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Abstract 

The multibillion dollar ornamental plant trade benefits economies worldwide, but shifting and rapidly expanding globalized supply 
chains have exacerbated complex environmental, sustainability, and biosecurity risks. We review the environmental and social risks 
of this international trade, complementing it with analyses of illegal trade seizures and plant contaminant interception data from the 
Netherlands and the United Kingdom. We show global increases in ornamental plant trade, with supply expansions in East Africa 
and South America, and highlight risks and impacts including biodiversity loss, aquifer depletion, pollution, undermined access and 
benefit sharing, and food security. Despite risk mitigation efforts, the interception data showed considerable volumes of contaminants in 
ornamental plant shipments, but taxonomic identification was not always possible, highlighting uncertainties in assessing biosecurity 
risks. With high-volume and fast-moving transit of ornamental plants around the world, it is essential that production standards are 
improved and that data on specific risks from trade are collected and shared to allow for mitigation. 

Keywords: global plant trade, pests and pathogens, food security, water security, sustainability 
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trade and make the case for greater attention to the management 
of this increasingly important international trade. Although there 
has been research into specific threats that may be associated 
with supply chains for some commodities, this has rarely included 
ornamental plants outside a few specific countries (Hughes 2001 , 
Sæthre et al. 2010 ), and, to our knowledge, there has not been a 
synthesis of the diverse studies examining the range of impacts 
for this trade. We discuss the current known and emerging risks 
to both importers and exporters of ornamental plants, including 
cultivated plants (which constitute the vast majority in trade by 
volume) but also wild-harvested ornamental plants. To address 
some of the gaps in knowledge, we analyze data from publicly 
available data sets on the incidence of ornamental plant illegal 
trade seizures. We also add novel data sets of contaminant inter- 
ceptions and vertebrate hitchhikers found in plant shipments, of- 
ten reported by members of the public and not normally collated 
in any public database. We synthesize the existing literature and 
these analyses to give a more complete picture of the true risks 
and impacts of the ornamental plant trade and explore potential 
approaches to address them. 

Changing patterns of trade 

Ornamental plant trade pathways are constantly changing be- 
cause of economic, logistical, and geopolitical reasons (e.g., Brexit, 
changing tariffs); significant industry growth in the last two 
decades (figure 1 ); and the diversification of source markets 
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n recent years, there has been a growing focus on the environ-
ental consequences for exporter and importer nations of com-
odity exchange. These discussions have largely been focused on

he impacts of trading food commodities, including their role in
preading invasive species (Paini et al. 2016 ), and pledges of zero-
eforestation supply chains (Hughes 2023 ). However, although
ood and similar commodities have been encompassed in global
argets such as the Kunming–Montreal Global Biodiversity Frame-
ork (i.e., supply chain tracking and zero-deforestation pathways
ave been included), the impacts of trade in inessential commodi-
ies, such as flowers, has generally been neglected and overlooked
Lenzen et al. 2012 ). This is despite the fact that these products
re important global commodities, which, in 2022, had an export
alue of US$10 billion for cut flowers and foliage, and US$13 bil-
ion for live plants and bulbs (figure 1 ; International Trade Centre
024). Furthermore, the ornamental plant sector has been grow-
ng at a steady rate in recent years and is highly mutable, with
requent changes observed in demand for different products, the
mergence of supply countries such as Colombia, Ecuador, Kenya
nd Ethiopia (figure 2 ), and shifting trade practices including the
ovement to vegetative over seed propagation (Hammond et al.
023 ). Such dynamic supply chains can present significant chal-
enges for the quantification and management of risks, including
hose related to biosecurity and illegal wild plant trade, as well as
roader environmental impacts. 
To address this point, we bring together research into environ-
ental, biodiversity, and social impacts of the ornamental plant
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Figure 1. Annual global export value of ornamental plants between 2003 and 2022, showing data from the HS codes for cut flowers (HS0603), live 
plants (HS0602), bulbs (HS0601), and ornamental foliage (HS0604) based on data downloaded in July 2024 (International Trade Centre 2024 ). 

Figure 2. Maximum annual export value of ornamental plants (2000–2022) in US dollars. The Netherlands exported the most, at US$12.7 billion; this is 
not noted on the figure legend because it is disproportionately higher than any other region, although this includes reexported plants. Colombia, 
Ecuador, and Kenya have become major floricultural exporters. Source: The data are from UN COMTRADE. 
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figures 2 , 3 , and 4 ). The scale of both the production and the
iversity of trade should not be underestimated, with varying
egrees of production across much of the globe (figure 3 ) and spe-
ialism in different products showing different spatial patterns
figure 4 ). Cut flowers currently predominantly come from Latin
merica and parts of Africa, largely for use in North America and
urope. Live (potted) ornamental plants have less complex trad-
ng patterns but an added risk from any imported potting medium
nd may be less prone to reexport than other classes of ornamen-
al plants, although China provides a significant hub (figure 4 ).
or bulbs, the Netherlands dominates global trade as an exporter,
hereas for foliage, there are more limited markets (Canada–
nited States, Netherlands–United Kingdom, China–Japan; fig-
re 4 ). Changing markets, such as increased demand for orchids
n countries including Vietnam (Yuan et al. 2021 ), may also change
he patterns of risk, especially if the new exporting or importing
ountries have not yet developed rigorous phytosanitary proce-
ures and capacities. These dynamic global trade patterns (fig-
res 3 and 4 ) provide opportunities to transport and transfer
ests and pathogens, as well as various chemical residues, be-
ause of different legislation between administrative areas (e.g.,
any chemicals banned in the EU are imported as residues on

he surfaces of ornamental plants; Toumi et al. 2017 ). Although
ome aspects of the trade are reflective of overall patterns in trade
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Figure 3. Values of ornamental plant imports (a) and exports (b) reported by each region between 2003 and 2022 as reported in the TradeMap database 
(International Trade Centre 2023). 

Figure 4. The trade of live ornamental plants and cut flowers and foliage between nations and cultivation of large scale floriculture in hectares (the 
color ramp) in 2020. (a) Cut flowers. (b) Live ornamental plants. (c) Bulbs. (d) Cut foliage. Source: The data are from Rabobank 2022 . The gray end of 
arrows indicates export, and the arrow heads also indicate trade direction. 
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lobalization, ornamental plants are different from other biolog-
cal commodities in trade, such as food, in being of relatively low
nit value and of typically no nutritional value, and they can be
xtremely short lived in the case of cut flowers and foliage. They
ay therefore be more reflective of changing patterns of wealth
nd will then continue to shift as the economic profiles of re-
gions change and new markets develop with growing affluence
(Button 2020 ). In addition, changes in ornamental plant consumer
preferences and trends in gardening mean that new trading links
and markets can rapidly become established, some with substan-
tially different associated risks. For example, the growing orna-
mental market for old or even ancient (i.e., 80 to more than 100
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Box 1. Illegal trade in ornamental plants.

