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A B S T R A C T   

Ethnopharmacological relevance: Rhodiola rosea L. has a circumpolar distribution and is used in ethnomedicines of 
Arctic peoples, as well as in national systems of traditional medicine. Since the late 20th century, global demand 
for R. rosea has increased steadily, in part due to clinical research supporting new uses in modern phytotherapy. 
Global supply has been largely obtained from wild populations, which face threats from poorly regulated and 
destructive exploitation of the rootstocks on an industrial scale. 
Aim of the study: To evaluate (i) the conservation status, harvesting and trade levels of R. rosea, in order to 
determine whether international trade should be monitored, (ii) the current state of experimental and com-
mercial farming and whether cultivation may play a role to take pressure off wild stocks, and (iii) evidence of 
substitution of other Rhodiola species for R. rosea as an indicator of overexploitation and rarity. 
Materials and methods: We reviewed published studies on R. rosea biology and ecology, as well as information on 
impacts of wild harvest, on management measures at the national and regional levels, and on the current level of 
cultivation from across the geographic range of this species. Production and trade data were assessed and 
analysed from published reports and trade databases, consultations with R. rosea farmers, processors of extracts, 
and trade experts, but also from government and news reports of illegal harvesting and smuggling. 
Results and conclusions: Our assessment of historical and current data from multiple disciplines shows that future 
monitoring and protection of R. rosea populations is of time-sensitive importance to the fields of ethnobotany, 
ethnopharmacology, phytochemistry and phytomedicine. We found that the global demand for R. rosea in-
gredients and products has been increasing in the 21st century, while wild populations in the main commercial 
harvesting areas continue to decrease, with conservation issues and reduced supply in some cases. The level of 
illegal harvesting in protected areas and cross border smuggling is increasing annually coupled with increasing 
incidences of adulteration and substitution of R. rosea with other wild Rhodiola species, potentially negatively 
impacting the conservation status of their wild populations, but also an indicator of scarcity of the genuine 
article. The current data suggests that the historical primary reliance on sourcing from wild populations of 
R. rosea should transition towards increased sourcing of R. rosea from farms that are implementing conservation 
oriented sustainable agricultural methods, and that sustainable wild collection standards must be implemented 
for sourcing from wild populations.   

1. Introduction 

Rhodiola rosea L. (Crassulaceae) has a circumpolar distribution and is 
used in ethnomedicines of Arctic peoples including the Inuit (Paquin 
et al., 2019), Nenets (Davydov and Mikhailova, 2011), Komi (Galambosi 
et al., 2010), Sámi (Cuerrier and Ampong-Nyarko, 2014), and Yakut 

(Ivanova, 2015), as well as in national systems of traditional medicine of 
Mongolia (World Health Organization, Regional Office for the Western 
Pacific, 2013), Russian Federation, and Europe (European Medicines 
Agency, 2012). It is mainly wild populations of R. rosea in the Russian 
Federation that have been commercially exploited for medicinal pur-
poses, although cultivation is taking place at an experimental or small 
commercial scale. Due to large-scale wild collection for use in traditional 
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Russian medicine, reserves of R. rosea in the former Soviet Union were 
already in significant decline by the late 1980’s (Smelansky et al., 2009). 
Today, the Russian Federation is a major user and exporter of R. rosea 
raw material, while China is a major exporter of value-added Rhodiola 
extracts (made from Rhodiola crenulata (Hook.f. & Thomson) H. Ohba, 
R. rosea and/or R. sachalinensis Boriss.). 

Global demand for medicinal plants such as R. rosea rootstock and its 
compound salidroside has contributed to the species becoming rare and 
threatened in some regions, depleting a natural resource important for 
human health (Howes et al., 2020). Market analysis indicates that the 
global demand for R. rosea products will continue to increase (Bernard, 
2016), which may negatively impact its conservation status and 
continued access for use in medicine. There are three main drivers of the 
growing international demand for R. rosea products. Firstly, expansion 
of the herbal medicine, sports medicine, and energy drinks market 
sectors, with several clinical trials supporting the safety and efficacy of 
R. rosea-containing products in treating the effects of fatigue, as well as 
sleep disorders and depression (Ghiorghiță et al., 2015; Panossian et al., 
2010). New research suggests that R. rosea may also be a candidate for 
prophylaxis and treatment of viral respiratory diseases, including 
COVID-19 (Panossian and Brendler, 2020), which could increase de-
mand. Secondly, extracts of R. rosea are used in the cosmetics industry 
(European Commission, 2020), and thirdly, as a component of “func-
tional foods” (Lamadrid et al., 2019). 

The existing literature on R. rosea, while extensive, is segmented, 
providing limited information on some but not all of our research 
questions. To fill this knowledge gap, a novel approach to retrieve, 
collate, assess and integrate data from multiple disciplines, presented in 
multiple languages, would be necessary. This study aims to evaluate (i) 
the conservation status, harvesting and trade levels of R. rosea, in order 
to determine whether international trade should be monitored, (ii) the 
current state of experimental and commercial farming and whether 
cultivation may play a role to take pressure off wild stocks, and (iii) 
evidence of substitution of other Rhodiola species for R. rosea as an in-
dicator of overexploitation and rarity. 

2. Materials and methods 

We reviewed published studies on R. rosea biology and ecology, as 
well as information on impacts of wild harvest, on management mea-
sures at the national and regional levels, and on the current level of 
cultivation from across the geographic range of this species. Production 
and trade data were assessed and analysed from published reports and 
trade data bases, consultations with R. rosea farmers, processors of ex-
tracts, and trade experts, but also from government and news reports of 
illegal harvesting and smuggling. 

Our data collection strategy involved using a group of search terms 
translated into languages of the main countries where R. rosea is har-
vested, traded, and used in medicines. Although R. rosea occurs in 29 
countries, some of these have a common language, for example English 
is used in four R. rosea countries (Canada, Ireland, United Kingdom, and 
United States), and German in three R. rosea countries (Austria, Ger-
many, and Switzerland). Searches were carried out separately in each of 
the selected languages, mainly English, Russian, Kazakh, Mongolian, 
Chinese, Bulgarian, and German. Search terms included Rhodiola, 
golden root, roseroot, ethnomedicine, traditional medicine, wild 
collection, cultivation, export trade, illegal, harvesting, poaching, 
smuggling, border, conservation status, protected, threatened, red list, 
and red book. We made use of the online academic search engine Google 
Scholar, however much of the requisite data, needed for this study, 
would not be found in scholarly search engines. To identify and 
communicate with relevant information providers, we also searched in 
LinkedIn, a business professional social networking site, and in 
ResearchGate, a professional network for scientists and researchers. To 
obtain data on companies involved in R. rosea production or export trade 
we utilized the private import/export trade database of Zauba Tech-
nologies & Data Services Private Limited as well as governmental da-
tabases such as the United States Department of Agriculture (USDA) 
Organic Integrity Database. We also visited medicinal plant trading 
centers such as the Chengdu HeHuaChi Chinese Medicine Market 
(Chengdu, Sichuan) and international trade shows such as the Supply 
Side West (Las Vegas, Nevada) where unstructured interviews were 
carried out with persons involved in the R. rosea trade. For current in-
formation on border patrol actions, we searched in the websites of 
regional and state news agencies such as Gorny Altai News, Katun-24- 
News, and the TASS Russian News Agency (Russian Federation), 
Rudny Altai News, and Tengri News (Kazakhstan). For information on 
R. rosea occurrence, conservation, legal and regulatory status, we 
searched in the websites and databases of governmental organizations 
such as agencies, departments, directorates, and ministries of agricul-
ture, environment, health, medicines, natural resources and ecology, 
and tourism, respectively. 

