is most common and problematic 

in the southern tier states (Louisiana, Arkansas, Mississippi, Alabama, Florida, Georgia, North and South 

Carolina). 

 

Canadian Food Inspection Agency (2018) detail that the species is considered to be present but highlights 

the ‘significant uncertainty’ regarding the current status.  It is unknown if populations of A. palmeri currently 

occur in Ontario in areas where it was previously reported.   

 

 

Table 2. Global distribution of Amaranthus palmeri 

Region Distribution Status References and comments 

North America    

Canada  Ontario Introduced 

Mosyakin & Robertson (1987).  Present only in some 

areas, restricted to southern Ontario (Canadian Food 

Inspection Agency, 2018).  

Mexico   Native Mosyakin & Robertson (1997), Hensleigh (2017) 

United States of 

America Alabama Introduced Chahal et al (2015); common and problematic  

  Arizona Native Mosyakin & Robertson (1997); weedy  

  Arkansas Introduced Mosyakin & Robertson (1997); common and problematic  

  California Native Mosyakin & Robertson (1997)   

  Colorado Introduced Mosyakin & Robertson (1997)   

  Florida Introduced Mosyakin & Robertson (1997); common and problematic  

  Georgia Introduced Mosyakin & Robertson (1997); common and problematic  

  Illinois Introduced Mosyakin & Robertson (1997)   

  Indiana Introduced 

Mosyakin & Robertson (1997); Legleiter & Johnson, 

2013 

  Iowa Introduced Mosyakin & Robertson (1997)   

  Kansas Introduced Mosyakin & Robertson (1997)   

  Kentucky Introduced Mosyakin & Robertson (1997)   

  Louisiana Introduced Mosyakin & Robertson (1997); common and problematic  

  Maryland Introduced Mosyakin & Robertson (1997)   

  Massachusetts Introduced Mosyakin & Robertson (1997)   

  Michigan Introduced Mosyakin & Robertson (1997)   

  Minnesota Introduced Hensleigh (2017) 

  Mississippi Introduced Mosyakin & Robertson (1997); common and problematic  

  Missouri Introduced Mosyakin & Robertson (1997)   

  Nebraska Introduced Mosyakin & Robertson (1997)   

  Nevada Native Mosyakin & Robertson (1997)   

  New Jersey Introduced Mosyakin & Robertson (1997)   

  New Mexico Native Mosyakin & Robertson (1997)   

  New York Introduced Mosyakin & Robertson (1997)   

  North Carolina Introduced Mosyakin & Robertson (1997); common and problematic  

  North Dakota Introduced Mosyakin & Robertson (1997)   

  Ohio Introduced Mosyakin & Robertson (1997)   

  Oklahoma Introduced Mosyakin & Robertson (1997)   
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  Pennsylvania Introduced Mosyakin & Robertson (1997)   

  South Carolina Introduced Mosyakin & Robertson (1997); common and problematic  

  South Dakota,  Introduced Hensleigh (2017) 

  Tennessee Introduced Mosyakin & Robertson (1997)   

  Texas  Native Mosyakin & Robertson (1997)   

  Utah Introduced Mosyakin & Robertson (1997)   

  Virginia Introduced Mosyakin & Robertson (1997)   

  West Virginia Introduced Mosyakin & Robertson (1997)   

  Wisconsin Introduced Mosyakin & Robertson (1997)   

South America Argentina Introduced 

Córdoba province and also in San Luis and La Pampa 

provinces (Morichetti et al., 2013) (Berger et al., 2016) 

  Brazil  Introduced Gazziero & Adegas 2016; Küpper et al. 2017 

  Uruguay  Introduced  Belgeri et al. (2017) 

Africa Egypt Introduced (Iamonico & Mokni, 2017) 

  South Africa Introduced 

Douglas area (Northern Cape) recently identified (2017) 

(CropLife, 2019) 

Asia China Introduced Zhenyu (2003) Xiang-Qin et al., (2017) 

  India Introduced Kistner and Hatfield (2018); Patil (1998) 

  Japan Introduced Transient (Kistner and Hatfield, 2018) 

  Republic of Korea Introduced Chang et al., 2014 (details: introduced) 

EPPO region Austria  Introduced Transient (NOBANIS, 2019) 

  Belgium Introduced Transient (Robbrecht & Jongepier, 1986) 

  Cyprus Introduced Established invasive (Hadjikyriakou et al., 2004)  

  Czech Republic Introduced Two records (Transient populations) (PLADIAS, 2019) 

  Denmark Introduced Transient (NOBANIS, 2019) 

  France Introduced 

Absent. Pest no longer present. Transient species in 19th 

century (INPM, 2020).   

  Germany Introduced Transient (Schmitz, 2002) 

  Greece Introduced 

Established: population present for several years (Greuter 

and Raus, 2006), Arianoutsou et al. (2010) records as 

naturalised.  

  Israel  Introduced 

Established Greuter and Raus, 2006; Flora of Israel 

Online (2019) 

  Italy Introduced Established (Iamonico, 2015) 

  Latvia Introduced 

Transient (NOBANIS, 2019); cemetery of Daugavpils, 

gathered on 06.08.2013 

  Lithuania Introduced Transient (NOBANIS, 2019) 

  Luxembourg Introduced Transient (Kistner & Hatfield, 2018) 

  Netherlands Introduced 

Transient. Reported twice, last time in 2002 (NDFF & 

FLORON, 2019) 

  Norway Introduced Transient (NOBANIS, 2019) 

  Portugal  Introduced (Madeira Island) Hansen and Sunding, 1993) 

 Romania Introduced 

Established (Anastasiu et al., 2011; Memedemin et al., 

2016) 

  Russia Introduced 

Transient (NOBANIS, 2019); Far East, Moscow region, 

high Volga, Udmurtiya  

  Spain Introduced 

Naturalised in three regions: Catalonia, Aragon and 

Extremadura (Recasens & Conesa, 2011; Recasens et al., 

2017; Verloove & Gullon, 2008; M.D. Osuna Ruiz, pers. 

com., 2020)  

  Sweden Introduced 

Casual (Jonsell, 2001; Kistner & Hatfield, 2018) 

Established/rare found in Skane (NOBANIS, 2019) 
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  Tunisia  Introduced 

Transient (Nadhour, North of Tunisia) (Iamonico & 

Mokni, 2017) 

  Turkey Introduced 

Established: Corn and cotton field (first ID'ed 2016) 

(Őzaslan  et al., 2017)  

  Ukraine Introduced Transient Kiev, Odessa, Donetsk 

  United Kingdom Introduced Transient (Preston et al, 2002); infrequent (Stace, 2019) 

Oceania Australia  Introduced  

Doubtful record. Reported as present by Mosyakin & 

Robertson (1997), USDA (2019a) 

*The transient status may not reflect the initial wording of the referred publication and is used following the IPPC 

definition (transience: Presence of a pest that is not expected to lead to establishment (ISPM 5, 2019)).  

 

Specific details about the distribution in selected EPPO countries (where available). Additional 

information is provided in Section 7. 

 

Austria: A. palmeri was found in 1951/1952 and 1958 in ruderal habitats in the city of Graz in southern 

Austria (Melzer 1958; Melzer, 1959).  The species is rare and currently reported as not established (Fischer 

et al., 2008, NOBANIS 2019).   

 

Belgium: The Manual of the Alien Plants of Belgium (2020) detail that A. palmeri is ‘a rather regular but 

always ephemeral alien, nearly always associated with grain importation. First seen in 1952 and 1957 as a 

wool alien in the Vesdre valley’. Since 1992, the species has been seen around the vicinity of grain mills in 

port areas of Antwerpen and Gent.   

 

Czech Republic: Considered as casual (transient) by Pyšek et al. (2012). Recorded as present in two locations 

in the north of the Czech Republic (PLADIAS, 2019).  First reported in the wild in 1908.   

 

Denmark: First reported in 1959.  Not regarded as invasive (NOBANIS, 2019).   

 

Germany: The species was reported as transient from 5-6 of the Federal States (Buttler et al. 2018). It is not 

found in meaningful quantities in agricultural fields (H.-P. Söchting, pers. comm., 2020). Investigations 

were able to identify a single plant in the riverbank pioneer vegetation on a sandbank near Dormagen-Zons. 

This is the knowledge of the author to find the only evidence of Amaranthus palmeri in a natural habitat in 

DE, i.e. largely outside of anthropogenically influenced Location factors. Nevertheless, this occurrence was 

just like all other evidence in Europe only of an ephemeral nature. In this case this is certainly less due to 

the climatic factors that impede the spread of A. palmeri, but rather the fact that the species belongs to the 

dioecious subgenus Acnida (L.)Aellen ex K.R. Robertson. The two specimens found by the author on the 

Lower Rhine were male plants, which without the appropriate female plant would not have the had the 

opportunity to reproduce and spread. 

 

Greece: Greuter and Raus (2006) highlight that a population near Sparta (Peloponnes) is ‘fully established, 

stable on the same spot for several years’.   

 

Israel: A. palmeri is found throughout the country in agricultural fields.  It is found in all regions north from 

the Negev desert (D. Cafri, pers. comm., 2019; Danin & Fragman-Sapir, 2019). 

 

Italy: Iamonico (2015) details that the species was discovered in Northern Italy where it is an established 

(locally) alien species (in the two regions of Piedmont and Emilia Romagna).  

 

Latvia: A. palmeri is in herbarium of Daugavpils University from cemetary of Daugavpils, gathered on 2013-

08-06.  NOBANIS (2019) also detail that the species was first reported in 1983 but give no further 

information.   

 

Lithuania: NOBANIS (2019) detail that the species was introduced in 1989 but do not provide any further 

information.   

 

Norway: NOBANIS (2019) detail that the species was first introduced and reported in 1965.   
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Spain: A. palmeri was found for the first time in the provinces of Lleida (Menàrguens and Lleida) and 

Huesca (Binéfar) in North-Eastern Spain in 2007 (Recasens & Conesa, 2011; Recasens et al., 2018). The 

population in Menàrguens dispersed among crop fields (maize) and adjacent field margins (Recasens et al., 

2013). The species had previously been recorded in Andalucía at the port of Sevilla and in Palos de la 

Frontera (province of Huelva) in the vicinity of industrial premises where seeds and plant products are 

processed (Recasens & Conesa, 2011). Verloove & Gullon (2008) also record the species as present on a 

canal bank (Canal de Seros) and highlight that it is naturalising in the NE of Spain.  

 

In August 2018 a maize field infested by A. palmeri was found in another zone located 40 km from the first 

spot (Josep Maria Llenes Espigares, pers. comm., 2020). In 2018 a total amount of 144 fields were surveyed 

in the area of the main infestation corresponding to 403 ha. Out of these, 34 fields corresponding to 78 ha 

had Amaranthus palmeri with various level of density. Out of these 34 plots only 16 fields had a generalized 

infestation within their fields (Alicia Cirujeda Ranzenberger, pers. comm., 2020). In 2019, a second 

prospection campaign was made to evaluate palmer amaranth infestation and a big information campaign to 

farmers and field technicians was made in order to find out new zones with palmer amaranth presence. The 

same year a regulation (ORDRE ARP/172/2019, de 10 de setembre) has been published with the purpose of 

minimizing the spread of the plant. The same year, A. palmeri has also been found in Extremadura (Western 

Spain) in a limited area close to Merida (Badajoz, Spain) in maize fields (Maria Dolores Osuna Ruiz, pers. 

comm., 2020). 

 

In Aragόn, in 2019, 1467 fields were surveyed and 118 were positive for the presence of A. palmeri in 

different degrees of infestation (pers comm. A. Mari Leon, 2020).  

 

Sweden: NOBANIS (2019) detail that the species was first introduced and reported in 1925.  They detail 

that it was found in Skåne. 

 

Turkey: a newly occurring species in the South Eastern Anatolia region (SEA) in 2016 (Őzaslan et al., 2017).  

The species was found in the Mardin province (Derik district/Atlı town), in crop fields close to the roadside 

from Kızıltepe to Viranşehir. In addition, Raab-Straube & Raus (2016) reported records of A. palmeri from 

field margins and roadsides in different regions of Turkey in 2014 and 2015 (e.g. provinces İzmir, Adana, 

Osmaniye). The latter authors consider the species as established. 

 

Tunisia: Iamonico and Mokni (2017) detail ‘18–20 individuals were found all referring to a single scattered 

population, which occupies an area of about 3–4 ha’ where the habitat is ruderal on roadsides and public 

gardens.   

 

UK: According to Clement and Foster (1994), A palmeri is a transient species estimated to be present in 5-

14 locations.  For example, A. palmeri has been found at railway station where wool shoddy had been 

unloaded (Alton) and in the cargo area of the Avonmouth Docks (Brenan, 1961). However, the species is 

not mentioned in the Online Atlas of the British and Irish flora (BRC, 2019). 

 

It should be noted that there are uncertainties about the exact distribution of A. palmeri s in the EPPO region 

due to the transient nature of the species in the region.  



 

7. Habitats at risk and their distribution in the PRA area (habitat classification based on EUNIS 

habitat types) 

 

Habitats Presence  Status of 

habitat  

Is the pest 

present in 

the habitat in 

the PRA 

area 

(Yes/No) 

Comments 

(e.g. 

major/minor 

habitats in 

the PRA 

area) 

Reference 

C: Inland 

surface waters 

Banks of major 

waterways, littoral 

zone of inland 

surface 

waterbodies 

Protected in 

part 
 Yes  Major 

Sauer (1955); 

Schmitz 

(2002); 

Verloove & 

Gullόn (2008) 

E: Grasslands 

and lands 

dominated by 

forbs, mosses 

or lichens* 

Ruderal 

environments: 

road networks (J4-

2), rail networks 

(J4-3), hard 

surface areas of 

ports (J4.5) 

Protected in 

part 
 Yes  Major 

Iamonico  

(2015) 

Iamonico & 

Mokni 

(2017); 

Recasens & 

Conesa 

(2011); 

Schmitz 

(2002) 

F: Heathland, 

scrub and 

tundra 

Mediterranean 

shrublands, shrub-

steppes and semi-

steppe shrublands 

Protected in 

part 
Yes Localised 

Flora of 

Israel, (2019)   

I: Regularly 

or recently 

cultivated 

agricultural, 

horticultural 

and domestic 

habitats 

Cultivated fields, 

bare tilled, fallow 

or recently 

abandoned arable 

land (I1-5), 

 None Yes  Major 

Recasens & 

Conesa 

(2011) ; 

Matzrafi et al. 

(2017) 

X: Habitat 

complexes 

Gardens of city 

and town centres 

(X22 – X25), 

Pavements and 

recreation areas 

(J4.5), 

Construction parts 

of cemeteries 

(J4.7).  

 None  Yes  Major 

Iamonico 

(2015); 

Iamonico & 

Mokni (2017) 

* ‘ruderal or pioneer communities invading artificial habitats’ are included in E5.1 Anthropogenic Herbaceous 

Formations (EUNIS Habitat). 

 

Habitat in its native range is described in section 2.5. 

 

Suitable habitats occur for the establishment of A. palmeri in the PRA area.  The habitats detailed in the 

table above are widespread within the EPPO region.  

 

Within the EPPO region, the species has been recorded growing along roadsides and cultivated and 

uncultivated land along roads. It has been reported as growing along canals and rivers in north east Spain 

(Verloove & Gullon, 2008) and northern Italy (Verloove & Ardenghi, 2015). Addtionally, the species is 

recorded growing in public gardens, rail networks and areas around ports and industrial premises. Greuter 

and Raus (2006) detail that the species is found along roads in olive orchards in Greece.  In addition, Raab-

Straube & Raus (2015) observed A. palmeri in a road embankment with ruderal vegetation in Northern Italy 

(Province of Ravenna). The species is also recorded as growing in agricultural habitats in Spain (Recasens 
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& Conesa, 2011). Recent evidence from Aragόn (Spain) from 2019 details that it mainly grows on the edge 

of the field or in the first lines of the crops (pers comm. A. Mari Leon, 2020). More than 80% of positive 

fields were cultivated with maize though itw as also found in orchards, alfalfa, cereal fallow and wasteland. 

In Italy, A. palmeri has been recorded in Glycine max fields (Fabbri & Campagna, 2016) as well as in many 

agricultural fields in Israel (Matzrafi et al., 2017) mainly in summer crops (e.g. irrigated cotton fields) (J-

M Dufour, pers. comm., 2020). In Turkey, the species is reported growing in crop fields close to the 

roadside e.g. corn fields (Raab-Straube & Raus, 2016).      

 

In Israel, the species is also reported to be present in the following habitats: Mediterranean woodlands and 

shrublands, deserts, shrub-steppes and semi-steppe shrublands (Flora of Israel, 2019).  

 

Within the EPPO region, most habitats of high conservation value are unsuitable, particularly in western 

and northern Europe.  However, this may not be the case for semi-arid habitats in the Mediterranean region, 

where the species has been shown to establish (e.g. Greece and Israel) in ecological conditions quite similar 

to its native primary habitats.     

 

8. Pathways for entry 

 
Seeds and grain (as commodities) should be understood in this PRA as defined in ISPM 5 (IPPC, 2019):  

• Seeds: seeds (in the botanical sense) for planting [FAO, 1990; revised ICPM, 2001; CPM, 2016] 

• Grain: Seeds (in the botanical sense) for processing or consumption, but not for planting [FAO, 

1990; revised ICPM, 2001; CPM, 2016]. 