Data on any illegal trade is difficult to collect because of its covert and sensitive nature, but illegal plant trade is especially difficult to 
interpret, because of its low priority for those involved in enforcement and policy (Margulies et al. 2019 ). We downloaded all seizures 
related to plants from 2013–2022 from the TRAFFIC Wildlife Trade Data Portal ( www.wildlifetradeportal.org). For the 3336 incidents 
reported, we removed those referring to timber, medicinal, and edible products, identified manually using the descriptive text for 
each incident. The remaining 104 incidents were linked to a seizure or illegal harvesting event for ornamental plants, involving at 
least 109,180 individual plants or seeds. Of these seizures, 59 incidents involving at least 69,589 individual plants or seeds had details 
that suggested the trade was international. We summarized key trade routes and taxa but note that these are taken from only one 
source of publicly available data on seizures. Furthermore, they represent evidence of individual seizures rather than of broader 
patterns of trade, because of biases linked to enforcement effort, taxonomic priorities, and difficulties in plant identification. 
The reported illegal trade incidents primarily included seizures of Cactaceae ( n = 27, with 16 named genera, including Ariocarpus , 
Astrophytum , and Mammillaria ) and Orchidaceae ( n = 14), with six named genera including Dendrobium and Bulbophyllum , with nine 
incidents involving seizures of various succulents (four unnamed succulents; two Dudleya species; one each Conophytum , Aloe , and 
Euphorbia ), three carnivorous plants (three Nepenthes and one Dionaea species), and one each involving water lilies ( Nymphaea spp.), 
cycads ( Cycas spp.), and unnamed aquatic plants. The seizures occurred in 26 countries, with the highest numbers in Poland ( n = 

10), Belgium ( n = 9), China ( n = 8), Sweden ( n = 7), and Malta ( n = 7). 
The total seizure volume between 2013 and 2022 was dominated by substantial individual seizures of the succulent taxa, including 
60,397 Conophytum plants seized from Korean nationals in South Africa in 2020, 3715 Dudleya plants seized from Korean nationals in 
the United States in 2018, and 1100 Aloe ferox plants seized in the United Kingdom but originating in South Africa. However, many 
taxa, including orchids, are hard to identify at species level and can therefore be laundered in shipments of legally traded plants, 
meaning that these numbers are likely to be underestimates of true trade (Hinsley et al. 2017 ). Such inclusions of wild-harvested 
plants inherently also increase the biosecurity risk of pathogens and pests (Hulme et al. 2018 ). 
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r even more than 500 years old) olive trees Olea europaea (see box
 ) involves winter uprooting and transport of farmland trees with
umerous trunk hollows and very large root balls, both of which
an host and therefore transport a wide range of reptiles and their
ggs (Silva-Rocha et al. 2015), insects, and arachnids (Bellvert and
rnedo 2016 , Sherwood 2022 ). The demand for other exotic trees,
alms, and shrubs is also high (Beaury et al. 2021 ) and can func-
ion as a vector for introductions (Adamopoulou and Pafilis 2019 ,
ebelo et al. 2019 ). These factors combine to create specific chal-
enges for trade sustainability and logistics but also for ensuring
hat such shipments are free of contaminants, in particular if the
rade expands in regions that require long distance, interconti-
ental shipments. 

International trade can occur as a consequence of geographic
pecialization related to natural resource availability, the produc-
ion of specific goods at reduced costs (such as because of cheaper
abor or production costs), or less stringent environmental legis-
ation in the producing country. Global trade has increased signifi-
antly in recent decades, including for products such as fresh veg-
tables and ornamental plants that have become year-round im-
orts into Europe from sub-Saharan Africa, rather than reflecting
easonal patterns (figures 1 –3 ; Dolan and Humphrey 2000 , Dar-
as 2020 a). The form of commodity, as well as the trade route,
as different implications and impacts; for example, the Nether-
ands is a key country for ornamental plant trade, including reex-
orts (figure 4 ), therefore potentially magnifying risks to exchange
f pests, pathogens and other hitchhikers between shipments. In
022, the Netherlands was the top exporter (by value) of all orna-
ental plant products, with other European countries including
ermany and Italy being the top exporters for all such products
xcept cut flowers (table 1, figure 2 ). The United States, Germany,
nd the Netherlands were in the top three importers for all orna-
ental plant products except bulbs, whereas China was the third
ighest value importer (table 1 ). These different forms of com-
odity have different types of impacts, because of both the dif-

erent abilities to host pests or invaders and the very short storage
ime (with cut flowers hosting the highest risk of invasive species;
gure 3 ; Australian Department of Agriculture 2019 , Netherlands
ood and Consumer Product Safety Authority 2020 ). Furthermore,
ut flowers require the fastest transport, sometimes including
ow-temperature and even pressurized environments and gener-
te more waste than potted plants and bulbs do, which are less
erishable and may have much lower carbon footprints (Swinn
017 ). Critically, in relation to assessing risks and impacts, the ge-
graphical trade patterns of ornamental plants have changed over
ime, with the exports values from some regions doubling in global
rade in recent decades despite the ongoing dominance of Euro-
ean export markets (figure 3 ). 

mpacts on producers and exporters 

mpacts of ornamental plant trade vary between producers, tran-
it, and importers. Understanding these facets is crucial to man-
ge where risks exist. 

mpacts on wild plant species in exporter regions
he impacts of harvest and trade on wild plants can be diffi-
ult to ascertain, partly because of plants receiving less atten-
ion from the public, conservation researchers, and policy-makers
Margulies et al. 2019 ). The commercial wild harvest of ornamen-
al plants can be sustainable in some cases but must be carefully
anaged, with engagement throughout the whole supply chain

FFI 2018 ). However, many ornamental plants are poorly studied
n the wild, making the estimation of sustainable harvest levels
ifficult using traditional approaches (Ticktin et al. 2023 ). For ex-
mple, in South Africa, the collection of wild fynbos flowers used
or bouquets has been regulated using quotas to prevent unsus-
ainable harvest, accompanied by monitoring of wild populations
nd offtake levels (Bek et al. 2017 , Privett et al. 2020 ). However,
ven in this established case, it has been difficult to maintain
perations, because the profits from trade were insufficient to

http://www.wildlifetradeportal.org
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Table 1. Top importers and exporters in 2022 for different ornamental plant products by their value in US dollars, as was reported in the 
TradeMap database (International Trade Centre 2023). 

Top importers by value 
Top exporters by value 

Exporters 

Product HS code Importer 
Value (in millions of 

US dollars) Exporter 
Value (in millions of 

US dollars) 

Bulbs 0601 Germany 223.9 The Netherlands 1631.2 
United States 223.3 Germany 73.3 
China 139.4 Belgium 50.1 

Live plants 0602 Germany 1483.2 The Netherlands 5323.6 
United States 957.5 Italy 950.5 
The Netherlands 924.1 Germany 828.6 

Cut flowers 0603 United States 2464.3 The Netherlands 4758.2 
Germany 1311.6 Ecuador 1017.8 
The Netherlands 1084.6 Kenya 628.6 

