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Summary 

Background: The Norwegian Environment Agency (Miljødirektoratet) and the Norwegian Food Safety 
Authority (Mattilsynet) tasked the Norwegian Scientific Committee for Food and Environment 
(Vitenskapskomiteen for mat og miljø, VKM) to provide a scientific opinion identifying which growing 
media associated with import of live plants pose the greatest risk of introducing non-native species 
to Norway. VKM was also asked to assess how effective various risk-reducing measures are to 
prevent such introductions. In this report, we focus on the introduction of plant pests. 

Trade in plants for planting is a large and complex international business where live plants are grown 
in some areas and shipped to other areas where they are intended to be planted or replanted. 
Traded plants are usually shipped with associated growing media. Long-lived plants, like trees and 
bushes, may be imported to the EU (e.g., from Asia) and traded through different countries for 
several years of on-growth before being shipped to Norway. Long production cycles, partly in 
outdoor nurseries, suggest that the import of live plants with soil or other growing media into 
Norway comes with a high probability of introducing plant pests. Such pests could cause severe harm 
to Norwegian plant health and impact both agriculture and natural ecosystems. In this scientific 
opinion, we describe the most used growing media and assess the risks associated with these. We 
further evaluate what types of plants and which exporting countries are considered to pose the 
highest risks for introducing plant pests. Finally, we describe different risk reduction options and 
assess the effectiveness of current Norwegian regulations as a tool to reduce risks. Altogether, this 
assessment provides a comprehensive overview of the potential risks involved in importing soil and 
other growing media associated with plants for planting and of possible strategies for mitigating 
these risks. 

Key findings: Growing media constituents: The most used organic growing media constituents are 
peat, wood fiber, and compost, but a great array of other constituents is also used. In this report, we 
have focused on organic constituents, as these are frequently colonized by living organisms when 
sourced and may support pest species by acting as a food source or as a sheltering environment that 
provides water, oxygen, and other crucial factors for pest survival.  

Growing media as a plant pest carrier: Even though most growing media constituents initially are 
sterile or free from any plant pests, the processes of mixing, potting, plant cultivation, transport, and 
storage can easily allow contamination by and propagation of pests underway from a primary source 
to a customer in Norway. Many organisms can colonize and survive in growing media under 
conditions primarily designed to keep plants alive. Growing media thus poses a risk of introducing 
plant pests to Norway when such media are imported together with live plants. 

Identified pest species: Organisms that can arrive with the import of live plants and associated 
growing media will include organisms that are not plant pests, known plant pests, regulated pests, 
and species that may be problematic even though they are not currently listed as quarantine pests. 
By screening two international databases (CABI, 2022; EPPO, 2024b) and performing a structured 
literature search, we identified a total of 651 pest species, most of which are not present in Norway, 
that may be associated with plants imported from Europe with soil or other growing media (154 
species from CABI, 87 from EPPO, and 410 from the literature search). Due to time limitations, only 
89 species were assessed for their association with soil and growing media. This evaluation included 
20 species from CABI, 24 from EPPO, and 45 from the literature search, as detailed in Appendix 5. 
Climate suitability analyses were carried out for seven selected species to determine the likelihood 
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that these species could establish populations and spread in Norway. We prepared Köppen–Geiger 
climate classification maps for these seven species in individual express pest risk assessments and did 
Maxent species distribution modelling for selected insect species. Because both these methods for 
assessing climatic suitability carry considerable uncertainty, the results should only be considered 
indicative. Further analysis for those plant pests, where climate suitability analyses indicated a 
likelihood of establishment in Norway, should be considered. 

High-risk plants and cultivation methods: The plants and plant categories that are most likely to 
promote entry of plant pests to Norway are trees and bushes grown under outdoor conditions in 
plant nurseries and imported with large clumps of growing medium. For such long-lived plants, the 
production and post-production cycle may span several years, increasing colonization probabilities. 
Plants grown in natural soil or in contact with soil also have a higher probability of bringing new plant 
pests to Norway. This is true even if the roots are washed, and the plants are re-potted in a new pest-
free growing medium because it is unlikely to achieve complete soil removal from large root systems. 
Other growing media that can be associated with high risk under certain circumstances are compost 
and tree bark. Most other growing media are considered to carry a low risk of introducing associated 
pests.  

Probability of pest association: Considering the high volumes of live plants and associated growing 
media that are imported, Norway is facing a high propagule pressure of plant-associated organisms. 
This is well documented by the monitoring of plant imports that the Norwegian Institute for Nature 
Research (NINA) has carried out for 10 years. The high propagule pressure highlights the urgency of 
addressing pest risks associated with plant imports. The probability that pests will be associated with 
imported plants at the origin can be considered from two perspectives: (1) by considering the 
country’s total export volumes of live plants to Norway, or (2) by considering the propagule pressure 
of plant pests in different countries. When it comes to total trade volumes, the Netherlands, 
Germany, Denmark, and Sweden collectively account for 90% of total Norwegian imports. The 
Netherlands alone accounts for nearly half the total import volume. Because of their dominance in 
terms of trade volumes, these four countries probably generate the greatest number of instances of 
importing plant pests to Norway. When it comes to propagule pressure, Italy, France, Spain, and the 
UK are the European countries with the highest probability of exporting new plant pests to Norway, 
as these countries harbor the highest numbers of known plant pests that are not yet present in 
Norway. This is true both for plant pests in general and for plant pests that are associated with soil 
and other growing media.  

Efficiency of risk reduction options: The Norwegian Scientific Committee for food and Environment 
provides independent scientific risk assessments on matters that are important for food safety and 
the environment. The Norwegian Scientific Committee for Food and Environment does not give 
advice or take a position on how risks should be handled but can investigate the consequences of 
various action options. It is up to the Norwegian Food Safety Authority to decide on the risk-reducing 
measures that VKM has identified and assessed. The most efficient risk reduction options are to 
prohibit the import of plants with soil and growing media from areas with high pest risk or to set 
special import requirements from high-risk areas. A combination of different risk reduction options 
will be most efficient, as no single risk reduction option is effective against all pests in all types of 
growing media. Potentially efficient risk reduction options could be drawn from the options set in EU 
regulations. These include using (i) only virgin growing media (i.e., media that have not previously 
been used to grow plants), (ii) soilless growing media that are free from natural soil and high-risk 
organic matter, (iii) growing media made entirely of peat or fiber from coconut husks, and (iv) 
growing media that have been fumigated or heat-treated according to international guidelines. 
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Measures to keep growing media pest-free during plant production include (i) physically isolating 
plants and associated growing media from natural soils and other pest sources, (ii) minimizing the 
exposure time of plants to pest sources, (iii) using pest-free irrigation water, and (iv) applying good 
sanitation/hygiene routines in plant nurseries and throughout trade pathways. For plants that are re-
potted or transferred from the field to pots before export, growing media could be removed by 
washing the plant roots, and plants could be replanted in virgin growing media before shipping.  

Efficiency of risk reduction options in current Norwegian regulation: Import of live plants with soil or 
other growing media poses a high risk to plant health in Norway and this risk can be reduced by 
imposing stricter import requirements. Current risk reduction options available in Norwegian plant 
health regulations are insufficient to prevent the introduction of plant pests with the import of plants 
and associated soil and other growing media from Europe. The current plant health regulations does 
not set special requirements for the import of soil and other growing media that accompany live 
plants from Europe (except for plants for planting with roots, grown in open air). Norway does not 
have mandatory official border control of imported plants. Importers are responsible for carrying out 
reception control of the consignments while the Norwegian Food Safety Authority carries out official 
risk-based random checks of consignments at the time of import and supervises the importers' 
reception control. Reception controls rely heavily on visual observations and are often limited in 
scope, reducing the likelihood that plant pests associated with soil and other growing media to be 
detected at arrival.  This increases the probability of the introduction of both regulated and 
unregulated pests with soil and other growing media into Norway.  

Conclusions: The import of soil and other growing media associated with live plants to Norway 
comes with a significant risk of pest introduction for all assessed organism groups. To illustrate the 
risks involved, we conducted express pest risk analyses for a few selected pest species. These species 
were selected for their potential to survive the importation process and possibly find suitable 
environments for establishment in Norway. However, it should be noted that the examples make up 
a small fraction of all possible pests that might be introduced by the import of plants and associated 
growing media. High import volumes of live plants with soil and other growing media increase the 
likelihood of introducing soil-borne pests that, if they become established, could negatively affect 
Norwegian agriculture and natural ecosystems. Potential impacts include reduced crop and timber 
yield, increased control costs for farmers, increased use of pesticides, and loss of plant biodiversity. 

This assessment indicates that although current Norwegian legislation provides a foundation for 
managing risks of pest introduction, preventive measures could be strengthened by adopting 
additional risk reduction strategies. Today, preventive measures depend heavily on inspection and 
visual detection of soil-bound pests. However, visual detection is often very challenging due to the 
cryptic nature of many pest species. Inspection of root systems is particularly challenging, and 
asymptomatic infections are easily overlooked. Preventive measures should focus on the physical 
separation of traded plants and pest organisms. This can be done by producing plants in pest-free 
areas and by producing plants indoors in secured greenhouse facilities. 

Keywords: VKM, pest risk assessment, Norwegian Scientific Committee for Food and Environment, 
Norwegian Food Safety Authority, Norwegian Environment Agency, growing media, plant pests, soil 
import, non-native species, risk reduction measures  
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Sammendrag 
 
Bakgrunn: Miljødirektoratet og Mattilsynet har gitt Vitenskapskomiteen for mat og miljø (VKM) i 
oppdrag å gjøre en vitenskapelig vurdering av de vekstmediene som følger med import av levende 
planter til Norge som utgjør størst risiko for innførsel av fremmede arter. VKM ble også bedt om å 
vurdere hvor effektive ulike risikoreduserende tiltak er for å forhindre slik innførsel. I denne 
rapporten fokuserer vi på risiko forbundet med import av planteskadegjørere. 
 
Handel med såkalte planter for planting er en stor og kompleks internasjonal virksomhet hvor planter 
dyrkes i noen områder og sendes til andre områder for å plantes eller omplantes. Planter for planting 
sendes vanligvis med tilhørende vekstmedium. Langlivede planter som trær og busker kan bli 
importert til EU som unge planter (for eksempel fra Asia) og deretter handles videre til forskjellige 
land for ytterligere vekst i flere år før plantene til slutt ender opp i Norge. Lange 
produksjonsperioder, som helt eller delvis foregår utendørs i planteskoler, tilsier at import til Norge 
av levende planter med jord eller andre vekstmedier har en høy sannsynlighet for å introdusere 
planteskadegjørere. Slike skadegjørere kan gjøre alvorlig skade på norsk plantehelse og påvirke både 
landbruket og naturlige økosystemer. I denne vitenskapelige vurderingen beskriver vi de vanligste 
vekstmediene som importeres sammen med levende planter, og vurderer risikoen forbundet med 
disse. Vi vurderer videre hvilke plantetyper og eksportland som utgjør den største risikoen for å 
introdusere planteskadegjørere. Til slutt beskriver vi ulike risikoreduserende tiltak, og vurderer hvor 
effektivt gjeldende norsk regelverk er som et virkemiddel for å redusere risiko. Samlet gir denne 
vurderingen en oversikt over mulig risiko ved import av jord og andre vekstmedier sammen med 
planter for planting, samt mulige strategier for å redusere risikoen. 
 
Viktige funn: Ingredienser brukt i vekstmedier: De vanligste organiske ingrediensene i vekstmedier er 
torv, trekull og kompost, men svært mange andre ingredienser brukes også. I denne rapporten har vi 
fokusert på organiske ingredienser fordi disse oftest koloniseres av levende organismer og kan 
fungere som matkilde og/eller et beskyttende miljø som forsyner disse organismene med vann, 
oksygen og andre livsviktige faktorer. 
 
Vekstmedier som bærere av planteskadegjørere: Selv om de fleste ingrediensene som brukes i 
vekstmedier opprinnelig er sterile eller fri for planteskadegjørere, medfører prosesser som blanding, 
potting, plantedyrking, transport og lagring fare for kolonisering og spredning av skadegjørere fra 
planteprodusenter i eksportlandet til kunder i Norge. Mange forskjellige organismer kan kolonisere 
og overleve i vekstmedier under forhold som primært har som formål å holde planter i live. 
Vekstmedier utgjør dermed en risiko for å introdusere planteskadegjørere til Norge når slike medier 
importeres sammen med levende planter. 
 
Identifiserte skadegjørere: Organismer som kan komme til Norge med planter og tilhørende 
vekstmedier inkluderer arter som ikke er planteskadegjørere, kjente planteskadegjørere, regulerte 
planteskadegjørere og arter som kan bli problematiske i fremtiden selv om de ikke er regulert som 
karanteneskadegjørere i nåværende regelverk. Ved å gå gjennom to internasjonale databaser (CABI, 
EPPO) samt gjøre et litteratursøk, identifiserte vi 651 arter av planteskadegjørere som kan komme 
med planter med jord og andre vekstmedier importert fra Europa (154 arter fra CABI, 87 fra EPPO og 
410 fra litteratursøket). På grunn av tidsbegrensninger, vurderte vi sannsynlighet for etablering og 
spredning i Norge for kun 154 arter. Vurderingen omfattet 20 arter fra CABI, 28 fra EPPO og 106 fra 
litteratursøket. Vi gjorde enkle klimatilpasningsanalyser for sju utvalgte arter for å vurdere 
sannsynligheten for etablering og spredning i Norge. Vi laget såkalte Köppen–Geiger 
klimaklassifikasjonskart for disse sju artene og gjorde Maxent utbredelsesmodellering for to utvalgte 
insektarter. Fordi begge disse metodene for vurdering av klimatilpasning er beheftet med betydelig 
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usikkerhet bør resultatene våre kun anses som preliminære. For planteskadegjørere som våre 
analyser indikerer at vil kunne etablere seg i norsk klima, anbefaler vi at det blir gjort mer 
omfattende risikovurderinger. 
 