3. Results 

3.1. Ethnomedicinal use 

The Inuit people of Nunavik (Northern Québec) and of the Nunat-
siavut autonomous area (Newfoundland and Labrador Province) use 
preparations of R. rosea root for mental and physical rejuvenation. A 
recent study informed by Inuit Elders assessed the anxiolytic activity of 
an alcoholic extract prepared from Nunavik variety R. rosea root in 
behaviour models (Cayer et al., 2013; Paquin et al., 2019). The Inuit of 
the Nunatsiavut reportedly also use rootstock of R. rosea as a remedy for 
treating infections, colds, fatigue, and toothache (Cuerrier and 
Ampong-Nyarko, 2014). Sámi people of northern Jämtland, Sweden, 
chew on root pieces during long journeys, presumably for endurance 
(Panossian et al., 2010). Sámi people of Troms og Finnmark County, 
Norway, prepare a decoction for treatment of urinary disorders (Alm, 
2004). The rootstock is used by the Yakut people of the Republic of 
Sakha (Yakutia) for diseases of genitourinary system (Malysheva and 
Chirikova, 2019). Because it is increasingly rare with few natural 

Abbreviations 
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reserves, and is destructively harvested for medicine making, cultivation 
for local use has begun in Central Yakutia (Ivanova, 2015). In the Si-
berian Republic of Buriatiia, medicinal tea prepared with the roots of 
R. rosea is viewed by the Evenki people as a ‘universal’ medicine used to 
treat many types of disorders (Davydov, 2011). Komi-Zyryans people of 
the Ural Mountains make preparations of the roots to remedy weariness 
and nervous disorders (Cuerrier and Ampong-Nyarko, 2014). The sappy 
stems, leaves and roots of Rhodiola atropurpurea (syn. R. rosea subsp. 
atropurpurea) are used by Siberian Chukchi and Yup’ik peoples as 
components of traditional foods (Yakovleva, 2017). 

3.2. Chemistry and pharmacology 

Of the approximately 150 bioactive compounds identified in R. rosea 
thus far, the main compounds of pharmacological interest include 
certain phenylpronoids, namely the cinnamyl alcohol glycosides rosin, 
rosarin, and rosavin, collectively referred to as rosavins, and the phe-
nylethanoid compound salidroside with its aglycone tyrosol (Alperth 
et al., 2019; Elameen et al., 2020; Ghiorghita et al., 2015). Russian 
pharmacopoeial quality dried R. rosea rhizome and root should contain 
not-less-than 1% phenylpropanoid glycosides, calculated as rosavin, and 
not-less-than 0.8% salidroside (Federal Ministry of Health of Russia, 
2018). While many Rhodiola species contain salidroside, R. rosea is 
different to most as its rootstock contains phenylpropanoids. Phenyl-
propane derivatives such as the rosavins and phenylethane derivatives 
such as tyrosol and salidroside are believed to be responsible for the 
adaptogenic activity of R. rosea preparations, exhibiting pharmacologi-
cally pleiotropic effects on the neuroendocrine and immune systems 
(Panossian et al., 2020). 

3.3. Taxonomy 

While a few sources such as the The Plant List, Version 1.1. (2013) 
classify R. rosea as a synonym of Sedum roseum (L.) Scop., the name 
Rhodiola rosea L. is widely accepted in most authoritative literature (e.g. 
Eggli, 2003; Fu et al., 2001; GBIF Secretariat, 2017; POWO, 2019) and in 
current official compendia (European Medicines Agency, 2012; Federal 
Ministry of Health of Russia, 2018; United States Pharmacopeial 
Convention, 2019). As such, the name Rhodiola rosea is also incorpo-
rated by reference into national regulations globally. Furthermore, 
while some sources suggest that R. sachalinensis Boriss. should be treated 
as a synonym of R. rosea (Yakubov, 2019), or as a subspecies of R. rosea 
(Gontcharova et al., 2009), the Flora of China (Fu et al., 2001) and 
China’s red list authorities (Ministry of Environmental Protection & 
Chinese Academy of Sciences, 2013; Qin et al., 2017) treat them as 
separate species. We agree with their separation based on chemotaxo-
nomic, geographic, pharmacognostic, and taxonomic data (Cunningham 
et al., 2020). 

For over 250 years, the many synonyms for R. rosea, and taxonomic 
uncertainty, reflect the point that Gontcharova and Gontcharov (2009) 
made: that the genus Sedum is “the most problematic” (and largest) 
genus in the Crassulaceae. This taxonomic challenge is made more 
complex by the highly variable morphology and phytochemistry of 
R. rosea (György et al., 2014). Recent molecular work by Zhang et al. 
(2014a) supports the treatment of Rhodiola, together with Pseudosedum, 
as a separate clade, with R. rosea incorporated in the Rhodiola clade, 
closest to Rhodiola quadrifida (Pall.) Fisch. & C.A.Mey. 

Several common names are used with reference to R. rosea including 
arctic root, golden root, orpin rose, rhodiola, roseroot, and rosenroot, 
among others (Panossian et al., 2010). According to Ghiorghita et al. 
(2015) the name “golden root” was given because of the “exquisite 
pharmacological properties of the root compounds” and the common 
name “rose root” because of the rose scent that comes from freshly sliced 
roots; while the name “arctic root” is based on the geographic distri-
bution of this species across the Arctic region. There are more than 50 
vernacular names (in Sámi and Norwegian) for this species in Norway 

alone (Alm, 2004), grouped geographically across Norway. Generally, 
such “over-differentiation” of plant species in folk taxonomy is widely 
considered a measure of the economic or cultural importance of a spe-
cies (Martin, 2010). 

3.4. Ecology and distribution 

Although the Qinghai-Tibetan Plateau (QTP) is both the centre of 
origin and of diversity for the genus Rhodiola (Zhang et al., 2014b, 
2014c), R. rosea is considered to have originated in alpine southern 
Siberia (Kozyrenko et al., 2011). Today, R. rosea has a wide circumpolar 
distribution across the northern hemisphere from the low-Arctic to 
high-temperate regions of Asia, Europe, and North America (Cuerrier 
and Ampong-Nyarko, 2014; see Fig. 1). 

Specifically, within Asia, R. rosea occurs in Central Asia including 
Kazakhstan (Ministry of Agriculture of Kazakhstan Republic, 2007), 
Eastern Asia, including Mongolia (World Health Organization, Regional 
Office for the Western Pacific, 2013), western and northern parts of 
China including Xinjiang Uyghur Autonomous Region (Wang et al., 
2005), and provinces of Gansu, Shanxi, Hebei and Jilin (Fu et al., 2001). 
Within Asian Russia, the species occurs in the Northern Ural Mountains, 
the Altai Mountains, and the Sayan Mountains (Adamczak et al., 2016), 
extending into the Russian Far East (Kozyr, 2014; Lyapustin et al., 
2013), Sakhalin Oblast (island of Sakhalin and the Kuril Islands), and 
Chukotka Peninsula (easternmost peninsula of Asia), and the northern-
most tundra region (Cuerrier and Ampong-Nyarko, 2014; Gammerman 
and Grom, 1976). In Japan, R. rosea occurs on Honshu Island and 
Hokkaido Island (Okada and Gautam, 2018). In Northern Europe, its 
distribution extends from Iceland, to Ireland, the United Kingdom, 
Denmark (Faroe Islands), Norway (Kylin, 2010), the Finnmark region 
(northernmost part of continental Europe), Sweden (Ghiorghiță et al., 
2015), and Finland (Galambosi and Galambosi, 2015), extending into 
Eastern Europe, in parts of Poland (Adamczak et al., 2016; Buchwald 
et al., 2015), Czechia, Slovakia, Romania (Ghiorghiță et al., 2015), 
Ukraine (Brändli and Dowhanytsch, 2003; Minarchenko, 2011), 
Bulgaria, and mountainous parts of Western and Southern Europe, in 
alpine Andorra, Austria, Bosnia and Herzegovina, Croatia, France, 
Germany, Italy, Slovenia, Spain and Switzerland (Diewald and Ahlmer, 
2016; György et al., 2018). In North America, R. rosea occurs in the 
Autonomous Danish Dependent Territory of Greenland, as well as in 
eastern Canada and some northern parts of the United States (Cuerrier 
and Ampong-Nyarko, 2014). 

With an arctic-alpine distribution, R. rosea grows in a wide range of 
habitats and soil types, from soils with low levels of organic matter to 
soils rich in organic matter, and in a wide range of pH values, from 
alkaline limestones to low pH acid soils. As would be expected from a 
species with such a wide distribution and wide altitudinal range (just 
above sea-level to 3000 m a.s.l.), R. rosea occurs in habitats ranging from 
coastal cliffs to meadows and grasslands, along the edges of small 
streams, to forest margins, and inaccessible fissures in alpine mountains 
or in rocky scree slopes of mountains (Allen et al., 2014; Cuerrier and 
Ampong-Nyarko, 2014; Fu et al., 2001). Along the vegetated sea-cliffs of 
the Atlantic and Baltic coasts, R. rosea occurs on coastal cliffs that are 
important sites for seabirds to rest, roost, and nest (NPWS, 2008). 