 
Seeds of A. palmeri have already been shown to move along certain pathways.  The species has been 

intercepted as a contaminant of seeds (J. Ferrell, pers. comm., 2020; USDA, 2013) and grains (Progressive 

Farmer, 2020; Oseland et al 2017).  

 
The following pathways for entry of A. palmeri are discussed in this PRA. Pathways in bold are studied in 

section 8.1; other pathways were considered as a very low likelihood of entry and are detailed in section 

8.2.    

 

• Grain for animal feed mixtures, human consumption and processing purposes  

• Seed 

• Seed mixtures and native seeds  

• Used agricultural machinery and equipment 

• Natural spread 

• Cotton ginning by-product 

• Hay 

• Manure  

• Travellers and their equipment 

• Intentional importation of A. palmeri 

• Soil and other growing media (on its own or associated with plants for planting other than seeds) 

• Wool products 

• Sweet potato 

 

8.1 Pathways studied 

 
All the pathways are considered from areas where the pest has been reported to be present, into the EPPO 

region. Examples of prohibition or inspection are given only for some EPPO countries (in this express PRA 

the regulations of all EPPO countries was not fully analysed). Similarly, the current phytosanitary 

requirements of EPPO countries in place on the different pathways are not detailed in this PRA (although 

some were taken into account when looking at management options). EPPO countries would have to check 

whether their current requirements are appropriate to help preventing the introduction of the pest. 

 

 

 

 



Pathway 

 

Grain (for animal feed mixtures, human consumption and processing purposes) 

Coverage (short description why 

it is considered a pathway) 

Seeds of A. palmeri maybe a contaminant in unprocessed grains imported for (1) animal feed mixture (e.g. bird 

seeds, grains for feeding livestock) and (2) human consumption. Grains for processing purposes are included in 

this pathway because it is considered that, when imported as grains, even though the process could be partially 

or totally destructive, storage and transportation conditions may allow further spread of A. palmeri. 

Commodities can be transferred to a processing facility and then separated for the different uses. Grains 

prepared for final human consumption and packaged in individual containers are not considered a pathway. 

 

This pathway covers all summer grains industrially harvested in the area of origin and in which A. palmeri was 

reported (see section 2.6). This is limited to Arachis hypogaea, Glycine max, Helianthus annuus, Oryza 

sativa, Sorghum bicolor and Zea mays. 

 

Additional summer industrially harvested crops may need to be considered in the future if there is evidence that 

A. palmeri is associated with these crops.  

Pathway prohibited in the PRA 

area? 
No.   

 

However, some EPPO countries impose import requirements on the purity of the grain for animal feed. Ambrosia 

spp. have been added to the list of harmful botanical impurities that are included in Directive 2002/32/EC of the 

European Parliament and of the Council on undesirable substances in animal feed. Feed material and compound 

feed containing unground grains and seeds should contain a maximum of 50 mg of seeds of Ambrosia spp. per 

kg (relative to a feed with a moisture content of 12 %). Exceptions apply to millet (grains of Panicum miliaceum) 

and sorghum (grains of Sorghum bicolor) that are not directly fed to animals and which may contain a maximum 

of 200 mg of seeds of Ambrosia spp. per kg (relative to a feed with a moisture content of 12 %). 

Pathway subject to a plant health 

inspection at import? 

No 

The EWG was not aware of plant health regulations imposing inspection at import in the EPPO region on these 

commodities. 

Pest already intercepted? Both Canadian Food Inspection Agency (2018) and USDA (2019a) highlight the movement of A. palmeri seed 

as a contaminant of grain.  Apart from these PRAs on the pest, other authors also highlight the movement of A. 

palmeri seed as a contaminant of grain in the USA (Legleiter & Johnson, 2013). It is thought that the spread of 
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Pathway 

 

Grain (for animal feed mixtures, human consumption and processing purposes) 

A. palmeri infestation into Indiana, Michigan, and Wisconsin may have started when local beef and dairy cattle 

were fed with grains from amaranth-infested fields in the southern United States (MacDonald, 2017). 

 

Pheloung et al. (2014) lists A. palmeri as a weed species associated with maize imported from the USA which 

are not recorded as present in Australia.   

 

A. palmeri entered Belgium as a contaminant of grain (Verloove, 2006). In Belgium, the species is ‘nearly always 

associated with grain importation. From 1992 onwards seen most years in the vicinity of grain mills in port areas 

of Antwerpen and Gent, often in abundance (Robbrecht & Jongepier 1986, Verloove & Vandenberghe 1993)’ 

(Manual of the Alien Plants of Belgium, 2019).  

 

 

In Spain and Romania, indirect evidence suggests the species may have entered via this pathway. The species 

has been recorded in Andalucía at the port of Sevilla and in Palos de la Frontera (province of Huelva) in the 

vicinity of industrial premises where grains and plant products are processed. In NE Spain, the infestation started 

in an animal fodder factory where probably some A. palmeri seeds fell out of a maize or soybean truck (Alicia 

Cirujeda Ranzenberger, pers. comm., 2020). In 2017 the animal fodder factory has been visited by weed scientists 

who found out at that moment several plants growing in their installations and already some plants had crossed 

the road and grew along the road in field boundaries.  

Amaranthus palmeri has been identified from bird seed bought from retail outlets (Progressive Farmer, 2020). 

Oseland et al (2017) sourced birdseed from nine different companies, seven sources of wildlife food plot seed 

mixes from six companies, five sources of pollinator seed mixes from five companies, and four sources of CRP 

seed mixes from two companies.  Results show that Amaranthus species were present in all 12 bags of birdseed 

examined and specifically A. palmeri was found in three out of 17 bird seed mixes (Splendid Blend, Birdsnack 

and Economy Wild Bird Feed). Oseland et al. (2020) examined 98 separate commercially available bird feed 

mixes from North America. A. palmeri was present in 27 of the 98 mixes.  

Amaranthus spp. have also been found as contaminants of grain used for pet food in commercial mixes from 

different origins in Sardinia (Italy) (Cossu et al., 2019).   

 

Most likely stages associated with 

the pathway 

Seeds of A. palmeri are the most likely stage of the pest to be associated with the pathway.  Seeds may become 

associated with seeds of summer crops at harvest where the species occurs. 
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Pathway 

 

Grain (for animal feed mixtures, human consumption and processing purposes) 

Important factors for association 

with the pathway 
Association depends on the exact origin of the imported product and the degree of infestation of this region 

with A. palmeri.  

 

Mixture of grains from different origins present a higher risk of contamination because of lack of traceability. 

Bird seeds are often composed of different grain species. The most common grains found are black or striped 

sunflower seeds, decorticated sunflower, wheat, barley, (hulled) oats, millet, sorghum, Niger seed, (cracked) 

maize, safflower, groundnut or groundnut pieces, pine nuts, canary seed and quinoa. Some companies include 

in their product range special mixes that are intended to attract particular groups or species of birds (e.g. Niger 

seed to attract finches, peanuts and other large seeded grains for woodpeckers and nuthatches) (FAO, 2005). 

 

Association also depends on the use of the commodity and the cleaning performed before exportation: 

- The grains imported for human consumption are likely to be less contaminated than for animal 

consumption as grains for human consumption are cleaned before export to a very high standard to ensure 

quality and consistency for the end product.  

- The processing of grain for animal feed have less restrictive standards than for human consumption, and 

therefore such grains may be cleaned and processed to a lesser degree. Therefore, although the 

probability of entry into the EPPO region would be the same for both human consumption and animal 

feed, differences in processing should be taken into account.  

The timing of harvest can influence if A. palmeri contaminates the commodity.  

The likelihood that A. palmeri seeds are associated with the pathway at origin greatly depends on the effectiveness 

of the management measures implemented during cultivation. 

Seeds of A. palmeri are small and can be easily missed with just visual examination of the commodity alone.  

Some national regulations impose that bird seeds are devitalised before being commercialized. Devitalisation is 

a process that renders seed inviable and can be achieved by techniques such as heat treatment, irradiation, 

physically crushing or steaming of the seeds (Blythman & Sansom, 2019). However, customers prefer non-

devitalised bird seeds, and this measure is rarely applied before exportation (G Brundu, pers. comm,. 2020). 
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Pathway 

 

Grain (for animal feed mixtures, human consumption and processing purposes) 

Grain lots may be sorted before processing to remove external matters such as weed seeds. If the sorting is 

performed in the exporting country, especially when the size and/or colour of the seed is very different with A. 

palmeri seeds, this will reduce the association with the pathway. 

Survival during transport and 

storage 
The seeds of A. palmeri can remain viable for a number of years enabling their survival along the pathway. Data 

on the viability of seed dry stored is not available, however, seeds can remain viable more than 10 years.   

There may also be deviation from the intended use (i.e. imported as grain and used as seed). 

Trade There is a trade of grain (animal feed and human consumption) from countries where the pest occurs into the 

EPPO region.  The figures in appendix 6 (from FAOStat, imports reported by EPPO countries) give an indication 

of the existence of a trade for the above commodities. 

There is no specific data on the import of bird seed into the EPPO region from countries where the pest occurs.   

Will the volume of movement 

along the pathway support entry? 
It is likely that the volume of movement of grain will support entry into the EPPO region. Appendix 6 shows 

volumes of grain (soybean and maize) entering the EPPO region from USA.  

Potentially, these figures may contain volumes for various uses (including potential industrial use), but the main 

volume would be for animal feed or human consumption. The figures for soybean and maize grain imports show 

a high volume and reasonably consistent volume of import from the USA into the EPPO region.   

Will the frequency of movement 

along the pathway support entry? 

The EWG consider the frequency of movement along the pathway is likely to support entry. Although there are 

no figures to highlight the frequency of movement of A. palmeri seeds as a contaminant of grain it is likely that 

movement with volumes of the commodity will support entry. Grain is frequently imported into the EPPO region 

from USA (see Appendix 6). However, although the frequency varies year on year, the frequency of grain imports 

is regular, with equivalent volumes each year. 

 

The frequency of movements along the pathway has no impact on the viability of the seeds of A. palmeri 

introduced or on their quantity. Only the volumes imported can have an impact on the likelihood of introduction. 

Transfer to a suitable habitat Grain may be directly placed in suitable habitats to feed livestock or in gardens to feed bird (Blythman & Sansom, 

2019) or in meadows or along agricultural fields to feed game animals for hunting. 

 

Grain can be transferred to a suitable habitat via the ingestion of seed by animals and depositing of feces that 

contain viable seeds.  Seeds have been shown to remain viable following the ingestion process in animals and 

birds.   
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Pathway 

 

Grain (for animal feed mixtures, human consumption and processing purposes) 

 

Storage and transport conditions of grains for industrial processing may also allow further spread of A. palmeri 

(e.g. along roads). During loading, transportation and unloading of grains, any A. palmeri  seeds falling to the 

ground could lead to an established population. However, in the areas of introduction such as ports, airports or 

freight stations where cargos of seed for sowing or grain for industry or livestock pass through, A. palmeri 

seeds would have more difficulty becoming established because of the presence of concrete instead of soil and 

because of the possible management of weeds in these areas.  

 

Grain lots may be sorted before processing. If the sorting is performed after exportation, and the waste from the 

sorting is put in fields, they may become infested.  

Likelihood of entry and 

uncertainty 
The EWG recommended to divide the grain pathways because of the different risk that A. palmeri reach the 

natural environment with these commodities: 

 

Grains for animal feed (Arachis hypogaea, Glycine max, Sorghum bicolor, Zea mays, Oryza sativa and 

Helianthus annuus). 

- Grains for livestock: High likelihood of entry (high volumes (see appendix 6), reports of association and 

entry with this pathway, less quality grains than for human consumption, used in a suitable habitat; 

however, sorting applied and effective due to the difference of size of A. palmeri seeds with the grains 

for livestock), with a moderate uncertainty (uncertainty about the production process).  

- Bird feed: Very high likelihood of entry (evidences that bird seeds are often contaminated, mixes of 

grains often of lower quality, used in a suitable habitat), with a high uncertainty (uncertainty about the 

volume of trade, whether seeds are mixed before or after exportation; no evidence of entry with this 

pathway) 

Grains for human consumption and processing purposes (Arachis hypogaea, Glycine max, Sorghum bicolor, Zea 

mays, Oryza sativa and Helianthus annuus): Low likelihood of entry (higher quality standard, not for use directly 

in a suitable habitat: for consumption or processing, transient reports in port areas), with a moderate uncertainty 

( different quality standards of grains for further processing in the EPPO region). 



 

Pathway 

 

Seed  

Coverage (short description why 

it is considered a pathway) 
This pathway covers both certified and uncertified seeds. This is limited to Glycine max, Gossypium hirsutum, 

Helianthus annuus, Oryza sativa, Sorghum bicolor and Zea mays. 

 

Amaranthus palmeri infests a number of crops in the USA where seed from these crops are imported into the 

EPPO region for planting (e.g. maize, soybean). In the USA, A. palmeri seed production in soybean and maize 

fields has been shown to exceed 100 000 seeds per m2 (Ward et al., 2013) and as an effect, seed can be included 

as a contaminant in the crop harvest and transported to other regions.  

 

Additional summer industrially harvested seeds may need to be considered in the future if there is evidence 

that A. palmeri is associated with these crops. The seed mixes of other species are treated separately due to the 

lack of information on species composition and traded volume are lacking to fully assess and rate this 

pathway. 

Pathway prohibited in the PRA 

area? 
No, this pathway is not prohibited in the PRA area.  

However, some EPPO countries impose import requirements which should contribute to the reduction of the 

number of A. palmeri seeds in the imported seed consignments (for example, at the EU level, in marketing 

Directives for seeds 

https://ec.europa.eu/food/plant/plant_propagation_material/legislation/eu_marketing_requirements_en).  

In particular, cereal seeds (including Oryza sativa, Sorghum bicolor and Zea mays seeds, except popcorn and 

sweet corn) and oil and fibre plants (including Glycine max, Gossypium spp. and Helianthus annuus seeds) can 

only be imported from third countries into the EU if an equivalence with certification production conditions in 

the EU has been granted. The marketing of certified seeds includes purity requirements.  

- For Zea mays seeds, an examination of the seed samples is performed to guarantee that zero seeds of 

other plant species in a sample of 250g of basic seeds of inbreed lines; or in 1kg for other basic seeds 

and certified seeds, are present. (Council directive 66/402/EEC of 14 June 1966 on the marketing of 

cereal seeds). 
- For Oryza sativa, an examination of the seed samples is performed to guarantee that less than 4 seeds 

of other plant species in a sample of 500g of basic seeds; or 10 seeds in a sample of 500g for certified 

https://ec.europa.eu/food/plant/plant_propagation_material/legislation/eu_marketing_requirements_en
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Pathway 

 

Seed  

seeds of 1st category, or 15 seeds in a sample of 500g for certified seeds of 1st category, are present. 

(Council directive 66/402/EEC of 14 June 1966 on the marketing of cereal seeds). 

- For Sorghum bicolor, an examination of the seed samples is performed to guarantee that less than 4 

seeds of other plant species in a sample of 900g of basic seeds; or 10 seeds in a sample of 500g for 

certified seeds of 1st and 2nd category are present. (Council directive 66/402/EEC of 14 June 1966 on 

the marketing of cereal seeds).  
- For Glycine max and Helianthus annuus seeds, the maximum tolerance is 5 seeds of other plants in 1kg 

of seeds (Council directive 2002/57/EC on the marketing of seed of oil and fibre plants). 
- For Gossypium spp. seeds, the maximum tolerance is 15 seeds of other plants in 1kg of seeds (Council 

directive 2002/57/EC on the marketing of seed of oil and fibre plants). 

Pathway subject to a plant health 

inspection at import? 

Partly. 

In some EPPO countries. For example, seeds of Sorghum spp. and Glycine max imported from all third countries 

into the EU and seeds of Gossypium, Helianthus annuus, Oryza spp., Zea mays from third countries other than 

Switzerland are subject to a phytosanitary certificate (Regulation 2019/2072), and to a plant health inspection 

upon arrival of the consignment at the border control post. Those official controls shall include physical checks, 

at a frequency depending on the risk (article 49 of 2017/625 Official control regulation).  

Pest already intercepted? Both Canadian Food Inspection Agency (2018) and PPQ (2019) highlight the movement of A. palmeri seed as 

a contaminant of seed.  

 

Amaranthus palmeri has been identified from certified soybean in seed lots and seed bags in Louisiana (J. 

Ferrell, pers. comm., 2020).    

 

Uncertified commercial seeds from Australia, USA and Europe (e.g. novel forage seeds) have been 

demonstrated to harbour seed contaminants, including several Amaranthaceae species (Cossu et al, 2019) 

Most likely stages associated with 

the pathway 

Seeds may become associated with seeds of summer crops at harvest. 

 

Important factors for association 

with the pathway 
The probability that seeds of A. palmeri are associated with the pathway at origin depends mainly on the crop 

species concerned, on the exact origin of the imported product and the degree of infestation of this region by 

A. palmeri. The timing of harvest can influence if A. palmeri contaminates the commodity.  

The likelihood that A. palmeri seeds are associated with the pathway at the point of origin greatly depends 

on the effectiveness of the management measures implemented during cultivation and the cleaning 
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Pathway 

 

Seed  

procedures that can be implemented at the origin before export (e.g. certified seeds are often produced in well 

managed fields with high sorting processes).  