Planter og dyrkningsmetoder med høy risiko: Planter og plantekategorier med størst sannsynlighet 
for å introdusere planteskadegjørere til Norge er trær og busker som har vært dyrket utendørs i 
planteskoler og som importeres med store klumper av jord og andre vekstmedium. For slike 
langlivede planter kan hele produksjons- og etterproduksjonsperioden ta flere år, og dette øker 
sannsynligheten for at planter og jord koloniseres av planteskadegjørere. Planter som er dyrket 
direkte i jord eller i andre vekstmedier i kontakt med jord har også en høyere sannsynlighet for å 
introdusere nye planteskadegjørere til Norge. Dette gjelder selv om røttene vaskes og plantene 
ompottes i nytt vekstmedium som er fritt for skadegjørere, fordi det nesten er umulig å fjerne all jord 
fra store rotsystemer. Andre vekstmedier som kan innebære høy risiko under visse omstendigheter 
er kompost og trebark. De fleste andre vekstmedier anses å ha lav risiko for å introdusere 
planteskadegjørere til Norge. 
 
Sannsynlighet for at skadegjørere vil følge med importerte planter: Med tanke på de store mengdene 
levende planter med tilhørende vekstmedier som importeres til Norge har vi trolig en høy og jevn 
tilførsel av planteskadegjørere. Dette er godt dokumentert gjennom importovervåkingen som i 10 år 
har vært utført av Norsk institutt for naturforskning (NINA). Den høye tilførselen understreker 
nødvendigheten av å håndtere risiko for introduksjon av planteskadegjørere med planteimport. 
Sannsynligheten for at skadegjørere vil følge med importerte planter fra opprinnelsesstedet kan 
vurderes på to måter: (1) ut fra de ulike landenes totale eksportvolum til Norge, eller (2) ut fra 
smittetrykket i de ulike landene. Når det gjelder totalt eksportvolum til Norge står Nederland, 
Tyskland, Danmark og Sverige for til sammen 90 % av totalimporten. Nederland alene står for nesten 
halvparten av importen. Import fra disse fire landene kan derfor sies å innebære størst sannsynlighet 
for introduksjon av planteskadegjørere til Norge. Når det gjelder smittetrykk er Italia, Frankrike, 
Spania og Storbritannia de europeiske landene som har størst sannsynlighet for å eksportere 
planteskadegjørere til Norge, siden disse landene har det høyeste antallet kjente skadegjørere som 
ennå ikke finnes i Norge. Dette gjelder både for planteskadegjørere generelt og for 
planteskadegjørere som er assosiert med jord og andre vekstmedier. 
 
Effekt av risikoreduserende tiltak: Vitenskapskomiteen for mat og miljø leverer uavhengige 
vitenskapelige vurderinger av forhold som har betydning for helsemessig trygg mat og for miljøet. 
VKM gir ikke råd eller tar stilling til hvordan risiko skal håndteres, men kan utrede konsekvenser av 
ulike handlingsalternativer. Det er opp til Mattilsynet å ta stilling til de risikoreduserende tiltakene 
som VKM har identifisert og vurdert. De mest effektive tiltakene for å redusere risiko for import av 
planteskadegjørere er å forby import av planter med jord og vekstmedier fra områder med høy 
plantehelserisiko eller å sette spesielle importkrav fra høyrisikoområder. Fordi ingen enkelttiltak er 
effektive mot alle skadegjørere i alle typer vekstmedier, vil en kombinasjon av forskjellige 
risikoreduserende tiltak være mest effektivt. Risikoreduserende tiltak som kan ha god effekt er 
fastsatt i EU sitt regelverk. Disse tiltakene inkluderer å bruke (i) kun vekstmedier som ikke tidligere 
har vært brukt til å dyrke planter, (ii) vekstmedier uten naturlig jord eller annet organisk materiale 
med høy risiko for å inneholde planteskadegjørere, (iii) vekstmedier som kun består av torv eller fiber 
fra kokosnøttskall, og (iv) vekstmedier som har vært gasset eller varmebehandlet i henhold til 
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internasjonale retningslinjer. Tiltak for å holde vekstmedier frie for planteskadegjørere under 
planteproduksjon inkluderer (i) fysisk isolering av planter og tilhørende vekstmedier fra naturlig jord 
og andre smittekilder, (ii) bruk av vanningsvann som er fritt for planteskadegjørere, (iii) begrensning 
av tiden plantene er eksponert for mulige planteskadegjørere, og (iv) gode rutiner for hygiene i 
planteskoler og langs handelsruter. For planter som pottes om eller overføres fra friland til potter før 
eksport kan gammelt vekstmedium fjernes ved å vaske røttene og plantene pottes om i ubrukt 
vekstmedium. 
 
Effekt av risikoreduserende tiltak angitt i dagens norske regelverk: Import av planter for planting med 
jord og andre vekstmedier utgjør en høy risiko for norsk plantehelse og risikoen kan reduseres ved å 
stille strengere importkrav. Risikoreduserende tiltak i gjeldende norsk plantehelseregelverk er 
utilstrekkelige for å forebygge introduksjon av planteskadegjørere knyttet til jord og andre 
vekstmedier som følger med importerte planter fra Europa. Norge stiller ikke spesielle importkrav til 
jord og vekstmedier som følger med slik import (unntatt for planter og formeringsmaterialer, med 
røtter, dyrket på friland). Norge har ikke obligatorisk offisiell grensekontroll av importerte planter. 
Importørene selv har ansvar for å utføre mottakskontroll av sendingene, mens Mattilsynet 
gjennomfører offisiell risikobasert stikkprøvekontroll av sendinger og fører tilsyn med importørenes 
mottakskontroll. Mottakskontrollene baserer seg i stor grad på visuell observasjon og er ofte 
begrenset i omfang. Dette øker sannsynligheten for innføring av både regulerte og ikke-regulerte 
skadegjørere med jord og andre vekstmedier til Norge.  

Konklusjoner: Norsk import av jord og andre vekstmedier som følger med planter for planting utgjør 
en betydelig risiko for introduksjon av planteskadegjørere. Dette gjelder for alle organismegruppene 
vi har vurdert. For å illustrere risikoen har vi gjort såkalte ekspress-risikovurderinger for noen 
utvalgte arter av planteskadegjørere som er tilknyttet jord. Disse eksempelartene er valgt ut fordi de 
har potensiale til å overleve importprosessen og trolig kan finne egnede miljøer for å etablere seg i 
Norge. Det bør imidlertid fremheves at disse artene kun utgjør en brøkdel av alle mulige 
skadegjørere som kan bli introdusert med import av planter og tilhørende vekstmedier. Store 
importvolumer av planter med jord og andre vekstmedier øker sannsynligheten for å introdusere 
jordbundne skadegjørere som, og vil hvis de etablerer seg, kunne ha negative konsekvenser for norsk 
landbrukg økosystemer. Mulige konsekvenser inkluderer reduserte avlinger og tømmerutbytte, økte 
kontrollkostnader for bønder, økt bruk av pesticider, og tap av plantebiodiversitet.  
 
Vår vitenskapelige vurdering tilsier at selv om gjeldende norsk regelverk gir et grunnlag for å 
håndtere risiko forbundet med import av planter med jord og vekstmedier, kan forebyggende tiltak 
styrkes ved å iverksette ytterligere risikoreduserende tiltak. I dag innebærer forebyggende tiltak 
hovedsakelig visuell kontroll av planteimport. Påvisning ved visuell kontroll er ofte vanskelig siden 
mange aktuelle planteskadegjørere ikke er synlige for det blotte øye. Inspeksjon av rotsystemer er 
spesielt utfordrende, og planteskadegjørere som ikke er lett synlige blir fort oversett. Forebyggende 
tiltak kan fokusere på fysisk adskillelse av planter og planteskadegjørere. Dette kan gjøres ved å 
produsere planter i områder som er frie for skadegjørere og/eller innendørs i sikrede veksthus. 
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Definition of key terms in the phytosanitary and biodiversity field 

Table 1. Key terms used in phytosanitary literature and biodiversity literature. Note that similar terms may 
have different meanings between fields, and other terms are sometimes used to describe the same thing. 
Definitions used in the biodiversity field are taken from the Convention on Biological Diversity (CBD, 2024) 
and phytosanitary definitions are taken from IPPC (ISPM no. 5: terms from International Plant Protection 
Convention, International Standards for Phytosanitary Measures, (FAO, 2023)). 

Term CBD ISPM 5 

Terms used to describe species 

Alien invasive 
species / Invasive 
alien species 

An alien species whose introduction 
and/or spread threatens biological 
diversity  

An alien species (by CBD 
definition) that by its 
establishment or spread has 
become injurious to plants or that 
by risk analysis is shown to be 
potentially injurious to plants 

Alien species A species, subspecies, or lower taxon 
introduced outside its natural past or 
present distribution. Includes any part, 
gametes, seeds, eggs, or propagules of 
such species that might survive and 
subsequently reproduce (also referred 
to as a “non-native species”) 

Rather than “alien species”, ISPM 
uses “exotic”, “non-indigenous”, 
or “non-native” 

Non-quarantine 
pest 

Pest that is not a quarantine pest for an 
area 

See ‘Regulated non-quarantine 
pest’ below for a related ISPM 
term 

Pest CBD uses ISPM definition Any species, strain or biotype of 
plant, animal, or pathogenic agent 
injurious to plants or plant 
products 

Quarantine pest 
(QP) 

CBD uses ISPM definition A pest of potential economic 
importance to the area 
endangered thereby and not yet 
present there, or present but not 
widely distributed and being 
officially controlled 

Regulated non-
quarantine pest 
(RNQP) 

Not used by CBD A non-quarantine pest whose 
presence in plants for planting 
affects the intended use of those 
plants with an economically 
unacceptable impact and which is 
therefore regulated within the 
territory of the importing 
contracting party 
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Terms for biological processes and movement of species 

Entry (of a pest) CBD uses ISPM definition Movement of a pest into an area 
where it is not yet present, or 
present but not widely distributed 
and being officially controlled 

Establishment The process of an alien species in a new 
habitat successfully producing viable 
offspring with the likelihood of 
continued survival 

Perpetuation, for the foreseeable 
future, of a pest within an area 
after entry 

Establishment (of a 
biological control 
agent) 

Perpetuation, for the foreseeable 
future, of a biological control agent 
within an area after entry 

 

Intentional 
introduction 

The deliberate movement and/or 
release by humans of an alien species 
outside its natural range 

See ‘Release’ for a related ISPM 
term 

Introduction The movement by human agency, 
indirect or direct, of an alien species 
outside of its natural range (past or 
present). This movement can be either 
within a country or between countries 
or areas beyond national jurisdiction. 

The entry of a pest resulting in its 
establishment 

Occurrence (of a 
pest) 

CBD uses ISPM definition The presence in an area of a pest 
officially recognized to be 
indigenous or introduced and/or 
not officially reported to have 
been eradicated 

Pathway CBD uses ISPM definition  Any means that allows the entry 
or spread of a pest 

Plants for planting   Plants intended to remain planted, 
to be planted or replanted 

Release (into the 
environment) 

See ‘Intentional introduction’ above for 
a related CBD term 

Intentional liberation of an 
organism into the environment 

Spread CBD uses ISPM definition Expansion of the geographical 
distribution of a pest within an 
area 

Unintentional 
introduction 

All other introductions which are not 
intentional 

Not defined in ISPM 5 

Management-related terms 

Area of low pest 
prevalence 

Not used by CBD An area, whether all of a country, 
part of a country, or all or parts of 
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several countries, as identified by 
the competent authorities, in 
which a specific pest occurs at low 
levels, and which is subject to 
effective surveillance, control or 
eradication measures 

Consignment Not used by CBD A quantity of plants, plant 
products or other articles being 
moved from one country to 
another and covered, when 
required, by a single phytosanitary 
certificate (a consignment may be 
composed of one or more 
commodities or lots) 

Containment CBD uses ISPM definition Application of phytosanitary 
measures in and around an 
infested area to prevent spread of 
a pest 

Contamination CBD uses ISPM definition Presence in a commodity, storage 
place, conveyance, or container, 
of pests or other regulated 
articles, not constituting an 
infestation 

Control (of a pest) CBD uses ISPM definition Suppression, containment, or 
eradication of a pest population 

Endangered area CBD uses ISPM definition An area where ecological factors 
favor the establishment of a pest 
whose presence in the area will 
result in economically important 
loss 

Eradication CBD uses ISPM definition Application of phytosanitary 
measures to eliminate a pest from 
an area 

Growing medium Not used by CBD Any material in which plant roots 
are growing or intended for that 
purpose 

Monitoring The continuous investigation of a given 
population or subpopulation, and its 
environment, to detect changes in the 
prevalence of a disease or 
characteristics of a pathogenic agent 

An official ongoing process to 
verify phytosanitary situations. 
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Pest free area In addition to their own definition, 
ISPM definition is one of several given 
by CBD 

An area in which a specific pest 
does not occur as demonstrated 
by scientific evidence and in 
which, where appropriate, this 
condition is being officially 
maintained 

Pest risk analysis CBD uses ISPM definition The process of evaluating 
biological or other scientific and 
economic evidence to determine 
whether a pest should be 
regulated and the strength of any 
phytosanitary measures to be 
taken against it 

Pest risk 
assessment (for 
quarantine pests) 

CBD uses ISPM definition Evaluation of the probability of 
the introduction and spread of a 
pest and of the associated 
potential economic consequences 

Pest risk 
management (for 
quarantine pests) 

CBD uses ISPM definition Evaluation and selection of 
options to reduce the risk of 
introduction and spread of a pest 

Phytosanitary 
measure 

CBD uses ISPM definition Any legislation, regulation or 
official procedure having the 
purpose to prevent the 
introduction and/or spread of 
quarantine pests, or to limit the 
economic impact of regulated 
non-quarantine pests 

Regulated article CBD uses ISPM definition Any plant, plant product, storage 
place, packaging, conveyance, 
container, soil and any other 
organism, object, or material 
capable of harboring or spreading 
pests, deemed to require 
phytosanitary measures, 
particularly where international 
transportation is involved 

Risk analysis "(1) the assessment of the 
consequences of the introduction and 
of the likelihood of establishment of an 
alien species using science-based 
information (i.e., risk assessment), and 
(2) to the identification of measures 
that can be implemented to reduce or 
manage these risks (i.e., risk 
management), taking into account 
socio-economic and cultural 

See definition for ‘Pest risk 
analysis’ 
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considerations.” (CBD cites several 
other definitions as well) 

Risk assessment ISPM definition is one of several given 
by CBD 

See definition for 'Pest risk 
assessment' 

Risk management ISPM definition is one of several given 
by CBD 

See definition for 'Pest risk 
management' 

Surveillance ISPM definition is one of several given 
by CBD 

An official process which collects 
and records data on pest 
occurrence or absence by survey, 
monitoring or other procedures 
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Background as provided by the Norwegian Food Safety Authority and the Norwegian 
Environment Agency 
 
The introduction of plant pests through the import of soil and other growing media has been 
highlighted in several reports, also in Norway, and in 2015 the European Food Safety Authority (EFSA) 
published the report “Risks to plant health posed by EU imports of soil or growing media”. The EFSA 
report reviews the risk of introducing plant pests through soil and other growing media into EU 
countries and assesses the effectiveness of the measures in the EU's plant health regulations to 
prevent introductions. 