Rhodiola rosea plants are known to be long-lived perennials, but 
maximum ages in wild populations have not been studied. Life expec-
tancy, according to Nekratova and Nekratov (2005) is over 80 years. 
Rhodiola rosea plants grow 5–50 cm tall and have deciduous (vs. mar-
cescent) flowering stems. The rootstocks are 1–2 cm in diameter, cy-
lindrical to long obconical in shape and when mature, are branched 
when well developed. Plants can have multiple flowering stems. These 
are 1–6 mm in diameter, and are smooth, glabrous and are usually pale 
green, but can be glaucous. Rhodiola rosea inflorescences can have be-
tween 25 and 70 flowers and are up to 5 cm in diameter. Individual 
flowers are 3–7 mm in diameter (Eggli, 2003). Depending on the region, 
the flowering period occurs between April to August and the fruiting 
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period between July to September (Fu et al., 2001). In Northern Europe, 
the flowering period may start in May or June and end in June or July 
(Galambosi et al., 2010; Nordic Gene Bank, 2005). There are records of 
R. rosea with monoecious or hermaphroditic flowers (Small and Catling, 
2000), but the species is effectively dioecious. Dioecy can increase 
vulnerability of a species to destructive harvest, as this increases dis-
tance between male and female plants, potentially reducing effective 
pollination. Although male:female ratios in dioecious plants are usually 
close to a 1:1 ratio, Richards (1988) showed that in Scotland, the R. rosea 
population was skewed towards male plants (1.56:1). According to 
Platikanov and Evstatieva (2008), male R. rosea plants had a higher 
medicinal value than female ones, based on total rosavin and salidroside 
levels. There are data showing that salidroside accumulation in R. rosea 
is genetically determined, confirming higher salidroside levels in male 
vs. female plants, suggesting that one reason for this difference may be 
that male R. rosea stops growing after flowering, whereas growth of 
female plants continues up to the end of the season (Bozhilova, 2011). 
The quantity of seeds produced may vary depending on the region and 
the age of the plant. One study reported that the flowering stem of wild 
R. rosea plants in the High Altai areas produced 560–930 seeds, whereas 
cultivated two- and three-year-old plants in the Tomsk Botanical Gar-
den, produced 780 and 3620 seeds per flowering stem, respectively 
(Galambosi, 2006). Rhodiola rosea seeds are small (1.7–2.2 mm long) 
and only slightly winged, so dispersal is probably over relatively short 
distances. Germination rates in wild populations are low, between 5 and 
35% (Tasheva and Kosturkova, 2012). In addition to recruitment from 
seed, established R. rosea plants are able to resprout from the large 
rootstock. However, this is the most commercially valued part of the 
plant, so exploitation of wild plants usually encompasses destructive 
removal of the whole plant, which negates any chance of resprouting 
from the rootstock. 

3.5. Threats and trends 

Although R. rosea occurs from close to sea-level (along sea-cliffs of 
the Baltic and Atlantic coasts) to 3000 m a.s.l. in Central Asia and the 
QTP, a range of impacts give cause for concern across this wide altitu-
dinal range. Wild populations of R. rosea face multiple threats including 
large scale destructive exploitation of the rootstocks, increased risk of 
pollination failure due to destructive harvest, climate change impacts 
and impacts of grazing or trampling by livestock. Rhodiola rosea plants 
are insect pollinated but based on studies of pollination on R. dumulosa 
(Zhu and Lou, 2010), these are likely to be common generalist pollina-
tors rather than rare species. As long-lived perennials, R. rosea form 

micro-habitats that are likely to provide shelter for small animals, 
particularly in bleak mountain slopes or in rocky scree. In addition, 
R. rosea is the larval foodplant of Parnassius apollo swallowtail butter-
flies, which due to their large size are a “flagship” butterfly genus in 
parts of Europe and Russian Federation (Nakonienczy, 2007). This is 
significant, as P. apollo butterflies have been in decline in parts of Europe 
for 100 years and are now extinct in some European countries (Nako-
nienczy, 2007; Pierzynowska et al., 2019). Overexploitation of R. rosea 
as of one of the main larval foodplants could compound the multiple 
factors affecting P. apollo. In addition, the unmanaged, destructive 
harvesting of R. rosea stems and rootstocks will increase the distance 
between male and female plants. This is likely to reduce pollination 
success in mountain areas where pollinators are scarce and face many 
other challenges, such as cold temperatures and strong winds. In addi-
tion, anthropogenic threats such as illegal clear cutting have caused 
fragmentation and habitat loss in the Russian Far East (Zyryanova et al., 
2005). 

Climate change is already having an impact on R. rosea populations 
in some alpine habitats. As the Nordic Gene Bank (2005) study points 
out, R. rosea “is well adapted to habitats with sparse soil layers due to its 
fleshy leaves and a thick rootstock, but it is dependent on relatively 
stable water supplies”. Hotter, drier habitats pose a challenge for R. rosea 
populations, even when destructive harvest is absent. In montane hab-
itats, for example, long-term monitoring studies have shown how 
R. rosea populations declined due to drying up of alpine streams. In 
southern Transbaikalia (Siberia), long-term vegetation monitoring 
showed how a drier climate has reduced the area of alpine meadows as 
supply streams dry up, including the reduction in R. rosea, with small 
clumps remaining along small streams (Kozyr, 2014). Similarly, 
R. integrifolia Raf. is predicted to lose 31% of its current habitat area due 
to encroachment by forest species into higher altitudes due to climate 
change (Ee et al., 2015). In contrast, in alpine locations where climate 
change brings warmer temperatures and higher rainfall, this can make 
currently unsuitable habitats (such as those with permafrost) into more 
suitable habitats for some Rhodiola species at higher latitudes and ele-
vations by 2050 (You et al., 2018). 

Some habitats of R. rosea are directly impacted by anthropogenic 
pressures, as shown for vegetated sea-cliffs in Ireland, where erosion, 
grazing, recreational pressures, development of golf courses and hous-
ing, dumping and cutting of peat are known threats. But climate change 
impacts are also likely to affect these habitats because cliffs may have to 
be artificially consolidated or stabilised (NPWS, 2008). In a 2014 survey 
of 140 pastoral herders in southern Mongolia, changes in rangeland, soil 
and vegetation were observed, including an observation that medicinal 

Fig. 1. The global distribution of R. rosea (GBIF Secretariat, 2017). The colour of the hexagons represents the number of distribution records in each hexagon. Darker 
hexagons have more geo-referenced occurrences. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of 
this article.) 
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plant species that grew abundantly 20 years earlier, in particular R. rosea 
and Thymus gobicus Czern., had now become scarce. Herders attributed 
the observed rangeland degradation to less precipitation, higher tem-
peratures, increased soil erosion and resulting dust storms (Jigjsuren 
et al., 2015). In Iceland, the introduction of sheep resulted in eradication 
of some populations of R. rosea (Nordic Gene Bank, 2005). However, a 
study on the palatability of Mongolian rangeland plants did not consider 
R. rosea palatable to grazing or browsing (Damiran, 2005), and whether 
the livestock impacts on R. rosea populations in Iceland were due to 
trampling or grazing is uncertain. What is known is that some pop-
ulations disappeared when sheep were introduced. In Germany, the 
occurrence of R. rosea today is rare and limited to parts of the Bavarian 
Forest and Black Forest (Amann, 2016) and the species is assessed as 
Threatened with extinction in the national red list (Metzing et al., 2018). 

Rhodiola rosea is now classified as regionally endangered in Austria 
(Niklfeld and Schratt-Ehrendorfer, 1999), and critically endangered in 
neighbouring Czechia (Grulich and Chobot, 2017). 

Total population sizes of R. rosea in the 29 countries where it occurs 
naturally are not known. However, some resource inventory studies may 
serve as proxies. One study in the Republic of Tuva (southern Siberia) 
estimated the total area where R. rosea occurs at 14,102 km2, within 
which there is an estimated standing stock of 109.6 tonnes of R. rosea 
(Sambuu and Ajunova, 2019). In the Kuznetsky Alatau mountain range, 
Republic of Khakassia, habitats of R. rosea occupy an area of 38,000 km2, 
within which R. rosea plant communities covered 66 ha with a standing 
stock of underground biomass of 191.9 ± 18.9 kg/ha (Nekratova and 
Shurupova, 2014). Based on investigation of 179 individual plants in 
this area, by the same researchers, the average ages of adult R. rosea 

Table 1 
Conservation status and legal protection of wild Rhodiola rosea across 29 countries where it occurs naturally.  

Range State Conservation status and legal protection (where known) 

Andorra Not known. 
Austria Regionally endangered (Niklfeld and Schratt-Ehrendorfer, 1999). 
Bosnia & 

Herzegovina 
Vulnerable (Federal Ministry of Environment and Tourism, 2014). 

Bulgaria Critically Endangered (CR) (IUCN, 2001) (Peev et al., 2015). Protected according to the Biodiversity Act of Bulgaria, Appendix 3, which means that it is 
prohibited for collection from wild habitats (Government of Bulgaria, 2018). 