Seeds may be sorted after harvest and submitted to quality requirements in particular when they are certified, 

which will reduce the probability of association (EU marketing directives, OECD Standards). Seeds of A. 

palmeri are small (1-2mm) in relation to the commercial seeds imported for planting in agriculture (e.g. maize 

and soybean). This size difference would facilitate the successful sorting process when performed. 

However, when performed, physical checks may not allow to detect the presence of A. tuberculatus seeds in 

the consignment. 

Survival during transport and 

storage 
The seeds of A. palmeri can remain viable for a number of years enabling their survival along the pathway. 

Data on the viability of dry stored seed is not available, however, seeds can remain viable for more than 10 

years.   

Trade There is a trade of seed (for planting) from countries where the pest occurs into the EPPO region.  The figures 

in appendix 7 (from FAOStat, imports reported by EPPO countries) give an indication of the existence of a 

trade for seed of maize, sorghum and soybean from the USA.  
 

Will the volume of movement along 

the pathway support entry? 

Yes. 

As an example, Appendix 7 provides figures on the quantities of maize, sorghum and soybean imported into 

the EPPO region from the USA from 2015-2018. Although there is variation year on year, there are significant 

volumes of the aforementioned seed entering the EPPO region. The EWG consider it is likely that the volume 

of A. palmeri as a contaminant along this pathway will be proportionate to imports into the PRA area as seeds 

are expected to come from areas that are heavily infested by A palmeri 

Will the frequency of movement 

along the pathway support entry? 
Although the frequency of movement of maize, sorghum soybean and sunflower imported into the EPPO region 

from the USA, varies year on year, the frequency of seed imports is regular, with equivalent volumes each year 

(an increase for maize, a decrease for soybeans). 

The frequency of movements along the pathway has no impact on the viability of the seeds introduced or 

on their quantity. Only the volumes imported can have an impact on the likelihood of introduction. 

Transfer to a suitable habitat Transfer to a suitable habitat is likely.  Seed for sowing contaminated by A. palmeri are most often directly sown 

in agricultural fields, which is an optimal habitat for this species.  
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Seed  

Likelihood of entry and 

uncertainty 

Seeds of Glycine max, Gossypium hirsutum, Helianthus annuus, Oryza sativa, Sorghum bicolor, Zea mays, : 

Moderate likelihood of entry (used in a very suitable habitat, reports of association with the pathway, reports of 

presence in crop fields in the EPPO region; but quality certification standards) with Moderate uncertainty 

(uncertainty about the source of entry in agricultural crops in Israel, Spain and Turkey, uncertainty about 

efficiency of the sorting/cleaning process, uncertainty about the use of certified vs. uncertified seeds by EPPO 

countries) 
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• Seed mixtures and native seeds 

USDA (2013) details that A. palmeri was identified as a contaminant in conservation plantings in 

Illinois, Indiana, Iowa, Minnesota and Ohio. It was a contaminant in Conservation Reserve Program 

(CRP) seed mixes. Some native seed mixes planted to foster habitats for honeybees and other 

pollinators have been found to be contaminated with A. palmeri (WSU, 2020). A. palmeri was also 

found in crop pollinator commercial seed mixtures in the USA (Oseland et al., 2017). Additionally, 

seed mixtures for conservation, pollination and seed mixtures for forage plants for mammals for 

hunting (for example see: https://www.plantbiologic.com/products/last-bite-food-plot-seed) will 

be placed directly in habitats that can be suitable for A. palmeri. However, data on the seed species 

composition present in the seed mixtures that were intercepted is lacking. In some EPPO countries 

(e.g. the EU), all imported seeds should be accompanied with a phytosanitary certificate mentioning 

the seed species included in the mixture (Regulation EU 2016/2031). However, it may not be the 

case for every EPPO countries. Seed mixtures may have very variable composition. They are often 

produced in agricultural fields of a unique species and mixed afterwards (Hartzler, pers. comm., 

2020). Information on traded volume is lacking; however, the EWG considered that such mixtures 

are imported in lower quantities than seeds of Glycine max, Gossypium hirsutum, Heliantus annuus, 

Oryza sativa, Sorghum bicolor and Zea mays.. 

 

Likelihood of entry and uncertainty: Moderate (lower volume than the seed pathway) with a high 

uncertainty (different uses, origin of the mixes used in the EPPO region, composition of the mixes). 

 

• Used agricultural machinery and equipment. Seed of A. palmeri may become a contaminant of 

machinery and equipment. However, there is probably very little movement of used machinery 

from the countries where the pest occurs into the EPPO region and if there is, it is probable that 

such equipment would undergo phytosanitary procedures such as decontamination (e.g. in the EU, 

machinery and vehicles imported from third countries other than Switzerland and which have been 

operated for agricultural or forestry purposes should be cleaned and free from soil and plant debris 

(Regulation (EU) 2019/2072)). The EWG considered that due to the small size of A. palmeri seeds, 

cleaning procedures applied may not be fully effective, in particular for harvest combines. 

Agricultural machinery will likely be used in suitable habitats. A few seeds can start a new 

population. This pathway is covered by an International Standard for Phytosanitary Measures 

(ISPM 41) (IPPC, 2017a).  

 

Likelihood of entry and uncertainty: High (size of the seeds, difficulty to clean some machinery 

and equipment, may be higher for some countries without a market for agricultural machinery or 

involved in cooperation programs) with a high uncertainty (Volume and frequency of movement). 

 

• Natural spread. Taking into consideration the current area of distribution (see section 6), it is 

unlikely that A. palmeri can naturally spread from outside into the PRA area. It should also be taken 

into account, that other Mediterranean countries, e.g. Libya and Syria may have occurrences of the 

species which are currently not documented, and these foci could naturally spread into the EPPO 

region. It has been shown that seeds can be dispersed by birds, mice, rabbits, sheep and cattle 

following ingestion of seeds, and it is suggested via external animal movement (i.e. wool) (USDA, 

2019a). Additionally, the species can be spread by water, rivers, canals etc. However, the EWG 

considered that there is not enough information on the occurrence of A. palmeri in countries 

bordering the EPPO region, and therefore the EWG decided not rating this pathway. 

 

Overall rating of the likelihood of entry combining the assessments from the individual pathways 

considered: 

https://www.plantbiologic.com/products/last-bite-food-plot-seed
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Rating of the overall likelihood of entry Very low 

☐ 

Low  

☐ 

Moderate  

☐ 

High  

☐ 

Very high 

X 

Rating of uncertainty Low  

☐ 

Moderate 

X 

High  

☐ 

 

8.2 Pathways with a very low likelihood of entry 

 
The uncertainty was assessed to be low for all pathways below. 

 
 

• Cotton ginning by-product is used as a roughage feed for beef cattle in North America.  

Norsworthy et al. (2009) detail that cotton ginning by-product can contain seeds of weed species 

including A. palmeri.  In a study analysing samples of cotton ginning by-product from Arkansas, 

western Tennessee and western Mississippi, viable A. palmeri seed occurred in 4.2 % of samples.  

Although this pathway may be relevant for spread within the USA, there is no evidence that cotton 

ginning by-product is imported into the EPPO region. 

 

• Hay. Both USDA (2019a) and Canadian Food Inspection Agency (2018) detail the potential of 

movement of A. palmeri seed as a contaminant of hay material for the USA and Canada, 

respectively. FAO (2020) provides limited data on the export of hay from the USA to the EPPO 

region, where Austria, Finland, Norway, Sweden and Tunisia are reported to have received imports 

between 2012 -2017 under the item code 859 Hay (unspecified). A. palmeri is not growing well in 

pastures and hay fields (high uncertainty (absence of reports)). 

 

• Manure. USDA (2019a) (citing NDSU 2014/15) detail that A. palmeri has been introduced into 

the State of Michigan (USA) through the movement of manure from dairy cows which were fed on 

cotton ginning by-product. The movement of manure from the USA to the EPPO region is likely 

to be extremely low.   

 

• Travellers and their equipment. A. palmeri seed may be a contaminant of travellers and their 

equipment (e.g. shoes, clothes and leisure equipment (tents, bags, etc.)). However, as A. palmeri is 

mainly associated with agricultural fields, travellers will rarely encounter A. palmeri seeds. Data is 

lacking to fully assess this pathway. 

 

• Intentional importation of A. palmeri: there is no evidence that A. palmeri is cultivated or that 

seed is available for sale. A. palmeri could be imported for research purposes.  

 

• Soil and other growing media (on its own or associated with plants for planting other than 

seeds)(see ISPM 40; IPPC, 2017b): import of growing media is prohibited in most EPPO countries 

(e.g. importation of soil and growing medium as such is prohibited in the EU and many other EPPO 

countries, and is regulated when associated with plants (Regulation (EU) 2019/2072)) and therefore 

there is a very low likelihood of entry as a contaminant on this pathway.   

 

• Wool products. Wool products could theoretically be contaminated with A. palmeri seeds (Haines, 

2011; USDA, 2019a). Indeed, it is not uncommon that farmers grow crops and raise animals in the 

same farm and that these animals are feeding in these crops after harvesting. Wool wastes are not 

expected to move internationally. Additionally, wool is expected to be processed locally to maintain 

the quality of the product.  
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• Sweet potato (Ipomoea batatas). Amaranthus palmeri has been shown to have negative impacts 

on yields of this species in North America.  However, the EWG considered this pathway as having 

a very low likelihood of entry as any seed in soil are likely to be discarded when remaining soil is 

removed from the harvested roots.  

 

9. Likelihood of establishment outdoors in the PRA area 

 

Habitats detailed in section 7 are widespread within the EPPO region and thus further establishment is 

likely in regions where climatic conditions are conducive for establishment.   

 

9.1 Natural habitats 

 In countries where the species is naturalised (e.g. Cyprus, Greece, Spain), information is lacking to confirm 

if it is present in natural habitats.  Within the EPPO region, natural habitats which are suitable for the 

establishment of the species (e.g. riverbanks or disturbed sites) are widespread.  However, climatic 

suitability in areas would dictate if these species could establish in certain regions.   

 

In stable natural environments interspecific competition may limit population sizes.   

 

9.2 Managed habitats 

Within the EPPO region, the species mostly grows in managed habitats and it is likely that A. palmeri can 

establish in the managed environment. It is capable of rapidly invading disturbed areas because of copious 

seed production and the formation of a persistent seed bank.  

 

In the ruderal and agricultural environments, it is unlikely that competition with cultivated plants planted 

within the emergence timeline of A. palmeri would prevent the establishment of the species. A. palmeri is 

capable of invading many summer crops in particular late sowing crops like maize and soybean. The high 

frequency of maize, and to a lesser extent soybean, in the crop rotation system in many EPPO countries is 

a factor that may strongly endorse the establishment of A. palmeri once the field has become contaminated.  

 

In crops, common weed control methods may not be sufficient to limit the development of the species due 

to discontinuous emergence pattern and rapid growth. Further complications may arise from the reduced 

number of herbicide compounds (relative to the options available in the USA) and the herbicide resistance 

against multiple mode of actions in this species (Ward et al., 2013). All of the aforementioned factors can 

potentially foster the establishment of A. palmeri in managed conditions.  

 

In areas where the climatic conditions are suitable for the establishment of the species, establishment can 

occur along roadsides, railway networks, nearby processing facilities etc. These habitats may act to promote 

the spread of the species into other managed habitats in close proximity (e.g. agricultural fields).  

Establishment is also likely in public and private gardens.   

 

9.3 Other factors affecting establishment 

 

High levels of environmental plasticity may facilitate the establishment of populations in sub-optimum 

conditions (Spaunhorst et al., 2018).  

 

Natural enemies 

Within the EPPO region, there are no host specific natural enemies of A. palmeri. Generalist natural enemies 

will potentially attack the plant, but these are unlikely to inflect enough damage at the population level to 

influence establishment.   

 

Abiotic factors  
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- Climate conditions 

The major factors that could limit the establishment of A. palmeri in the EPPO region are assumed to be 

the potential evapotranspiration (PET), the summer temperatures and the winter minimum temperatures. 

The minimum suitable conditions of 889 mm/year of PET and of summer temperatures of 14°C are 

recorded in the current area of distribution of A. palmeri (Appendix 3).  

 

PFAF (2019) detail that A. palmeri is a frost sensitive species and this may prevent its establishment in 

higher latitudinal areas of the EPPO region, especially where the growing season is short, and frost may 

kill the plant before seed set.   

 

The potential distribution in the EPPO region is limited by the low PET and low summer temperatures.  

The species distribution modelling shows that A. palmeri could establish in all countries bordering the 

Mediterranean sea, especially in the agricultural production areas of southern Iberia (Spain and Portugal), 

North Africa, the Middle East, Central Asia, Turkey, Greece as well as parts of Romania and Bulgaria. 

 

With moderate and extreme climate change scenarios (RCP 4.5 and 8.5), the projected distribution may 

expand North to about 50° latitude within the EPPO region (Appendix 3). Current transient populations at 

the latitudinal limits for establishment (e.g. UK, Belgium, Germany and the Netherlands) may form 

established populations (Kistner & Hatfield, 2018). If climate change promotes plant growth, populations 

may produce higher propagule pressure. 

 

- Soil conditions 

Amaranthus palmeri can tolerate a wide range of soil types (section 2.5).    

 

 

Rating of the likelihood of 

establishment in the PRA area 
Very low ☐ Low ☐ Moderate ☐ High X Very high ☐ 

Rating of uncertainty Low X Moderate ☐ High ☐ 

 

The EWG considered that this rating applied to Mediterranean countries and central Asian EPPO countries. 

The rating would be lower for other areas of the EPPO region. 

 

10. Likelihood of establishment in protected conditions in the PRA area 

 
No evidence was found of the presence of A. palmeri under protected conditions in North America. 

 
The management of temperatures under protection (e.g. polytunnels, glasshouses) maintains average 

temperatures between 20 and 35°C which would be more favourable for the development of the species. 

Protected conditions, such as in nurseries, polytunnels, tropical greenhouses may offer appropriate 

conditions for the development of A. palmeri.  

 

However, these crops are often produced in highly managed production systems (with possible rotation e.g. 

for polytunnels) that would limit the likelihood of establishment due to short intervals between consecutive 

management practices. 
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Rating of the likelihood of 

establishment in protected 

conditions 

Very low ☐ Low ☐ Moderate X High ☐ Very high ☐ 

Rating of uncertainty Low ☐ Moderate ☐ High X 

Uncertainty: level of management applied, variability of production systems, lack of observation of A. 

palmeri in such conditions. 

 

11. Spread in the PRA area  

 

Natural spread 

Amaranthus palmeri has a high natural spread capacity: writing on the distribution patterns of A. palmeri 

in North America, Sauer (1957) details that the early records of A. palmeri (75 years ago at the time of 

publication) were only collected from Sonora, California, Arizona, New Mexico and Texas.  Since, there 

has been a rapid expansion of the species e.g. to the south-east of the USA.   

 

The seeds of A. palmeri are naturally spread mainly by barochory (falling from the parent plant) and 

hydrochory (dispersal via water). In the case of barochory, dispersal takes place over very limited distances 

(a few metres around the mother plant). In the case of hydrochory, Norsworthy et al. (2014) reports that A. 

palmeri seed can travel as far as 114 m in rainwater. Seeds can be spread through water movement, along 

rivers and streams and throughout a catchment. Natural local dispersal is most likely accomplished by 

water, as with other Amaranthus spp. as both seeds and fruits can float easily (Costea et al. 2004). 

 

A. palmeri can be spread by animal species.  Bird species can disperse A. palmeri seeds.  Mallard ducks 

(Anas platyrhynchos) and other migratory birds (Farmer et al. 2017; Ward et al., 2013) have been shown 

to spread the species.  Seeds can maintain viability when moving through the digestive tract of birds.  One 

study showed that seeds retained 60 % viability when moving through killdeer (Charadrius vociferous) and 

species of ducks (de Vlaming & Proctor, 1968). Viable seeds have been collected from 11 different bird 

species.  Additionally, mice, rabbits, sheep and cattle can ingest and spread seeds, and it is suggested via 

external animal movement (i.e. wool) (USDA, 2019a).   

 

In the USA, hurricanes have been suggested as acting to facilitate the spread of the species (Ward et al., 

2013). Such a phenomena is rare within the EPPO region, though strong winds could act to facilitate the 

spread of seeds.   

 

Within the EPPO region, A. palmeri has not shown to have spread significantly in space and time, with the 

exception, potentially, of the occurrence of the species in Israel.  The species has been present within the 

EPPO region, mainly as transient occurrences, since the end of the 19th century, and the low spread seen 

may be due to abiotic limitations that prevent the establishment of the species.   Additionally, the species 

is not commonly found growing in natural habitats within the PRA area and therefore spread has not been 

facilitated by natural pathways such as rivers.  A similar conclusion was given for the low spread of 

Ambrosia trifida (EPPO, 2019).   

 

With climate change, and the potential increase in established populations, spread may increase within the 

EPPO region. If climate change promotes establishment, populations may produce higher propagule 

pressure and the magnitude of spread may be higher.    