In Norway, the action plan “Bekjempelse av fremmede skadelige organismer 2020-2025” aims to 
reduce the negative impact of alien species, and states that there is a need for further efforts in the 
early phase where measures aimed at introduction and spread must be given the highest priority. 
Through the action plan, the Norwegian Environment Agency (Miljødirektoratet) and the Norwegian 
Food Safety Authority (Mattilsynet) have been given responsibility for identifying measures related to 
alien species that accompany the importation of plants, soil, and other growing media (Measure 20). 
Under Measure 20, a similar study to the EFSA report for Norway will be carried out, where the 
assessment of risk is based, among other things, on the information available from Norwegian 
surveys. The measure includes ordering a study from the Norwegian Scientific Committee for Food 
and Environment (VKM) on which growing media associated with plants for planting pose the 
greatest risk of the introduction of alien species into Norway, as well as how effective various risk-
reducing measures are to prevent such introductions. 

Measure 20 in the Action Plan is comprehensive. To narrow down the assessment, the Norwegian 
Environment Agency and the Norwegian Food Safety Authority have, after dialogue with VKM, 
decided to divide the assignment into several sub-orders. We have chosen to limit this first order to 
the Norwegian Food Safety Authority's need for scientific assessments regarding plant pests. 

Brief overview of current Norwegian legislation: 
Regulations related to plants and measures against pests: to prevent the introduction of plant pests, 
the regulation contains prohibitions and sets requirements for the import of plants and propagating 
material, soil, and other organic growing media. The import ban in appendix 3 no. 10, and special 
requirements in Appendix 4A no. 28, 29.1, 29.2, 31, and 36 are aimed at plant health risks when 
importing growing medium as a separate product and growing medium that comes with plants. 
Some of these rules and requirements only apply if the origin of the goods is from non-European 
countries. Furthermore, there is a requirement in §17 that used agricultural machinery must be 
cleaned and free of soil before import. The plant health regulations are currently under revision, and 
the Norwegian Food Safety Authority wants to use VKM's report to assess whether these import 
rules and regulations should be changed. 

The Regulations relating to alien organisms §24 require the importer to take preventive measures to 
prevent the introduction and spread of alien organisms. Section 28, fourth paragraph of the Nature 
Diversity Act also gives authority to set more specific requirements for businesses that may entail a 
risk of the spread or accidental release of alien organisms. 

Motivation for the commission: The Norwegian Food Safety Authority will use the assessment from 
VKM as a basis for future plant health-related risk management linked to the import of plants with 
soil and other organic growing media. The Norwegian Environment Agency will use the assessment 
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as a knowledge base for environmental risk assessment related to the import of plants with growing 
medium and for work under the regulations related to alien organisms. The assessment will also be 
part of the basis for following up the new Nature Agreement to the Convention on Biological 
Diversity. 

 

Terms of reference as provided by the Norwegian Food Safety Authority 
 
The Norwegian Food Safety Authority and the Norwegian Environment Agency refer to their 
respective collaboration agreements with VKM and hereby ask VKM to assess the risk related to 
plant pests associated with soil and other growing mediums through the import of plants for planting 
to Norway. 
 
We refer to the EFSA report on Risks to plant health posed by EU import of soil or growing media and 
ask VKM to assess the extent to which the findings in this report are relevant for answering the 
assignment. In assessing plant health risks, we ask VKM to also include results from the Norwegian 
surveys. We ask that VKM's assessments for Norway primarily include the groups of growing 
mediums that, according to the EFSA, report represent the highest plant health risk. Furthermore, we 
ask that VKM focus on the import of plants from European countries, as well as an assessment of the 
effect of current risk reduction measures. 

 

Assignment questions and objectives: 

1. Define and identify soil and other growing media from the literature. 
2. Which plant pests associated with soil or other growing media that are used in plants for planting 

from European countries have the highest probability of establishment and spread in Norway? 
3. Which plants, plant categories, or cultivation methods represent the highest probability of entry 

for species identified in question two through the imports of soil or other growing media? 
4. Are there countries in Europe that have a higher probability of pests being associated with the 

pathway at the origin, when considering questions two and three? 
5. Identify risk reduction options and evaluate their efficiency and applicability. 
6. Are the risk reduction options deployed in the current Norwegian legislation sufficient in 

reducing the probability of entry of plant pests from Europe?  
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1. Introduction 

1.1 Preamble - a brief guide to the reader 
Project background and summary of results: These first parts present the project background and 
Terms of Reference as provided by the Norwegian Food Safety Authority and the Norwegian 
Environment Agency. There is also a summary of the assessment’s main findings and conclusions, 
and a list of key terms used in the phytosanitary and biodiversity field. 

Chapter 1 – International plant trade and risks: Here, we introduce international plant trade and the 
risks involved in importing live plants with growing media. We also describe national and 
international regulations and processes that have led to the preparation of this assessment, as well 
as results from a monitoring program of plant import to Norway. 

Chapter 2 – Methods and data sources used in this assessment: This chapter details the methods 
and data sources used in the assessment, including descriptions of literature searches and criteria 
used for selecting pests for further analysis. This chapter emphasizes the systematic approach we 
have used to identify and analyze risks associated with import of live plants with soil or other 
growing media. 

Chapter 3 – Soil and other growing media: In this chapter we provide an in-depth description of the 
most important types of soil and other growing media, detailing their characteristics and uses. The 
chapter presents the foundational knowledge necessary to understand the complexities of soil and 
other growing media as pathways for plant pests. 

Chapter 4 – Pests associated with soil and other growing media: Here, we identify and discuss 
various plant pests that may be associated with soil and other growing media. For selected pest 
species, we provide details about their biology and ecology, as well as the risks they pose to 
Norwegian plant health. This information is structured and presented as individual express PRAs 
(Pest risk assessment) in Appendix 1. 

Chapter 5 – Pest risk management: This chapter describes risk management strategies, including 
regulatory measures, pest exclusion practices, and pest management techniques. We provide an 
overview of current legislation and regulations related to plant health and the import of soil and 
other growing media in Norway and the EU, and evaluation of current risk reduction options 
described in Norwegian regulations.  

Chapter 6 – Data gaps and uncertainties: Here, we identify key data gaps and uncertainties, 
emphasizing the challenges involved in comprehensively assessing risks to Norwegian plant health 
posed by importing plants with soil and other growing media. 

Chapter 7 – Summary with answers to the terms of reference: In this final chapter, we summarize 
our main findings by briefly answering the Terms of Reference provided by the Norwegian Food 
Safety Authority and the Norwegian Environment Agency. Throughout, we refer to relevant parts of 
the main text for further details.  
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1.2 International plant trade and associated risks – a brief background 

Global trade is a direct and indirect driver for the movement of plant pests worldwide. The rapidly 
increasing international trade volumes in recent decades are thus exponentially increasing the risk of 
introducing pests into new areas (Chapman et al., 2017; Hulme, 2021). Trade pathways and 
commodities with a particularly high risk for introducing plant pests are plants for planting, wood 
packing material, and transport vehicles. Wood packing materials are often used in international 
shipping and serve as spreading vectors for wood-boring insects, nematodes, and fungi (Lantschner 
et al., 2020). Transport vehicles, including ships, airplanes, and trucks, can inadvertently facilitate the 
spread of plant pests by carrying soil, seeds, insects, and other pests vectored by insects across 
borders. The most important pathway, however, is the import of plants for planting (i.e., plants 
intended to remain planted, to be planted or replanted; ISPM no. 5). Live plants can carry many pests 
and diseases, with roots, stems, and leaves serving as habitats for various species groups 
(MacLachlan et al., 2021). In addition, the growing media that accompany traded live plants can 
harbor several pests and diseases. Growing media used in plant nurseries and plant trade can carry 
nematodes, fungi, bacteria, viruses, and insects (see e.g., subchapter 1.3). Thus, among the many 
pathways that make up the global trade and transport system, soil and other growing media emerge 
as a critical, yet often overlooked, pathway for the movement of plant pests. 

Trade in plants for planting is a large and complex international business where live plants are grown 
in some areas and shipped to other areas where they are intended to remain planted, to be planted, 
or replanted. This trade has increased much in the past decades (Liebhold et al., 2012). Plants for 
planting are usually shipped with an accompanying growing medium. These growing media are made 
from different organic and inorganic constituents (see Chapter 3 for details). Although manufacturers 
of growing media make efforts to keep the media pest-free during production, media may be 
colonized by pests during plant production or during transit, retail, and grow-on (i.e., post-
production). Traded plants are grown indoors or outdoors in plant nurseries in the exporting country 
and shipped to customers in the importing country, often via intermediate brokers and handlers 
(Table 2). Depending on the type of plant, the production cycle in the exporting country can last from 
a few weeks to several years. Larger and older plants may also be shipped from production sites in 
one country to other countries for additional growth before they are shipped to customers. Thus, 
even if the growing media that are used are pest-free at the start of the production cycle, they will 
usually be colonized by different organisms over time. Such colonization can take place at different 
stages during plant production and transport. The colonization rate and species composition of any 
colonizing organisms will vary with geographical location, production methods, management 
practices, and other factors (see Chapter 4 for details). 

To illustrate the complexity that may be involved in international plant trade, we here present an 
example of trade with large trees between the UK and the EU (EFSA Panel on Plant Health et al., 
2023). Field maple (Acer campestre) trees that are up to 15 years old and 88 mm in stem diameter 
are exported from the UK to the EU. In the UK, plants are usually germinated from seeds and grown 
as young seedlings in greenhouses, before they are planted outdoors, either in the field or in pots. If 
field-grown plants are potted before export, the roots are washed to remove the field soil. Potted 
plants grow in peat or peat-free growing medium that has been heat-treated to eliminate pests and 
diseases. Maple trees are grown together with many other plant species in nurseries that may be 
quite large (up to 325 ha) and where maple typically occupies less than 3 % of the total nursery area. 
Maple trees produced for export are grown alongside trees intended for domestic markets, so there 
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is no distancing in place. Maple species may also be found in the nursery surroundings, in some 
instances as close as 20 m away. Several plant sanitary measures are undertaken during nursery 
production and may include pesticide application, biological control, and cleaning of tools and other 
equipment between plant batches. Nursery hygiene is maintained throughout the production cycle 
by removing leaves, pruning residues, and weeds to reduce the availability of over-wintering sites for 
pests and diseases. Pest monitoring is carried out at least once a year by visual inspection. No special 
measures are taken against soil-born pests, but potted trees are grown in trays that are separated 
from the soil by plastic membranes or grown in a raised position separated from soil. Before export, 
plants are visually inspected for any plant health issues both by the producer and the UK National 
Plant Protection Organization. A final visual pre-export inspection is carried out less than two weeks 
before export, as part of the process of issuing a phytosanitary certificate. Any infected plants found 
are either treated or destroyed. Plants are transported by trucks, mostly to Northern Ireland or 
Ireland. Most plants are sold to professional operators for tree production and growing-on (for 
onward trading) or directly to final customers for use as ornamental plants.  

 

Table 2. Outline of a simple and complex production and transport pathway for plants for planting imported 
to Norway. In the simple pathway, a plant commodity is sold directly from a producer in Europe to a 
customer in Norway. In the complex pathway, a tree or other plant commodity is produced in Europe (or 
elsewhere) and traded onward through various intermediaries before it ends up in Norway. The production 
and post-production stages can last from a few weeks to more than 15 years, depending on the plant 
commodity. 

Stage Description Simple pathway Complex pathway 

Production 
- Propagation 

Breeding, selection, and 
propagation of plants  EU/International 

Production 
- Nursery/Gardener 

Potting, growing, harvesting, 
processing, and finishing of plants EU EU 

Post-production 
- Auction 

Cooperative sales organization for 
plants, characterized by logistical 
services 

 
EU 

Post-production 
- Trader/Exporter 

Trade in plants (mainly 
international)  EU 

Post-production 
- Transporter 

Transport of plants between 
pathway stages 

EU/Norway EU 

Post-production 
- Large-scale retailer 

Supermarkets, horticultural chains, 
and other international distribution 
centers  

 EU 

Post-production 
- Transporter 

Transport of plants between 
pathway stages  Norway 

Post-production 
- Large-scale 
retailer/importer 

Supermarkets, horticultural chains, 
and other centers for national 
distribution 

 Norway 

Post-production 
- Customer Final purchaser of plants Norway Norway 
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1.3 Regulation of international movement of plants 

Because international trade in plants and other commodities can contribute to the spread of plant 
pests, trade is regulated through international agreements and overseen by various institutions. The 
Norwegian Food Safety Authority (NFSA) and other national plant protection organizations (NPPOs) 
have an important role in countering the rising threat of plant pests. Global efforts to establish 
consensus regarding plant pests are coordinated by the Food and Agriculture Organization (FAO) of 
the United Nations. FAO is responsible for developing international standards through the 
International Plant Protection Convention (IPPC). These International Standards for Phytosanitary 
Measures (ISPMs) cover various measures and regulatory frameworks designed to prevent the 
spread of harmful pests associated with plants and plant products between countries and regions. 
Importantly, ISPMs hold legal weight through the World Trade Organization (WTO) via the 
Agreement on the Application of Sanitary and Phytosanitary Measures (the SPS Agreement). 