Canada The national ranking is N4–N5 (Apparently secure/Secure) and provincially S3 (Vulnerable) in New Brunswick, and SU (currently unrankable) in Nunavut ( 
Canadian Endangered Species Conservation Council. 2016). 

China Rhodiola rosea var. rosea is listed as Vulnerable (VU) in the 2013 Red List of the Chinese flora (Ministry of Environmental Protection & Chinese Academy of 
Sciences, 2013) and as VU B1ab (iii)) in the 2017 elaboration of the revised Red List (Qin and Zhao, 2017). Both Rhodiola rosea f. purpurascens and R. rosea var. 
microphylla are listed as Least Concern (LC) in the 2013 Red List. 

Croatia Not assessed in the 2005 Red Book of Vascular Flora of Croatia. 
Czechia Critically Endangered CR C1b (IUCN 3.1 2012) (Grulich and Chobot, 2017). 
Denmark Not assessed in the 2019 Red Book of Denmark. Assessed as Least Concern (LC) in the 2018 Red List of the Autonomous Danish Dependent Territory of 

Greenland (Boertmann and Bay, 2018). 
Finland Assessed as Least Concern (LC) in the 2019 Red List of Finnish Species (Finnish Biodiversity Information Facility, 2019). 
France Assessed in the 2019 National Red List of France as Least Concern (LC), but regionally as Critically Endangered (CR; D1) in the Alsace region; Vulnerable (VU; 

D2) in the Aquitaine region; and as LC in the regions of Midi-Pyrénées and Rhône-Alpes (Escuder and Horellou, 2020). 
Germany Threatened by extinction (Metzing et al., 2018). Wild harvest is prohibited by the Federal Act for the Protection of Nature and would need a permit (Federal 

Ministry of Justice, 2020). 
Iceland Not assessed in the 2018 Red List of Iceland. 
Ireland “Sedum rosea” is assessed as Least Concern (LC) (Wyse Jackson et al., 2016). 
Italy Not assessed in the 2013 Red List of Italy. 
Japan Not assessed in the 2019 Red List of Japan. 
Kazakhstan Listed in the Red Book of Kazakhstan, protected and regulated, collection only with permits (Abitov, 2019). Annual harvest quotas for R. rosea in certain areas 

of eastern Kazakhstan are established by ministerial decree (Government of the Republic of Kazakhstan, 2016). 
Mongolia Classified as Vulnerable (VU; A1acd) (Urgamal, 2018). Not assessed in the 2014 Red Book of Mongolia (Ministry of Environment and Green Economy, 2014). 
Norway Classified as Least Concern (LC) in the Norwegian Red Book of Species (Norwegian Biodiversity Information Centre, 2015). In the Svalbard archipelago several 

populations of Bjørnøya and Prins Karls Forland are protected (Engelskjøn et al., 2003). 
Poland Not assessed in the Red Book of Poland (2016). 
Romania Not assessed in the Red Book of Vascular Plants in Romania (2009). 
Russian Federation Listed in Category 3 b (Rare; small populations occur sporadically spread across a large area) in the Red Book of the Russian Federation (Ministry of Natural 

Resources and Environment of the Russian Federation, 2008); Category 1 (CR; in danger of extinction) in the Red Book of the Chelyabinsk region (Ministry of 
Ecology of the Chelyabinsk Region, 2017); Category 2 (Vulnerable and declining) in the Red Books of the Amur Region (Kozhemyako, 2009), Nenets 
Autonomous Region (Matveeva, 2006), Yamalo-Nenetsky Autonomous Region (Ektova and Zamyatin, 2010), Republic of Altai (Ministry of Natural Resources, 
Ecology and Tourism of the Altai Republic, 2017), Republic of Buryatia (Pronin, 2013), Republic of Khakassia (Ankipovich et al., 2012), Republic of Sakha 
(Yakutia) (Danilova et al., 2017), and of the Irkutsk Region (Ministry of Natural Resources and Ecology of the Irkutsk Region, 2010); Category 3 (Rare) in the 
Red Book of the Komi Republic (Degteva, 2019); Category 4 (Uncertain status, requiring monitoring) in both the Altai Territory (Ministry of Natural Resources 
and Ecology of the Altai Region, 2019) and Chukotka Autonomous District (Chereshnev et al., 2008). 

Slovakia Changed from Vulnerable (VU) (IUCN 3.1 2000) in 2001 Red List of Slovakia (Feráková et al., 2001) to Least Concern (LC) in 2015 Red List (Eliáš et al., 2015). 
Slovenia Not assessed in the 2010 red list endangered plant species of Slovenia. 
Sweden Least Concern (LC) (SLU Artdatabanken, 2020). Wild harvest of R. rosea is prohibited in several counties (Bohuslän, Göteborg and Västra Götaland) (Cuerrier 

and Ampong-Nyarko, 2014). 
Switzerland Least Concern (LC) (Bornand et al., 2016). 
Ukraine Classified as Vulnerable (VU) in the 2012 Red Book of Ukraine (Saparenko, 2012). More recently, classified as Critically Endangered (CR A4abcd) in the 

Carpathian Mountains region of Ukraine (Kadlečík, 2014). The species is under regional protection with wild collection prohibited unless a special permit is 
issued which is subject to limitations on amount (Minarchenko, 2011). 

United Kingdom “Sedum rosea” is classified as Least Concern (LC) in the Vascular Plant Red Data Lists for England (Stroh et al., 2014) and Great Britain (Dines, 2005). 
United States Not protected under the national Endangered Species Act (ESA) of 1973; however, it is „protected under the Environmental Conservation Law” in the state of 

New York, and „protected under Vermont’s Endangered Species Law” in the state of Vermont, and it is also protected in the state of North Carolina (Cuerrier 
and Ampong-Nyarko, 2014). The PLANTS Threatened and Endangered database of the United States Department of Agriculture (USDA) Natural Resources 
Conservation Service lists Rhodiola rosea as endangered in the states of New York, North Carolina, Pennsylvania, threatened in Vermont and extirpated in 
Tennessee (Natural Resources Conservation Service, 2019). Quota-based wild R. rosea harvest is allowed in Alaska (Department of Natural Resources, Division 
of Mining, Land and Water, 2008). According to an assessment by NatureServe, the state-level statuses are Connecticut: SNR (unranked), Maine: S3S4 
(vulnerable to apparently secure), New Jersey: SNR (unranked), New York: S1 (critically imperilled), North Carolina: SH (possibly extirpated), Oregon: SNR 
(unranked), Pennsylvania: S1 (critically imperilled), Utah: SNR (unranked), and Vermont: S1 (critically imperilled) (NatureServe, 2020).  
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plants in optimal habitat conditions could be estimated at 20–30 years 
(Nekratova and Shurupova, 2015). In the Soviet era, as a result of 
large-scale commercial harvesting, reserves of R. rosea in the Kuznetsky 
Alatau mountains reportedly dropped by 90.5% for the period of 1976 
through 1987, the rate of decline ranging between 6% and 8% per year. 
For the period of 1974 through 1986, reserves in the mountainous Altai 
Region reduced by 76.4%. After 1991, with the dissolution of the Soviet 
Union, the state-controlled procurement system for pharmacopoeial 
wild medicinal plants collapsed (Smelansky et al., 2009). In the early 
1970s, R. rosea raw material reserves in the highlands of southern 
Siberia were estimated at 1720 tonnes (dry weight). By 1979, the esti-
mated total reserves in southern Siberia amounted to 979 tonnes, of 
which 615 tonnes were in Altai, 265 tonnes in Kuznetsky Alatau and 
Western Sayan, and 99 tonnes in Tuva (Sambuu and Ajunova, 2019). 

The Russian Federation, the main source of wild R. rosea raw ma-
terials supplying the global market today, classifies the conservation 
status of R. rosea in Category 3 b Rare: small populations occur 
sporadically spread across a large area (Ministry of Natural Resources 
and Environment of the Russian Federation, 2008). In March 2019, 
based on observations and reports of uncontrolled large quantities of 
R. rosea being harvested and exported from the Altai Territory, the 
Commission on the Red Book of the Altai Territory reclassified the 
species into Category 4 (uncertain status) and made a decision to 
commence monitoring in order to determine the status of R. rosea re-
serves in the territory (Ministry of Natural Resources and Ecology of the 
Altai Region, 2019). It had previously been categorized as a “resource 
plant” (legal to harvest without restriction) in the Altai Territory 
(Kamelin and Shmakov, 2006). Despite its national listing in Category 3 
b (Rare), populations from the Altai Territory are still exempt from the 
harvest and transport restrictions. Up until the 2019 (regional) decision 
to place R. rosea into Category 4 in the updated Red Book of the Altai 
Territory, there had been no controls or monitoring, particularly in the 
collection areas near the border areas (Katun-24-News, 2019). In the 
neighbouring Altai Republic, R. rosea is listed in Category 2 (Vulnerable 
and decreasing) (Ministry of Natural Resources, Ecology and Tourism of 
the Altai Republic, 2017). Table 1 summarizes the conservation status of 
R. rosea in the 29 countries where it occurs naturally as well as legal 
protection information for selected countries of relevance in the R. rosea 
trade. 