Ornamental foliage 0604 The Netherlands 399.8 The Netherlands 402.9 
United States 305.0 Italy 183.0 
Germany 167.2 Denmark 150.1 
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rovide a stable income to support sustainable businesses in the
ong term (FFI 2018 ). 
Besides legal trade, the illegal trade of ornamental plants for

oth domestic and international markets is known to be occur-
ing on a substantial scale in multiple wild taxa, including orchids
Hinsley et al. 2017 ), cacti (Goettsch et al. 2015 ), and succulents
Margulies et al. 2023 ). Although the full impacts of this trade on
ild populations are often undocumented, the ornamental plant
rade is reported to have caused local extinctions of slipper or-
hids and extinctions in the wild of several cycad species har-
ested for the live plant trade, as well as Sprenger’s tulip Tulipa
prengeri , and the Chilean blue crocus Tecophilaea cyanocrocus , har-
ested for the bulb trade (Maunder et al. 2001 , Hinsley et al. 2023 ).
owever, trade-related extinctions or declines of plants are prob-
bly underreported because of a lack of research on which species
re being harvested for trade (Margulies et al. 2019 ) and on the im-
acts of trade threats on wild populations (Hinsley et al. 2023 ). It is
ikely that there are further undocumented extinctions, because
arvesters of high-value taxa such as slipper orchids are known to
trip entire habitats of plants immediately after discovering them
Averyanov et al. 2014 ). 
Although wild harvest plays a role in international trade, for

pecies listed in the appendices of the Convention on the Inter-
ational Trade in Endangered Species of Wild Fauna and Flora
CITES), cultivated plants now make up the vast majority of ex-
orts, showing a shift from wild sourced to cultivated plants in
ost plant orders (Harfoot et al. 2018 ). This includes more than
9.9% of live orchids legally commercially traded between 1996
nd 2015 and reported as artificially propagated (Hinsley et al.
017 ). Cultivation is often promoted as a solution to reduce un-
ustainable wild harvest, but it does not automatically remove
ressure on wild-harvested plants (Williams et al. 2014 ). There are
 range of factors that must be considered to assess the potential
mpact of introducing cultivated products to a market, including
onsumer preferences and the relative cost of cultivation com-
ared to wild harvest (Phelps et al. 2014 ). Where wild ornamental
lants are easily accessed or cheaper than their cultivated alter-
atives, wild specimens are often still sold after cultivation has
een introduced, even being found alongside their cultivated al-
ernatives in domestic Southeast Asian and Chinese orchid mar-
 

kets (Phelps et al. 2014 , Gale et al. 2019 ). Furthermore, for taxa
such as Paphiopedilum orchids, where wild-sourced commercial
trade is prohibited, legal shipments of cultivated stock can allow
wild plants to be laundered into international trade (Hinsley et al.
2016 ). In addition, specialist markets for rare species can also drive
wild harvest because of preferences for rare plants or newly dis-
covered species (Hinsley et al. 2016 ). Cultivation may rely in some
part on wild harvested mother stock, resulting in either whole
plants or seeds being removed from the wild to sustain nursery
stock (Liu et al. 2019 ) or to introduce new varieties or forms to the
trade. Indeed, although the introduction of cultivation can lead to
a decrease in harvesting in some cases, it is not inherently associ-
ated with a reduction in conservation threat (Liu et al. 2019 ), and it
may also increase wild harvest, as in the case of the harvest of or-
namental foliage from the xaté palm ( Chamaedorea ernesti-augusti ;
see box 2 ; Williams et al. 2014 ). 

Impact on water access and pollution 

Water use in the horticultural industry is a major and growing
issue. Globally, agriculture and horticulture represent 70% of
freshwater withdrawals, and by 2030, a 40% shortfall is estimated
between demand and supply (UNEP 2015 , FAO 2017 a, Mazzucato
et al. 2023 ). These withdrawals can be associated not only with
water depletion but also with soil salinization and water eutroph-
ication (Wolosin 2006 ). Water demands for ornamental plant
production can be substantial in some countries; for example, in
India, floriculture was estimated to require about twenty times
the water that cotton requires to be grown for the same area and
even more relative to rice and other food crops (Sharma 2008 ).
Such issues should not be overlooked, especially given the large
and increasing areas under floriculture (figure 4 ). 

Kenya is the sixth largest supplier of cut flowers to the interna-
tional market (US$852 million per year, 13.5% of international ex-
port outside Europe and North America; figure 4 ; OEC 2023a ). The
floriculture industry in Kenya is responsible for up to 98% of water
abstraction from major lakes, such as lake Naivasha (Mekonnen
and Hoekstra 2014, Kameri-Mbote and Odhiambo 2015 ). High
water usage for floriculture can affect water access, may cause
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Box 2. Invertebrate pests detected in ornamental plant shipments in the Netherlands and United Kingdom.

There is no comprehensive international data set on the types and numbers of pests that are intercepted during checks in the 
ornamental trade. We were provided with data by customs biosecurity officials in the Netherlands to access a database of over 8000 
contaminant interceptions in 2017–2018 (Pieters et al. 2018 ), and in the United Kingdom to obtain records from 2021–2023 from the 
public, aggregated data DEFRA portal ( https://planthealthportal.defra.gov.uk/trade/imports/non-compliance). We analyzed these to 
provide a snapshot of the types of pests that were detected, defining pests as those mentioned in official databases and publications 
as having negative impacts on agricultural crops, humans (e.g., as nuisance) or biodiversity. Relevant data to support analyses, and 
full methods, are available in supplemental file S2. 
In 2017, the Netherlands imported 14,999 tons of bulbs, 362,654 tons of live plants, 272,798 tons of cut flowers, and 84,714 tons 
of ornamental foliage (International Trade Centre 2023). In this time, 1538 interceptions of 459 different pest types were detected, 
with the most frequently intercepted pest Trialeurodes vaporarium , the glasshouse whitefly ( n = 193), followed by the moth Helicoverpa 
armigera ( n = 81). In 2021–2023, the United Kingdom reported 481 interceptions of 36 notifiable pest types, with Bemisia tabaci , the sil- 
verleaf whitefly, the most frequently intercepted ( n = 277 interceptions), followed by Liriomyza spp. ( n = 48; see supplemental file S2, 
figure S1).

Figure 5. Proportion of (a) total pest interceptions in ornamental plant imports to the Netherlands from different exporters in 2017, compared 
with the proportion of all imports to the Netherlands in 2017 as reported in the HS customs data, and (b) regulated pest interceptions to the 
United Kingdom between 2021 and 2022, showing only exporters with more than 1% of all pest interceptions or imports. 

The majority of interceptions in both data sets were in the class Insecta (Netherlands, n = 1394, 90.6% of all interceptions; United 
Kingdom, n = 390, 81.1%). The Netherlands also intercepted 97 pests in the class Arachnida (6.3%), and 11 each in Gastropoda and 
Collembola (0.7% each), with smaller numbers in eight other classes. After insects, the United Kingdom had 36 interceptions in the 
class Xanthomodales (bacterial phytopathogens; 7.5%), 21 in Peronosporea (4.4%), and 12 in Sodariomycetes (2.5%), with smaller 
numbers in six other classes. Although the majority of interceptions in both data sets were identified to at least the species level 
(United Kingdom, 403, 83.8% of the total; Netherlands, 1089, 70.8% of the total), some were identified only at higher taxonomic 
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Box 2. Invertebrate pests detected in ornamental plant shipments in the Netherlands and United Kingdom.

levels, including to extremely diverse groups that included numerous serious pest species. In the Netherlands data, this included 
one interception reported at Phylum level (Arthropoda), 16 at class (Collembola, 8; Insecta, 4; Gastropoda, 2; Chilopoda and Arach- 
nida, 1 each), and 82 at order (e.g., Lepidoptera, 28), whereas the United Kingdom data included one interception reported as the 
order Thysanoptera. Given the difficulty of checking large volumes of potted plants and cut flowers for invertebrate, fungal, and 
microorganism contaminants, it is likely that these interceptions represent a small fraction of the total contaminants in these 
shipments. 
The top taxon–country combinations for interception of notifiable pests to the United Kingdom in 2021–2023 were Solanum from 

the Netherlands and Chrysanthemum from Colombia, whereas roses from both Kenya and Uganda contained the highest numbers 
of pests in the Netherlands 2017 data (see supplemental file S2). Comparing the proportion of total interceptions from each country 
with the proportion of imports from those countries to the Netherlands in 2017 and to the United Kingdom in 2021–2022 (the last 
year when all import data were available) shows that imports from some countries had a disproportionate probability of harboring 
pests. We performed a Fisher’s exact test comparing all imports with interceptions in that year, restricting the analysis to any 
country with nonzero values for both imports and interceptions and more than 1% of the total for either category. We found that 
seven countries had significantly fewer interceptions than would be expected on the basis of the proportion of total imports from 