International trade can only be prohibited or import requirements can be set only if there is scientific 
evidence of potential harm. At the regional level, FAO standards are implemented and followed up 
through 10 regional plant protection organizations (RPPOs), including the European and 
Mediterranean Plant Protection Organization (EPPO). These RPPOs collaborate with NPPOs, such as 
the Norwegian Food Safety Authority, and facilitate and enforce IPPC standards at regional and 
national levels. For EU countries, phytosanitary regulations are also addressed through the European 
Food Safety Authority (EFSA). Plant health regulations and Pest risk assessment (PRA) for different 
pests are key tools to prevent the introduction and spread of plant pests via plant import. Despite 
the existence of international, regional, and national organizations tasked to manage threats to plant 
health, the volumes and complexities of global trade often challenge the effectiveness of these 
systems. The high speed and large volumes of international trade may hamper the application of 
scientific principles and efforts of international consensus, making the control of plant pests and non-
native species a difficult task.  

The international movement of plants is regulated by both the phytosanitary agreements outlined 
above and by national and international regulations for environmental protection. Although related, 
the phytosanitary and biodiversity fields tend to operate in separation and often use different terms 
for similar concepts. To help bridge the phytosanitary-biodiversity gap, we have included a table with 
definitions of key concepts used in these two related fields (Table 1). This report will use the 
phytosanitary definitions taken from ISPM no. 5, as these are the standard definitions used by the 
VKM Panel on Plant Health. 

1.4 National regulations to protect biodiversity 

Norway’s Nature Diversity Act (Naturmangfoldloven) came into force in 2009 (LOVDATA, 2009). It 
applies to all natural environments and all sectors that manage biodiversity or make decisions that 
impact biodiversity. The act supports Norway's international environmental obligations under the 
Convention on Biological Diversity (CBD) and the principles outlined in the environmental paragraph 
of the Norwegian constitution (§112). Norway’s Nature Diversity Act establishes general rules for the 
sustainable use of nature as well as environmental legal principles that should support public 
decision-making (§§8-12). For example, the act mandates that public decisions affecting biodiversity 
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should, as far as reasonable, be built on scientific knowledge about biodiversity and how it will be 
affected by different influences.  

Norway’s Regulation Relating to Alien Organisms (Forskrift om fremmede organismer) governs the 
introduction, trade, and release of alien species and their accidental spread in Norway (LOVDATA, 
2015). The regulation defines an alien organism as one that does not belong to any species or 
population naturally occurring in the area in question (corresponding to ‘non-native’ organisms in the 
ISPM vocabulary; Table 1). The aim of the regulation is to prevent the introduction and spread of 
alien organisms that may have harmful effects on biodiversity. A primary rule is that permits are 
required if alien species are to be released into the environment. In addition, the regulation has five 
appendices listing species that are prohibited from being introduced and released, are allowed for 
introduction and release with labeling requirements, are banned from release, or can be freely 
released. These appendices should not be confused with the Alien Species List of The Norwegian 
Biodiversity Information Centre (Fremmedartslista, Artsdatabanken), which lists all alien species that 
have been recorded in Norway, as well as known “doorknockers” (alien species not currently 
reproducing in the wild in Norway, but that can be expected to do so within 50 years). The alien 
species list also provides ecological impact assessments of these species. Knowledge about impacts 
on biological diversity is used when applications for the release of alien organisms are processed by, 
among others, VKM. This knowledge is also used to assess species listed in the Regulation Relating to 
Alien Organisms. 

In 2015, the Norwegian Ministry of Climate and Environment recognized that invasive species are a 
major threat to biodiversity both globally and within Norway. This led to the decision outlined in 
Meld. St. 14 (2015-2016) “Natur for livet – Norsk handlingsplan for naturmangfold' to develop a new 
action plan against harmful alien organisms. The resulting action plan, “Bekjempelse av fremmede 
skadelige organismer 2020-2025,” was adopted in the spring of 2020 and emphasized the need for 
cross-sectoral collaboration. The action plan sets goals and measures to reduce the risk of adverse 
effects from harmful alien organisms in Norway and includes 28 actions. Action no. 20 is to 
“investigate measures related to stowaways that accompany the import of plants, soil, and other 
growing media.” As described in this report's terms of reference and motivation, the Norwegian Food 
Safety Authority and the Norwegian Environment Agency have commissioned VKM to assess risks 
associated with the import of live plants and associated growing media. 

1.5 Monitoring imports of live plants with soil and other growing media to Norway 

The unintentional introduction of species associated with live plants imported with soil and other 
growing media is a major pathway for several species’ groups, including terrestrial invertebrates, 
fungi, and vascular plants (NOBANIS, 2015; Rabitsch, 2010; Roy et al., 2019; Sandvik et al., 2022; Saul 
et al., 2016). Tasked by the Norwegian Environment Agency, the Norwegian Institute for Nature 
Research (NINA) has developed a systematic monitoring program for this import pathway (Bruteig et 
al., 2017; E. et al., 2016; Endrestø et al., 2016; Westergaard et al., 2015) and implemented this 
program every year since 2014. The monitoring aims to (i) collect systematic and empirical data on 
the species diversity and composition of unintentionally introduced live invertebrate and vascular 
plants with imported plants from Europe; (ii) estimate the number of species introduced to Norway 
through this pathway; and (iii) assess the risk these species pose to Norway’s biodiversity. 
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Non-native species can occur in the soil or growing medium, on the imported plants themselves, or 
elsewhere in the shipping containers used for transporting the goods to Norway. While NINA’s 
monitoring program includes all unintentionally introduced species detected within the shipping 
containers, the following descriptions and results only include live invertebrate and vascular plant 
species identified in the soil or growing medium associated with the imported plants. 

The plant commodities targeted in the monitoring program are assumed to have been grown 
outdoors in the exporting country and imported to Norway with a clod (a lump of soil or other 
growing medium). While all imported plants come with a phytosanitary certificate to verify 
compliance with phytosanitary import requirements, these certificates provide no information about 
any pre-export soil treatments meant to reduce the survival of contaminant species. Imported plants 
with clods fall into seven commodity codes within the Norwegian Customs Tariff (Tolletaten (2024); 
see subchapter 2.3.1 and Table 4 for details). The monitoring program has primarily focused on 
commodity code 06.02.9021 (woody ornamentals) because this code has the highest import volumes 
to Norway over time (see Figure 3). In addition, the program includes plants falling within code 
06.02.9022 (herbaceous perennials), code 06.02.9043 (potted plants for planting), and, to a much 
lesser extent, code 06.02.2000 (trees and shrubs with edible fruits or nuts). 

NINA’s monitoring team has collaborated with large commercial plant importers and garden centers 
located in the area around Oslo fjord. These centers act as hubs for imported plants, and the NINA 
team was granted access to their warehouses. Immediately after the arrival of the shipping 
containers, sampling of the growing medium is done before plants are repacked for further 
distribution within Norway. Usually, 10 one-liter samples are collected within each container from up 
to 15 containers per year. The samples are collected in a non-destructive manner, each sample 
consisting of growing medium from one or more pots per imported plant, depending on the pot size. 
From 2014 to 2023, the monitoring program collected a total of 1323 samples (1631 liters) from 158 
containers containing 246 different plant taxa. Samples were first placed in Berlese funnels to extract 
live invertebrates and then in a greenhouse for seed bank germination. Germination was followed by 
stratification to break dormancy and a second round of germination of any seeds requiring this pre-
treatment. Detailed descriptions of the methods used can be found in Westergaard et al. (2020b), 
(Westergaard et al., 2020a), Westergaard et al. (2021) and (Davey et al., 2022).  

Invertebrate taxa were identified based on morphology and DNA barcoding, focusing on springtails 
(Collembola), spiders (Araneae), true bugs (Hemiptera), butterflies (Lepidoptera), beetles 
(Coleoptera), and ants (Hymenoptera, Formicidae). Further identification has been limited by the 
difficulty of identifying juvenile specimens, lack of diagnostic morphological characters, lack of 
available taxonomic expertise and resources, and lack of species references in reference databases. 
All vascular plant seedlings were counted and identified to taxa (mostly to species). Species 
identification of import species is very labor-intensive, especially because the species detected in the 
soil of imported horticultural plants have been found to originate from all over the world 
(Westergaard et al. 2020b). Correct identification thus requires taxonomic expertise far beyond our 
own region.  

The results from 10 years of monitoring clearly show that the import of plants with soil and other 
growing media is a major pathway for unintentional introduction of invertebrates and vascular plants 
to Norway. From 2014 to 2022 (2023 data are not yet finalized), the NINA team has extracted more 
than 1.5 million individuals of live invertebrates, of which almost 850.000 individuals have been 
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identified to 534 different taxa (order, family, genus, or species). Of these invertebrate taxa, about 
half are native species to Norway (278 species), while the remaining are either known non-native 
species to Norway (33 species), potential new non-native species to Norway (70 species), or not 
possible to identify to species level (153 taxa). From 2014 to 2023, almost 42.000 vascular plant 
individuals germinated from seeds from the same samples and identified 452 different taxa. Of 
these, 205 species are native to Norway, while the remaining species are either known 
‘doorknockers’ (8 species), non-native species to Norway (126 species), potential new non-native 
species to Norway (57 species), or impossible to identify (56 species). Although the monitoring 
program does not specifically target plant pests, a number of soil-associated invertebrate species 
found on a diverse range of imported host plant species have been identified as plant pests during 
the work with this VKM report. 

Model calculations based on the number of live contaminant species detected in the samples suggest 
that the volume of imported horticultural plants to Norway from the two main export countries (the 
Netherlands and Germany) is so high that all species in the specific source species pools will likely be 
introduced to Norway in one year (Bruteig et al., 2017). Model calculations also show that many 
species have low detectability because they occur in low numbers and are only found in a few import 
containers. Also, after the first three years of monitoring, it was estimated that the samples collected 
thus far from 60 containers of imported plants represented only about 1 % of the focal plant 
commodity codes imported during this period (Bruteig et al., 2017). Thus, most imported plants were 
not sampled. Despite this relatively low sampling intensity, during over 10 years of systematic 
sampling the accumulated number of species detected has increased continuously. 

Global trade provides introduction pathways for new source pools of species, and the number of 
introduced and emerging alien species is increasing worldwide (emerging alien species are species 
that never before have been encountered as aliens; Seebens et al. (2017), Roy et al. (2024)). 
Emerging alien species pose a major challenge for management, as they are difficult to identify and 
assess for invasion potential since they do not have a previous invasion history (Seebens et al., 2018). 
In addition to identifying live contaminant species with imported plants, the NINA monitoring 
program has also characterized potential source species pools by using eDNA (environmental DNA) 
metabarcoding on a subset of the samples. An analysis of fungal and vascular plant diversity in 80 
pots of soil/growing medium from two containers identified more than 4600 fungal taxa and more 
than 100 vascular plant taxa (Davey et al., 2022; Farsund, 2022). Most of these taxa had not 
previously been identified in the monitoring program, and the eDNA data thus provides a first 
glimpse into the largely unknown source species pools of potential contaminant species that can 
reside in growing media associated with imported horticultural plants. 

The NINA monitoring program shows that the propagule pressure of live invertebrates, vascular 
plants, and fungal species to Norway is high and continuous due to the extensive import of live plants 
(see subchapter 2.3.1). Many species have been identified as known non-native species to Norway, 
and these species are already assessed for ecological impacts and invasion potential through the 
work on the Norwegian alien species list (Artsdatabanken, 2023) by the expert committees of the 
Norwegian Biodiversity Information Centre (Artsdatabanken). However, two other categories of 
contaminant species stand out from the monitoring data: (i) the potential new non-native species to 
Norway, and (ii) the high number of species that are native to Norway. Many potential new non-
native species to Norway are introduced from neighboring countries, where similar ecological and 
bioclimatic features may favor their establishment. In addition, almost half of all invertebrate and 
vascular plant contaminants that have been identified are indeed native to Norway but may 
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represent cryptic invasions (unnoticed spread) of potentially non-native genotypes. The species in 
these two categories are typically not identified during expert- or literature-based horizon scans. 
They can only be identified through monitoring of their pathways, which in turn, enables the 
assessment of their impact and facilitates their management before they become established in 
Norwegian nature (Westergaard et al., 2021). 

1.6 Risks posed by unregulated species 

Unregulated plant pests may also pose a high risk. Several destructive pests were not regulated by 
national plant protection organizations when they first appeared as invasive pests (Ploetz et al., 
2013). The challenge lies in the vast number of potential pest species that may be transported 
internationally with plants for planting. Species are often not recognized as threats until they have 
become established in a new country and caused significant economic or environmental damage. For 
example, the emerald ash borer (Agrilus planipennis) is now one of the most destructive invasive 
non-native plant pests in the world, killing millions of ash trees in the USA, Canada, and Europe. 
When it appeared as an introduced species in the USA about 25 years ago, it was little known and 
had been considered to be a harmless species. The A. planipennis example illustrates a broader 
pattern observed across all taxonomic groups, with a continuing influx of plant pests and other non-
native species, and where many taxa even show an acceleration in the rate of new detections over 
time (Seebens et al., 2017). 

Nematodes provide an illustrating example of an organism group with many potential harmful plant 
pests that currently are unregulated but may turn out to be harmful if they spread to new 
environments. On at least two occasions, plant-parasitic nematodes imported with ornamental 
plants for planting have caused significant problems in Norway. In both cases, the imported plants 
came from the Netherlands. Hybrid yew (Taxus media “Hillii”) planted in Oslo was infested by 
Trichodorus hellalae and suffered extensive needle loss (Ben Hellal et. al. 2019, Decraemer et al. 
2021). Similar problems were caused by Paratrichodorus pachydermus on English yew (Taxus 
baccata) in Bergen (Bergen Museum pers. com). Another example from Denmark involves the 
nematode Rotylenchus buxophilus, which caused severe damage on boxwood (Buxus sempervirens) 
in the baroque gardens of Frederiksborg Castle in Hillerød. This nematode species has also been 
detected on B. sempervirens plants for planting imported to Oslo (Magnusson, 2024; Talgø et al., 
2014). 
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2 Methods and data sources used in this assessment 

2.1 Geographic area of interest 

The area of interest for this assessment is defined according to Annex 13 in Regulations of 1 
December 2000 no. 1333 relating to plants and measures against pests (LOVDATA, 2000): “European 
countries: countries and associated islands belonging to geographical Europe, including Svalbard, Jan 
Mayen, the Canary Islands, Madeira, the Azores, Cyprus, Malta, Russia west of 60 degrees east, but 
excluding Turkey, Azerbaijan, Kazakhstan, and Georgia”. We understand “geographical Europe” to 
consist of countries that are located within the continental landmass of Europe and the British Isles 
(Figure 1). Within this large area, most Norwegian imports of live plants with growing media come 
from a few countries (the Netherlands, Germany, Denmark, and Sweden; see details below). Thus, in 
this assessment, we will mainly focus on imports from these and a few other EU member countries. 