 

Human assisted spread 

Seeds of A. palmeri can be moved through agricultural machinery, equipment and agricultural products 

(e.g. grains, seeds) within the EPPO region and through management practices. In the USA, equipment 
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such as combines have been shown to spread seed of the species from infested fields into clean fields 

(Norsworthy et al., 2014; Barber et al., 2015). Ward et al (2013) detail that agricultural management 

practices like ploughing, mowing, harvesting have been shown to spread seeds in North America. 

Additionally, seed can be spread with the movement of agricultural material such as compost, manure, 

animal feed and crop seeds (Ward et al., 2013).   

   

In agricultural systems, artificial irrigation channels may act to spread A. palmeri seeds over extended 

distances.  This has been shown by Norsworthy et al. (2014.). In this research, it took only 20,000 seed 

initially introduced into one m2 to effectively colonize 0.53- to 0.77-ha fields in less than 2 years. It is 

believed by the authors that rainwater and harvesting equipment dispersed the seeds from the original area 

of introduction.  

 

In the USA, A. palmeri has seen a large range expansion since 1950 where it was first reported as spreading 

outside of its native range (Runquist et al., 2019). More than 95 % of distribution records are post-1950.  A 

large increase has also been seen over the last decade, where 50 % of records are within this time period.   

 

Range expansion in the USA, is thought to have occured mainly by long distance human assisted dispersal 

(Runquist et al., 2019).   

 

 

Rating of the magnitude of 

spread in the PRA area  
Very low ☐ Low ☐ Moderate ☐ High ☐ Very high X 

Rating of uncertainty Low X Moderate ☐ High ☐ 

 

12. Impact in the current area of distribution 

 
Negative impacts of the species are predominantly associated with economic impacts of crop yield 

reductions where the species invades agricultural habitats (USDA, 2019a).  For management options see 

section See section 16.2  

 

12.1 Impacts on biodiversity 

Impacts on biodiversity are not reported within the literature (e.g. see USDA, 2019a assessing the 

literature).   

 

There is no known information on A. palmeri negatively affecting (outcompeting or displacing) native plant 

communities.   

 

There is no known information on A. palmeri negatively affecting native animal species.   

 

12.2 Impacts on ecosystem services 

There is no known information on A. palmeri negatively affecting regulating, supporting or cultural 

ecosystem services.   

 

Impacts on provisioning ecosystem services are dealt with under ‘socio-economic impacts’.   

 
12.3 Socio-economic impacts 

 



35 

 

Amaranthus palmeri with its rapid growth rate and ability to accumulate large quantities of biomass is very 

competitive, and has also an advantage with its long roots. In the USA, A. palmeri is considered a significant 

weed in agricultural systems (Ward et al., 2013).  Major impacts have been reported in soybean, peanut, 

corn, sweet potato and the plant has become one of the most economically damaging weed species in the 

USA. Lindsay (2017) provides estimates of the potential economic impacts of the species as a result of crop 

yields.  The economic losses by producers in the mid-southern states of the USA for one year (2015) could 

equate to $250 million for cotton, $1.3 billion for maize and $2.5 billion for soybean.  Lindsay (2017) 

highlights that these estimates do not include weed management costs.   

 

In addition to reducing yields, the large amount of biomass produced interferes with harvesting of crops.  

 

Impacts on yields 

 

Cotton (Gossypium hirsutum) 

Amaranthus palmeri has in the last years been ranked as the most troublesome cotton weed in the southern 

USA. In 2014, at least 300 000 ha of cotton are reported as invaded by the weed in Arkansas, and over one 

million acres in Georgia.  In the USA, A. palmeri densities of 1 and 10 plants per m² reduced cotton yields 

of 11 and 59% respectively (Ward et al., 2013 citing Massinga et al., 2001). In cotton, the presence of A. 

palmeri doubled to quadrupled harvest time, compared to a weed free field. Equipment can even be 

damaged if densities of A. palmeri are higher than 0.65 plants per m².  

 

Maize (Zea mays) 

Up to 91 % reduction in yield has been reported in maize in Kansas with a A. palmeri density of 10.5 plants 

per m-2 (Massinga et al., 2001).  Just 0.66 A. palmeri plants per m-2 can result in yield losses of 11 %.   

 

Soybean (Glycine max) 

In the USA, the maximum predicted soybean loss was 79% from full season interference of A. 

palmeri (density of 10 plants per m²). At just 0.33 plants per m-2, yield loss was 17 % (Klingaman and 

Oliver 1994).   

 

Peanut (Arachis hypogaea) 

Losses in peanut crops have been reported at 28 % and 68 % with an A. palmeri density of 1 and 5 plants 

per m-2 (Burke et al., 2007).   

 

Sweet potato (Ipomoea batatas) 

Meyers et al., (2010) details that A. palmeri can reduce the quality and quantity of the crop.  Ward et al 

(2013) states ‘The highest grade of sweet potatoes, ‘Jumbo’, is reduced 56 and 94% from Palmer amaranth 

[A. palmeri] densities of 0.47 and 6.13 plants m-2, respectively, with ‘marketable’ grade reduced 36 and 

81% at these densities (Meyers et al. 2010). The threshold density of Palmer amaranth [A. palmeri] that is 

equivalent to 10% yield loss is 0.08 plants m-2, or one plant every 12.5 m2’. 

 

Sorghum (Sorghum bicolor)  

Moore et al. (2004) details sorghum yield losses between 38 and 63 % near Chichasha Oklahoma with a A. 

palmeri density of 1.58 plants m-1.  The presence of A. palmeri had a negative effect on the drying of the 

crop, which could act to delay the harvesting of sorghum seed.  

 

In addition to direct interference with the crop, A. palmeri can affect crops in a non-competitive way.  A. 

palmeri may also affect or suppress crop growth through allelopathy. Experiments indicate that 

incorporation of a heavy stand of A. palmeri into the soil just before planting can hinder seedling growth in 

carrot, onion, cabbage and sorghum.  
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Watermelon (Citrullus lanatus)  

In North America, A. palmeri has been shown to have negative impacts on watermelon yield and marketable 

fruit numbers.  Four A. palmeri plants per planting hole was shown to reduce marketable yield by 41 %, 

38 % and 65 % for the varieties Exclamation, Carnivor, Kazako, respectively (Bertucci et al., 2019).   

 
Impacts on trade 

In the USA, A. palmeri is classified as a noxious weed species in a number of states which imposes 

phytosanitary requirements (inspections) on commodities that can be contaminated by the seed (e.g. grain 

and seeds (for planting).  This can have an impact on trade and incur costs related to delays and inspections 

(see USDA, 2019a).  

 

Following the interception by China of A. palmeri with other pests in canola grains from Canada, the export 

permit from two Canadian companies (Canada's largest grain processors) was revoked which had a major 

economic impact (China buys 40 per cent of Canada’s canola exports – roughly 3.6 billion Dollars). The 

price of the active canola contract has fallen to $455 a tonne in March 2019, itis lowest level since 2016. 

Other Canadian companies remain eligible to export canola grains to China but these imports are subject to 

enhanced inspections, including increased testing (CBC, 2019; WTO, 2019), which is costly. This import 

ban led to a communication by Canada to the SPS Dispute Settlement body (WTO, 2019). 

 

Indirect impacts 

 

It has been reported that A. palmeri plants in a crop could act as an alternate host for nematode species such 

as Meloidogyne arenaria and M. incognita (Ward et al., 2013) which are regulated in some EPPO countries 

(e.g. as Regulated non-quarantine pests in the European Union (Regulation 2009/2072)). 

 

Public health 

Amaranthus spp. are prolific pollen producer and all pollen types are supposed to be allergenic (e.g. 

Wurtzen et al., 1995). Thus, they should be considered as “hay fever plants” in areas where they are 

abundant (Oh, 2018).  

 

Rating of the magnitude of 

impact in the current area of 

distribution  
Very low ☐ Low ☐ Moderate ☐ High ☐ Very high X 

Rating of uncertainty Low X Moderate ☐ High ☐ 

 

The above rating was based mainly on the data from North America.  

 

13. Potential impact in the PRA area  

 
13.1 Potential impacts on biodiversity in the PRA area 

There is no data for negative impacts of the species on native biodiversity in the EPPO region. Within the 

EPPO region, the species mostly grows in ruderal or managed habitats with relativity low biodiversity value 

(e.g. Germany; U. Starfinger, pers. comm., 2020).   

 

A. palmeri can hybridize with other Amaranthus species (Section 2.3), thus adversely affecting the gene 

pools of other species. Hybridization is also a route by which herbicide resistance can be moved between 

different Amaranthus spp. (Costea et al., 2005). However, native European Amaranthus species are 
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monoecious (Steckel, 2007) and are not expected to hybridize in field conditions with A. palmeri when 

present in a limited number. 

 

13.2 Potential impact on ecosystem services in the PRA area 

There is no known information on A. palmeri negatively affecting regulating, supporting or cultural 

ecosystem services within the PRA area.   

 

Impacts on provisioning ecosystem services are dealt with under ‘socio-economic impacts’.   

 

13.3 Potential socio-economic impact in the PRA area 

Currently, within the EPPO region, there is no data on socio-economic impacts of this species.  Impact are 

likely to be occur only in areas where permanent populations may establish. 

 

Any action targeting control of this species will generate additional production costs (cost of weeding 

practices, establishment of less profitable crops). In the absence of plant health regulations relating to the 

control of introduction into the PRA area of seed lots of maize, soybeans, sorghum, the risk of introduction 

of herbicide-resistant genotypes of A. palmeri appears high and such an introduction would result in a very 

high increase in control costs.   

 

Within the EPPO region, A. palmeri occurs already as a weed in different crops (e.g. maize, cotton, and 

soybean).  In Turkey, the species has been reported as showing ‘extremely aggressive’ behaviour [invasive 

behaviour] (Raab-Straube & Raus, 2016) and locally as a weed in cotton and maize (Özaslan et al., 2017). 

Likewise, in Spain, the species invaded crop fields (Recasens et al., 2018) with already some fields infested 

with high density of A. palmeri (Alicia Cirujeda Ranzenberger, pers. comm., 2020). In Israel, A. palmeri is 

found throughout the country in crop fields (cotton, watermelon, maize) and herbicide resistance has 

already been proven (Flora of Israel Online, 2019; HEAP, 2020; Matzrafi et al., 2017). 

 

Kistner and Hatfield (2018) highlight that climate change will be beneficial to the species in Europe where 

regions suitable for casual populations may become suitable for established populations.  Such effects may 

act to increase the area available for establishment in the EPPO region where negative impacts on 

agriculture systems may be seen.   

 

The recent expansion of the species in North America highlights that, coupled with its high environmental 

plasticity and recorded impacts, even at low weed densities, substantial impacts on crop yields have been 

observed (Ward et al., 2013). 

 

In Europe, fields are generally smaller than in the USA, with a more intensive weed control. Therefore, the 

impact is likely to be lower in the EPPO region.  

 

Without the implementation of integrated control against this species – effective chemical weed control, 

rotation including winter crops and appropriate tillage – the negative effects of A. palmeri will probably 

increase. Effective chemical control options (e.g. post-emergence herbicides in soybean in the EU) may be 

limited within the EPPO region due to the decrease of the number of authorized herbicides, and due to the 

species being resistant to a number of active ingredients (see section 2.7).   

 
Consider whether impacts in the area of potential establishment will be similar to that in areas already 

infested, taking into account availability of plant protection products, natural enemies, cultural practices, 

etc.in the area of potential establishment. Consider other consequences (e.g. export loss) if applicable.  

 

Will impacts be largely the same as in the current area of distribution? Yes /No 
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The EWG considered that a lower impact may be observed in the current area of distribution because of 

different agricultural practices (e.g. scales of production, crop rotation, etc.). 

 

If No 

Rating of the magnitude of 

impact in the area of potential 

establishment 
Very low ☐ Low ☐ Moderate ☐ High X Very high  

Rating of uncertainty Low ☐ Moderate X High ☐ 

Uncertainty: effect of different production practices in the EPPO region with the USA, absence of yield 

losses records in the EPPO region even though A. palmeri has already been detected 10 years ago in 

Spain, impact on biodiversity. 

 

14. Identification of the endangered area 

The EWG considered that the endangered area includes agricultural environments in the Mediterranean area, 

Middle East area and Central Asian area of the EPPO region. Appendix 3 gives the percentage of suitable 

areas in each country. 

 

 

15. Overall assessment of risk    

 
The likelihood of new introductions to the EPPO region occurring via grain of peanut Arachis hypogaea, 

soybean (Glycine max), sunflower (Helianthus annuus), rice (Oryza sativa), sorghum (Sorghum bicolor) 

and maize (Zea mays) is high with a moderate uncertainty. For seeds of Glycine max, Gossypium hirsutum, 

Helianthus annuus, Oryza sativa, Sorghum bicolor and Zea mays, the likelihood of new introductions is 

moderate with moderate uncertainty. Entry into the EPPO region via seed mixtures and single species native 

seed packets is moderate with a high uncertainty.   

 

The likelihood of further establishment outdoors is high with low uncertainty. Establishment in protected 

conditions is moderate with high uncertainty. Protected conditions such as in nurseries and polytunnels may 

offer appropriate conditions for the development of the pest. The potential for spread within the EPPO 

region is very high with a moderate uncertainty.  

 

The impacts of A. palmeri in North America are primarily the reduction of crop yields and increased 

management costs. The EWG considered the potential socio-economic impacts in the EPPO region will be 

high with a moderate uncertainty.  
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  Likelihood Uncertainty 

Entry  Very high Moderate 

Grains for animal feed, human consumption and processing purposes 

(Arachis hypogaea, Glycine max, Helianthus annuus, Oryza sativa, 

Sorghum bicolor and Zea mays). 

  

         Grains for livestock High Moderate 

         Bird feed: Very high High 

         Grains for human consumption and processing purposes Low Moderate 

Seeds of Glycine max, Gossypium hirsutum, Helianthus annuus, Oryza 

sativa, Sorghum bicolor and Zea mays 

Moderate Moderate 

Seed mixtures and native seeds 

 

Moderate High 

Used agricultural machinery and equipment High High 

Establishment outdoors in the PRA area Very high Low 

Establishment in protected conditions in the PRA area Moderate High 

Spread Very High Low 

Impact in the current area of distribution Very High Low 

Potential impact in the PRA area High Moderate 
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Stage 3. Pest risk management 
 

16. Phytosanitary measures 

 

The EWG considered that phytosanitary measures should be recommended for grains and seeds for relevant 

crops (mentioned in 16.1) and seed mixtures and native seeds. Measures for seeds and grains are considered 

in detail in Appendix 1. Measures for seed mixtures and native seeds were derived from measures for seeds. 

 

The EWG recommended that measures for grain should apply to all commodities that contain the species 

specified, i.e. irrespective of whether they are intended for animal feed (incl. bird seeds), human 

consumption or processing. 

 

The EWG also recommended that new associated crops should be added if A. palmeri is shown to develop 

in these crops and if their seeds or grains may present a risk of contamination with A. palmeri seeds. The 

EWG recommended that A. palmeri should be recommended for regulation as a quarantine pest. 

 

 

16.1 Measures on individual pathways to prevent entry 

Possible pathways (in 

order of importance) 

Measures identified 

Grains of Arachis 

hypogaea, Glycine max, 

Helianthus annuus, Oryza 

sativa, Sorghum bicolor 

and Zea mays. 

Grains have been produced in a pest-free area for Amaranthus palmeri established 

and maintained according to the requirements outlined below 

Or 

Grains have been sampled according to ISPM 31 and inspected, and Amaranthus 

seeds have been tested with an approved test and the grain lot has been found free 

from A. palmeri. 

Or 

Grains have been devitalized according to an appropriate method. 

 

Seeds of Glycine max, 

Gossypium hirsutum, 

Helianthus annuus, Oryza 

sativa, Sorghum bicolor 

and Zea mays 

Seeds have been produced in a pest-free area for Amaranthus palmeri established 

and maintained according to the requirements outlined below 

Or 

Seeds** have been sampled according to ISPM 31 ‘Methodologies for sampling of 

consignments’ and inspected, and Amaranthus seeds have been tested with an 

approved test, and the seed lot found free from A. palmeri.* 

 

Seed mixtures and native 

seeds 

 

Seeds have been produced in a pest-free area for Amaranthus palmeri established 

and maintained according to the requirements outlined below 

Or 

Seeds have been sampled according to ISPM 31 and inspected, and Amaranthus 

seeds have been tested with an approved test, and the seed lot found free from A. 

palmeri. 

 

Used agricultural 

machinery and equipment 

ISPM 41 ‘International movement of used vehicles, machinery and equipment’ 

should be implemented  

*Remark: A seed certification schemes include sampling and testing, therefore the option of certification is 

considered to be already covered by this option. 

** The seed lot could have been sorted to avoid the presence of the pest.  
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Requirements for establishing a pest-free area (PFA):  

• detailed surveys and monitoring should be conducted in the area and continued every year. If 

climatic conditions in the PFA are suitable for the establishment of A. palmeri, the PFA should not include 

any area where the species has been reported in the last 10 years. 

• Surveys should include high risk locations, such as summer crops, key transportation roads, ports, 

areas around grain and seed storage facilities etc.  