that country (Belgium, Denmark, Germany, France, Ethiopia, Italy, Spain). Fifteen countries had significantly more interceptions 
than would be expected, including exporters with growing market shares, such as Ecuador, Colombia, and Kenya (figure 5 a). In the 
same analysis for the United Kingdom in 2021–2022, six countries had significantly fewer pests than would be expected on the 
basis of proportion of imports (Spain, Germany, Denmark, Kenya, Belgium, the Netherlands), and five had significantly more pest 
interceptions that would be expected (Ecuador, India, Israel, Malaysia, Thailand; figure 5 b). The reasons for these discrepancies are 
difficult to ascertain, but higher detections of contaminants from certain countries can lead to higher search effort in subsequent 
shipments from that country, meaning such data are difficult to interpret, and shifting standards make understanding genuine 
patterns of risk hard to quantify. 
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quifers to drop, and can affect other livelihoods (such as fishing)
ecause of high levels of water pollution (Gudeta 2012 , Hatch and
ells 2012 , Sisay et al. 2017 , Özcerkes 2018 ). Furthermore, because

egions such as East Africa are particularly vulnerable to climatic
hange (see figure 2 ), with most crops for local consumption de-
endent on rainwater, the depletion of aquifers may exacerbate
he risks of food insecurity resulting from climate change, as well
s increase vulnerability to drought (Marigi 2017 , Ahmadalipour
nd Moradkhani 2018 , Ahmadalipour et al. 2019 ). High water use
an have lasting effects in regions with expansive floriculture and
as been linked to aquifer depletion, which is especially problem-
tic in regions with increased frequency of drought (Haile et al.
020 , Lottering et al. 2021 ). Furthermore, these increases in water
se are in addition to necessary and projected increases in irriga-
ion and water use for agriculture in developing economies, where
uch floriculture occurs (Hughes 2001 , FAO 2011 , 2021 ). Many
frican countries currently leading in floriculture show some of
he highest potential for local conflict risk associated with water
tress globally, meaning that the high water requirements of
oriculture have ramifications for future political stability (World
ater Atlas 2023 ). Water availability remains one of the major cri-

eria for assessment of the viability and development of a floricul-
ural industry, but calculations of future need may fail to account
or other national water requirements (Kerkhoven et al. 2014 ). 
Similarly, in Ecuador, which has become one of the top five

ower exporters in the world (Guaita-Pradas et al. 2023 ), this in-
ustry is one of the most dynamic areas of the economy, support-
ng a substantial proportion of national exports and much-needed
ural employment, especially employing women (Newman 2002 ,
aynolds 2012 ). Floriculture can show both long- and short-term
ompetition with food production, and food security and water
carcity have become increasingly problematic as a consequence
f the heavy water use for flower production in the country (Mena-
ásconez et al. 2016 ). These concerns have remained even after
he 2008 constitution and a 2014 water law prioritizing the pro-
duction of food over the production of flowers in Ecuador, pri-
marily because smallholder producers cannot garner protection
from the new regulations (Mena-Vásconez et al. 2016 ). In 2021,
Ecuador represented 3.7% of global cut flower export, at around
US$979 million annually (OEC 2023a ). Floriculture remains an im-
portant industry within Ecuador, and although regulations have
been implemented to try to reduce the negative implications for
local regions and communities, such as overusing water, and the
use of the best agricultural land for flower production, more work
is clearly needed (Mena-Vásconez et al. 2016 ). 

In addition, although flowers are regarded as agricultural im-
ports and therefore must be pest free and free of pesticide residues
in EU import standards, they are typically not food and can there-
fore have significant pesticide residues present, because most
countries do not have limits on pesticides in flowers not intended
for consumption (Pereira et al. 2021 ). Some of the pesticides used
in both developing and developed economies can have severe
health side effects in those handling and packaging the flow-
ers, as well on the watercourses in the regions they are grown
in (Munnia et al. 1999, Tenenbaum 2002 , Lu 2005 , Toumi et al.
2016 , Gooijer et al. 2019). Pesticides from floriculture have been
linked to poisoning in supply countries, as well as neurological
impacts in children and adults (Tenenbaum 2002 , Grandjean et
al. 2006 , Donahoe 2008 , González-Andrade et al. 2010 , Tsimbiri
et al. 2015 , Mrema et al. 2017 , Suarez-Lopez et al. 2017 , Pereira
et al. 2021 ). These health issues have been known for decades,
with some major issues noted (Donahue 2008 ). In total, on the
basis of a GHS standard (Globally Harmonized System of Classifi-
cation and Labelling of Chemicals) 201 pesticides used in floricul-
ture are noted as “can pose critical risks to humans,” including in
some cases various carcinogens, compounds fatal on inhalation,
affecting reproductive and respiratory systems and even caus-
ing mutagenesis (Pereira et al. 2021 ). Chemicals from floriculture,
including persistent organochlorines, DDT (dichlorodiphenyl-
trichloroethane), aldrin, and dieldrin, may be directly discharged

https://academic.oup.com/bioscience/article-lookup/doi/10.1093/biosci/biae124#supplementary-data
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nto water courses (Pereira et al. 2021 ). In addition, some have sig-
ificant environmental effects, including the lasting impacts of
DT on birds (Bouwman et al. 2019 ). Moreover, although many
f these chemicals have been banned in the United States and
urope, they remain in use in developing economies, and may
ven be dumped in large quantities when listed as “obsolete”
ith widespread impacts on the environment and local human
opulations (Mengistie 2016 , Negatu et al. 2021 , Rajak et al. 2023 ).
lower cultivation often uses high pesticide application, with 201
ompounds identified in a global review, 93 of which were banned
n the European Union (Pereira et al. 2021 , Bär et al. 2022 ). This af-
ects both supplier and importer countries, because high pesticide
oads may remain on the plants. Almost 70% of the water sam-
les in water bodies in the vicinity of floriculture production areas
ere contaminated with pesticides in a global review (Pereira et
l. 2021 ), and many industries lack adequate regulations to re-
uce local impacts on people or the environment (Merga et al.
021 , Gelaye 2023 ). Furthermore, around 25% of the pesticides
prayed in greenhouses reach the soil, where they can reduce soil
etabolic rate and total soil biomass (Querejeta et al. 2012 , Pereira
t al. 2021 ). As a separate issue, plastic mulching and the appli-
ation of compost with high plastic contamination to grow both
egetables and ornamental plants are widely practiced (Wittwer
993 , Jiao et al. 2022 ). Both practices add considerable amounts
f microplastics into the environment, which contaminates the
otting substrates in plant nurseries. The scope of this problem is
argely unrecognized. Monitoring ecological effects and legislation
n the basis of maximum thresholds is needed to ensure that mi-
roplastic concentration remains at “safe” levels (van Schothorst
t al. 2021 ). 
Furthermore, highly perishable commodities, such as cut

owers, have high waste during growth; for example, in 1994, it
as estimated that 1 hectare of roses and 1 hectare of carnations
roduced 40 kilograms (kg) and 150 kg of waste per month,
espectively (figure 4 ; Barriga 2006). Also, cut flowers and foliage
ave shorter shelf lives than live plants and bulbs do, resulting
n high waste at the retailer; for example, in the United Kingdom
lone, an estimated 34,700 tons of cut flowers were used and
nded up in waste streams (such as landfills) each year (Petrou
nd Iacovidou 2015). Clearly, better methods, such as composting
or cut flower waste, are warranted, as are better supply chain
anagement techniques to better predict supply and demand to

educe wastage. 
Floriculture standards have improved over the last two

ecades, including the introductions of certification schemes
Raynolds 2012 ), aimed at improving workers conditions and
educing environmental impacts. However, a lack of monitoring
n some regions means that production standards can still be
ighly variable (Leipold and Morgante 2013 ), as can the working
onditions for those involved (Wareru 2022 ). Therefore, although
rnamental plant production is unquestionably economically and
ocially important in many regions, better standards are needed
o guarantee local rights and to reduce harmful local impacts on
eople, the environment, and wild species. Such methods can be
mplemented but would need to be added to import requirements
nd can include stronger use of private voluntary standards, such
s improved standards compliance in regional and global value
hains (Wainwright et al. 2014 , Krishnan 2018). 