 
Figure 1. Map of Europe showing the area of interest for this assessment (in green). Russia is included to 60° 
eastern longitude. 

2.2 Literature search and inclusion criteria 

We conducted a systematic literature search for studies on soil or other growing media and plant 
pests. The search was conducted in two databases, CAB Abstracts (OVID) and Web of Science Core 
Collection (SCI-EXPANDED, SSCI, A&HCI, and ESCI), on November 20, 2023, by Astrid Merete 
Nøstberg, a specialist librarian at the Norwegian Institute of Public Health. The search strategy 
combined words and controlled subject headings for growing media, plants, and soil, and was based 
on the search strategy described in EFSA Supporting Publication (Bremmer et al., 2015). Additionally, 
for the search component on growing media, we used a comprehensive array of search terms, both 
as text words and controlled subject headings, sourced from an overview provided by VKM. The 
literature search was geographically limited to Europe, using a combination of text words, and 
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controlled subject headings for relevant countries and areas, as formulated by Nøstberg (see 
Appendix 3 for the complete search strategy). The search was restricted to publications from January 
2014 (i.e., after the publication of the 2014 EFSA report on the import of growing media to the EU) to 
November 2023, and the search strategy was tailored to each database's thesaurus and search 
interface. The search was peer-reviewed by specialist librarian Trude Anine Muggerud. 

The search yielded a total of 4038 articles, 1790 found in Web of Science and 2248 in CAB Abstracts. 
After duplicates (870) were removed, 3168 articles were accepted for title and abstract screening in 
Rayyan (www.rayyan.ai). After this screening, 70% of the articles were excluded and 946 articles 
were selected for data extraction of soil or other growing media and plant pests. See Table 3 for 
detailed inclusion and exclusion criteria used when screening articles. 

 

Table 3. Inclusion and exclusion criteria used in title and abstract screening of studies on soil or other 
growing media and plant pests published in the years 2014-2023. 

Include study if: Exclude study if: 

The study describes organisms that are harmful to plants 
and are currently regulated in the EU (i.e., QP, RNQP, 

Priority pests) EPPO A1, EPPO A2, EPPO weeds 

The study does not address any specific type of soil, 
growing medium, or pest. 

The focus organism is a vector of relevant pest(s); such as 
aphids, thrips, and nematodes, carrying known virus. 

The study does not focus on specific organisms in the 
following taxonomic groups: viruses, bacteria, 

phytoplasma, fungi, oomycetes, nematodes, or insects. 

The study is written in English or Norwegian. The document type is not eligible (non-peer reviewed 
letters, posters, comments, patents) 

2.3 Data and information gathering 

To quantify relevant trade pathways, we gathered data on volumes (in metric tons) of live plants 
imported to Norway with soil or other growing media. We also compiled lists of regulated plant pests 
from EPPO and other sources. This list was used when we screened for studies to include in the 
literature search. Below is a brief description of the results, as well as the data sources and 
procedures used. 

2.3.1 Import statistics for live plants 

Data on imports of live plants to Norway was downloaded from Statistics Norway (2024) for all 
commodity codes that include soil or other growing media (Table 4). Data were downloaded for the 
years 2014 to 2022 (the last year with complete import records). Statistics Norway table 08801 
contains trade data classified according to the harmonized nomenclature (HS system). This system is 
a standard system used globally for classifying traded products and was developed by the World 
Customs Organization. The HS system is nested and provides more detailed information for each 
lower-level two-digit code. HS codes have up to eight digits, of which the first six are international. 
Section II of the HS system covers “vegetable products”, and Chapter 06 includes “live trees and 
other plants; bulbs, roots and similar, cut flowers and ornamental foliage.” Sub-category 0602 
includes “other live plants (including roots), cuttings and scions; mycelium”. Within this sub-category, 
we summarized import volumes for seven commodity codes described in Table 4. 
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Norwegian import data shows that the Netherlands contributes nearly half the total import volume, 
followed by Germany, Denmark, and Sweden (Table 5, Figure 2, 4, 5). More than 90% of Norway’s 
total imports of live plants come from these four countries, and the top eight exporting countries 
account for 99 % of total imports. The commodity with the highest import volume is ornamental 
trees and bushes imported with a clod or other growing medium (HS code 06029021, ‘woody 
ornamentals’; Table 4, Figures 3 and 5). 
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Table 4. Classification and detailed description of the seven commodity codes used to calculate import 
volumes of live plants from Europe to Norway. Four-digit commodity codes are taken from Chapter 06 in the 
Harmonized System (HS) of the World Customs Organization. Classification codes are from Statistics Norway. 

Chapter Sub-
category 

Classifi-
cation 

English name  Norwegian name Name used in 
this report 

06 - - Plants and vegetables  Planter og grønnsaker   

06 02 - Other live plants 
(including their roots), 
cuttings and slips; 
mushroom spawn 

Andre levende planter 
(herunder røtter), 
stiklinger og podekvister; 
mycelium. 

 

06 02 2000* Edible fruit or nut trees, 
shrubs and bushes, 
whether or not grafted 

Trær og busker som skal 
bære spiselige frukter 
eller nøtter, også podede 

Trees and shrubs 
with edible fruits 
or nuts 

06 02 9021* Live plants, including their 
roots, and mushroom 
spawn (excluding bulbs, 
tubers, tuberous roots, 
corms, crowns and 
rhizomes, including 
chicory plants 

Buksbom, drake-, 
laurbærtre, kamelia, 
kransgran, kristtorn, 
magnolia, palmer, 
trollhassel, vinterpryd 
med jord/annet 
vekstmedium 

Woody 
ornamentals 

06 02 9022* Live plants, incl. their 
roots, and mushroom 
spawn (excl. bulbs, 
tubers, tuberous roots, 
corms, crowns and 
rhizomes, incl. chicory 
plants 

Stauder, herunder 
urteaktige stauder, med 
klump av jord el annet 
vekstmedium 

Herbaceous 
perennials 

 

06 02 9092 Live plants, incl. their 
roots, and mushroom 
spawn (excl. bulbs, 
tubers, tuberous roots, 
corms, crowns and 
rhizomes, incl. chicory 
plants 

Frukt- eller 
grønnsakplanter, med 
klump av jord eller annet 
vekstmedium 

Fruit and other 
vegetable plants 

06 02 9098 Live plants, incl. their 
roots, and mushroom 
spawn (excl. bulbs, 
tubers, tuberous roots, 
corms, crowns and 
rhizomes, incl. chicory 
plants 

Levende planter, med 
klump av jord eller annet 
vekstmedium 

Other live plants 

06 02 9043* Live plants, incl. their 
roots, and mushroom 
spawn (excl. bulbs, 
tubers, tuberous roots, 
corms, crowns and 
rhizomes, incl. chicory 
plants 

Potte-/utplantings-
planter i blomst av typen 
blåkorg, margerit, 
isbegonia, krysantemum, 
ildtopp, lobelia, filoler 
mm (se tolltariffen), også 
i sammenplantinger 

Potted plants for 
planting 
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06 02 9091* Live plants, incl. their 
roots, and mushroom 
spawn (excl. bulbs, 
tubers, tuberous roots, 
corms, crowns and 
rhizomes, incl. chicory 
plant 

Gress i ruller el. plater 
(plen) 

Turfgrass 

* Commodity codes that are included in NINA’s monitoring program (see subchapter 1.5) 
 

Table 5. Annual imports of live plants to Norway for the years 2014-2022 from eight European countries that 
constitute 99% of total Norwegian imports. Data shown are the total import volume in metric tons (Sum 
ton), the percentage contribution of each country to the total import volume (Percent), and the cumulative 
percentage of imports (Cumulative percent). 

Country Sum ton Percent Cumulative percent 

Netherlands 204.058 48.3 48.3 

Germany 99.284 23.5 71.7 

Denmark 51.685 12.2 84.0 

Sweden 25.778 6.1 90.1 

Belgium 13.552 3.2 93.3 

Italy 12.999 3.1 96.3 

Poland 7.158 1.7 98.0 

England 3.694 0.9 98.9 
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Figure 2. Map showing export volumes (in metric tons) of live plants to Norway for the years 2014-2022 from 
the seven main exporting countries (in descending order: the Netherlands, Germany, Denmark, Sweden, 
Belgium, Italy, and Poland). The circle on top of each exporting country is scaled to the country’s total export 
volume. Data is sourced from Statistics Norway. 
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Figure 3. Annual import volumes (in metric tons) of live plants to Norway for the years 2014-2022. Total 
imports are broken down by commodity code for seven plant commodities imported with soil or other 
growing media (see Table 4 for a full description of these commodities). Data is sourced from Statistics 
Norway. 
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Figure 4. Annual import volumes (in metric tons) of live plants to Norway for the years 2014-2022 broken 
down by exporting country. The eight countries shown constitute 99% of Norwegian imports (Table 5). Data 
is sourced from Statistics Norway. 
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Figure 5. Annual import volumes (in metric tons) of live plants to Norway for 2014-2022. Import volumes are 
broken down by commodity code (for seven commodities imported with soil or other growing media; see 
Table 4 for details) and exporting country (eight countries constituting 99% of Norwegian imports; Table 5). 
Data is sourced from Statistics Norway.   
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2.3.2 Identifying plant pests from published literature and databases 

In addition to our own literature search described in subchapter 2.2, we gathered information about 
plant pests associated with soil or other growing media from two international databases (CABI, 
2022; EPPO, 2024b). Pest species included in the risk rankings described in subchapter 2.4, 
subchapter 4.4, and Appendix 1 had to (1) be known plant pests, (2) be present in Europe, (3) not be 
present in Norway [except for pests that are quarantine pests (QP) or regulated non-quarantine pests 
(RNQP)], and (4) have viable host plant(s) in Norway as of 2023.  

Data on all pests, and whether they are associated with growing media or not, was summarized in 
spreadsheets listing the pest’s scientific name, their soil or growing media association, and 
references to the literature sources used (Appendix 5). Species in Appendix 5 without an entry under 
associations may still be linked to soil, but we have not evaluated those relationships. Species names 
mentioned in literature sources were detected programmatically using R. This was done by breaking 
the publication text down to bigrams (sequences of adjacent word pairs) and matching these to 
databases for species identification. After identifying all plant pests mentioned in the literature, we 
merged synonyms by checking and standardizing all pest names according to the nomenclature used 
by Global Biodiversity Information Facility (GBIF, 2023). Higher-level taxonomical information was 
added using the GBIF Backbone. We also included the EPPO code for each pest species from the 
EPPO Global database (2024).  

In addition to the list of plant pests identified by our literature search, we downloaded known plant 
pests from the EPPO Global Database (2024). This database contains information on species 
associated with “soil/growing medium” under the heading “Host commodities.” We also downloaded 
plant pests associated with soil and other growing medium from the CABI pest compendium 
datasheet on soil, sand, and gravel (CABI, 2022). 

2.4 Risk-ranking plant pests and their growing media associations 

We developed a simple scoring system to assess risks associated with the plant pests identified as 
described in subchapter 2.3.2. This scoring system provides a structured approach to risk-ranking by 
assigning numerical scores to three important pest characteristics: geographical distribution, impact, 
and strength of growing media association. These three characteristics are defined below. The 
overall risk score for each pest was calculated by summing the score for each individual pest 
characteristic. The score can range from 3 to 9, with higher scores indicating higher relative risk: 

Overall risk score [3-9] = Geographical distribution score [1-3] + Impact score [1-3] + Growing media 
association score [1-3] 

2.4.1 Geographical distribution  

Limited (Score 1): Species with a limited distribution are typically found in restricted habitats, climate 
types, or regions. Such species can, for example, be endemic to a particular area, occupy an unusual 
ecological niche, or be adapted to very specific conditions (e.g., a certain altitude, climate, or a 
particular type of forest). Species with a limited distribution can also be newly introduced species 
that have not yet expanded to their entire potential niche. 
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Moderate (Score 2): Species in this category are those found in several European countries or 
regions. They might occupy different habitats but still be limited by certain geographical or ecological 
factors. For instance, species that are present in a specific forest type such as the Nordic taiga, or in 
parts of Eastern Europe but not found in the Mediterranean or Arctic regions would be considered to 
have a moderate distribution. 

Wide (Score 3): These species are found in many habitats across much of Europe. They are often 
generalists in their ecological needs and can be found in various environments and climate zones, 
from the Mediterranean area to the northern tundra, indicating high adaptability to different 
environmental conditions. 

2.4.2 Pest impact 

Low impact (Score 1): Pest species with a low impact cause minimal harm to agriculture or native 
ecosystems. They have limited effects on their surroundings and are usually not considered 
significant threats to agriculture. Low-impact pests typically do not require special management 
efforts. For low-impact species that have some adverse effects, these are generally limited and can 
be easily managed or tolerated. 

Medium impact (Score 2): Pest species with a medium impact typically cause moderate harm to 
agriculture. While their effects are not as severe as those of high-impact pests, they can still result in 
noticeable losses, localized eruptions, or damage to specific crops or ecosystems. Medium-impact 
pests usually require some level of management intervention, such as measures to prevent further 
spread or otherwise minimize their negative consequences. 

High impact (Score 3): Pest species with a high impact cause significant and severe damage to 
agriculture. They often lead to substantial losses and extensive damage. High-impact pests can 
spread rapidly, are challenging to control, and may pose severe threats to native ecosystems. Their 
presence will often lead to extensive economic costs and the need for intensive management efforts. 