• Where climatic conditions in the PFA are suitable for the establishment of A. palmeri, there should 

be restrictions on the movement of the identified pathways for entry (e.g. seeds, grains and used machinery 

and equipment) into the PFA, and into the area surrounding the PFA, especially the area between the PFA 

and the closest area of known infestation.  

 

National measures  

Early detection is important to identify new occurrences of the species. A. palmeri should be monitored and 

eradicated, contained or controlled where it occurs in the area of potential establishment in the PRA area. 

In addition, public awareness campaigns to prevent spread from existing populations in countries at high 

risk are necessary.  

 

16.2 Eradication and containment 

 

Eradication 

Eradication measures provided in this section should be promoted where feasible with a planned strategy 

to include surveillance, containment (see following paragraph), treatment and follow-up measures to assess 

the success of such actions. Regional cooperation is essential to promote phytosanitary measures and 

information exchange in identification and management methods. NPPOs should facilitate collaboration 

with all sectors to enable early identification including education measures to promote citizen science and 

linking with universities, land managers and government departments. 

 

Eradication is only considered to be possible for A. palmeri in case of early detection (newly established 

populations) of a small population in agricultural productions, or when detected in the natural environment, 

, cargo areas, roadsides and other transportation networks etc. Deep turning of the soil would promote 

longevity of the seeds and should be avoided. Moreover, seeds on or near the soil surface are more likely 

to be subject to decay. Eradication measures should include hand weeding (plants being properly disposed) 

and herbicide treatments (see containment section) to eliminate any escaping plants. 

 

The EWG noted that if the weed is persistent and present in large quantities in an agricultural field, the only 

feasible eradication method would consist in turning the field into perennial grass for at least 10 years. 

However, regular surveys would still be required to ensure the area remains free from A. palmeri. 

 

Eradication may be feasible in some EPPO countries where this species is at an early stage of invasion.  It 

is recommended that member countries eradicate this species where feasible to prevent further spread and 

impact. 

 

Containment 
Unintentional transport of A. palmeri seeds through the movement of agricultural products and equipment 

should be avoided. Equipment and machinery should be cleaned to remove the weed seeds before moving 

to an uninfested area (see ISPM 41: International movement of used vehicles, machinery and equipment; 

FAO, 2017). NPPOs should provide land managers, farmers and stakeholders with identification guides 

including information on preventive measures and control techniques.  
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A pro-active and integrated weed management strategy will be required to effectively manage A. palmeri. 

General considerations are listed below. It should be noted that in natural environments, management 

practices should be tailored to the habitat invaded.   

 

Tillage. Heavy tillage, as opposed to light soil disturbance, at the beginning of the season will prepare a 

proper seedbed for crop planting and eliminate all weeds that have emerged up to this point. Following 

planting, interrow cultivation can assist to eliminate small seedlings from establishment. In general, 

significant soil disturbance from heavy tillage discourages the small-seeded dicots such as A. palmeri.  

 

Cover crops. Planting dense cover-crops can help suppress A. palmeri germination and emergence. In 

general, grass cover-crops (such as wheat, rye, barley) can be terminated herbicidally 2-6 weeks prior to 

summer crop planting. The summer crop can then be planted directly into the terminated cover. Rolling the 

cover-crop flat and then planting the summer crop in the same direction as rolling will provide even greater 

mulch on soil surface to suppress weed growth. However, if the cover-crop is not dense, the level of weed 

suppression will be reduced or non-existent.  

 

Crop rotation and management. Planting crops with different agronomic life cycles (e.g. winter crops), 

places A. palmeri in a disadvantage to germinate and survive. Moreover, this can allow a greater variety of 

herbicides and other weed management strategies to be used.  

Individual crops should be managed to enhance their competitive ability. Depending on crops, this would 

include row spacing, planting density and planting date. For example, crops with a narrow row spacing can 

be useful to suppress A. palmeri growth by shading the soil surface more rapidly. This shading decreases 

weed germination and suppresses growth of emerged seedlings.  

 

Surveying and hand weeding. The field should be surveyed, and remaining weeds should be hand weeded. 

 

Herbicides. Herbicides can be an important component of an integrated weed management plan. However, 

they must be applied in a timely and proactive manner. Allowing plants to emerge and reach 10-15 cm in 

height will greatly complicate management with herbicides. Multiple applications of herbicides are 

necessary to control A. palmeri. 

 

 

Preemergence. This refers to soil active herbicides applied after crop planting, but prior to crop or 

weed emergence. Preemergence herbicides allow the crop to emerge and establish in weed-free 

conditions. Preemergence strategy is important because it prevents weed establishment and allows 

the crop to grow unimpeded. Examples include s-metolachlor, dimethenamid-P, metribuzin, and 

mesotrione. 

 

Postemergence. This refers to herbicides applied after crop and weed emergence. For this 

application timing to be effective, the herbicide must be applied with sufficient carrier volume to 

maximize spray coverage on the target weed. It is also important to target A. palmeri before it 

exceeds 5 cm in height. Management of larger weeds is considerably more difficult and increases 

the likelihood of herbicide failure. Examples include thifensulfuron and nicosulfuron. 

 

Lastly, herbicide resistance to several modes of action is widely documented in A. palmeri. Prior to 

developing or planning an herbicide program, analysis of the existing weed population to document the 

presence or absence of herbicide resistance will be essential.  

 

Specific management programs for individual crops as applied in the USA are available in Ward et al. 

(2013). 
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17. Uncertainty 

Main sources of uncertainties in this risk assessment are linked to 

- Effect of different crop systems on the spread and impact in the PRA area compared to the USA 

(use of herbicide resistance crops, differences in the scale of cultivation areas e.g. for maize and 

soybean, reliance on herbicides, narrow crop rotation). 

- Trade volumes and frequency of movement for some commodities (bird seeds, seed mixtures). 

- Uncertainty about additional summer crops A. palmeri is associated with. 

- Role of harvesting equipment and machineries in contaminating other grain commodities before 

exportation (e.g. rapeseed or winter grains). 

- Exact distribution of A. palmeri in the endangered area of the EPPO region. 

- Impact on biodiversity 

 

18. Remarks 

The EWG conducted two PRAs simultaneously on A. palmeri and A. tuberculatus. Text written in these 

PRAs have similarities. Amaranthus palmeri and A. tuberculatus are very similar in their biology, pathways 

and both are important weeds in North America. However, these species show differences in terms of 

competitiveness and area of potential establishment in the EPPO region.  

 

The EWG recommended  

- to perform a proper botanical survey in the EPPO region (e.g. during August). This can be 

performed for A. palmeri and A. tuberculatus together. If performed on the endangered area 

identified for A. tuberculatus, this would already cover the A. palmeri endangered area. 

- take samples to determine herbicide resistance of the established populations. To develop 

educational materials to help people identifying this species and promote early detection in new 

areas. 

 



44 

 

 

19. References 
 
Arianoutsou M, Bazos I, Delipetrou P, Kokkoris Y (2010) The alien flora of Greece: Taxonomy, life traits 

and habitat preferences. Biological Invasons, DOI 10.1007/s10530-010-9749-0 

 

Anastasiu, P., G. Negrean, C. Samoila, D. Memedemin, and D. Cogalniceanu. 2011. A comparative analysis 

of alien plant species along the Romanian Black Sea coastal area. The role of harbours. Journal of Coastal 

Conservation 15(4):595-606. 

 

Bagavathiannan M, Norsworthy JK (2016) Multiple-herbicide resistance is widespread in roadside palmer 

Amaranth populations. Plos One, 11(4): e0148748. doi:10.1371/journal.pone.0148748 

 

Barber TL, Smith KL, Scott RC, Norsorthy JK, Vangilder AM (2015) Zero tolerance: a community-based 

program for glyphosate-resistant Palmer Amaranth management. Agriculture and Natural Resources, 

FSA2177 

 

Berger ST, Ferrell JA, Rowland DL, Webster TM (2015) Palmer amaranth (Amaranthus palmeri) 

competition for water in cotton, Weed Science, 63, 928-935. 

 

Belgeri A, Alvarez E, De Vries J & Gabriel A (2017) Pre-emergence control strategies of palmer amaranth 

(Amaranthus palmeri s. wats) in Uruguay´s soybeans. Congreso Internacional sobre Azucar y Derivados. 

Diversification 2017, 1-4. 

 

Berger S, Madeira PT, Ferrell J, Gettys L, Morichetti S, Cantero JJ, Nunez C (2016) Palmer Amaranth 

(Amaranthus palmeri) Identification and documentation of ALS-resistance in Argentina, Weed Science, 

64, 312-320. 

 

Bertucci MB, Jennings KM, Monks DW, Schultheis JR, Louws FJ, Jordan DL (2019) Interference of 

palmer amaranth (Amaranthus palmeri) density in grafted and nongrafted watermelon. Weed Science, 6, 

229-238. 

 

BICON. 2019. Australian Biosecurity Import Conditions. Australia Department of Agriculture and Water 

Resources. https://bicon.agriculture.gov.au/BiconWeb4.0.  

 

Blythman M & Sansom J (2019) Devitalising bird-seed to prevent dispersal of weeds by birds. Australian 

Field Ornithology 36, 31–33. Available from: http://dx.doi.org/10.20938/afo36031033 

 

Brenan JPM (1961) Amaranthus in Britain. Watsonia 4, 261–280. 

 

BRC (2019) Online atlas of the British and Irish flora. https://www.brc.ac.uk/plantatlas/ (accessed on 21 

January 2020). 

 

Burke, I. C., M. Schroeder, W. E. Thomas, and J. W. Wilcut. 2007. Palmer amaranth interference and seed 

production in peanut. Weed Technol. 21:367– 371 

 

Burnside, O. C., R. G. Wilson, S. Weisberg, and K. G. Hubbard. 1996. Seed longevity of 41 weed species 

buried 17 years in eastern and western Nebraska. Weed Sci. 44:74–86. 

 

https://bicon.agriculture.gov.au/BiconWeb4.0
http://dx.doi.org/10.20938/afo36031033


45 

 

Buttler K-P, Thieme M. and colleagues (2018): Florenliste von Deutschland, Gefäßpflanzen. Version 10 

(August 2018). https://www.kp-buttler.de/florenliste/index.htm (accessed 09 December 2019). 

 

Canadian Food Inspection Agency (2018) Weed risk assessment, Amaranthus palmeri S.Watson.  

CBC News (2019) Business. China says it will beef up canola testing following Canadian import conflict. 

Available from: https://www.cbc.ca/news/business/canola-canada-1.5047159  

 

Chahal PS, Aulakh JS, Jugulam M, Jhala AJ (2015) Herbicide-resistant palmer amaranth (Amaranthus 

palmeri S. Watson) in the United States – mechanisms of resistance and management.  INTECH 

 

Chand CS, Kim H, Chang KS (2014) Provisional checklist of vascular plants for the Korea Peninsula flora 

(KPF) (Version 1) 561 pp. 

 

Clement E.J. & Foster M.C. (1994) Alien plants of the British Isles. BSBI, London: XVIII + 590 p. 

 

Costea M, Sanders A, Waines G (2001) Preliminary results towards a revision of the Amaranthus hybridus 

species complex (Amaranthaceae), Contributions to Botany, 19, 931-974. 

 

Cossu TA, Lozano V, Stuppy W, Brundu G (2019) Seed contaminants: an overlooked pathway for the 

introduction of non-native plants in Sardinia (Italy) Plant Biosystems. 

DOI: 10.1080/11263504.2019.1701123 

  

CropLife (2019) Plan for eradication of the palmer amaranth (Amaranthus palmeri) in the Republic of 

South Africa. www.croplife.co.za. 

 

Danin A, Fragman- Sapir O (2019) Flora of Israel Online. http://flora.org.il/en/plants/. 

 

Davis HR (2015) Emergence pattern of Amaranthus spp. and impact on growth and reproduction. PhD 

thesis, University of Missouri.  

 

DeVlaming, V. and W. P. Vernon. 1968. Dispersal of aquatic organisms: viability of seeds recovered from 

the droppings of captive killdeer and mallard ducks. Am. J. Bot. 55:20–26. 

 

Ehleringer J (1983) Ecophysiology of Amaranthus palmeri, a Sonoran Desert summer annual. Oecologia 

57:107-112 

 

EPPO (2020) EPPO Global Database, https://gd.eppo.int/ [accessed numerous times between 2019-12-01 

– 2020-02-28].  

 

EPPO (2019) Pest risk analysis for: Ambrosia trifida EPPO, Paris. Available at:  

https://gd.eppo.int/taxon/AMBTR/documents 

 

Fabbri M., Campagna G., 2016. Strategie di contenimento degli amaranti nella soia. /,QIRUPDWRUH 

$JUDULR, 22, 54-56. 

 

 

FAO (2005) Production and processing of small seeds for birds. Available from 

http://www.fao.org/3/y5831e/y5831e00.htm#Contents 

 

FAO (2020) http://www.fao.org/faostat/en/#home 

 

https://www.cbc.ca/news/business/canola-canada-1.5047159
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1080%2F11263504.2019.1701123?_sg%5B0%5D=eEOM1uuQtkrhrlXz974FGfjCtfKewAVOHLfaIVXvm66GQOnt2NC_0YFpfgPMHrx0ZaTvxNBiie3LfmsviOeMWy6JuA.FJFG9il30rpKhpPkT4pmg-ZQLmDyn3ump4WvZv52Lq3leVNIrdcrPCW3FjSdyxAXvs6IxMBtCN5iZoeP3k1EYw
http://www.croplife.co.za/
http://flora.org.il/en/plants/
https://gd.eppo.int/
https://gd.eppo.int/taxon/AMBTR/documents
http://www.fao.org/3/y5831e/y5831e00.htm#Contents
http://www.fao.org/faostat/en/#home


46 

 

Farmer, J. A., E. B. Webb, R. A. Pierce II, and K. W. Bradley. 2017. Evaluating the potential for weed seed 

dispersal based on waterfowl consumption and seed viability. Pest Management Science 73:2592-2603. 

 

Fischer MA, Oswald K, Adler W (2008) Exkusionsflora für Österreich, Liechtenstein und Südtirol, 3rd 

Edition, Biologiezentrum der Oberösterreichischen Landesmuseen, 1391 pp. 

 

Flora of Israel Online (2019) https://flora.org.il/en/plants/AMAPAL/  

 

GAGC (2020) GACC issued a warning notice to strengthen the inspection of rapeseed from Canada, 1-3. 

Available from https://www.aqsiq.net/gacc/gacc-suspends-imports-of-canadian-rapeseed  

 

Gaines, T. A., S. M. Ward, B. Bekun, C. Preston, J. E. Leach, and P. Westra. 2012. Interspecific 

hybridization transfers a previously unknown glyphosate resistance mechanism in Amaranthus species. 

Evol. Applic. 5:29–38. 

 

Gazziero DLP, Adegas FS (2016) Amranthus in Brazil Comunicado Tecico 91, 4.  

 

Greuter W, Raus T (2006) Med-Checklist Notulae, 24 Willdenowia 36, 719-730. 

 

Guo P, Al-Khatib K (2003) Temperature effects on germination and growth of redroot pigweed 

(Amaranthus retroflexus), palmer amaranth (A. palmeri), and common waterhemp (A. rudis), Weed Scince 

51, 869-875. 

 

Hadjikyriakou BG, Makris C, Christofides Y, & Alziar G (2004) Additions to the flora of Cyprus in J. Bot. 

Soc. Bot. France 27. 

 

Haines A (2011) Amaranthaceae. Pages 312-329 in New England Wild Flower Society's Flora Nova 

Angliae: A Manual for the Identification of Native and Naturalized Higher Vascular Plants of New 

England. New England Wild Flower Society, Yale University Press, New Haven, CT. 

 

Han X, Yun S, Xiaohong F, Saijun Y & Yang W (2013) Invasion risk and suitability analysis of three kinds 

of Acnida weeds (Subgen. Acnida L.) in China. Available from: 

http://en.cnki.com.cn/Article_en/CJFDTotal-ZWJY201304006.htm 

 

Hansen, A. & P. Sunding (1993) Flora of Macaronesia: checklist of vascular plants, ed. 4. Sommerfeltia 

vol. 17. 

 

Heap I (2020) The International Survey of herbicide resistant weeds. Online. Internet. 

http://www.weedscience.org/Summary/Species.aspx?WeedID=14.  

HEAR (2020) Amaranthus palmeri risk assessment for Florida, 

http://www.hear.org/wra/tncflwra/pdfs/tncflwra_amaranthus_palmeri_ispm.pdf 

 

Hensleigh P and Pokorny M (2017) Palmer Amaranth (Amaranthus palmeri S. Watson) Agronomy 

Technical Note,  

 

Horak et al., Pigweed Identification: A Pictorial Guide to the Common Pigweeds of the Great Plains, Kansas 

State University, May 2019. 

 

Iamonico D (2015) Taxonomic revision of the genus Amaranthus (Amaranthaceae) in Italy. Phytotaxa 199 

(1) 001-084. 

 

https://flora.org.il/en/plants/AMAPAL/
https://www.aqsiq.net/gacc/gacc-suspends-imports-of-canadian-rapeseed
http://www.weedscience.org/Summary/Species.aspx?WeedID=14
http://www.hear.org/wra/tncflwra/pdfs/tncflwra_amaranthus_palmeri_ispm.pdf


47 

 

Iamonico D, El Mokni R (2017) Amaranthus palmeri, a second record for Africa and notes on A. sonoriensis 

nom. nov. Bothalia - African Biodiversity & Conservation ISSN: (Online) 2311-9284, (Print) 0006-8241 

 

IPPC (2019) ISPM 5 Glossary of phytosanitary terms. FAO, Rome.   