3.6. Trade 

3.6.1. Utilization 
Firstly, R. rosea is used in ethnomedicines of Arctic peoples living in 

the Russian Federation, Alaska (United States), north-eastern Canada, 
and northern Europe. Secondly, preparations of R. rosea are used in the 
context of national systems of traditional medicine in Europe, Russian 
Federation, Mongolia, and Canada. In the European Union, preparations 
of R. rosea are used as active ingredients of registered traditional herbal 
medicinal products (THMP) indicated for temporary relief of symptoms 
of stress, such as fatigue and sensation of weakness (European Medicines 
Agency, 2012). In the Russian Federation, extracts of R. rosea are used as 
an active ingredient of medicinal products, with quality standards, tests 
and methods published in the State Pharmacopoeia of the Russian 
Federation (Federal Ministry of Health of Russia, 2018). In Mongolia, 
dried R. rosea rootstocks are used in traditional Mongolian medicine for 
inflammation of the lung, fever, for strengthening the body, and as a 
mouthwash for bad breath (World Health Organization, Regional Office 
for the Western Pacific, 2013). In Canada, R. rosea is classified as a 
Natural Health Product (NHP) under Schedule 1 of the NHP Regulations. 
Licensed NHPs containing R. rosea as an active ingredient are indicated 
for use to help support cognitive function, such as mental focus and 
mental stamina, and as an adaptogen for temporary relief of symptoms 
of stress (Natural and Non-prescription Health Products Directorate, 
2019). Thirdly, extracts of R. rosea are produced for use as ingredients of 
dietary supplement products, functional food products, sports and 

energy drinks, alcoholic beverages, cosmetic products, and, in some 
countries, in veterinary medicine. In cosmetics, extracts of the root are 
also permitted for use for skin conditioning – emollient and skin pro-
tecting functions (European Commission, 2020). In the United States, 
R. rosea root, and extracts prepared from it, are regulated as dietary 
supplement ingredients. Official quality standards are published in the 
United States Pharmacopoeia (United States Pharmacopeial Convention, 
2019). 

3.6.2. Legal trade 
It was not possible in this study to quantify a precise level of inter-

national trade because there are no species-specific harmonized system 
tariff codes (HS Codes) assigned in any country for any commercial 
forms of R. rosea. The assignment of distinct HS Codes would enable 
quantification of import and export trade value and volume. However, 
some estimated production and trade data were found in country reports 
of governmental- and non-governmental organizations, market studies, 
and published articles. 

Commercial herbal extraction companies are the most important link 
in the supply chain between the informal sector trade and exports of 
extracts. China is a major producer of Rhodiola extracts for export. Ac-
cording to a 2017 market analysis and investment feasibility study, there 
were about 84 companies in the Rhodiola extraction business in China. 
The study, however, did not distinguish between the several different 
species of Rhodiola that are processed into extracts in China. Global 
demand was believed to be increasing rapidly (CICCE(B), 2017). While 
the biggest export market is for extracts of R. rosea, we know from 
post-market analysis of finished products that some Chinese extraction 
houses are using other species of Rhodiola, either mixed with R. rosea or 
with other Rhodiola species (see 3.8 Adulteration and substitution). It is 
not yet known which Rhodiola species is the predominantly used sub-
stitute for R. rosea. 

A 2016 market study estimated the value of the global market for dry 
extract of Rhodiola rosea root in 2015 at about US$27.06 million, with 
nearly 75% of the extract volume manufactured in China, about 13% 
made in Europe, over 5% manufactured in the United States, and about 
7% elsewhere (not disclosed). The average market growth rate from 
2011 to 2015 was estimated at about 7.80% (QYR Chemical & Material 
Research Centre, 2016). These data are confounded however due to the 
fact that several Rhodiola species are apparently used by some 
export-oriented extraction houses in the manufacture of extracts pur-
ported to be made from R. rosea. The United States, followed by the 
United Kingdom, then Australia, Canada and South Korea are the main 
importers of Rhodiola extract from China (Cunningham et al., 2020). 
According to the Zauba Technologies database, there are about 10 main 
Chinese exporters of Rhodiola extracts to the United States. Most of the 
Chinese extraction houses also have sales representatives and ware-
housing and distribution operations established in the United States. 

The global supply of R. rosea raw material that is used to manufac-
ture extracts is obtained mainly from wild populations. The largest 
populations subject to intensive commercial wild collection are situated 
in the Altai Mountains of southern Siberia (Galambosi, 2006; Smith and 
Cameron, 2017) but also in the neighbouring Xinjiang Uyghur Auton-
omous Region, China. About 500 tonnes annually of R. rosea rootstocks 
reportedly come from Xinjiang (Bejar et al., 2017), although it is likely 
that some portion is originating from wild collection sites outside of 
China, and it is assumed that some may be coming from unpermitted 
illegal harvesting (see chapter 3.4.4). We interviewed individuals in the 
R. rosea extraction industry. Some interviewees suggested that the es-
timate of 500 tonnes annual from Xinjiang included material brought 
cross-border into Xinjiang and that the estimate (first reported by Bejar 
et al., 2017) originated from one informant who worked for a European 
extraction house. We were not able to verify the 500 tonnes/annual 
estimate. 

There are at least five main R. rosea production and trading opera-
tions situated in the Altai-Sayan Ecoregion in the Siberian Federal 
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District (inclusive of the Altai Territory and the autonomous Republics 
of Altai, Khakassia, and Tuva), of which at least two or three companies 
specialize in the export trade. Cross-border trade of R. rosea is far more 
important for these companies because international buyers will pay 
significantly more than what the domestic market will bear. During the 
late 2000’s, the amount of dried R. rosea rootstocks exported from the 
Siberian Federal District was estimated to be four to five times greater 
than the amount that was traded domestically within the Russian 
Federation. Some of the traders have specific well-established buyers, 
for example, the Swedish Herbal Institute (Vallberga, Sweden), a leading 
manufacturer of adaptogen herbal medicinal products (Smelansky et al., 
2009). Rhodiola rosea is also among the most commonly wild collected 
plants by hunters in the Russian Far East for additional income (Dronova 
and Shestakov, 2005). The market analysis firm VVS, a partner of the 
Russian Export Centre for Foreign Market Research, reported that of 
Russia’s 33 regions (1) the Altai region accounts for 48% (in terms of 
reported customs value) of total Russian Federation exports of botanical 
materials including medicinal plants; and (2) that just two medicinal 
plants comprise the majority of all botanical exports from the Altai re-
gion, namely R. rosea rootstocks and sea buckthorn (Hippophae rham-
noides L.) berries. In the three-year period 2016–2018, the Altai region 
exported 266.9 tonnes (about 89 tonnes annually) of botanical materials 
with a customs value of USD 7,225,394 (48.4% of Russia’s total of 
USD14,915,591) (Kochanov, 2019). We know from other sources (Gal-
ambosi, 2006; Smelansky et al., 2009) that, historically, R. rosea root-
stock harvest and trade totals from Russia’s Altai region ranged between 
20 and 30 tonnes annually. The recent report by Kochanov (2019) does 
not provide species-specific data but if only one-third of the Altai re-
gion’s average annual export volume of 89 tonnes were R. rosea root-
stocks, that would amount to just under 30 tonnes, consistent with the 
historical data. However, because the report stated that the majority of 
Altai region exports were comprised of R. rosea rootstocks and sea 
buckthorn berries, it is possible that the R. rosea portion is greater than 
the historical 30 tonnes level. 

Legal trade is also gradually increasing from commercial farming 
operations established in recent years, mainly in Canada (Alberta), 
Russian Federation (Tula Region and Republic of Khakassia), and the 
United States (Alaska). About 15 MT are produced annually by the 
Alberta Rhodiola Rosea Growers Organization, some of which is 
exported to buyers in Australia, the European Union, and the United 
States (Radford, 2020). Based on information from communications 
with farms, the quantities from cultivation in the Russian Federation and 
the United States are still lower than Canada, probably only a few tonnes 
annually, but expected to increase as more land is planted. 