2.4.3 Association with growing media  

Rarely associated (Score 1): Pests that rarely are associated with soil or other growing media have 
limited or casual interactions with such substrates throughout their life cycle. These pests are 
primarily associated with plants, and soil plays a minor or negligible role in their biology. They do not 
rely on soil for essential aspects of their survival or reproduction. These pests are found in soil 
infrequently and typically only under unusual circumstances or as a result of accidental encounters. 

Sometimes associated (Score 2): Pests that sometimes are associated with soil or other growing 
media may utilize soil at some stages of their life cycle or under certain conditions but do not have 
any obligatory association with soil. These pests may alternate between the soil and the host plant. 
They may use soil for specific purposes, such as over-wintering or egg laying, but can also thrive in 
non-soil environments. Their association with soil can vary depending on the season, food 
availability, or environmental conditions. 
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Always associated (Score 3): Pests that always are associated with soil or other growing media have 
an obligatory dependency on soil during one or more stages of their life cycle and depend on soil as a 
habitat. These pests typically reside, reproduce or feed exclusively in soil. They rely on soil for 
essential aspects of their biology, such as nesting, pupation, or obtaining nutrients. Pests in this 
category are rarely found outside soil and are intimately tied to soil for survival and reproduction. 

2.4.4 Uncertainty 

We expected a high frequency of missing data for some pest characteristics and considered it 
important to account for such uncertainty (as defined in Table 6) when assessing pest risks. In case of 
missing data, we assigned a score of 1 (low) for geographical distribution and growing media 
association, assuming that this information would be known for species that are important pests (i.e., 
they would have a score of 2 or 3). The impact was also assigned a minimum score of 1, assuming all 
pests have some potential impact since all the identified species are known to plant pests. The score 
for individual pest characteristics was adjusted to factor in uncertainty by using a weighting factor of 
0.5. This weighting factor reduces the contribution of any uncertain pest characteristics to the overall 
risk score, providing what we call an adjusted score. This adjusted score ensures that pests with 
missing or uncertain data do not get excessively high-risk scores. For example, if species A and B are 
given a similar pest impact score of 2 (medium) but with high uncertainty for species B, the adjusted 
pest impact score for species B will be 1. 

Adjusted overall risk scores were plotted on a horizontal axis to visualize the overall risk assigned to 
each pest based on their distribution, economic impact, and growing media association (see Figures 
12 to 15). In addition to adjusting the overall risk score for pests with missing data, we visualized 
uncertainty by adding error bars around the risk scores. Pests with larger error bars have greater 
uncertainty in their risk assessment, while those with smaller error bars have more reliable data. We 
graded the overall uncertainty for each species as low, moderate, or high and assigned numerical 
values of 0, 1, and 2, respectively (Table 6). All species with missing data were considered to have 
high uncertainty (2), to emphasize uncertainty in our evaluations. If species A and B have a similar 
adjusted overall risk score of 6, but the overall uncertainty is considered to be moderate (1) for 
species A and high (2) for species B, the error range will be 5 to 7 for species A and 4 to 8 for species 
B. Different error ranges due to different levels of uncertainty are illustrated by two assessed insect 
species. The Colorado potato beetle (Leptinotarsa decemlineata) has a high-risk score and relatively 
low uncertainty, whereas the walnut husk fly (Rhagoletis complete) has a moderate risk score but 
much higher uncertainty (Figure 12). The risk scores presented in Figures 12 to 15 served as the basis 
for selecting pests for further risk analysis by a simplified pest risk assessment (see Subchapter 2.4.4 
and Appendix 1).  
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Table 6. Definition of uncertainty levels used to scale error bars around the overall risk scores assigned to 
plant pests associated with soil or other growing media. 

Score Uncertainty Definition  

0 Low All data are from peer-reviewed sources or curated databases. 
No reliance on unpublished data or subjective judgment. 

1 Moderate The data includes some peer-reviewed sources but relies on 
reports and articles from web pages that may not have been 
peer-reviewed. Subjective judgments are occasionally 
necessary.  

2 High Lacks sufficient peer-reviewed data. Relies heavily on unverified 
web pages, anecdotal reports, or unpublished studies. 
Extensive subjective judgment is required due to contradictory 
evidence or the absence of consensus among experts. 

2.4.5 Pest risk assessment and climate matching  

Plant pests selected for assessment were subjected to a simplified pest risk assessment, following 
EPPO’s “Decision-support scheme for an Express Pest Risk Analysis” (EPPO, 2012). In the express 
PRAs presented in Appendix 1, we use Köppen-Geiger climate classification maps to determine how 
likely it is that the assessed plant pests establish and spread in Norway, with potential negative 
impacts on agriculture or native ecosystems. Köppen-Geiger climate classification is based on annual 
and monthly averages of temperature and precipitation and divides climates into five main groups, 
which are further divided into types and subtypes (see https://www.britannica.com/science/Koppen-
climate-classification for a complete list of definitions). The five main Köppen-Geiger climate groups 
are tropical climates (group A), dry climates (B), temperate climates (C), continental climates (D), and 
polar/alpine climates (E). Climate types found in Norway range from arctic (type E) at high altitudes 
and latitudes to continental (D) and various temperate (C) subtypes. This wide range of climate types 
reflects Norway’s varied topography and latitudinal extent. The four most geographically widespread 
climate subtypes in lowland Norway are, in decreasing order, Dfc (humid continental), Dfb (warm 
summer continental), Cfb (temperate oceanic), and Cfc (sub-polar oceanic) (Figure 6). In addition, 
there are large areas of tundra climate (ET) at high elevations and very small areas of ice cap climate 
(EF) far north (Figure 6).  

In the express PRAs, we present plots of the known distribution of the assessed pest species (based 
on GBIF occurrence data) and how the distribution overlays with different Köppen-Geiger climate 
types (see Appendix 1). Below each map we show the frequency distribution of pest occurrence 
points across different climate types, highlighting the four main climatic subtypes occurring in 
Norway. This allows for a coarse matching of the climates that occur in the known presence area of a 
pest with climates occurring in Norway.  
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We conducted Maxent species distribution models for insect pests with a high enough number of 
GBIF presence coordinates. This involved cleaning the presence coordinates from GBIF using the 
CoordinateCleaner library (Zizka et al., 2019) in R and downloading bioclimatic predictor variables 
from WorldClim using the geodata library (Hijmans et al., 2024). The occurrence data was then 
combined with these bioclimatic variables to build species distribution models using the SDMtune 
library (Vignali et al., 2020). The models underwent variable selection and hyperparameter tuning to 
enhance their predictive accuracy. Cross-validation was used to validate the models. The best models 
were then used to generate spatial predictions, which were visualized as maps showing potential 
pest distributions as predicted by the bioclimatic variables.  

Figure 6. Köppen-Geiger climate classification map showing the six climatic sub-types that occur in Norway 
(Cfb: temperate oceanic; Cfc: subpolar oceanic; Dfb: warm summer continental; Dfc: humid continental; EF: 
ice cap; ET: tundra).  
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3 Soil and other growing media  

3.1 Growing media in general  

“Soil” is a colloquial term used for almost any solid substrate that can be used to grow plants. In strict 
terms, soil refers to the loose natural material constituting the upper layer of the Earth’s crust, being 
modified by weathering and other natural chemical, physical, and biological processes. Mineral soil is 
a natural, layered medium formed over hundreds to thousands of years by weathering, leaching, and 
other natural processes, resulting in a matrix rich in living organisms (microorganisms, meso- and 
macrofauna) and humic substances (heavily degraded organic compounds formed during long-term 
decomposition and transformation of biomass). Natural organic soils (from peatlands) are also 
layered and contain humic substances but harbor far fewer living organisms.  

Growing media used in commercial plant production do not contain soil in the strict sense, and 
natural soils connected to the subsoil are not normally used. Commercial plant production instead 
uses so-called soilless growing media, defined simply as “a material, other than natural mineral soil in 
the ground, in which plants are grown” (Caron & Zheng, 2021). Soilless production systems are used 
for horticultural plants grown in pots, containers, trays, or gutters. Since commercial growing media 
are not soil-bound, the plants are disconnected from the subsoil and its hydrological and nutritional 
continuum. There are some exceptions to this, such as turfgrass production, where the grass is grown 
on natural, mineral soil and where the top ~3 cm of soil follows the turfgrass product, and large trees 
that are grown in trenches dug into mineral soil and filled with growing media.  

Soilless growing media may be composed of only a single constituent (e.g., pumice, Rockwool) or a 
mix of constituents supplemented with additives (e.g., commercial peat-based growing media). Many 
raw materials or constituents are used in commercial growing media (Figure 7), and the EFSA report 
on soil and other growing media identified more than 880 growing media constituents from the 
literature (EFSA 2015). Irrespective of the exact nature and number of individual constituents, the 
composition and structure of growing media tend to be optimized to fit the crops’ demands, the 
cropping system, the management intensity, and the individual company’s prerequisites. Materials 
used in growing media may have undergone different primary or secondary processes. Primary raw 
materials are used in their original state or after mechanical disintegration (e.g., chopping, splitting, 
grinding) or washing processes. Secondary raw materials have been subjected to a physical, 
chemical, or biological manufacturing process involving heating, spinning, molding, or composting 
(Figure 7). Raw materials used in growing media may also be re- or upcycled materials retrieved from 
societal side streams. Growing media are often supplemented with various additives to tweak 
physical, chemical, or biological properties. In this assessment we will concentrate on growing media 
that are based on organic resources, as these are most likely to harbor plant pests (EFSA, 2015). 



                                                                                                VKM Report 2024:05  

 

   

 

Figure 7. Raw materials used as main growing media constituents, grouped according to their origin (organic, inorganic). Examples of primary (light red boxes) and 
secondary (dark red boxes) constituents are listed. The asterisk (*) indicates various synthetically manufactured organic growing media constituents. For a definition of peat 
decomposition classes (H1-H10), see subchapter 3.5.1. Note: Organic materials are derived from living organisms (plants, animals), whereas inorganic materials are derived 
from non-living sources (minerals, rocks). 



 

 

3.2 Growing media properties 

Growing media are offered in different forms, such as commercial ready-made media for 
professional plant producers or the consumer market and bulk material or construction soils 
for urban plantations. Thus, there are many application-specific requirements for growing 
media. Similar to regular soil-bound cropping systems, the growing media used in soilless 
systems must support the plant, allow the root to anchor, and provide stability to the 
container or pot. Furthermore, all growing media should facilitate an optimal water, air, and 
nutrients supply to the plant roots. As plants grown in soilless systems usually have access to 
only a small volume of growing medium, the demands on the growing medium to provide its 
beneficial functions are high. 

3.3 Processes involved in production of organic growing media 

The processes involved in producing organic growing media are of particular interest, as these 
processes may be exploited to reduce or eliminate plant pests present in contaminated raw 
materials or, conversely, may serve to introduce pests inadvertently or by negligence. As 
described in subchapter 3.1, growing medium constituents may go through primary or 
secondary processes before they are integrated into the final growing medium blend. Primary 
processes include soaking, washing, or mechanical fragmentation by cutting, chopping, and 
grinding, whereas secondary processes include thermal or biological disintegration using heat 
or organic conversion (anaerobic digestion, composting). Table 7 lists the processing steps that 
are used for different organic constituents.  
 
Organic waste should go through standardized hygienization process to minimize 
phytosanitary risk before it is used in growing media. This process can be part of composting or 
anaerobic digestion of organic waste. Brief process descriptions for composting and anaerobic 
digestion can be found in VKM et al. (2021). According to EPPO’s standard for the treatment of 
biowaste of plant origin, the entire mass of a compost pile should be exposed to temperatures 
of 60 °C or higher for at least three days (EPPO, 2022). Alternatively, hygienization can be 
achieved through exposure to a temperature of at least 55 °C for a continuous duration of at 
least two weeks. During anaerobic digestion, the organic waste mass is exposed to 50–60 °C 
(thermophilic process) or 35–37 °C (mesophilic process). Processing time depends on system 
configuration, the composition of the organic waste, and its moisture content (EPPO, 2022). 
Anaerobic digestion should always be followed by a separate heat treatment to eliminate 
pests that tolerate temperatures <60 °C. Heat treatment of biowaste at 70 °C for one hour will 
eliminate most pests. For pests that tolerate this treatment, pest-specific, validated 
treatments should be applied (EPPO, 2022). 
 
Some organic growing medium constituents are upcycled materials from side streams, such as 
wood processing (e.g., wood chips) or the food industry (e.g., coconut husks). Fragmentation 
of upcycled constituents may be done actively during growing medium production or passively 
during the primary production cycle. Soaking or washing is, for example, part of the process of 
conditioning coir, the fibrous material found between the hard coconut shell and the thin 
outer coat of a coconut.  

Defibrillation of plant fibers and other growing medium constituents can be done using 
frictional pressure and wet steam at high temperatures (110-160 °C) (Table 7). These 
procedures can eliminate plant pests present in contaminated plant materials. 6Impregnation 
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is a process used to prevent nitrogen immobilization in wood-derived materials with high C/N 
ratios. Nitrogen immobilization is the process in which nitrate and ammonium are taken up by 
soil organisms and, therefore, become unavailable to crops.  

Aging is a process where organic materials are left in piles for months or years to allow the 
materials to be transformed. This transformation can include a reduction in the content of 
phytotoxic compounds as well as biological stabilization (Carlile et al., 2019). 

Composting – described in detail in VKM et al. (2021) – is a process where organic materials 
are degraded (converted) under aerobic conditions. In an efficient composting process, 
temperatures should reach 55-70 °C, both to ensure a timely process, and to ensure 
hygienization that kills undesired plants and pests. This is facilitated by a succession of 
different trophic groups of microorganisms. Composting can occur in different settings, 
including open or enclosed (insulated) containers. The process can take place outdoors, under 
covered areas or indoors. The composting process generates heat, and to ensure an even 
distribution of heat throughout the entire compost it is crucial to select an appropriate 
location and ensure that composting containers are properly insulated. 