ider environmental and social impacts 
roducing any agricultural product for export has impacts
eyond biodiversity and water use, including other important
nvironmental and social impacts that may be overlooked. For
xample, the need for low-temperature transport of short-lived
roducts between continents means that the cut flower trade is
esponsible for a carbon footprint estimated to be as high as 3
g of carbon dioxide per flower and up to 32.3 kg per bouquet
Lansink and Bezlepkin 2003 , Williams 2007 , Berners-Lee 2020 )
nd also contributes other emissions, such as sulfur dioxide (Lan
t al. 2022 ). The climate related impacts include the energy cost
uring production, including greenhouse ventilation, heating and
ooling, irrigation, and fertilizer use, and during transportation
Darras 2020 b), especially given that most flowers (with a few
xceptions, such as snapdragons) require refrigeration, which
ay exceed 120 hours for certain flowers (such as roses and
ypsophila; Swinn 2017 ). Transitioning toward renewable energy
ill, in time, decrease these impacts, although that is harder
o achieve in relation to long-distance air haulage, and such
nfrastructure may be challenging to establish in some producer
ountries. Potted plants and especially flower bulbs are less
erishable (have longer shelf lives) and involve a lower carbon
ootprint and therefore might represent better options. 
An important issue to consider for potted plants in terms of

heir carbon and environmental footprint is the potting medium,
specially peat (Alexander et al. 2008 ). Peatlands are highly
hreatened palustrine wetlands, but peat has been a major
ngredient for horticulture and potting mediums, at the expense
f bogs, marshes, and other habitats where peat can be extracted
Alexander et al. 2008 ). The continued extraction of peat in often
lready degraded peatlands has led to a decreased ability for
eat lands to act as carbon and nitrogen sinks and to store water,
nd, because of habitat destruction and degradation, this led
o a significant loss of biodiversity in these already threatened
abitats (Joosten 2015). Potting mediums that lack peat are widely
vailable, and their use may reduce these impacts. 
An often overlooked issue is food security, which can be re-

uced via land grabbing or soil and water pollution (Tadele 2009 ,
ainwright et al. 2014 , Kirigia et al. 2016 ). Furthermore, regions
an become especially vulnerable because of changing tariffs,
hereas export demands can profoundly affect economics and

ivelihood access, as has occurred in Uganda, Kenya, and various
ther regions (East African 2016, 2022 , Monitor 2020 ). This is sig-
ificant, because for economies such as Kenya, the export of cut
owers is now one of their greatest sources of income (following
ourism and tea exports), and therefore, changes in demand
atterns or poor production years can have severe socioeconomic
mpacts (Mohammed 2020 ). 
The production of nonfood items for export can also remove

ey grazing lands from Indigenous peoples (Kavilu 2016 ). Areas
ow used for floriculture in Kenya were often previously used by
he Maasai people (Kirigia et al. 2016 ), and groups were forced
ut of traditional lands and had access to water blocked because
f floriculture, meaning they can no longer graze the cows they
epend on (Food and Water Watch 2008 , Kavilu 2016 , Abate
020 ). Furthermore, prior to conversion to floriculture, many of
hese areas either were used by smallholder farmers for local
onsumption or replaced natural habitat directly, and these pro-
esses are common for floriculture across the African continent
Abate 2020 ). Although new regulations have been set to address
his, they have not yet been effective at reconciling the needs
f local communities with the impacts of floriculture (Kavilu
016 ). This has led to discussions on the conflict between flowers
nd food, with the most fertile lands being used for floriculture
ather than to produce food for the local, national, or regional
opulation. Furthermore, if the market fails, then there is neither
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ood produced nor any way to access an income (Kirigia et al.
016 , Mohammed 2020 ). 
Another key social issue is the lack of consideration of access

nd benefit sharing (ABS) in the ornamental plant industry. The
mportance of ABS has been acknowledged for some time, but the
010 Nagoya Protocol on Access to Genetic Resources and the Fair
nd Equitable Sharing of Benefits Arising from their Utilisation
ut in place clear obligations for the sharing of both monetary
nd nonmonetary benefits from the use of a country’s genetic
esources (CBD 2011). However, there is still relatively little
ttention paid to this in high-value horticultural sectors such as
rchids (Hinsley and Roberts 2018 ) and little data on how ABS will
ffect trade in the wider ornamental plant sector (Blackhall-Miles
t al. 2023 ). The reliance on wild genetic material, especially in
ass-produced cut flower and potted plant markets, is likely low,
ut ABS still applies in cases where novelty in species or color
orm is highly prized, which may lead to the use of wild plant
esources (Laird and Wynberg 2012 ). The first ABS agreement in
he ornamental plant sector, between the South African National
iodiversity Institute and a US horticultural company in 1999,
ighlighted the complexities of this process, particularly in ensur-
ng adequate benefits to the source country of the plant material
CBD 2008 ). A lack of consideration of ABS in the sector has led to
ssues with alleged biopiracy and a loss of natural resources for
ow-income countries (Forestal 2023 , Wynberg 2023 ). 

mpacts on importers 

he impacts on importing countries can vary widely, and need to
e carefully considered to enable targetted management of risks.

iosecurity, invasive species and risk pathways 
hese impacts of the trade are better understood, with various
rnamental plants known for becoming invasive (Padilla and
illiams 2004 , Dehnen-Schmutz et al. 2007 ), including many with

evere financial and ecological consequences, such as Fallopia
aponica , Pueraria montana , Crassula helmsii , and Hydrocotyle ranun-
uloides (Aguilera et al. 2010 , Hussner 2012 , Harron et al. 2020 ), or
riving the introductions of plant diseases (Hammond et al. 2023 )
nd pests (Patoka et al. 2016 ). For example, in a study assessing the
ink between horticulture and invasive species spread, 73 of the
9 plant species included were likely to have invaded as a result of
orticulture (Beaury et al. 2023 ), and horticulture remains a main
athway of introduction for invasive plants (Van Kleunen et al.
018 ). This is becoming increasingly relevant in relation to climate
hange, with ornamental plants traded from nurseries in the
nited States—for instance, representing a major risk of spread-
ng invasive plants and pathogens under both current and future
limates (Beaury et al. 2023 ). Nearly 20 years ago, a review of plant
athogen introductions in Great Britain in 1970–2004 concluded
hat, although 14% of the known introduction pathways related
o imports of vegetative plants and therefore represented a signif-
cant proportion, nearly 80% of pathogen introduction pathways
ould not be exactly identified (Jones and Baker 2007 ). Because
he production of ornamental plants has greatly expanded in
ecent decades, including in tropical regions because of trade
lobalization and the reduced costs of production (Wainwright
t al. 2014 ), novel export chains have facilitated the transport of
 new set of nonnative and sometimes invasive species across
he globe (Hulme 2021 ). Such species arrive either directly as
he traded species themselves or, more commonly, by riding on
hipment means—for instance, via biofouling, within packing
materials, or as contaminants of the products, such as insects or
their eggs on traded fresh plant material (Zieritz et al. 2017 ). 