 

IPPC (2017a) ISPM 41 International movement of used vehicles, machinery and equipment, FAO, Rome.  

 

IPPC (2017b) ISPM 40 International movement of growing media in association with plants for planting, 

FAO, Rome.   

 

Jha P (2008) Biology and ecology of palmer amaranth (Amaranthus palmeri), PhD Dissertation 

 

Jha, P., J. K. Norsworthy and J. Garcia (2014) Depletion of an artificial seed bank of Palmer amaranth 

(Amaranthus palmeri) over four years of burial. Amer J Plant Sci 5:1599-1606. 

 

Jonsell B (2001) Flora Nordica Volume 2 Chenopodiaceae to Fumariaceae. The Bergius Foundation. The 

Royal Swedish Academy of Sciences 

 

Kistner E, Hatfield JL (2018) Potential geographic distribution of Palmer Amaranth under current and 

future climates. Agricultural and Environmental Letters, doi:10.2134/ael2017.12.0044 

 

Klingaman, T. E. and L. R. Oliver. 1994. Palmer amaranth (Amaranthus palmeri) interference in soybeans 

(Glycine max). Weed Sci. 42:523–527. 

 

Küpper, A., E.A. Borgato, E.L. Patterson, A.G. Netto, M. Nicolai, S.J.P. de Carvalho, S.J. Nissen, T.A. 

Gaines, and P.J. Christoffoleti. 2017. Multiple resistance to glyphosate and acetolactate synthase inhibitors 

in Palmer amaranth (Amaranthus palmeri) identified in Brazil. Weed Sci. 65:317–326. 

doi:10.1017/wsc.2017.1 

 

Legleiter T, Johnson B (2013) Palmer amaranth biology, identification, and management. 

https://www.extension.purdue.edu/extmedia/WS/WS-51-W.pdf Accessed May 25, 2019 

 

Lindsay KR (2017) Decision support software for Palmer Amaranth weed control. PhD Thesis, University 

of Arkansas, Fayetteville.  

 

LXiang-Qin L, Chun-Qiang W, Yu-Mei P, Sai-Chun T (2017) Three new records of naturalized plants in 

Guangxi and analyses on their invasiveness  

 

MacDonald R, Reitmeier C (2017) Chapter 8- sustainability of the food system. In: Understanding Food 

Systems Agriculture, Food Science, and Nutrition in the United States. Pp: 287-338. 

 

Manual of the Alien Plants of Belgium (2020) Amaranthus palmeri 

http://alienplantsbelgium.be/content/amaranthus-palmeri 

 

Massinga, R. A., R. S. Currie, M. J. Horak, and J. Boyer Jr. 2001. Interference of Palmer amaranth in corn. 

Weed Science 49:202-208. 

 

Matzrafi M, Herrmann I, Nansen C, Kliper T, Zait Y, Ignat T, Siso D, Rubin B, Karnieli A & Eizenberg H 

(2017) Hyperspectral Technologies for Assessing Seed Germination and Trifloxysulfuron-methyl 

Response in Amaranthus palmeri (Palmer Amaranth). Front. Plant Sci. 8: 474. 

http://alienplantsbelgium.be/content/amaranthus-palmeri


48 

 

McGowen S, Jennings SJ, Chaudhari KM, Monks S, David W (2018) Critical period for Palmer Amaranth 

(Amaranthus palmeri) control in pickling cucumber. Weed Technology, 32, 586-591. 

 

Menges RM (1987) Weed seed population dynamics during six years of weed management systems in crop 

rotations on irrigated soil. Weed Science, 35, 328-332. 

 

Meyers SL, Jennings KM, Schultheis JR, Monks DW (2010) Interference of Palmer amaranth (Amaranthus 

palmeri) in sweetpotato. Weed Science 58, 199-203. 

 

Melzer H (1959) Neues zur Flora von Steiermark (III). Mitt. Naturwiss. Ver. Steiermark 89, 76–86. 

 

Melzer H (1958) Neues zur Flora von Steiermark (II). Mitt. Naturwiss. Ver. Steiermark 88, 193–198. 

 

Moniodis, J. 2014. Submission on Import Risk Analysis, September 12, 2014. Western Australia Farmers 

Federation, Burswood, Australia. 6 pp. 

 

Moore, J. W., D. S. Murray, and R. B. Westerman. 2004. Palmer amaranth (Amaranthus palmeri) effects 

on the harvest and yield of grain sorghum (Sorghum bicolor). Weed Technol. 18:23–29. 

 

Morichetti S, Cantero J, Núñez C, Barboza GE, Espinar LA, Amuchastegui A, Ferrell J (2013) Sobre la 

presencia de Amaranthus palmeri (Amaranthaceae) en Argentina, Bol. Soc. Argent. Bot., 48, 347-354. 

 

Mosyakin SL, Robertson KR  1997.  Amaranthaceae.  In: Flora of North America Editorial Committee, 

eds.  1993+.  Flora of North America North of Mexico.  20+  vols.  New York and Oxford.  Vol. 4, pp. 405-

406. 

 

Murphy BP, Plewa DE, Phillippe E, Bissonnette SM, Tranel PJ (2017) A quantitative assay for Amaranthus 

palmeri identification, Pest management Science, 73, 2221-2224. 

 

NDFF & FLORON (2019) Amaranthus palmeri S. Watson https://www.verspreidingsatlas.nl/1653# 

 

NDSU. 2014. Palmer Amaranth - Weed of the Year. North Dakota State University, Weed Science, Fargo, 

ND. 1 pp.  

 

NDSU. 2015. Palmer Amaranth - Weed of TWO Years - 2014-2015. North Dakota State University, Weed 

Science, Fargo, ND. 2 pp. 

NOBANIS (2019) Amaranthus palmeri (Amaranthaceae, Angiosperms) https://www.nobanis.org/species-

info/?taxaId=1053 

 

Norsworthy, J. K., G. Griffith, T. Griffin, M. Bagavathiannan and E. E. Gbur (2014) In-field movement of 

glyphosate resistant Palmer amaranth (Amaranthus palmeri) and its impact on cotton lint yield: evidence 

supporting a zero-threshold strategy. Weed Sci 62:237-249 

 

Norworthy JK, Smith KL, Steckel LE, Koger CH (2009) Weed seed contamination of cotton gin trash, 

Weed Technology 23, 574-580. 

 

Norsworthy JK, Bond J, Scott RC (2013) Weed management practices and needs in Arkansas and 

Mississippi rice. Weed Technology, 27, 623-630. 

 

North Central IPM Center (2020) Palmer Amaranth Amaranthus palmeri. 

https://www.ncipmc.org/projects/pest-alerts1/palmer-amaranth-amaranthus-palmeri/ 

https://www.verspreidingsatlas.nl/1653
https://www.nobanis.org/species-info/?taxaId=1053
https://www.nobanis.org/species-info/?taxaId=1053
https://www.ncipmc.org/projects/pest-alerts1/palmer-amaranth-amaranthus-palmeri/


49 

 

 

ONSSA (Office National de Sécurité Sanitaire des Produits Alimentaires) (2018) Royaume du Maroc. 

Arrêté du ministre de l'agriculture, de la pêche maritime, du développement rural et des eaux et forêts 

n°593-17 du 15 kaada 1438 (8 août 2017) relatif à l’inspection sanitaire des végétaux, produits végétaux et 

autres objets à l’importation, BO n°6680, 1281. 

 

Oseland E, Biggs M, Bish M, Bradlet K (2017) Examining commercial seed mixtures for the presence of 

weed species.  

Oseland E, Bish M, Spinka C, Bradley B (2020) Examination of commercially-available bird feed for weed 

seed contaminants. Invasive Plant Science and Management. Available from 

https://doi.org/10.1017/inp.2020.2 

 

 Őzaslan C, Farooq S, Őnen H (2017) (Palmer amaranth (Amaranthus palmeri S. Watson): A new addition 

to the alien flora of South Eastern Anatolia, Turkey. Abstract from the 26th Asian-Pacific Weed Science 

Society Conference 

 

Patil D.A. (1998) Amaranthus palmeri Wats. a new record for Maharashtra. J. Bombay Nat. Hist. 

Soc. 95(1): 150-151. 

 

PFAF (2019) Amaranthus palmeri – S.Watson 

https://pfaf.org/user/Plant.aspx?LatinName=Amaranthus+palmeri 

 

Pheloung A, Swarbrick J, Roberts B (2014) Weed risk analysis of a proposed importation of bulk maize 

(Zea mays) from the USA 

 

PLADIAS (2019) Amaranthus palmeri. https://pladias.cz/en/taxon/data/Amaranthus%20palmeri 

 

Popa G, Cornea CP, Ciuca M, Babeanu N, Popa O, Marin D (2010) Studies on genetic diversity in 

Amaranthus species using the RAPD markers. Tom. XVII, Issue: 2, 2010, pp. 280-285  

 

Pratt, DB, Owen MDK, Clark LG, Gardner A (1999) Identification of the weedy pigweeds and waterhemps 

of Iowa. Iowa State University, University Extension, Pp. 19.  

 

Preston CD, Pearman DA, Dines TD (2002) New Atlas of the British & Irish Flora. An Atlas of the Vascular 

Plants of Britain, Ireland, the Isle of Man and the Channel Islands. Oxford University Press. 

 

Progressive Farmer (2020) The birds, the bees and pigweed. 

https://www.dtnpf.com/agriculture/web/ag/blogs/production-blog/blog-post/2017/07/28/birds-bees-

pigweed  

 

Raab-Straube, Raus T (2016) Euro Med-Checklist Notulae, 6. Willdenowia, 46, 423-442. 

 

Raab-Straube E. von & Raus Th. (2015): Euro+Med-Checklist Notulae, 4 [Notulae ad floram euro-

mediterraneam pertinentes 33]. – Willdenowia 45: 119 – 129. 

 

Rayburn, A. L., R. McCloskey, T. C. Tatum, G. A. Bollero, M. R. Jeschke, and P. J. Tranel. 2005. Genome 

size analysis of weedy Amaranthus species. Crop Sci. 45:2557–2562 

 

https://doi.org/10.1017/inp.2020.2
https://pfaf.org/user/Plant.aspx?LatinName=Amaranthus+palmeri
https://pladias.cz/en/taxon/data/Amaranthus%20palmeri
https://www.dtnpf.com/agriculture/web/ag/blogs/production-blog/blog-post/2017/07/28/birds-bees-pigweed
https://www.dtnpf.com/agriculture/web/ag/blogs/production-blog/blog-post/2017/07/28/birds-bees-pigweed


50 

 

Recasens J, Conesa JA (2011) Presencia de la mala hierba Amaranthus palmeri en el NE de la Península 

Ibérica. Una amenaza como potencial invasora de cultivos extensivos de regadió. Boletín de Sanidad 

Vegetal Plagas 37, 129-132. 

 

Recasens J, Osuna MD, Royo-Esnal A, Torra J (2018) Amaranthus palmeri en Cataluña y Aragón 

¿Tres poblaciones con un mismo origen? XVI Congreso de la Sociedad Española de Malherbología, 

Pamplona-Iruña, España, 25-27 October 2017, 15-20. 

 

Recasens J., Conesa J. A., Royo-Esnal A. & Torra J., 2013 – Amaranthus palmeri en España. ¿Una ame-

naza inminente? Plantas invasoras resistencias a her-bicidas y detección de malas hierbas. XIII Congreso 

de la Sociedad Española de Malherbología, La Laguna, Spain, 22-24 November 2011, 63-66. 

 

Reddy SS, Stahlman PW, Geier PW (2015) Broadleaf weed control in sunflower (Helianthus annuus) with 

preemergence-applied pyroxasulfone with and without sulfentrazone. Agricultural Sciences, 6, 1309-1316. 

 

Robbrecht E. & Jongepier J.-W. (1986) Floristische waarnemingen in de kanaalzone Gent-Terneuzen 

(België, Oost-Vlaanderen & Nederland, Zeeuws-Vlaanderen), vooral van 1981 tot 1985. Dumortiera 36: 

6-21 

 

Runquist RD, Lake TL, Tiffin P, Moeller DA (2019) Species distribution models throughout the invasion 

history of Palmer amaranth predicts regions at risk of future invasion and reveal challenges with modelling 

rapidly shifting geographic ranges 

 

Sauer J (1955) Revision of the dioecious Amaranths Madroňo 13, 5-46. 

 

Sauer JD (1957) Recent migration and evolution of the dioecious amaranths. Evolution 11:11 – 31 

 

Sosnoskie LM, Cupepper AS (2011) Palmer amaranth seed mortality in response to burial depth and time. 

2011 Beltwide Cotton Conferences, Atlanta, Georgia, January 4-7, 2011 

 

Spaunhorst D, Devkova P, Johnson WG, Smeda RJ (2018) Phenology of five palmer amaranth (Amaranthus 

palmeri) populations frown in Northern Indiana and Arkansas, Weed Science, 66, 457-469. 

 

Stace C (2019) New flora of the British Isles Fourth Edition.  C & M Floristics, UK. 

 

Stace, C. A., Crawley, M.J. (2015). Alien plants (Collins New Naturalist Library, Book 129) (Vol. 129). 

HarperCollins UK. 

 

Steckel E (2007) The Dioecious Amaranthus spp. Weed Technology 21, 567-570. Available from 

http://www.bioone.org/doi/full/10.1614/WT-06-045.1 

 

Steinmaus S, Prather TS, Holt JS (2000) Estimation of base temperatures for nine weed species, Journal of 

Experimental Botany, 51, 275-286. 

 

The Plant List (2010). Version 1. Published on the Internet: http://www.theplantlist.org/ 

 

USDA (2013) Palmer Amaranth. Amaranthus palmeri S. Watson. USDA  

 

USDA (2019a) Weed risk assessment for Amaranthus palmeri (Amaranthaceae)- Palmer’s amaranth. 

USDA, Raleigh, US.  

http://www.theplantlist.org/


51 

 

 

USDA (2019b) State noxious-weed seed requirements recognized in the administration of the Federal Seed 

Act. https://www.ams.usda.gov/sites/default/files/media/StateNoxiousWeedsSeedList.pdf 

 

Verloove F (2006) Catalogue of neophytes in Belgium. Scripta Botanica Belgica 39, 89 

p. http://alienplantsbelgium.be/sites/alienplantsbelgium.be/files/tabel_2.pd 

 

Verloove F, Argenghi NMG (2015) New distributional records of non-native vascular plants in northern 

Italy. Natural History Sciences, 2, 5-14. 

 

Verloove F, Gullon S (2008) New records of interesting xenophytes in the Iberian Peninsula. Acta Botanica 

Malacitana, 33, 147-167. 

 

Ward SM, Webster TM, Steckel LE (2013) Palmer Amaranth (Amaranthus palmeri): A review. Weed 

Technology, 27, 12-27. 

 

Wetzel DK, Horak MJ, Skinner DZ (1999) Use of PCR-based molecular markers to identify weedy 

Amaranthus species, Weed Science, 47-518-523. 

 

Wilson CE, Castro KL, Thurston GB, Sissons A (2016) Pathway risk analysis of weed seeds in imported 

grain: A Canadian perspective, NeoBiota, 30, 49-74. 

 

Wright AA, Molin WT, Nandula VK (2015) Distinguishing between weedy Amaranthus species based on 

intron 1 sequences from the 5-enolpyruvylshikimate-3-phosphate synthase gene† Pest management 

Science, 72, 2347-2354.  

 

WSU (Washington State University) (2020) http://treefruit.wsu.edu/article/palmer-amaranth-national-pest-

alert/ 

 

WTO. 2018. Sanitary and Phytosanitary Information Management System. World Trade Organization. 

http://spsims.wto.org/en/RegularNotifications/View/140521?FromAllNotifications=True. (Archived at 

PERAL). 

 

WTO (World Trade Organization) (2019) China – Measures concerning the import of canola seed from 

Canada. Request for consultation by Canada. 19-5878. 12 September 2019. WT/DS589/1, G/L/1324 

G/SPS/GEN/1727, G/TFA/D2/1, 1-7. Available from: 

https://docs.wto.org/dol2fe/Pages/SS/directdoc.aspx?filename=q:/WT/DS/589-1.pdf  

 

Zhenyu L (2003) Amaranthus palmeri S. Watson, a newly naturalized species in China, Chinese Bulletin 

of Botany, 20: 734-735. 

 

 

https://www.ams.usda.gov/sites/default/files/media/StateNoxiousWeedsSeedList.pdf
http://alienplantsbelgium.be/sites/alienplantsbelgium.be/files/tabel_2.pdf
http://treefruit.wsu.edu/article/palmer-amaranth-national-pest-alert/
http://treefruit.wsu.edu/article/palmer-amaranth-national-pest-alert/
https://docs.wto.org/dol2fe/Pages/SS/directdoc.aspx?filename=q:/WT/DS/589-1.pdf


52 

 

 

Appendix 1. Consideration of pest risk management options 
 

The table below summarizes the consideration of possible measures for the pathways ‘seeds’ and ‘grains (for animal feed mixtures and human 

consumption)’. Additional measures were proposed for ‘seed mixtures and native seeds and ‘used machinery and equipment’ but are not included 

in the following table. 