Anaerobic digestion – also described in detail in VKM et al. (2021) – is the conversion of 
organic materials under anaerobic conditions. The process is usually designed to optimize 
energy extraction during biogas production and consists of two to three distinct steps with 
different temperature optima. These steps are (i) hydrolysis/acidogenesis (at 55–65 °C), 
mesophilic acetogenesis/methanogenesis (at 32–42 °C), and (iii) thermophilic 
acetogenesis/methanogenesis (at 50–57 °C). The last step is mainly intended to eliminate 
biological contaminants, and during biogas production this step often is not used. After 
dewatering, the solid digestate fraction is conditioned by anaerobic fermentation through 
composting and thermal drying before it is used as a growing medium constituent (Dubský et 
al., 2019). 

Pyrolysis refers to a partial combustion of biomass under limited oxygen supply to produce 
charcoal (or biochar). The minimum temperature required for pyrolysis is 350–400 °C, but the 
most frequently used temperature range is 500–600 °C (Budai et al., 2016). These 
temperatures will efficiently kill pathogens and all other living organisms and result in a 
hygienized product that can be used as a growing medium constituent without risk of 
introducing unwanted organisms. 
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irradiation, solarization, steaming and other thermal treatments. As an example, 
Vandecasteele et al. (2020) studied the impact of a 1–2 minutes steaming treatment of spent 
growing medium at 100 °C, followed by storage in heaps for one hour at a minimum of 70 °C. 
Microsclerotia of the pathogen Verticillium dahliae, larvae of vine weevils (Otiorhynchus 
sulcatus), as well as seeds of barnyard millet (Echinochloa crus-galli) and garden cress 
(Lepidium sativum) were used as process indicators. None of the indicator species survived the 
thermal treatment, in contrast to the untreated control treatment. It is important to note that 
the target temperatures for heat treatments are not always reached in the entire volume of 
treated materials. Therefore, heat treatments can reduce phytosanitary risks but not eliminate 
them. Further, heating may alter the physical properties of growing media by altering their 
structure, pore size distribution, and thus water-related parameters. This may in turn impact 
disease conduciveness in crops that are grown in heat-treated growing media. Furthermore, 
the high temperatures used for sanitation will also kill beneficial and neutral organisms, in 
addition to the targeted pathogens. 

3.5 Growing medium constituents  

Organic growing media constituents are usually mixed in various proportions and 
supplemented with inorganic additives (e.g., lime, clay, perlite, vermiculite, pumice, expanded 
clay) to obtain the desired physical, chemical, and biological properties for specific crops or 
uses.  

For decades, peat has been the primary raw material in organic growing media, used either 
unmixed or as the main component. In recent years, peat use has come under increasing 
scrutiny because of the importance of peatlands as a carbon sink and the impact of peat 
extraction on greenhouse gas emissions. In addition, the trend towards more sustainable 
horticultural systems has changed the acceptance of peat as a growing medium constituent 
and challenged peat dominance. Much of the research on growing media is now directed 
toward testing alternative materials to reduce or replace peat. The level of transition to peat-
free alternatives varies considerably between countries and market segments, such as growing 
media intended for professional growers versus hobby growers. For example, peat accounts 
for 43 % of the growing media produced for the German hobby market, as opposed to 77 % for 
the professional market. Likewise, green waste compost and bark compost contribute much 
higher shares (6- to 8-fold more) in growing media for hobby growers compared with 
professional growers (Table 8). For professional growers, peat-free alternatives accounted for 
less than 10 % of the total peat-free growing medium volume. Irrespective of the peat 
replacement discussion, it should be noted that the constituents used in growing media 
mixtures will vary substantially between different plant types, growing systems, and growers. 
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Table 8. Volumes (m3) of dominant constituents used per year in horticultural growing media for the 
professional and hobby growers’ market in Germany. Numbers are from the official statistics for 2023 
published by Gütegemeinschaft Substrate. 

Constituent Professional Hobby 

 Volume %  Volume % 

White peat 892,000 39 %  740,000 18 % 

Dark peat 871,000 38 %  1,000,000 25 % 

Wood fiber 266,000 12 %  586,000 14 % 

Green waste compost 80,000 4 %  1,300,000 31 % 

Coir 32,000 1 %  80,000 2 % 

Bark compost 20,000 1 %  243,000 6 % 

Other organic constituents 22,000 1 %  50,000 1 % 

Inorganic constituents 98,000 4 %  107,000 3 % 

3.5.1 Peat  

Peat can be defined as “a brown non-viable deposit resembling soil, formed from partial 
decomposition in the wet, acidic conditions of the above or upper layers of vegetation of bogs 
and ferns, and harvested mainly for fuel and horticultural purposes” (Caron & Zheng, 2021). 
Peatlands differ in hydrological and nutritional properties, and this leads to variations in 
vegetation and plant species composition. Thus, peat is not a homogenous material but varies 
depending on the plant community in the bog, the depth within the bog, and environmental 
conditions. 

The most common source of peat used in horticultural contexts is so-called raised bog peat. 
Raised bog peat is found on bogs fed by rainwater (ombrotrophic bogs), where the 
precipitation is greater than the amount of water lost by evaporation. The nutrient-poor 
conditions on these bogs select for a flora dominated by various species of white moss 
(Sphagnum magellanicum; S. fuscum (Göttlich, 1990)). Low-humified peat suitable for 
horticultural use contains almost 100 % Sphagnum species and minute proportions of other 
plant species. Due to the low degree of humification that takes place in bogs, the various plant 
parts, such as leaves and stems, can usually still be macroscopically distinguished in the peat. 
The humification degree of peat is quantified on a scale from H1 to H10 (the von Post-scale), 
where H1-H3 denotes weakly decomposed “white” peat, H4-H6 medium decomposed “dark” 
peat, and H7-H10 strongly decomposed “black” peat (Carlile et al., 2019). 

The physical properties of peat are affected by the level of humification, the plant fiber 
composition, particle size, and the extraction method used. Peat has a low bulk density that 
increases with increasing humification and decreasing particle size. Peat generally has many 
air-filled pores and high porosity, but this is influenced by extraction mode and downstream 
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processing, as well as the proportion of Sphagnum in the peat. Decomposition also decreases 
pore size and affects pore size distribution by reducing the number of large pores. This 
increases water retention and reduces drainage.  

The chemical properties of the extracted peat are influenced by the plant community on the 
peat bog and thus the fiber composition. Low-humified Sphagnum peat has a low pH of 3.5-
4.1, while highly humified Sphagnum peat has a pH of 7.8 (Carlile et al., 2019). As a result of its 
unique physical and chemical properties, untreated peat is sparsely colonized by other 
organisms. Consequently, microbial degradation of peat is low, and peat is considered to be 
relatively stable. Peat that is used in horticultural growing media is usually pH-adjusted to pH 
5.5-6 and fertilized. This, in combination with a growing plant crop, gradually changes the 
carbon dynamics in the peat and enhances microbial activity as well as microbial colonization 
and proliferation in the growing medium over time (Alsanius & Wohanka, 2019). 

3.5.2 Bark and bark compost  

Bark used in growing media is retrieved from the forest industry. The use of bark might 
increase in the future because the bark is often viewed as a peat replacer, particularly for 
nursery stock and other plants that have been grown for several years in large containers. Bark 
is rich in plant nutrients, and nutrient content varies among different tree species. Pine bark is 
generally high in potassium and phosphate, but only some of the phosphate is available to 
plants. The nutrients in the bark are locked into the bark tissue and only become available to 
plants when the tissues are broken down. Bark of various pine species meets the physical 
growing medium requirements well. Bark from deciduous trees is usually unsuitable as a 
growing medium constituent because it degrades very quickly. 

Two obstacles when using fresh bark as a growing medium constituent are phytotoxicity 
caused by high levels of defense metabolites in the bark (such as phenols, tannic acids, 
tannins, and terpenes) and nitrogen immobilization caused by high C/N ratios. Phytotoxicity 
has been reported when fresh bark is used to grow certain tree species, such as Australian 
blackwood Acacia melanoxylon (Chemetova et al., 2019) and blue gum Eucalyptus globulus 
(Chemetova et al., 2021). This problem may be overcome by subjecting fresh bark to 
hydrothermal treatment (<150 °C), although this treatment may also cause nutrients to be 
leached (Chemetova et al., 2018). Composting also degrades phytotoxic compounds in the 
bark. The use of fresh bark in growing media can result in nitrogen immobilization, where 
nitrogen is taken up by soil organisms and, therefore, becomes unavailable to the plants. 
Nitrogen immobilization is a challenge with all growing media constituents that have a high 
C/N ratio, including fresh bark and wood fibers (but not biochar). To avoid nitrogen 
immobilization, bark may be supplemented or impregnated with nitrogen, aged for months or 
years, subjected to thermal treatment, or composted. Composting lowers the C/N ratio and 
stabilizes nitrogen dynamics.  

Physical and chemical properties differ between bark materials that have been subjected to 
different processing steps. Composting of conifer bark increases dry bulk density, reduces air 
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content and porosity, and increases water holding capacity. In general, bark products have a 
considerably higher dry bulk density than peat. Bark products are usually free-draining and 
have a lower water-holding capacity than peat, but the water held in bark pores is available 
and accessible to plants. Tree species also affect the physical and chemical properties of bark 
products. Pine bark is, for example, slightly acidic (pH 5.5-6), whereas Douglas fir bark is acidic 
(Buamscha et al., 2007). The pH usually decreases slightly as the bark ages, but this may not be 
true for all tree species.  

Some studies have shown that composted bark can act antagonistic to plant pathogenic 
oomycetes, such as species of Pythium and Phytophthora. This effect might be attributed to 
increased microbial activity and microbial biomass in the composted bark (Chen et al., 1988). 
Also, the bark compost's decomposition level and maturity state might be involved (Boehm et 
al., 1993).  

3.5.3 Wood fiber-based materials  

Wood-based growing medium constituents may be divided into sawdust, wood chips, and 
wood fibers based on their level of disintegration. Sawdust is a residual material from wood 
processing and is mostly used as a growing medium constituent in areas with extensive forest 
industry, such as Canada and USA. Generally, sawdust is not much used in growing media due 
to its high C/N ratio and consequent risk of N immobilization.  

Wood chips are small pieces of wood (3-6 mm) that are obtained by sieving pine sawdust and 
shavings. It is a relatively new constituent in the horticultural industry. Wood chips' coarse 
structure and slow degradation maintain structural stability and provide many air-filled pores. 
Growing media amended with wood chips is therefore well suited for potted plant cultures 
and container-grown seedlings. Given the broad C/N ratio of wood chips there is a risk for 
nitrogen immobilization. Because nitrogen turnover is difficult to control, wood chips should 
not exceed 20-30 % of the final growing medium mix. Chips made from other types of plant 
fibers are described below. 

Wood fibers that are used in growing media are not an upcycled product but are made from 
clean wood. Different conifer species are used, such as Scots pine Pinus sylvestris and maritime 
pine Pinus pinaster in France (Lemaire et al., 1989), loblolly pine Pinus taeda in USA (Jackson & 
Wright, 2009), and Norway spruce Picea abies in Norway (Aurdal et al., 2023; Woznicki et al., 
2023). During processing, the wood is either hammer-milled or undergo a process of 
mechanical disintegration and heat treatment at 80 to 160 °C (Carlile et al., 2019) before the 
material is presented as free fibers (defibration). Wood fibers are usually available in different 
fractions and are suitable for different applications. The fibers can be used either as a single 
constituent growing medium, e.g., in greenhouse vegetable production, or as a main 
component. Unlike peat, wood fibers do not react to dehydration and can be easily rewetted. 
Wood fibers are not uniform; raw material, processing, and particle size may differ for 
different products and companies. 
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Although growing media with wood fibers is intended to be an alternative to peat and peat 
mixtures, stand-alone wood fiber substrates cannot be compared to peat in terms of their 
chemical and physical properties. However, processing, particle size, and shape will affect the 
air- and water-holding properties of the resulting substrate. Water is very loosely bound in 
wood fiber-based materials. As the water holding capacity is below 50 % in many cases, 
cultures grown in wood fiber substrates must be watered more frequently.  

Similar to bark-based growing media, wood fiber-based media have a high C/N ratio and 
contain much cellulose and hemicellulose that are readily available for microorganisms. This 
leads to nitrogen immobilization, especially in untreated wood fiber without additional 
nitrogen supply (Gumy, 2001). The level of nitrogen immobilization varies between different 
wood materials and studies. For example, nitrogen immobilization was more pronounced for 
wood fiber from Pinus taeda than for aged pine bark (Jackson & Wright, 2009). However, the 
bark had stronger nitrogen retention than various commercial wood fiber-based products 
based on Pinus taeda or P. sylvestris wood. One of the compared products (ForestGold) did not 
show any nitrogen immobilization at all (Dickson et al., 2022).  

Organic fibers that are used as growing media constituents can be colonized by saprophytic 
fungi, such as Pezzia sp. and Leucocoprinus birnbaumi (Alsanius & Wohanka, 2019). These fungi 
may build up mycelial sheets that make the growing medium more hydrophobic and less 
wettable. 

3.5.4 Coir 

Upcycled fibers from coconut fruits and coir have received increased attention as constituents 
of growing medium mixes since the 1990s. Coir is incorporated into growing media and is used 
to grow a broad array of horticultural crops for different production purposes. While long 
coconut fibers tend to be used for other purposes than horticulture, three other fractions from 
coconut production are used in growing media: (i) a coarse fraction consisting of coir chips and 
shell fragments, (ii) a medium fraction consisting of short fibers, and (iii) a fine fraction 
consisting of coir pith. Coir chips (measuring 5-15 mm) are made from the outer husk of 
coconuts and improve the porosity of growing media intended for long-term nursery plant 
production. Fibers are extracted either by mechanical separation or retting (dissolving cellular 
tissues and pectins using microorganisms and moisture). During retting, husks are kept in 
seawater for several months and up to one year (Ross et al., 2010). To avoid detrimental 
effects on plants by high sodium chloride or potassium chloride content, coir fibers are usually 
washed with either water or calcium nitrate solution to produce so-called treated coir (Poulter, 
2014). Short, medium fraction coir fibers are usually aged or composted before use. The fine 
coir fraction is a residual product from the shredding, milling, and screening of coconut husks 
or fibers and varies greatly in particle size (from less than 0.2 to 7 mm, according to Jana and 
Boxi (2020)).  