3.6.3. Forms of Rhodiola rosea in trade 
Forms of R. rosea in trade include the cut, dried rhizome and root, 

powdered rhizome and root, dry extract, liquid extracts (fluidextracts 
and tinctures), and dry extracts in solid dosage forms such as capsules 
and tablets (Table 2). While some of the entries in Table 2 are similar in 
name and definition, each is a distinctly separate article of commerce. 
For example, Rhodiola USP-grade (containing not-less-than 0.3% of 
phenylpropanoid glycosides) is a different quality material than Rho-
diola PhRus-grade (containing not-less-than 1.0% phenylpropanoid 
glycosides). Buyers and sellers will agree on which national standard the 
quality specification will be based on, which may have price and 
availability implications. Fig. 2 shows examples of selected finished 
products, containing extract of R. rosea, packaged for retail sale in 
markets including Australia, Austria, China, Finland, and the United 
States. 

New drug discovery research is also creating demand for isolated 
bioactive constituents of R. rosea such as salidroside, which is predicted 
to become an important therapeutic agent for treatment of certain 
chronic diseases and cancer (Xie et al., 2020). Salidroside occurs in 
many Rhodiola species. The content of salidroside in R. rosea however is 
relatively low. Obtaining commercial quantities by extraction from the 

Table 2 
Defined articles of commerce containing Rhodiola rosea.  

Name(s) of article Definition Ref. 

Arctic Rhizome & Root Dry 
Extract 

Prepared from Rhodiola rosea rhizome 
and root by extraction (Extraction 
solvent: ethanol 67–70% v/v) with a 
drug-to-extract ratio (DER) range of 
between 1.5:1 and 5:1 (w/w). A narrow 
range of the DER and a fixed strength of 
the ethanol used for extraction must be 
specified on product labelling; used as 
an active ingredient of registered 
Traditional Herbal Medicinal Products 
(THMPs) for temporary relief of 
symptoms of stress, such as fatigue and 
sensation of weakness. 

EMA 

Rhodiolae roseae rhizomata 
et radices 

Dried rhizome and root of Rhodiola 
rosea, harvested from perennial wild 
plants during the flowering and fruiting 
period or from cultivated plants, peeled 
and cut, containing not-less-than 1% 
phenylpropanoid glycosides, calculated 
as rosavin, and not-less-than 0.8% 
salidroside. 

PhRus 

Rhodiolae rosae 
rhizomatum et radicum 
extractum liquidum 

Hydro-alcoholic liquid extract prepared 
from Rhodiolae roseae rhizomata et 
radices PhRus. 

PhRus 

Rhodiola Rosea Callus The callus of Rhodiola rosea grown in 
culture; used for antioxidant and skin- 
protecting functions. 

COSING 

Rhodiola Rosea Callus 
Extract 

The extract of the callus of Rhodiola 
rosea grown in culture; used for skin- 
protecting function. 

COSING 

Rhodiola Rosea Root & 
Rhizome 

Dried root and rhizome, containing not- 
less-than 0.3% of phenylpropanoid 
glycosides calculated as the sum of 
rosarin, rosavin, and rosin; and not- 
less-than 0.08% salidroside. 

USP 

Rhodiola Rosea Root & 
Rhizome Powder 

Dried root and rhizome reduced to a 
powder, containing not-less-than 0.3% 
of phenylpropanoid glycosides 
calculated as the sum of rosarin, 
rosavin, and rosin; and not-less-than 
0.08% salidroside. 

USP 

Rhodiola Rosea Dry Extract Prepared from Rhodiola Rosea Root & 
Rhizome USP by extraction with 
hydroalcoholic mixtures. The drug-to- 
extract ratio range is between 1.5:1 to 
5:1 (w/w). It may contain suitable 
excipient materials as carriers. 

USP; 
EMA 

Rhodiola Rosea 
Standardized Extract 

Prepared from Rhodiola Rosea Root & 
Rhizome, standardized to contain 
0.8–3% salidroside and/or 1–6% 
rosavins. Used as an active ingredient 
of licensed Natural Health Products. 

NNHPD 

Rhodiola Rosea Capsules Contains Rhodiola Rosea Dry Extract 
USP 

USP 

Rhodiola Rosea Tablets Contains Rhodiola Rosea Dry Extract 
USP 

USP 

Rhodiola Rosea Tincture Prepared from Rhodiola Rosea Root & 
Rhizome USP, containing not-less-than 
0.06% (w/v) of phenylpropanoid 
glycosides calculated as the sum of 
rosarin, rosavin, and rosin; and not- 
less-than 0.016% salidroside. Used as 
an active ingredient of licensed Natural 
Health Products. 

USP; 
NNHPD 

Rhodiola Rosea Root 
Extract 

Extract of the roots of the Rhodiola 
rosea; used for emollient and skin- 
protecting functions. 

COSING 

Rhodiola Rosea (whole 
plant) Extract 

Extract of the whole plant of Rhodiola 
rosea; used for emollient function. 

COSING 

Sedum Rosea Root Extract Extract of the roots of the Rose Root, 
Sedum rosea L., Crassulaceae, (syn. 
Rhodiola rosea L.); used for antioxidant, 
astringent, and skin conditioning 
functions. 

COSING 
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rootstocks is complicated, the yield is low, and not considered to be 
economically viable. Therefore, alternative methods of salidroside pro-
duction by chemical synthesis and biotechnology are being investigated 
(Bai et al., 2014; Xie et al., 2020). Heterologous production of salidro-
side in a type of yeast (Saccharomyces cerevisiae Hansen, 1883) as well as 
in the Australian plant benth-tobacco (Nicotiana benthamiana Domin) 
suggest a possibility of sustainable salidroside production in the future 
(Howes et al., 2020; Torrens-Spence et al., 2018). If a big increase in 
demand for salidroside for medical use does occur, it is not known how 
long “scaling up” of alternative production methods will take, and how 
acceptable microbial cultured salidroside will be to patients and prac-
titioners compared to the genuine article obtained from wild or culti-
vated R. rosea rootstocks. 

3.6.4. Illegal trade 
Beginning in the late 1990’s, Russian customs officials became aware 

of the smuggling of R. rosea roots into China. Destructive harvesting was 
observed to be causing depletion of natural populations, noting that this 
is a slow-growing species that can take decades to restore. Rhodiola rosea 
is listed in the Red Book of the Russian Federation in Category 3 (Rare) 
and restricted for transport across the customs border for export, with 
some exceptions. Reported quantities of seized illegally harvested 
R. rosea roots in the Russian Federation had ranged from about two to 
three tonnes annually during the 2000’s (Yashina, 2009), but have 
increased steadily in the 2010’s, with over eight tonnes seized in 2019 
(Gorny Altai News, 2020a). Seizures of illegally harvested R. rosea in the 
mountains of eastern Kazakhstan, near the border with the Xinjiang 
Uyghur Autonomous Region are also increasingly reported. Quantifying 
the actual level of illegal trade, nationally and internationally, may not 
be possible due to the wide geographic distribution of this species 
through 29 countries, including wild collection in remote mountainous 
areas of very large countries such as the Russian Federation, Kazakhstan, 
and the People’s Republic of China. Furthermore, there is likely some 
level of poaching that is not caught by the border authorities. 

Legend. 
CosIng Cosmetic Ingredients & Substances Database (European Commission). 
EMA European Medicines Agency (European Union). 
NNHPD Natural and Non-prescription Health Products Directorate (Canada). 
PhRus State Pharmacopoeia of the Russian Federation. 
USP United States Pharmacopoeia (United States). 

Fig. 2. Rhodiola rosea products from 
both wild harvested and cultivated 
sources are commercially traded 
nationally and internationally for a 
range of purposes. A. Youthtopia, an 
anti-ageing cream sold in the EU and 
USA. B. A Chinese R. rosea product 
used to alleviate symptoms of high- 
altitude sickness: a growing market 
due to mass tourism to alpine areas in 
China. C, D. A Finnish R. rosea product 
produced from extract imported from 
China. E. A R. rosea product produced 
in Austria. F. An Australian R. rosea 
product used to alleviate stress and 
improve energy levels. G-K. Assorted 
R. rosea products on sale in Finland. 
Photos: A, B, E and F (A.B. Cunning-
ham) and C, D, G-J (N. Hogarth).   
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We found older reports of illegal wild collection of R. rosea in 
Bulgaria, where the species is classified as critically endangered (CR), 
for example in the Vitosha Nature Park (Kathe et al., 2003), however, 
current reports of poaching mainly refer to parts of Siberia, Russian 
Federation, and Kazakhstan. In July 2019, several raids were carried out 
by border patrols in the mountains of eastern Kazakhstan. Twenty 
members of an international criminal organization, from China, 
Kyrgyzstan, and Kazakhstan, were arrested illegally digging R. rosea in 
the Zaysan region of eastern Kazakhstan, near the border with the 
Xinjiang Uyghur Autonomous Region. Thirty-eight large sacks were 
seized (Abitov, 2019). Forty-two large sacks were also seized from a 
different group of 14 poachers, five from the Russian Federation, and 
nine from the Zaysan region. Ten sacks of R. rosea were seized from a 
group of poachers from the Almaty region (Dysengulova, 2019). 