The international trade of ornamental plants has long been
linked to biosecurity trade risk pathways (Brasier 2008 , Dodd et al.
2015 , Hulme et al. 2018 ), with surveys showing a steady increase
in both the volumes of ornamental plants imported in specific Eu-
ropean countries and a high and increasing number of associated
“contaminants,” typically insects but also other taxa, imported
alongside the traded plants via their root system, the compost
material, and the plant itself (Staverløkk and Sæthre 2007 ). For
instance, dozens of species of carnivorous flatworms have been
introduced in various parts of the world with potted plants and
potting substrate, including, in recent years, in Europe, with po-
tentially significant impacts on native biodiversity (Alvarez-Presas
et al. 2014 , Justine et al. 2018 , Mori et al. 2022 ). Similarly, reports
from various countries suggest that the horticultural industry
is perhaps the most important vector for introductions of small
snails and slugs. For example, 31 such terrestrial species, all but
two of them alien and five previously unrecorded, were found in
the nurseries of native Hawaiian plants destined for local restora-
tion projects (Cowie et al. 2008 ). However, although the impact
costs are relatively well established for agriculture, industry (e.g.,
water companies or forestry), and property, the financial costs
in terms of biodiversity impacts from nonnative invasive species
remain comparatively poorly understood and hard to calculate
and are therefore often excluded (Hanley and Roberts 2019 , Cuth-
bert et al. 2021 ). However, with better compilations on the costs
of invasive species (e.g., Diagne et al. 2020 ), such assessments
are becoming more feasible. There is also potential to facilitate
introductions of human disease vectors into new areas via the
transport of ornamental plants, as was shown for the introduc-
tions of Aedes albopictus mosquito in the Netherlands from Asia
via imports of lucky bamboo plants ( Dracaena sanderiana ; Scholte
et al. 2008 ), and, although they are rare, those costs could be
substantial. 

The global establishment of nonnative and invasive species is
predicted to keep growing, despite the increasing focus on better
managing risks and pathways from a policy perspective (Hulme
2009 , Lodge et al. 2016 ). Many widespread invasive species (e.g.,
hemipterans such as the brown marmorated stink bug, Haly-
omorpha halys ) are still globally expanding because of accidental
introductions and bridgehead effects (i.e., where new invasions
arise from particularly successful invasive populations that serve
as the source in colonizing remote new territories, rather than
from the original native range), with substantial costs to agricul-
ture, human nuisance and also indirect biodiversity impacts be-
cause of the increased need for pesticide treatments (Leskey and
Nielsen 2018 ). Other nonnative species have become established
in new areas but still have relatively unknown environmental
impacts, although they include potentially substantial changes to
ecosystem functioning, such as invasive earthworms in the Arctic
tundra (Blume-Werry et al. 2020 ). In several cases, new species
were first described as nonnative, without definite knowledge
of their native range, such as the carnivorous ghost slug Se-
lenochlamys ysbryda incidentally detected in a garden in Wales, in
the United Kingdom, but presumed to originate in the Caucasus
and introduced as a contaminant of ornamental plants (Rowson
and Symondson 2008 ). Many introduced nonnative species can
also harbor pathogens or parasites that are harmless to the in-
vasive host but lethal to indigenous species (see box 3 ; Vilcinskas
2015 ). 

More recently, specific risks from hybridization have been
highlighted for some invasive species, with potential for
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Box 3. Vertebrate hitchhikers detected in the Netherlands and the United Kingdom.

There are numerous accounts of live vertebrate hitchhikers (e.g., lizards, amphibians) accidentally moved between countries 
in fresh produce shipments including ornamental plants. Evidence now strongly indicates the live plant trade for ornamental 
purposes as one of the main forms of reptile introductions outside their range. In particular, trade of potted olive trees (figure 6 

Figure 6. (a) Tropical house gecko ( Hemidactylus mabouia ) introduced in Madeira. (b) Ornamental olive trees imported in Romania. Credit Mihai 
Leu. 

b) from Italy and Spain appears responsible for the widespread introductions of the Italian wall lizard Podarcis siculus , Moorish 
gecko Tarentola mauritanica , and several species of continental European snakes (Silva-Rocha et al. 2015 , Rato et al. 2023 ). However, 
such hitchhiker detections are often at the point of sale or following purchase and therefore remain unrecorded unless wildlife 
rehabilitation centers are contacted to collect the animals. 
We analyzed two unpublished databases of exotic amphibians and reptiles accidentally discovered in the Netherlands and the 
United Kingdom, with observations submitted typically by members of the public and shopworkers, ornamental plant propagation 
facilities, and airports. The observations spanned 1995–2023 but most were after 2015, probably reflecting higher recent interest in 
recording such data. Of the 82 incidents reported, we used the descriptive text to manually identify and remove those referring to 
food or other nonornamental plant products. The remaining 56 incidents were all linked to ornamental plant trade, but, in addition, 
there were many of unclear origin, imported with “fresh produce” or simply reported by airport animal receptions. Outside of these 
data sets, in the United Kingdom in 2016–2017, there were additional live discoveries in florist shops and garden centers of Hyperolius 
marmoratus , a reed frog imported with aquatic ornamental plants from South Africa, a Dendrosophus norandinus endemic tree frog 
imported with roses from Colombia via Ecuador, and another Hyperolious species imported in heliconias from the Ivory Coast in 2017. 
The interceptions from the Netherlands included six amphibian species, four imported with unspecified ornamental plants 
from Costa Rica ( Smilisca sp., Smilisca baudinii , Pristimantis sp., and Centrolenidae), one European treefrog ( Hyla arborea ) found in a 
shipment of ornamental plants, but also two giant toads ( Rhinella horribilis ) from Costa Rica and others of unknown country origin, 
probably also imported with ornamental plants. 
The main reptile species detected with ornamental plants was the Italian wall lizard (16 in the Netherlands and one in the United 
Kingdom, imported from the Netherlands, where the species does not naturally occur, so it was most likely reexported from there) , 
but also two European wall lizards Podarcis muralis . Almost all of these animals were probably transported with ornamental trees, 
although this could not be verified with certainty, because they were found within wider shipments of ornamental plants. Four 
species, two lizards and two snakes, originated from southern Europe (one each of Hemidactylus turcicus , from Italy; Psammodromus 
algirus and Malpolon monspessulanus , from Portugal; and Natrix maura , exact country unknown). One slow worm ( Anguis fragilis ) 
moved in ornamental plants most likely originated from the Netherlands. 

( Continued ) 
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Box 3. Vertebrate hitchhikers detected in the Netherlands and the United Kingdom.