 

For measures, seeds and grains are considered for crops in which A. palmeri may grow. 

When a measure is considered appropriate, it is noted “yes”, or “yes, in combination” if it should be combined with other measures in a systems 

approach (see after the table). “No” indicates that a measure is not considered appropriate. A short justification is included. Elements that are common 

to several pathways are in bold. 

 

Option Grains of Arachis hypogaea, Glycine max, 

Helianthus annuus, Oryza sativa, Sorghum bicolor 

and Zea mays. 

Seeds of Glycine max, Gossypium hirsutum, Helianthus 

annuus, Oryza sativa, Sorghum bicolor and Zea mays 

Existing measures in EPPO 

countries 

Partly, see Section 8. Partly, See section 8. 

Options at the place of production 
Visual inspection at place of 

production 

Yes, in combination* (for measures marked with ‘*’, see 

after the table). 

 

The place/site of production when inspected at pre-

harvest should be free from any A. palmeri plants.  

 

Detection by visual inspection is unlikely to be 

completely effective at the place of production in plants 

used to produce grains or seeds and needs to be used 

within a systems approach.  

Yes, in combination* 

 

As for grains 

Testing at place of production No 

 

Testing would only allow to confirm the identity of 

Amaranthus spp. observed at or around the place of 

production based on visual examination. 

No 

 

As for grains 

 

Treatment of crop Yes, in combination* 

 

No weed management strategy is considered to be 100% 

effective against A. palmeri.  

Yes, in combination* 

 

As for grains  

Resistant cultivars No, not relevant for invasive alien plants  No, not relevant for invasive alien plants  
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As for grains. 

Growing the crop in 

glasshouses/ screenhouses 

Not relevant for grain production. No 

 

This option could only very rarely be used for some of the listed 

species (e.g. for maintenance and production of maize parent lines 

or production of parent seed stocks and has therefore not been kept 

as an option.  Such material for scientific or selection purpose may 

be imported under a post-entry quarantine bilateral agreement 

between the importing and the exporting country. Growing the crop 

in glasshouses alone would not prevent the risk of entry in the 

glasshouse with the planted seeds themselves.  

Specified age/size of plant, 

growth stage or time of year of 

harvest 

No, 

 

A. palmeri may be present and produce seeds during the 

entire growing season. 

 

No 

 

As for grains. 

Produced in a certification 

scheme 

No, not relevant for grains  Yes. 

 

The seeds should be free from A. palmeri seeds, based on a sampling 

conducted in accordance with ISPM 31. A purity check will be 

performed on the sample to guarantee the absence of A. palmeri 

seeds. In case Amaranthus seeds are present, these seeds should be 

tested, and the seed lot found free from A. palmeri. 

Pest free production site No 

 

The EWG considered that due to the high seed 

production, the longevity of the soil seed bank and the 

spread potential, a pest-free production site is not a 

feasible option in an area where A. palmeri is present. 

No 

 

As for grains 

Pest free place of production No, as for pest free production sites No 

 

As for grains  

 

Pest-free area Yes 

 

• To establish and maintain the PFA, detailed 

surveys and monitoring should be conducted in the 

area and continued every year. If climatic conditions 

in the PFA are suitable for the establishment of A. 

Yes,  

 

As for grains. 
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palmeri, the PFA should not include any area where 

the species has been reported in the last 10 years. 

• Surveys should include high risk locations, such 

as summer crops, key transportation roads, ports, 

areas around grain and seed storage facilities etc.  

• Where climatic conditions in the PFA are 

suitable for the establishment of A. palmeri, there 

should be restrictions on the movement of the 

identified pathways for entry (e.g. seeds, grains) into 

the PFA, and into the area surrounding the PFA, 

especially the area between the PFA and the closest 

area of known infestation.  

 

 

Options after harvest, at pre-clearance or during transport 
Treatment of the consignment: 

sorting 

Yes, in combination* 

 

Automatic sorting (e.g. optical, density, with vibrating 

mesh, rotary drum, with aspirator, etc.) can be performed, 

especially in grain and seeds with a very different size, 

weight and/or colour.  

The efficiency of screening depends on the sorting 

methodology used (e.g. type of screens) and the seed size 

of grain and weeds (Australia biosecurity, 2002). 

 

 

Yes, in combination* 

 

As for grains.  

 

Treatment of the consignment: 

devitalization 

Yes 

 

When sorting is not feasible, devitalization may be 

performed such as described in Australia-Biosecurity 

(2002) for maize or Blythman & Samson (2019) for bird 

seeds.  

 

In particular, Australia-Biosecurity (2002) reported that 

steam treatment at 95-100°C for 12-15 minutes killed 

several weed species including Amaranthus spp. Therefore, 

steam heat treatment of imported maize would manage the 

risk effectively, particularly if the treatment could be 

conducted at the port of entry or just prior to export, 

minimising the opportunities for post-treatment re-

No 

 

Devitalization is not possible for seeds 
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*The EWG considered whether the measures identified above as ‘Yes in combination’ (listed below) could be combined to achieve a suitable level 

of security. This was not possible for all these commodities. It is considered that there is too much variability in the application of the treatment 

methods of the crop and the sorting to allow a combination of these measures. 
Grains of Arachis hypogaea, Glycine max, Helianthus annuus, Oryza sativa, Sorghum 

bicolor and Zea mays  

Seeds of Glycine max, Gossypium hirsutum, Helianthus annuus, 

Oryza sativa, Sorghum bicolor and Zea mays  

Visual inspection at place of production Visual inspection at place of production 

Treatment of crop Treatment of crop 

Treatment of consignment: sorting Treatment of consignment: sorting 

 

 

contamination.  

Visual inspection of 

consignment and confirmation 

by testing 

Yes,  

 

Tests allow to detect the weed seeds in mixed 

grains/seeds. After having performed a purity/noxious 

weed examination, Amaranthus seeds, either 

individually or in pools from the same lot, may be 

submitted for testing. The sampling of the consignment 

should be conducted in accordance with ISPM 31. 

Remark: because of the size of A. palmeri seeds, they will 

not be equally distributed in the seed/grain commodity 

 
Remark: this may not be cost-effective for some grain 

commodities.  

Yes, 

 

As for grain. 

 

Options that can be implemented after entry of consignments 

Pre or Post-entry quarantine Not relevant for grain. 

 

 

Not relevant for seed. 

 

 

Limited distribution of 

consignments in time and/or 

space or limited use 

Not relevant. 

 

The use of grains cannot be limited to reduce the 

probability of introduction: processing grain could be 

partially or totally destructive but seeds of A. palmeri may 

be spread during storage and transportation. 

Not relevant. 

 

The use of seeds cannot be limited to reduce the probability of 

entry.  

Only surveillance and 

eradication in the importing 

country 

No. 

 

Eradication is difficult. 

No. 

 

As for grains 
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Appendix 2. Relevant illustrative pictures (for information) 

 

 

 

 

Amaranthus palmeri growing in CRP (Conservation Reserve Planting) North America EPPO Global 

Database: Courtesy: Bob Hartzler (Iowa State University) 
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Amaranthus palmeri seeds with three fruits Photo: J. K. Clark, © 2007, The Regents of the University of 

California 
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 Invading roadside in North America EPPO Global Database: Courtesy: Bob Hartzler (Iowa State 

University) 
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Amarnthus palmeri removal Courtesy: Jason Ferrell (University of Florida) 
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By road and agriculture land (Lleida, Spain) Courtesy: Guillaume Fried (ANSES) 
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Appendix 3 Projection of climate suitability for A. palmeri establishment in the EPPO region 

 

Aim 

To project the climatic suitability for potential establishment of Amaranthus palmeri in Europe and the 

Mediterranean region, under current and predicted future climatic conditions. 

 

Data for modelling 

Species occurrence data were obtained from the Global Biodiversity Information Facility (GBIF), 

Integrated Digitized Biocollections (iDigBio), USGS Biodiversity Information Serving Our Nation 

(BISON), Atlas of Living Australia and additional literature records (Greuter & Raus, 2006; Iamonico, 

2015; Von Raab-Straube & Raus, 2016; Iamonico & Mokni, 2017; Özaslan et al., 2017; Sánchez-del Pino 

et al., 2019). With the EWG, the records were scrutinised to remove any considered too old (<1970) or of 

dubious quality. This included removing records from the countries in which the species is classified as 

casual. Records were classified as native or non-native based on published distributions at US state level 

(Plants of the World Online, BONAP, CABI ISC). 

 

The records were gridded at a 0.25 x 0.25 degree resolution for modelling (Figure 1a). This resulted in 677 

grid cells containing records of A. palmeri (Figure 1a), which is a sufficient number for distribution 

modelling. 

 

Based on the life history requirements of A. palmeri and likely limiting factors for establishment in Europe, 

the following predictor variables were assembled on the same grid: 

 

• Minimum temperature of the coldest month (Bio6 °C) from WorldClim v2 (Fick & Hijmans, 2017). 

Seed germination in Amaranthus species is known to benefit from low temperature winter stratification 

(Leon et al., 2007). 

• Mean temperature of the warmest quarter (Bio10 °C) from WorldClim v2 (Fick & Hijmans, 2017). 

Low summer temperature limits growth of A. palmeri (Steinmaus et al., 2000).  

• Potential Evapotranspiration (PET mm yr-1) estimated using monthly WorldClim v2 temperatures (Fick 

& Hijmans, 2017) following Zomer et al (2008). This is an alternative measure of solar energy available 

for growth, more strongly linked to latitude than Bio10. 

• Climatic moisture index (CMI, ln+1 transformed) calculated as annual precipitation (Bio12 from 

Worldclim v2; Fick & Hijmans, 2017) divided by PET and reflecting moisture availability for plants. 

As a desert-adapted species, A. palmeri may avoid very humid areas. 

• Urban cover derived from GlobCover 2009 v2.3 urban class (“Artificial surfaces and associated areas 

(Urban areas >50%)”) (Bontemps et al., 2011). Amaranthus palmeri is a successful weed in artificial 

habitats (Ward et al., 2013).  

• Cropland cover derived from GlobCover 2009 v2.3 cropland classes (“Post-flooding or irrigated 

croplands (or aquatic)”, “Rainfed crops”, “Mosaic cropland (50-70%) / vegetation 

(grassland/shrubland/forest) (20-50%)” and “Mosaic vegetation (grassland/shrubland/forest) (50-70%) 

/ cropland (20-50%)”) (Bontemps et al., 2011). Amaranthus palmeri is a successful weed in croplands 

(Ward et al., 2013). 

• Preferred crop area (km2) derived from global harvested areas of maize, rice, sorghum, soybean and 

sunflower (Monfreda et al., 2008). 

• River length (km) calculated from the hydroRIVER database (Lehner & Grill, 2013). Riverbanks are a 

preferred habitat of A. palmeri in the native range (Sauer, 1955). 

To estimate the effect of climate change on the potential distribution, equivalent modelled future climate 

conditions for the 2070s under the Representative Concentration Pathway (RCP) 4.5 and 8.5 were also 
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obtained. For both scenarios, the above variables were obtained as averages of outputs of eight Global 

Climate Models (BCC-CSM1-1, CCSM4, GISS-E2-R, HadGEM2-AO, IPSL-CM5A-LR, MIROC-ESM, 

MRI-CGCM3, NorESM1-M), downscaled and calibrated against the WorldClim v1 baseline. 

 

RCP 4.5 is a moderate climate change scenario in which CO2 concentrations increase to approximately 575 

ppm by the 2070s and then stabilise, resulting in a modelled global temperature rise of 1.8 °C by 2100. 

RCP8.5 is the most extreme of the RCP scenarios, and may therefore represent the worst case scenario for 

reasonably anticipated climate change. In RCP8.5 atmospheric CO2 concentrations increase to 

approximately 850 ppm by the 2070s, resulting in a modelled global mean temperature rise of 3.7 °C by 

2100.  

 

Finally, the recording density of vascular plants on GBIF was obtained as a proxy for spatial recording 

effort bias (Figure 1b). 

 

Figure 1. (a) Occurrence records obtained for Amaranthus palmeri, showing the native and non-native 

records used in modelling as well as the invalid records not used in the modelling (old, undated, inaccurate 

or casual). (b) A proxy for recording effort – the number of post-1970 vascular plant records held by the 

Global Biodiversity Information Facility, displayed on a log10 scale. 
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Species distribution model 

The modelling followed a recent modification of standard presence-background (presence-only) ensemble 

distribution modelling for emerging invasive non-native species (Chapman et al., 2019). This accounts for 

dispersal constraints on non-equilibrium invasive species’ distributions (Elith et al., 2010) by excluding 

locations suitable for the species but where it has not been able to disperse to.  

 

To do this, background samples (pseudo-absences) were sampled from two distinct background regions: 

• An accessible background includes places close to A. palmeri populations, in which the species is likely 

to have had sufficient time to disperse and sample the range of environments. The accessible 

background was defined as a 200 km buffer around the native range (minimum convex polygon 

bounding native occurrences) and a 30 km buffer around non-native occurrences (capturing a 4-cell 

neighbourhood of the non-native occurrences). Sampling was more restrictive from the invaded range 

to account for stronger dispersal constraint over a shorter residence time. Alternative buffer radii were 

also tested but did not substantively affect the model projections. 

•  

• An unsuitable background includes places expected to be physiologically unsuitable for the species, so 

that absence will be irrespective of dispersal constraints. A combination of ecophysiological 

information and extreme values of the predictors at the species occurrences was used to define 

unsuitability as: 

o Mean temperature of the warmest quarter (Bio10) < 16.6 °C, the known base temperature for 

A. palmeri development (Steinmaus et al., 2000); OR 

o Minimum temperature of the coldest month (Bio6) > 20 °C, presumed too warm for seed 

stratification; OR 

o PET < 880 mm yr-1, presumed too low energy for growth; OR 

o Climatic moisture index < 0.04, presumed too dry for occurrence. 

Three occurrences (0.7%) fell in the unsuitable background. 

 

For modelling, five random background samples were obtained as follows: 

 

• From the accessible background 677 samples were drawn, which is the same number as the 

occurrences. Sampling was performed with realistic recording bias using the target group approach 

(Phillips, 2009) in which sampling was weighted by GBIF recording density (Figure 1b). Taking the 

same number of background samples as occurrences ensured the background sample had the same level 

of bias as the data. 

• From the unsuitable background 5000 simple random samples were taken. Sampling was not adjusted 

for recording biases as we are confident of absence from these regions. 

 

Figure 2. The background regions from which ‘pseudo-absences’ were sampled for modelling. (a) The 

accessible background is assumed to represent the range of environments the species has had chance to 

sample. (b) The unsuitable background is assumed to be environmentally unsuitable for the species. 
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Using these data, a presence-background (presence-only) ensemble modelling strategy was employed using 

the BIOMOD2 R package v3.3-7 (Thuiller et al., 2009, 2016). Each dataset (presences and the five 

individual background samples) was randomly split into 80% for model training and 20% for model 

evaluation. With each training dataset, seven statistical algorithms were fitted with the default BIOMOD2 

settings (except where specified below) and rescaled using logistic regression: 

• Generalised linear model (GLM) 

• Generalised boosting model (GBM) 

• Generalised additive model (GAM) with a maximum of four degrees of freedom per effect. 

• Artificial neural network (ANN) 

• Multivariate adaptive regression splines (MARS) 

• Random forest (RF) 

• Maxent (Phillips et al., 2008) 

Prevalence weights were applied to give equal overall importance to the occurrences and the background. 

Normalised variable importance was assessed and variable response functions were produced using 

BIOMOD2’s default procedure. Model predictive performance was assessed by calculating the Area Under 

the Receiver-Operator Curve (AUC) for model predictions on the evaluation data, which were reserved 

from model fitting. AUC is the probability that a randomly selected presence has a higher model-predicted 

suitability than a randomly selected pseudo-absence. 

 

An ensemble model was created by rejecting poorly performing algorithms and then averaging the 

predictions of the remaining algorithms, weighted by their AUC. To identify poorly performing algorithms, 

AUC values were converted into modified z-scores based on their difference to the median and the median 

absolute deviation across all algorithms (Iglewicz & Hoaglin, 1993). Algorithms with z < -2 were rejected. 

In this way, ensemble projections were made for each dataset and then averaged to give an overall 

suitability. 

 

Global model projections were made for the current climate and for the two climate change scenarios, 

avoiding model extrapolation beyond the ranges of the input variables. The optimal threshold for 

partitioning the ensemble predictions into suitable and unsuitable regions was determined using the 

‘minRocDist’ method (Manel et al., 2001). 

 

Limiting factor maps were produced following Elith et al. (2010). Projections were made separately with 

each individual variable fixed at a near-optimal value (median values at the occurrence grid cells). Then, 
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the most strongly limiting factors were identified as the one resulting in the highest increase in suitability 

in each grid cell. 

 

Results  

The ensemble model suggested that suitability for A. palmeri at the global scale and resolution of the model 

was most strongly limited by low solar energy (PET), with additional limitation by low summer temperature 

(Bio10) or very high or extremely low winter temperature (Bio6). The model also fitted weaker preferences 

for low but non-zero humidity (CMI). Habitat predictors had less effect on the model, but there were clear 

preferences for croplands and places with few rivers (Table 1, Figure 3). 