Illegal mass harvesting of R. rosea has been reported to occur in the 
transitional Russian part of the UNESCO Great Altay Transboundary 
Biosphere Reserve, which is composed of the Katunskiy Biosphere 
Reserve (Russian Federation, designated in 2000) and the Katon- 
Karagay Biosphere Reserve (Kazakhstan, designated in 2014) 
(Ibisch et al., 2015). In the buffer zone of the Katunskiy Biosphere 

Reserve, Altai Republic (near the borders with Kazakhstan and Xin-
jiang), illegal commercial harvesting was already known to have taken 
place in the years 2000–2007. During the 2007–2008 harvest seasons, 
law enforcement reportedly increased, which reduced the level of illegal 
harvesting in the reserve (Yashina, 2009). However, the Federal Security 
Service (FSB) border guard service of the Russian Federation reported 
that, in 2019, over eight tonnes of illegally harvested R. rosea were 
seized at the Altai Republic border, significantly more than the 4.5 
tonnes seized in 2018 (Gorny Altai News, 2020a). Of the over eight 
tonnes seized in 2019, two tonnes were seized from root diggers in the 
forests of Verkh-Uimonsky rural settlement, Ust-Koksinsky District, 
southwestern Altai Republic (Gorny Altai News, 2020b). In one of the 
2018 seizures, about two tonnes of illegally harvested R. rosea roots and 
150 kg of Rhodiola quadrifida (also listed in Red Book of Altai Republic) 
root were seized by border guards patrolling the Ust-Koksinsky District 
(bordering Kazakhstan) (TASS Russian News Agency, 2018). In 2017, 
about five tonnes of illegally harvested medicinal plants were seized by 
border guards in the Altai Republic, including about 1.4 tonnes of 
R. rosea roots in addition to roots of R. quadrifida (Gorny Altai News, 
2017a, 2017b). 

Fig. 3. Commerical field cultivation of 
R. rosea. A. R. rosea farm, Alaska Rho-
diola Enterprises, LLC., United States B. 
and C. R. rosea fields at Alberta Rho-
diola Rosea Growers Organization 
(ARRGO), Alberta, Canada. D. and E. 
R. rosea field at Sibir Organic LLC, Kir-
ovo, Republic of Khakassia, Russian 
Federation. Photos: A. (Matt Waliszek, 
courtesy of Petra Illig, Alaska Rhodiola 
Enterprises, LLC.), B. & C (courtesy of 
Nelda Radford, ARRGO), D. and E. 
(2020 © Natura Siberica: http://nsfarm. 
ru/album/rodiola-rozovaya/).   
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3.7. Management measures and cultivation 

3.7.1. National legal instruments 
This section provides a summary of the relevant national regulations 

in force in the three main countries where wild populations of R. rosea 
are exploited for international commercial trade, the Russian Federation 
(Siberia), People’s Republic of China (Xinjiang), and Kazakhstan 
(Eastern). 

In the Russian Federation, wild collection of R. rosea is strongly 
regulated. Article 8.35 of the Code of Administrative Offenses of the 
Russian Federation 195 of 2001 (Government of the Russian Federation, 
2001) regulates the collection and possession of rare and endangered 
animal and plant species listed in the Red Book of the Russian Federation 
classified in Category 3 (Rare) (Ministry of Natural Resources and 
Environment of the Russian Federation, 2008). Wild R. rosea is restricted 
for transport across the customs border for export, however specifically 
excluding rootstocks harvested from populations in the Tuva Republic 
(southern Siberia), Altai Territory (western Siberia; bordering Republic 
of Altai and Kazakhstan), Krasnoyarsk Krai (Siberia), and Magadan 
Oblast (Far East Region) (Lyapustin et al., 2013). 

In China, the Regulations of the People’s Republic of China on Wild 
Plants Protection (State Council of the People’s Republic of China, 1996) 
have been in effect since 1997 and cover all activities concerning the 
protection, development and utilization of wild plants. The Regulation 
makes reference to lists of wild plants under special state protection that 
are regularly updated by the government. A new list of plant species 
under special state protection has been announced for 2020. The con-
servation status of Rhodiola rosea var. rosea is assessed as Vulnerable (VU 
B1ab (iii)), while both R. rosea f. purpurascens and R. rosea var. micro-
phylla are assessed as Least Concern (LC) (see Table 1). 

In Kazakhstan, Ministerial Decree No. 223 validates an annual har-
vest quota for R. rosea in certain areas in eastern Kazakhstan for desig-
nated periods. For example, a total annual harvest quota of 2.5 MT was 
permitted in 2016 (Government of the Republic of Kazakhstan, 2016). 
We did not find more recent annual harvest quota announcements. 

3.7.2. Management measures and challenges 
We found evidence of existing legislation in 10 of the 29 countries 

aimed at regulating the wild harvest of R. rosea populations. Neverthe-
less, there may be “gaps” between existing laws and their practical 
application to protection, conservation or resource management. Pre- 
harvest resource inventories, monitoring, management and enforce-
ment of wild harvest quotas can be challenging in remote or moun-
tainous terrain such as in Kazakhstan and the Altai mountains of the 
Russian Federation, which are known as sources of internationally 
traded R. rosea (Cunningham et al., 2020). 

In addition to the need for stricter controls where wild harvest is 
banned or restricted and the need for monitoring of quotas, other 
resource management measures may also be required for the multiple 
factors affecting R. rosea populations in addition to direct harvest. 
Where grazing and trampling by livestock is an issue, it is important that 
these impacts are managed (see e.g. Nordic Gene Bank, 2005). Impacts 
of climate change and fragmentation of R. rosea populations are more 
difficult to manage. One encouraging example to manage previous 
overharvest and fragmentation is from the southern Ural Mountains 
(Republic of Bashkortostan, Russian Federation), where wild pop-
ulations were threatened by extinction. Starting in 2001, mass produc-
tion of Rhodiola iremelica A. Boriss. (considered a synonym of R. rosea by 
some authorities) through ex situ production (in nurseries) was suc-
cessfully followed by reintroduction into natural habitats for in situ 
conservation in 17 different populations in the Kurkak and Kuzgun-Tash 
mountains (Abramova and Muldashev, 2008). 

3.7.3. Habitat conservation 
Rhodiola rosea occurs in several protected areas. In the Altai Territory 

of the Russian Federation, this includes the (1) Baschelak State Nature 

Reserve of regional significance (established in 2001), which has a total 
protected area of 10,767 ha., and a stated objective to replenish re-
sources of valuable plant materials, in particular R. rosea (Ministry of 
Natural Resources and Ecology of the Altai Region, 2020a); (2) Cascade 
of Waterfalls on the Shinok River Nature Reserve of regional significance 
(established in 1999), which has a total protected area of 5675 ha., 
wherein R. rosea appears on the list of plant taxa that need special 
attention to their state in the environment and monitoring (Ministry of 
Natural Resources and Ecology of the Altai Region, 2020b); and (3) 
Charysh Nature Reserve of regional significance (established in 1978), 
which has a total protected area of 52,406 ha., wherein R. rosea also 
appears on the list of plant taxa that need special attention to their state 
in the environment and monitoring (Ministry of Natural Resources and 
Ecology of the Altai Region, 2020c). Rhodiola rosea also occurs in the 
Chikoy National Park (IUCN Category II), established in 2014, in 
Zabaykalsky Krai, Russian Federation, in the Atsa River basin and 
mountain-steppe border region of south-central Siberia and Mongolia 
(Makarov et al., 2016). Rhodiola rosea also occurs within the UNESCO 
Great Altay Transboundary Biosphere Reserve, inclusive of the Katun-
skiy Biosphere Reserve (Russian Federation) and the Katon-Karagay 
Biosphere Reserve (Kazakhstan) (Ibisch et al., 2015). In Central Asia, 
wild R. rosea populations occur in habitats that are the focus of land-
scape level conservation of the snow leopard (Panthera uncia Schreber). 
Since 1991, the Global Environment Facility (GEF) has spent nearly US 
$100 million on UNDP-implemented snow leopard projects (UNDP-GEF, 
2016). Twelve countries are signatories to the current Global Snow 
Leopard and Ecosystem Protection (GSLEP) programme, including 
China, Kazakhstan, Mongolia, and other range states of R. rosea. An 
important goal of the GSLEP programme was to secure 25% of the global 
snow leopard range by 2020 (currently 6%; UNDP-GEF, 2016), so this 
initiative is also relevant for conservation of wild Rhodiola populations 
in alpine Asia. 