However, in the detections among ornamental plants in the Netherlands there were also several species from outside Europe 
including geckos ( Hemidactylus frenatus , n = 1; Hemidactylus platyurus , n = 3; Hemidactylus mabouia , n = 1; Gekko badenii , n = 1; Tarentola 
delalandii , n = 1; Thecadactylus rapicauda , n = 1; Gehyra mutilata , n = 1; figure 6 a), other lizards from the Western Hemisphere (three 
Anolis sagrei and one each of Anolis equestris , Anolis biporcatus , Anolis carolinensis , and Lepidophyma flavimaculatum ), and the snakes 
Sibon nebulatus ( n = 2) , Oligodon octolineatus ( n = 1) and Indotyphlops braminus ( n = 1). 
In the UK data set, there were 25 other reptile records, mainly of geckos Hemidactylus spp. and Tarentola mauritanica but also several 
non-European amphibians ( Hyperolius spp. and Osteopilus spp.), yet the exact means of introduction were unknown as they were 
reported at the airport animal reception center. 
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iodiversity loss but also for acquiring significant new traits.
or example, the hybridization of the introduced invasive Helicov-
rpa armigera moths with the native agricultural pest Helicoverpa
ea in Brazil conferred insecticide resistance and so hindered
ffective pest management (Valencia-Montoya et al. 2020 ). Many
nvasive species have also proven impossible to eradicate once
hey are established, requiring indefinite control, which is dif-
cult to fund and maintain, especially when the impact is on
iodiversity rather than on economic activities. This highlights
he crucial role of prevention and robust identification of risk and
dequate mitigation of these risks, including for the ornamental
lant trade (Ahmed et al. 2022 ). 
Furthermore, the introduction of zoonotic diseases via reptiles

r amphibians in ornamental plants needs to be considered; the
at lung worm ( Angiostrongylus cantonensis ), a causative agent of
osinophilic meningitis in humans, has been found in the highly
bundant lizard Gallotia galloti on Tenerife, where it functions as
 paratenic host, with rats being the definitive host (Anettová
t al. 2022 ). Introductions via either infected lizards or mollusks
itchhiking in ornamental plants from Tenerife and, more re-
ently, also Mallorca should therefore be considered by medical
ractitioners and plant inspectors. Recently, this parasite has
een found on mainland Europe, in Valencia, Spain (see box 1 ;
aredes-Esquivel et al. 2023 ). 

uture pr ior ities to reduce r isks 

e have shown that the global ornamental plant and cut flower
arket has doubled in value over the last two decades and has
emonstrated changing patterns of export and import, including
ncreasing exports from Africa and South America and emerging
sian import markets. Furthermore, the global issues affecting
he markets in recent years, such as the COVID-19 pandemic, the
locked shipping via the Suez Canal, and the war in Ukraine, have
ll highlighted the complexity of global trading patterns, their
utability, and their vulnerability to sudden shocks and novel

isks (Christie et al. 2022 , Hellegers 2022 ). There is a need to take
 proactive approach to better understand the potential risks
ssociated with changing supply chains and emerging markets,
specially because differences in consumer demand coupled
ith supply factors are likely to mean that growing markets have
ifferent characteristics from established European markets
Yuan et al. 2021 ). For importers of ornamental plants, a trade
hat has complex specific risks and challenges, new markets
hould be carefully monitored to ensure that they develop sus-
ainably, in a way in which biosecurity risks and environmental
osts are minimized. However, diligent considerations of the
mpacts on exporter countries are also urgently needed, both
o prevent the illegal or unsustainable harvest of native species
(e.g., vulnerable species of orchids and succulents) and to reduce
the wider environmental, food sustainability, and social impacts
of producing large volumes of flowers for export. 

The changing patterns of global flower trade that we highlight
in this review have the potential to increase the risks to wild
plants from trade, in both supplier and consumer nations. Chang-
ing markets may bring new species into trade, potentially leading
to unsustainable levels of harvest being reached before legal and
management protections for wild species can be put in place. The
current regulations on the international trade via CITES include
all species of some of the taxa most frequently cited as at threat
from wild harvest for trade, including orchids, cacti, and cycads
(CITES 2023 ). However, we have shown that, despite these taxa
being listed on CITES for almost 50 years and illegal trade in wild
plants clearly taking place on a large scale (Hinsley et al. 2017 ,
Gale et al. 2019 , Margulies et al. 2023 ), comparatively few seizures
of ornamental plants are reported. Although we used only one
seizures database, the seizure data are broadly known to be
incomplete and influenced by enforcement effort and reporting
biases (Challender et al. 2022 , Donald et al. 2024 ). These shortfalls
represent major barriers to understanding the extent and nature
of the illegal and wild plant harvest: the lack of data on what is
being traded. This, coupled with an absence of population data
for which to assess sustainability of harvest for trade (Ticktin
et al. 2023 ), is likely to leave many species of ornamental plants
vulnerable to overharvest, even where strict regulations exist. 

Shifting markets also present increased threats for biosecurity,
because the ornamental plant trade now involves a much higher
diversity of exporting countries, including increasing exports
from tropical areas, larger volumes, and shorter times in transit.
Our analyses of novel interception data sets show several major
pest species for agriculture and forestry being detected in orna-
mental plant shipments in both the Netherlands and the United
Kingdom in the last decade, as well as a variety of live amphibians
and reptiles. The interceptions we have reported in the present
article likely represent only a proportion of actual pests and
hitchhiker species, given that the shipments are destroyed once
notifiable species have been detected (DEFRA 2023 ) and that
vertebrate detections are opportunistic and poorly recorded. The
volumes of plants in trade are currently so large that contami-
nant interception with high certainty is logistically difficult (and
likely inadequately resourced), and this will be exacerbated as
the market for internationally traded plants grows. Some of the
highest numbers of interceptions came from key products such
as roses being exported from emerging growing countries, such
as Kenya and Uganda, although such data is prone to a shifting
focus in checks and other sources of potential bias. 

Our analysis suggests that substantial opportunities remain
for pests, including insects, pathogens, fungi, and gastropods,
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o be transported alive and to potentially establish populations
n new areas, particularly for ornamental plants destined for
lanting either in greenhouses or outdoors, as well as some
isk for various small vertebrate species introductions. Several
mphibian and reptile species are rapidly expanding their ranges
s introduced species, some apparently harmless but others
ith biodiversity impacts, especially Podarcis siculus and Anolis
agrei , which have become invasive in many regions, whereas
erpetofauna species are directly relevant for the introduction of
ovel pathogens such as ranaviruses or fungal diseases (Norval
t al. 2013 , Kolby 2016, García-Díaz et al. 2017 , Stroud et al. 2017 ).
ven after imported potted plants die, some risks persist if the
ontaminated plants are disposed of in compost heaps or organic
aste bins. This is not a new issue; a review in Great Britain
f data from 1970–2004 concluded that “the large volumes of
rnamentals traded around the world cannot adequately be
nspected [or] monitored and influxes of previously unknown
athogens (some of which can attack more important hosts) may
ccur on them from time to time,” whereas exotic pathogens
ould be introduced prior to understanding the risks they pose
nd before legislation targeting them can be introduced (Jones
nd Baker 2007 ). Although policy, strategy, and regulations have
ll improved in recent years, the risks are also increasing, and it
s not possible to assess whether these are being mitigated. 
Important changes to reduce risk pathways from ornamental