Like peat, coir is superhydrophilic and can absorb 5-10 times its own weight in water (Carlile et 
al., 2019). Unlike peat, coir does not become hydrophobic upon drying and can easily be 
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rewetted. Coir tends to have low dry bulk density and high total pore space, but these 
parameters vary greatly between batches from different production sites, as particle size 
varies and may be very heterogenous. This also leads to large variations in total air space 
between different batches and production sites. Coir is slightly acidic to neutral (pH 5.9-6.9; 
Konduru et al. (1999)) and is considered to be a stable product. From a plant pathological point 
of view, coir is viewed as being free from plant diseases. 

3.5.5 Other plant fibers  

Various other plant fibers have been tested and considered as growing media constituents and 
various pre-treatments have been investigated. Tested plant fibers come from perennial 
grasses such as Miscanthus (Altland & Locke, 2011; Kraska et al., 2018), switchgrass (Panicum 
virgatum L., Altland and Krause (2009)), and reed canary grass (Phalaris arundinacea, Kuisma 
et al. (2014)), as well as straw of rice (Feng et al., 2020), flax (Linum usitatissimum, Wohanka et 
al. (2008)), industrial hemp (Cannabis sativa), and fiber nettle (Urtica dioica convar. fibra). All 
these plant fibers are side-stream materials from other production lines. Given the 
competition for these fibers from other secondary uses, not all of them are yet studied in 
depth, but might receive more attention in the future under different market situations.  

3.5.6 Husks  

Husks are the protective outer covering of seeds, fruits, or vegetables. Different kinds of husks 
have been tested as growing medium constituents, including those from rice, rye, oat, and 
cacao. There are several publications on the use of rice husks as a growing medium 
constituent, but we could not identify any scientific literature on other kinds of husks using 
Web of Science, Scopus, or Google Scholar. 

Rice husks, the outer layer of rice grains, are about 3-4 mm x 5-7 mm in size (Carlile et al., 
2019). It is a recalcitrant material composed of lignin, cutin, and insoluble silica (Juliano et al., 
1987). Rice husks used in growing media are usually an upcycled material from the processing 
of white rice and have thus previously undergone soaking, steaming, and drying. However, 
fresh, or aged/composted rice husks are also sometimes used. The use of fresh rice husks in 
growing media may give rise to weed problems (Evans & Gachukia, 2004). Rice husks are 
usually used as one of several constituents in multi-component growing media. It occurs in 
different formulations (ground, sieved) that affect its physical properties. 

3.5.7 Green waste compost  

The procedures involved in composting and green waste composting have been 
comprehensively presented in a previous VKM risk assessment, and readers are advised to 
consult this report for details (VKM et al., 2021). A brief overview of the processes involved in 
composting is given above (subchapter 3.3). 
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3.5.8 Spent mushroom compost 

Spent mushroom compost is a residual material from commercial cultivation of edible 
mushrooms. The use of spent mushroom compost as a growing media constituent, especially 
for woody ornamentals (Chong & Rinker, 1994), has been considered for many years and has 
recently received increased scientific attention (Stoknes K et al., 2019). Before being used in 
mushroom production, raw compost constituents are run through a cascading pretreatment 
process that includes heating up to 80 °C under aeration. Spent mushroom compost is then 
heat-treated at 70 °C for 12 h before it is used as a growing medium constituent (Maher et al., 
1993). The fraction of organic matter in spent mushroom compost is usually high (about 66% 
of the total volume) but may be as low as 407 g/kg (Jordan et al., 2008). Other physio-chemical 
properties of mushroom compost are extremely variable.  

3.5.9 Digestates  

Solid digestates, such as residues from biogas production, have recently been tested and partly 
introduced in growing medium mixtures. Plant health issues related to using anaerobic 
digestates, including a discussion of the feedstocks and processes used, have been 
comprehensively described in (VKM et al., 2021). In the context of the current report, it should 
be emphasized that materials used for biogas production are very variable, that the production 
process tends to be adapted to the primary goal of achieving maximum biogas yield, and that 
the solid digestate thus may not have been through a sanitizing thermophilic phase. Thus, to 
minimize risks for biological contamination digestates must be composted before they are 
used in growing media.  
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4 Plant pests associated with soil and other growing media  

Associations between plant pests and soil and other growing media range from random 
occurrences to obligatory dependencies, where pests depend on a specific growing medium or 
plant species. Even though growing media typically are sanitized before use, ecological 
processes, such as decomposition, succession, and recolonization of growing media, may lead 
to the establishment of beneficial soil organisms and potential plant pests and other invasive 
species. During ecological succession, initial microbial colonizers modify the growing medium 
environment, making it more suitable for subsequent species. This succession and enrichment 
improves soil structure and fertility but may also pave the way for colonization by plant pests. 
Most of the colonizing species might be drawn to the plant crop, while fast-moving organisms 
such as ground beetles, ants, or spiders might appear incidentally. Contaminant species may 
also move from the plant to the growing medium. For example, if plants that are infested by 
root endoparasites are planted in pest-free medium the parasites might, over time, contaminate 
the medium. 

4.1 Pests present in growing medium constituents  
Growing media often contain different organic constituents; some can harbor pests. For most 
pests it is not known which growing media constituents they prefer or tolerate, but only that 
there is an association. However, some pests are specific to certain constituents, such as bark or 
wood from pine species growing in areas where the pine wood nematode (Bursaphelenchus 
xylophilus) occurs. EFSA (2015) lists several examples where there are indications that certain 
pests are associated with specific growing media constituents (Figure 8). Plant pests associated 
with compost include the beet necrotic yellow vine virus, cotton bollworm moth Helicoverpa 
armigera (NO: pestfagerfly), the water mold Phytophthora kernoviae (Appendix 1), tobacco 
cutworm moth Spodoptera litura (NO: bomullsfly), the fungal plant pathogen Verticillium dahlia 
(Appendix 1), and potato wart disease Synchytrium endobioticum. Furthermore, P. kernoviae is 
documented to be associated with peat while Helicoverpa armigera and the beta-
proteobacterium Xylophilus ampelinus are associated with sphagnum. Helicoverpa armigera, 
chrysanthemum leaf miner Liriomyza trifolii (NO: Florida minerflue), chilli thrips Scirtothrips 
dorsalis, Spodoptera litura, and Mediterranean fruit fly Ceratitis capitata (NO: appelsinflue: see 
Appendix 1) are associated with various vermicompost products. Pests associated with various 
wood constituents include emerald ash borer Agrilus planipennis (NO: asiatisk askepraktbille), 
B. xylophilus, P. kernoviae, planetree canker stain Ceratocystis platani, and flower blight fungus 
Ciborinia camelliae.  
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Figure 8. Alluvial flow diagram illustrating documented associations between growing media 
constituents (left-hand side) and selected plant pests (right-hand side). Colored bands show the links 
between growing media and pests, with the width of the bands corresponding to the number of 
documented associations, according to EPPO. Data from EFSA (2015) 
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For growing media containing fresh peat, there is a low risk of pest infestation, as peat is 
formed under waterlogged conditions and typically has a low PH. This creates an environment 
where only highly adapted oligotrophic organisms thrive. These organisms do not adapt well to 
the changes that occur when peat is processed by drying, aeration, liming, and nutrient 
enrichment. However, the oomycete Phytophthora kernoviae (Figure 8 and Appendix 1) is 
documented to be associated with peat (EFSA, 2015).  

The pests that could be associated with compost depend on various factors, such as the 
material being composted. A sufficiently high composting temperature is also critical to 
hygienize the compost and kill any pests present. In this respect, it is important that the entire 
composted mass, including the outer zones that usually have lower temperatures, is 
hygienized sufficiently. Finally, it is crucial that the composting masses are managed effectively 
to avoid recontamination with pests. Due to uncertainties about these aspects, composting 
onion waste is not considered safe due to the risk of spreading the fungus Sclerotium 
cepivorum. VKM et al. (2021) concluded that several plant pests could spread from compost, 
including the nematodes Globodera rostochiensis, G. pallida, Meloidogyne chitwoodi, and M. 
fallax (Appendix 1), the potato wart disease Synchytrium endobioticum, and the protozoan 
Plasmodiophora brassicae causing clubroot disease.  

Coir pith derived from coconut husks presents a low pest risk, which is primarily influenced by 
the level of processing and the geographic origin of the material. Coir is generally subjected to 
washing, drying, and compressing before it is used in growing media, and these treatments 
significantly mitigate pest risks. Since coir is usually obtained from tropical regions, it tends to 
harbor tropical species that are unlikely to establish in Norway. 

Wood fiber is typically produced from timber industry by-products. The pest risk associated 
with wood fiber primarily depends on the raw materials used (type of wood and part of the 
tree), the processing method, and previous storage conditions. If the wood has not been 
adequately treated to remove or kill pests, it can introduce various plant pests into the 
growing media. Heat treatment and chemical treatment are common methods to render wood 
fiber pest-free, but the efficacy must be monitored to eradicate all potential pests. 

Pine bark is often used in growing media due to its favorable properties for plant growth, such 
as drainage and aeration. However, if it is not properly processed pine bark can harbor specific 
pests such as bark beetles. The pest risks associated with pine bark can be high if the bark is 
sourced from areas with known pest infestations. Methods such as ageing, composting, and 
heat treatment are effective in reducing pest risks but must be carefully controlled to ensure 
that the whole bark material is treated.  

4.2 Pests colonizing the growing medium after planting  

Pests may also colonize growing media after planting. Such contaminating pests will often be 
less specific to the growing medium than pests that are present in growing medium 
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constituents. The pest species composition will largely depend on the plant species and the 
source pool in the surrounding environment. Several factors influence the likelihood that pests 
will colonize the growing medium. These factors include the geographical location of the plant 
production site (e.g., whether a pest is present in or absent from the area), the nature of the 
surroundings (e.g., the abundance of host plants of potential pests), the degree of exposure to 
the environment (e.g., whether plants are grown inside greenhouses or outdoors), 
management practices (e.g., if insecticides or thermal treatments are used to eliminate pests), 
and soil volume (which is dependent on plant age and size). However, one overriding factor is 
exposure time. The longer the plants and their associated growing medium are exposed to the 
general environment, the more likely they are to be colonized. Pests that are endoparasites in 
plant roots can also colonize the growing medium during plant growth. This is true for 
endoparasitic nematodes in the genera Pratylenchus, Radopholus, Meloidogyne (e.g., 
Meloidogyne fallax, Appendix 1), Heterodera, and Globodera. The same applies to pests that 
live on above-ground plant parts and hibernate in the growing media as adults, larvae, or 
pupae. 

4.2.1 Geographical location  

The likelihood that a growing medium will be contaminated with pests depends on where the 
plants are imported from and the nature of the area where the plants were grown and traded. 
Countries that trade extensively with live plants and export large plant volumes to Norway 
have an especially high risk of introducing contaminated growing media to Norway (i.e., The 
Netherlands, Germany, Denmark, and Sweden). The risk that contamination will lead to the 
establishment and spread of pests is probably higher for imports from areas with similar 
environmental conditions as Norway (especially climatically) and that have the same or closely 
related plant species. The European countries with the greatest number of plant pests that are 
not found in Norway are Italy, Spain, Portugal, France, and the UK (Figure 9). The same 
countries predominate if we restrict the sample to plant pests that are associated with soil and 
other growing media (Figure 10). Figure 11 provides the country occurrences for selected, 
more widespread plant pests associated with soil and other growing media. Here we can see 
that, for example, The Netherlands and Germany, two countries that, taken together, account 
for more than 70% of Norway's imports of plants for planting, have relatively few plant pests 
associated with soil and other growing media compared to several other European countries. 
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Figure 9. Number of plant pests occurring in different European countries but that are currently absent 
from Norway. Data is aggregated from the European and Mediterranean Plant Protection Organization 
global database of plant pests (EPPO, 2024a). 
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Figure 10. Number of plant pests associated with soil and other growing media that occur in different 
European countries but that are currently absent from Norway. Data is aggregated from the European 
and Mediterranean Plant Protection Organization global database of plant pests (EPPO, 2024a).  
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9 Appendices  

9.1 Appendix 1 - Express pest risk assessment 

9.1.1 Arthropods  
9.1.1.1 Express pest risk assessment of Popillia japonica 

1. Taxonomy  

Class: Insecta, Order: Coleoptera, Family: Scarabaeidae, Subfamily: Rutelinae, Genus: Popillia, 
Species: Popillia japonica 
Common name: Japanese beetle, Japanbille  
EPPO code: POPIJA 

2. Conclusion and summary  

Current Norwegian plant health regulations for P. japonica are likely insufficient to prevent its 
introduction with soil and growing media. This beetle is an invasive pest that causes damage in 
agriculture and horticulture by feeding on plant roots s. The beetle’s biology, particularly its 
soil-dependent larval stage, is crucial in facilitating its spread. Popillia japonica is native to 
Japan and the Russian Far East and has spread to North America and parts of the EPPO region. 
It is a priority plant pest in the EU and is currently present in Italy, Portugal (Azores), and 
Switzerland (see EPPO Datasheet for more information). 

3. Is the pest a vector? 

No, P. japonica is not a vector. 

4. Is a vector needed for pest entry or spread?  
No, P. japonica does not require a vector.  

5. Regulatory status of the pest 

Norway: Quarantine pest 
EU: A2 Quarantine pest (Annex II B) 

6. Distribution in Europe  
Portugal, Italy, and Switzerland  

7. Host plants in Norway 

Popillia japonica is polyphagous and feeds on over 300 plant species, many of which are found 
in Norway. These include Acer spp. (maple, sycamore), Betula spp. (birch), Fagus sylvatica 
(European beech), Prunus spp. (cherry, plum), Tilia spp. (linden or lime trees), Quercus spp. 
(oak), Rubus idaeus (raspberry), Malus domestica (apple), Rosa spp. (Rose), and Rhododendron 
spp.  

8. Growing media for entry  

Rating of likelihood of entry: Likely 
Rating of uncertainty: Medium 
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