 

Global projection of the ensemble model in current climatic conditions indicates that virtually all native 

and known invaded records fell within regions predicted to have high suitability (Figure 4). 

 

Across Europe and the Mediterranean region, the model predicts a climatically suitable range in most 

countries bordering the Mediterranean Sea (especially in Iberia, North Africa, Greece and Turkey) and also 

the Middle East and central Asia (Figure 5). The model predicts that the main limiting factor in northern 

Europe is low potential evapotranspiration, associated with lower solar radiation at higher latitude than the 

native range (Figure 6). In the south of the region, drought stress (low CMI) warm winters and lack of crops 

are predicted to be limiting (Figure 6). 

 

The projection for the native range is similar to a model developed independently using CLIMEX (Kistner-

Thomas & Hatfield, 2018). However, that model predicted greater suitability in Europe, with most of 

France, Italy and south Eastern Europe, including the Pannonian Plain, Ukraine and the Caucasus region 

predicted as suitable for invasion. The difference between these predictions because the current model 

included potential evapotranspiration (PET) and crop cover while the CLIMEX model was solely driven 

by temperature and precipitation without any predictors relating to solar radiation or land use. As such it 

projected greater suitability at higher latitudes. Failure of the species to establish from casual introductions 

in northern Italy, northern France, Germany, Belgium and Netherlands (Figure 1a), support predictions of 

the current model though these may be inaccurate if solar radiation is less of a limiting factor than the model 

estimated. 

 

Predictions of the model for the 2070s, under the moderate RCP4.5 and extreme RCP8.5 climate change 

scenarios, suggest large increases in suitability in Europe driven by warmer summers (Figures 7 and 8). 

The climatically suitable range may extend northwards into central France, the Pannonian Plain, Ukraine 

and southern Russia. No major areas currently predicted as suitable become unsuitable as a result of climate 

change, though thre is a small reduction in the suitable area in North Africa. 

 

As for the current day projections, the published CLIMEX model suggested greater potential establishment 

under climate change, extending as far as the southern Baltic coast (Kistner-Thomas & Hatfield, 2018). 

This reflects the former model not using PET as a predictor. 

These results are reflected in the suitability of different European Biogeographical Regions (Bundesamt fur 

Naturschutz (BfN), 2003) (Figure 9). Regions highly suitable under current and future climate scenarios 

are the Mediterranean and Anatolian. Regions predicted to markedly increase in suitability under climate 

change include Black Sea, Pannonian and Steppic. 

 

In terms of EPPO member states, Cyprus, Malta, Tunisia, Israel, Uzbekistan, Greece, Spain, Azerbaijan, 

Jordan, Turkey and Morocco are all predicted >50% suitable in the current climate (Table 2). Under the 

extreme warming scenario (RCP8.5), those countries mostly remain highly suitable and the following 

countries are also predicted to become >50% suitable: Hungary, Macedonia, Moldova, Bulgaria, Serbia, 

Albania, Portugal, Romania, Croatia, Italy, Kazakhstan, Bosnia and Herzegovina, Georgia, Slovakia and 

France (Table 2).  
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Table 1. Summary of the cross-validation predictive performance (AUC) and variable importances of the 

fitted model algorithms and the ensemble (AUC-weighted average of the best performing algorithms). 

Results are the average from models fitted to five different background samples of the data. 
Algorithm AUC In the 
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Variable importance 
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GLM 0.9610 yes 19% 21% 44% 14% 0% 0% 0% 2% 

GAM 0.9608 yes 25% 19% 40% 11% 1% 0% 0% 3% 

ANN 0.9458 no 19% 25% 47% 3% 1% 0% 1% 4% 

GBM 0.9674 yes 10% 32% 41% 15% 2% 0% 0% 0% 

MARS 0.9684 yes 15% 11% 58% 15% 0% 0% 0% 0% 

RF 0.9610 yes 15% 22% 42% 7% 6% 2% 4% 2% 

Maxent 0.9610 yes 17% 17% 36% 8% 15% 0% 2% 5% 

Ensemble 0.9680  17% 21% 43% 12% 4% 0% 1% 2% 
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Figure 3. Partial response plots from the individual algorithms and ensemble model (thick black lines), 

ordered from most to least important. In each plot, other model variables are held at their median value in 

the training data. Variable codes: Bio10 = mean temperature of warmest quarter (°C); Bio6 = minimum 

temperature of coldest month (°C); PET = potential evapotranspiration (mm yr-1); CMI = climatic moisture 

index (ln+1); crops = proportion cover of cropland; rivers = river length (km); pref_crops = area of preferred 

crops; urban = proportion cover of urban areas. 
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Figure 4. (a) Projected global suitability for Amaranthus palmeri establishment in the current climate. For 

visualisation, the projection has been aggregated to a 0.5 x 0.5 degree resolution, by taking the maximum 

suitability of constituent higher resolution grid cells. Red shading indicates suitability, according to the 

selected threshold. White areas have climatic conditions outside the range of the training data so were 

excluded from the projection. (b) Uncertainty in the suitability projections, expressed as the standard 

deviation of projections from different algorithms in the ensemble model. 
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Figure 5. Projected current suitability for Amaranthus palmeri establishment in Europe and the 
Mediterranean region. The white areas have climatic conditions outside the range of the training 
data so were excluded from the projection. 

 
Figure 6. Limiting factor map for Amaranthus palmeri in Europe and the Mediterranean region in 

the current climate. Colours show the variable most strongly limiting suitability. 
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Figure 7. Projected suitability for Amaranthus palmeri establishment in Europe and the 
Mediterranean region in the 2070s under climate change scenario RCP4.5, as Figure 5. 

 
Figure 8. Projected suitability for Amaranthus palmeri establishment in Europe and the 
Mediterranean region in the 2070s under climate change scenario RCP8.5, as Figure 5. 
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Figure 9. Variation in projected suitability among Biogeographical regions of Europe (Bundesamt fur 

Naturschutz (BfN), 2003). Bar plots show the proportion of grid cells in each region classified as suitable 

in the current climate and projected climate for the 2070s under emissions scenarios RCP4.5 and RCP8.5. 

The coverage of each region is shown in the map below. 
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Table 2. Projected % suitability among EPPO member countries, sorted from high to low. Values 
are the % of grid cells in each country classified as suitable in the current climate and projected 
climate for the 2070s under emissions scenarios RCP4.5 and RCP8.5. 
EPPO 
country 
(ISO3) 

Current RCP4.5 RCP8.5  EPPO 
country 
(ISO3) 

Current RCP4.5 RCP8.5 

CYP 100 100 100  HUN 0 99 100 

MLT 100 100 100  MDA 0 76 97 

TUN 80 57 52  SVK 0 29 54 

ISR 79 62 59  UKR 0 16 47 

UZB 70 98 97  SVN 0 15 41 

GRC 70 97 99  AUT 0 9 27 

ESP 65 79 84  MNE 0 0 13 

AZE 61 90 96  CZE 0 0 8 

JOR 61 42 36  POL 0 0 1 

TUR 60 96 99  DEU 0 0 1 

MAR 58 58 58  BEL 0 0 0 

PRT 44 81 88  BLR 0 0 0 

MKD 43 90 98  CHE 0 0 0 

BGR 35 92 97  DNK 0 0 0 

ITA 31 63 75  EST 0 0 0 

ALB 20 69 90  FIN 0 0 0 

DZA 18 15 14  GBR 0 0 0 

KGZ 14 25 34  GGY 0 0 0 

KAZ 12 56 68  IRL 0 0 0 

GEO 10 39 54  JEY 0 0 0 

ROU 9 72 83  LTU 0 0 0 

FRA 2 23 50  LUX 0 0 0 

SRB 1 87 94  LVA 0 0 0 

BIH 1 41 65  NLD 0 0 0 

HRV 1 68 76  NOR 0 0 0 

RUS 0 2 3  SWE 0 0 0 
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Caveats and uncertainties 

Modelling the potential distributions of range-expanding species is always difficult and uncertain. In this 

case study, uncertainty arises because: 

• The models were constructed using convenient climate and habitat layers, which may not be the most 

appropriate for A. palmeri. Specific predictors layers capturing requirements for different stages of the 

life cycle (e.g. for germination in spring or seed ripening in late summer) may have improved the 

predictions. 

• Projected suitability in Europe is more restricted than a CLIMEX model (Kistner-Thomas & Hatfield, 

2018), because CLIMEX did not include solar radiation-related predictors of suitability. The current 

model was given both summer temperature and a measure of radiation (potential evapotranspiration, 

PET) and found PET to be a stronger predictor of the distribution. However, if it over-estimated the 

effect of PET because the species has not reached its northernmost maximum spread in North America 

then the European region at risk of establishment could be larger than is represented here. 

• The selection of the background sample was weighted by the density of vascular plant records on the 

Global Biodiversity Information Facility (GBIF) to reduce spatial recording bias. While this is 

preferable to not accounting for recording bias at all, a number of factors mean this may not be the 

perfect null model for species recording, especially because additional data sources to GBIF were used. 
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Appendix 4 Distribution of Amaranthus palmeri  data used for the modelling 
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Appendix 5: Biogeographical regions in Europe 
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Appendix 6 Grain imports from USA into the EPPO region 

 
Table 1. Imports of soybean grain into EPPO countries from the USA from 2015-2018. The 
following commodities have been combined (Soybean (other) HS code: 1201900095), Soybean 
seeds of a kind used as oil stock HS code: 1201900005). The data for 2018 is from Jan-Nov. 
Figures detail in metric tonnes per year. 
 
 

Country 2015 2016 2017 2018 

Azerbaijan 0 0 0 10493 

Finland 333 234 273 272 

France 104165 272466 64900 182732 

Germany 2191796 1308642.3 1314686 901860 

Greece 0 17000 14114 57038 

Ireland 0 2600 4637 0 

Israel 73 74141 79454 119956.1 

Italy( 50089.7 201452 75523 881304 

Lithuania 0 0 0 2.9 

Morocco 109222 66092 55722 39785 

Netherlands 1119010 1909165 2045877 3784707.2 

Poland 1453 0 105 30000 

Portugal 197565 57812 123156 472551 

Romania 67822 0 0 113477 

Russia 510507 155547 0 0 

Spain 1041898 895232 607995 1812908.1 

Tunisia 152036 362771 221094 448182 

Turkey 509695.8 157369 368627 240078 

Ukraine 20 232 120 47 

United Kingdom 200185 229897 100 326894.5 
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Table 2. Imports of maize grain into EPPO countries from the USA from 2015-2018. The 
following commodities have been combined (HS Code: 1005902045 No. 4 corn X SD, HS code: 
1005904055 corn white EX SD, HS code: 1005904065 corn NES, 1005902020 No. 1 Corn EX 
SD, HS Code: 1005902035, No. 3 corn, EX SD). The data for 2018 is from Jan-Nov. Figures detail 
in metric tonnes per year. 

 
 

Country 2015 2016 2017 2018 

Algeria 238846 678575 75373 47627 

Austria 0 3396 0 0 

France 0 799 19 0 

Germany 0 743 343 0 

Greece 0 0 0 81 

Ireland 61322 280515 140149 111 

Israel 16180 387811 107459 814810 

Italy 0 19 27816 29502 

Jordan 80441 61778 155984 38 

Lithuania 0 0 0 42 

Morocco 268286 772927 575272 822679 

Netherlands 0 84457 210197 439800 

Norway 0 0 0 47 

Poland 0 0 0 51 

Portugal 152089 109026 118335 227473 

Romania 0 0 0 0 

Russia 1313 0 0 0 

Spain 66299 85079 185613 1167083 

Tunisia 38189 177691 20000 451707 

Turkey 13199 2679 80 585 

Ukraine 0 0 42 0 

United Kingdom 293 43851 434 19888 
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Appendix 7: Imports of seed of crops that may be contaminated by A. palmeri from USA into the 

EPPO region (Data from FAO Stats) 

 

 

Table 1. Maize seed for planting imports into EPPO countries from the USA from 2015-2018. The 

following commodities have been combined (Corn SD Other (HS code: 1005100090), Corn SD Yellow 

(HS code 1005100010), Sweet Corn SD (HS code: 712908550)). The data for 2018 is from Jan-Nov. 

Figures detail in metric tonnes per year. 

 

Country 2015 2016  2017  2018  

Albania 0 40.2 0 18.6 

Algeria 0 5.9 119.9 0 

Austria 52.6 67 0 221 

Belgium 0.1 19.6 105.5 111.8 

Croatia 2.4 3 0 0.2 

Cyprus 0 0 4.5 54.3 

Denmark 0 0.2 0 0.7 

Finland 0.9 0 0 0 

France 2848.4 2586.5 3269.5 2028.7 

Germany 77 109.7 126.7 139.4 

Greece 44.1 164.3 22.8 99.1 

Hungary 155.2 103.4 86.6 84.5 

Ireland 4.6 0 0 0 

Israel 35 52.3 87.4 66.5 

Italy 674.1 1123.1 693.3 485.5 

Jordan 91.2 18.9 26.8 24.4 

Kazakhstan 0 0.9 7 102 

Kyrgyzstan 0.4 1.1 0.4 0.1 

Morocco 0 0 0 2.5 

Netherlands 844.2 372.5 232 308.5 

Poland 0 0 40 0 

Portugal 0 15 11.4 1.1 

Romania 5.4 0.7 0 2.1 

Russia 0 0 0 5.8 

Serbia 1.6 1.2 2.2 4.2 

Spain 2059.5 407 132.6 62.1 

Switzerland 1.8 9.1 0 0 

Turkey 236.2 133.9 103.2 72.2 

Ukraine 18.3 14.3 29.2 152.2 

United Kingdom 294.2 216.1 354.2 380 

Uzbekistan, Republic of 3.6 5.8 6.9 1.3 
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Table 2. Sorghum seed for planting imports into EPPO countries from the USA from 2015-2018. 

The following commodities have been combined (Sorghum seed (HS code: 1007100000) and 

Sorghum/Sudan SD (HS code: 1209299150)). The data for 2018 is from Jan-Nov. Figures detail in metric 

tonnes per year. 

 

Country 2015  2016  2017  2018  

Algeria 641.9 1092.1 599.3 293.6 

Austria 4.7 0 0.8 0 

Cyprus 14 0 0 0 

France 1785.3 215.1 329.2 377.2 

Germany 279.9 536.9 102.3 47.5 

Greece 119 118 118 72 

Hungary 236.6 555.2 287.4 0 

Israel 38.8 0.8 0 0 

Italy 1513.4 417.7 1021.2 1379 

Jordan 0 0 3 0 

Kazakhstan 0 0 25.2 0 

Morocco 79.1 239.9 197.5 38.8 

Netherlands 0 4.1 359.5 60 

Poland 0 0 20 32.5 

Portugal 10 134 115 130 

Romania 0 0 17 39.2 

Russia 79.3 327.6 390 589 

Slovenia 0 0 20 0 

Spain 640.8 267.7 202.2 281.1 

Tunisia 551 357 408.5 95 

Turkey 434 299.2 237.5 356 

Ukraine 101.5 667.5 733 334.7 

United Kingdom 36 24 24 0 
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Table 3. Soybean seed (HS code: 1201100000) for planting imports into EPPO countries 
from the USA from 2015-2018. The data for 2018 is from Jan-Nov. Figures detail in metric 
tonnes per year. 
 

Country 2015  2016  2017  2018  

Austria 0 2.8 268.8 232 

Finland 5.3 0 0 0 

France 0 13.2 183.5 196.4 

Germany 435.4 450.9 20.7 15.6 

Israel 0 0 14 0 

Italy 11261.5 12476.4 12868.4 10109.1 

Malta 0 0 5.8 0 

Netherlands 10.6 0 9.7 155 

Poland 29.2 0 0 0 

Portugal 49.1 0 0 0 

Romania 1269.4 6572.5 1761.3 161.5 

Spain 0 0 0 37 

Switzerland 0 89 110.3 0 

Ukraine 40 0 0 0 

United Kingdom 0 41.9 11.7 15.8 



Table 4. Sunflower seed (HS code: 1206000031) for planting imports into EPPO countries from the 

USA from 2015-2018. The data for 2018 is from Jan-Nov. Figures detail in metric tonnes per year. 

 

Country 2015  2016  2017  2018  

Austria 663.6 4165.7 7045.1 5948 

Belgium 3209.3 5399.1 4286.3 2990.6 

Denmark 9.5 0 14.7 1.2 

France 12477.4 3425 1864.4 7570.4 

Germany 774.6 127.6 215.6 282.2 

Hungary 1072.2 194.7 255.4 692 

Italy 1526.5 1057.4 67.7 98.7 

Jordan 19.4 0 0 0 

Kazakhstan 44.3 0 0 0 

Netherlands 12 20.7 0 0.4 

Romania 1433.3 1062.9 777.1 487.8 

Russia 1882.7 206.6 657.2 1394.7 

Serbia 3.1 0 0 0 

Spain 485.4 14.3 0 0 

Turkey 87.2 69.6 84 71.3 

Ukraine 860.6 132.9 2260.8 5720.7 
United Kingdom 0.3 0 1.6 1.7 

 