lants include introducing plant passports or phytosanitary
ertificates and regulations restricting the types of potting sub-
trate that can be used, because soil, compost, and other organic
aterial has been shown to be a key source of contaminants in
rnamental plant trade (Staverløkk and Sæthre 2007 ). However,
he trade logistics mean that despite improvements in biose-
urity protocols the number of plant contaminants remains
igh and the taxonomic uncertainty (numerous contaminants
here identification was not possible) means that robust risk
stimations are inherently difficult. Phytosanitary inspections are
ubject to internationally adopted standards developed by the
AO (Food and Agriculture Organization of the United Nations).
he guidelines for administrative and physical checks are defined
n ISPM 23 (International Standards for Phytosanitary Measures,
AO 2005 ) whereas the methodology of sampling of consignments
s prescribed in ISPM 31 (FAO 2009 ). The risk aspects involved in
rowing media in association with plants for planting is addressed
n ISPM 40 (FAO 2017 b). In addition, it is important to remember
hat most notifiable pests are categorized as such for their impact
n agriculture and forestry and much less information exists for
mpacts on wild plants. The main species found as contaminants
ere unsurprisingly cosmopolitan invasive pests, such as Bemisia
abaci , which are extremely polyphagous, necessitating increased
ttention to certain import markets (Royal Flora Holland 2023 ). 
There are various practical problems in implementing robust

olicy for ornamental plant risks when dealing with biodiversity.
or instance, many invasive flatworms, including the New Guinea
atworm Platydemus manokwari , are not agricultural pests and do
ot have a direct impact on plants, including ornamental plants,
ut they are an important threat to biodiversity as predators
f snails (Justine et al. 2014 ). As a result, the responsibility for
anaging such invasive species may fall between the remits of
gricultural and environmental regulatory bodies (Justine et al.
014 ), hampering action and exacerbated by the lack of financial
osts of biodiversity loss from invasive species. Similarly, the pre-
ention of introduction and establishment is much more effective
han nonnative species control, given that, although terrestrial
lants, for instance, could be a high priority for eradication,
here are few recorded eradications of these species in Britain or
urope, probably because they are overlooked at the early stages
nvasion, meaning that management decisions are taken too late
or eradication to be feasible or cost effective (Booy et al. 2017 ). 
Although we have identified a range of issues related to the

rnamental plant trade, there are limitations that may influence
ur findings, including those associated with the paucity of re-
earch on certain threats and the availability of raw data on plant
rade. For example, although case studies exist that describe the
llegal plant trade in certain places (e.g., China, Gale et al. 2019 ),
ittle is known about the global volume, species, and locations
f international illegal trade. Furthermore, data on contaminant
nterceptions were not available for many countries that we
pproached for this analysis, partly because of government
olicies and sensitivities around sharing of these data, even
hen anonymized to exclude data on specific traders. Where

nterception data were available, the taxonomic identification of
ontaminants was not always at species level, or the data on the
rovenance was missing. Moreover, it was sometimes unclear
hether the purpose of the shipment in which a contaminant
as intercepted was ornamental, making it difficult to establish
he relative role that ornamental trade played in the movement of
ontaminants. For example, olive trees, which are a potential host
lant for the plant-disease-causing bacterium Xylella fastidiosa ,
ay be traded for both agricultural and ornamental purposes,
hich were difficult to separate out in our analysis and which can
e subject to different trading regulations and strategies. Finally,
n countries such as the United Kingdom, where interception data
re made publicly available, they are often restricted to notifiable
pecies, with other contaminant interceptions not published or
ven recorded, despite the fact that the list of pests is dynamic. 
Wider environmental challenges arise if flower growing dis-

laces food production or diverts important or insufficient water
esources in areas around the globe. The use of water for flori-
ulture is already considerable, and with the changing climate
nd the growing potential for water scarcity, this could be very
roblematic in the future (Boretti and Rosa 2019 ). Furthermore,
ompetition for land and access to water have led countries to pri-
ritize the production of flowers for export over food for domestic
onsumption (Mena-Vásconez et al. 2016 ), undermining food
ecurity and rendering populations vulnerable to market shocks.
he depletion of aquifers is a major and overlooked dimension
f floriculture, which requires more consideration if we are to
educe the burden of production within producer nations (Manasi
nd Raju 2020, Bellwood-Howard et al. 2022 ). Furthermore, the
ften weak regulation on agrochemicals pollutes water courses
nd soil, as well as having major implications for ecosystem and
pecies health in producer regions (Pereira et al. 2021 ). Finally,
ittle attention has been paid to the potential of supplier nations
o also be vulnerable to invasion and to naturalization of the
onnative plants being cultivated, and this also poses a particular
isk in many tropical regions (Junqueira and Peetz 2018 ). 
On the basis of current trends, it is likely that ornamental plant

nd flower production will continue to increase across much of
frica and South America and that their importers will grow and
iversify, especially in regions such as Asia. Although some ele-
ents of unsustainability, such as water use or carbon footprint
ecause of long distance air transportation of cut flowers, are
arder to remedy, more sustainable modes of production which
inimize impacts on supplier nations are possible. Mitigating

mpacts remains a major challenge for policy-making, although
ecommendations on life-cycle assessment (LCA), integrated
est management, and private voluntary standards on the
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ncorporation of environmental standards have been is-
ued, such as the Floriculture Sustainability Initiative stan-
ards noted in the GlobalGAP report (Wainwright et al. 2014 ;
ttps://globalgapsolutions.org). Standards and certification, such
s the floriculture sustainability certification scheme of the
lobalGAP report, provide a significant step forward in reducing
he impacts of floriculture on supplier countries, but as yet, only
 small fraction of floriculture farms have been certified through
his approach ( https://floriculture.ggn.org/Flori/Index?lang=en).
hese standards include food safety, traceability, worker welfare
nd safety, and environmental and resource protection, with over
58 principles to ensure that farms are genuinely sustainable
GlobalGAP 2022 ). They could become a basic core standard for
mporter nations from suppliers to begin to institute serious mea-
ures to reduce the impacts of floriculture trade. More recently, a
ew global standard is being developed, FloriPEFCR (Cut Flowers
nd Potted Plants Product Environmental Footprint), which is a
ethod based on LCA to provide a single certification standard for

he sustainability of imported floricultural products (Wageningen
niversity and Research 2023 ). Previous LCAs for cut flowers have
een focused primarily on carbon footprint (Lan et al. 2022 ), and
ew methods should be focused on developing a more holistic
auge of impacts. Furthermore, there have been wider efforts
or the sustainable harvest of medicinal and aromatic plants,
uch as the FairWild Standard, which can incentivize legal and
ustainable over illegal harvest (Morgan and Timoshyna 2016 ,
imoshyna and Drinkwater 2021 ), and lessons from these should
e applied to horticultural plants, in cases where sustainable
ild harvest is possible. 

onclusions 

ur analyses on the myriad risks from the ornamental plant
rade suggest that the lack of standardized data collection and
haring on these issues could represent a significant issue for
uantifying risk pathways, and efforts should be made to make
vailable and collate these data sets to adequately inform policy.
lthough the ornamental plant industry brings many benefits,
ts potential and recorded impacts on wild species, ecosystems,
nd people in both exporting and importing nations means that
areful management of these growing markets is essential. 
Newer standards may rebalance some of these negative im-

acts, but the recognition of the multifaceted challenges are
eeded to develop appropriate solutions, especially overlooked
ssues such as food security, Indigenous rights, and local biodi-
ersity loss. Although higher standards could reduce pesticide
mports (especially for banned pesticides and other chemicals),
fforts to reduce pests often fall largely on supplier nations
Chege et al. 2021 ), although importer nations may also increase
he rate of checks when consistent problems are identified (Royal
lora Holland 2023 ). Inconsistency in reporting, especially with
egards to notifiable or regulated pests whose definition varies
ver time, means that distinguishing true trends from recorded
nformation is difficult. Given the number and diversity of ver-
ebrates, including fragile ones such as tropical frogs, reported
ive in imported products, the number of imported invertebrate
ests is likely underestimated, and more consistent measures
re needed to provide an accurate understanding of the true
mplications of trade and how they might be managed. 
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