In Bulgaria, most populations of R. rosea are found within the borders 
of protected areas including Rila National Park (the largest national park 
in Bulgaria spanning an area of 810.46 km2), Pirin National Park (a 
UNESCO world heritage site spanning an area of 403.56 km2), Central 
Balkan National Park (also a UNESCO world heritage site, covering 716 
km2; a category II protected area according to the IUCN categorization, 
and one of the largest protected areas in Europe), Rilski Manastir Nature 
Park (spanning 403.7 km2, established in 2000 to protect ecologically 
valuable plant and animal communities), and in sites of the European 
ecological network Natura 2000 (Bulgarian Academy of Sciences & 
Ministry of Environment and Water, 2011). In Norway, 30 wild R. rosea 
populations are protected on the Svalbard archipelago, and in southern 
Sweden, wild harvest is prohibited in several counties (Bohuslän, 
Göteborg and Västra Götaland) (Cuerrier and Ampong-Nyarko, 2014). 

3.7.4. Cultivation and propagation 
The need for R. rosea cultivation was identified decades ago as 

necessary to meet growing industrial demand (Galambosi, 2006). At a 
large enough scale, cultivation could reduce harvesting pressure on wild 
stocks. At the same time traceable supply chain development from 
cultivated stocks can help overcome the second requirement: to deal 
with concerns about quality and safety due to increasingly reported 
adulteration of R. rosea shipments with materials obtained from other 
Rhodiola species. While domestication and cultivation trials have been 
ongoing in several countries, R. rosea rootstock remains a challenging 
economic crop to scale up and maintain, and the portion of the com-
mercial supply obtained from farms remains a small fraction of global 
demand. We found that most of the available data on cultivation of 
R. rosea describes experimental cultivation rather than commercial 
farming operations. 

The rootstocks are traditionally harvested in autumn. However, the 
State Pharmacopoeia of the Russian Federation prescribes that the 
rootstocks of the perennial wild or cultivated R. rosea plants are to be 
harvested during the flowering and fruiting period (Federal Ministry of 
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Health Russia, 2018), which generally occurs from the late Spring 
through mid Summer. While wild roots may take about 20 years to 
mature, in cultivation it takes four to five years from seed to harvest 
(Illig, 2018). According to Smelansky et al. (2009), based on work in 
southern Siberia, the minimum age for harvesting wild R. rosea root-
stocks ranges from 15 to 30 years. One study showed that R. rosea 
rootstock, when harvested after only three years of vegetation, con-
tained significantly lower levels of phenylethanoids and phenyl-
propanoids compared to rootstocks harvested after the fourth, fifth, and 
sixth years (Kołodziej and Sugier, 2013). 

3.7.4.1. Experimental cultivation. Experimental cultivation of R. rosea 
began in the 1970’s at the Altai State Pedagogical Academy, in the Altai 
Territory, former Soviet Union (Marchev et al., 2016) and was later 
carried out in other parts of the former Soviet Union, followed by 
Finland, Poland, and Sweden, among others. By 2010, several scientific 
institutions, medicinal plant companies, and working groups were 
involved with agronomic experiments to further develop cultivation 
techniques including Alberta Rhodiola Rosea Growers Organization 
(Canada), MTT Agrifood Research (Finland), PHARMAPLANT GmbH 
and Martin Bauer GmbH & Co. KG (Germany), Station de recherche 
Agroscope (Changins-Wädenswill, Switzerland), the Norwegian Crop 
Research Institute (Norway), and the Ural Division of the Russian 
Academy of Sciences (Russian Federation) (Plescher et al., 2010). 
Recent trials in the Ural Mountains, Russian Federation, determined 
that, although laborious, successful cultivation may depend on 
mimicking the growing conditions of wild R. rosea through adaptive 
methods. For example, constant annual planting of new plants in the 
same natural area will result in plants of all different ages and will 
diversify and increase the number of both female and male plants. Also 
important is to harvest mature rootstocks when the female plants are in 
the fruiting stage (Aug–Sept). When the harvesters touch the plants at 
this stage, the seeds drop to the ground, which positively affects the 
germination and survival of seedlings, further ensuring self-restoration 
of natural seedlings (Lopatina, 2016). In the Komi Republic, North-
western Federal District, Russian Federation, trials were determined to 
be promising for cultivation in the middle taiga subzone (Ryabinina, 
2018). In China, a R. rosea cultivation trial has been implemented near 
Shannanluo village in Tibet but hasn’t been rated as economically 
viable: “the cost of artificially growing Rhodiola rosea is very high. First 
of all, the growth cycle of Rhodiola rosea takes a long time, and the time 
to obtain economic benefits is also very long. Second, the seeds of 
Rhodiola rosea are very small, germination rate is very low, and the re-
quirements for field management are very high” (Chengdu Tiandi Net 
Information Technology Ltd., 2018). However, based on experience, the 
low germination rates recorded in some cases in China may have been 
due to old seed. 

In the United Kingdom, studies showed successful cultivation of 
R. rosea at altitudes as low as 56 m a.s.l. and up to 1580 m a.s.l. (Peschel 
et al., 2016, 2018). Furthermore, Peschel et al. (2018) showed that while 
phenylpropanoid levels were influenced most by harvest season (as well 
as by age and cultivation location), R. rosea origin/genotype was the 
most important determinant of the rosavin/cinnamyl alcohol ratio. 
From 2007 to 2012, the Institute of Natural Fibres and Medicinal Plants 
(Poznań, Poland), carried out agrotechnical field experiments, planting 
R. rosea using cuttings from the rootstock (Buchwald et al., 2015). In 
Bulgaria, vegetative/clonal propagation by rootstock division has been 
successful. Platikanov and Evstatieva (2008) achieved much better 
germination results simply by stratifying seed under the snow for two 
months (or at a cool room temperature of 2–5 ◦C in moist sand for about 
a month). This improved seed germination from 20 to 25% in their 
outdoor nursery to around 90% under controlled stratification. In 
Slovenia, very high germination rates (80–99%) from fresh seed were 
recorded, but rates declined rapidly (to 0% after a year in storage) (Jan, 
2013). In Italy, an ex situ cultivation evaluation has been carried out 

since 2013 using nine accessions from natural populations collected in 
northeastern Italy in open field trials in comparison against the cultivar 
‘Mattmark’ (owned by Agroscope Changins, Wädenswil, Switzerland) 
(Fusani, 2019). 

3.7.4.2. Commercial cultivation. We found evidence of micro-, small-to 
medium-sized commercial farm operations cultivating R. rosea in 
several countries, mainly Canada, the Russian Federation, and the 
United States, but also Germany, Italy, Latvia, Moldova, Mongolia, and 
Switzerland. In some cases, the line between experimental cultivation 
and commercial cultivation is blurred. Some commercial farms have 
planted R. rosea, intending to market the crop, but later discontinued the 
crop after making a determination of crop failure for economic and/or 
quality reasons. Furthermore, there are agronomic research centers in 
northern Europe, especially in Finland, that provide seedlings to com-
mercial farms internationally. 

Known commercial cultivation operations in the Russian Federation 
include „Sibir Organic“ LLC, the raw material supply division for the 
cosmetic brand Naturica Siberica, who began certified organic cultiva-
tion of R. rosea on their farm in Kirovo, Khakassia in 2014. They culti-
vate 16 different medicinal plant crops on 33 ha so it is possible that only 
two or more hectares are the R. rosea crop (Naturica Siberica, 2020). 
Rosbio Agro-Farm (Voskresenskoye, Dubinsky district, Tula region), the 
raw material supply division for the Rosbio LLC pharmaceutical com-
pany, has begun to grow R. rosea using seedlings obtained from MTT 
Mikkeli in Finland, an early Rhodiola cultivation research site in Europe 
(Kauppinen et al., 2012). The largest R. rosea farming operation, glob-
ally, is probably the Alberta Rhodiola Rosea Growers Organization 
(Canada), a cooperative of farming families cultivating certified organic 
R. rosea on at least 30 ha (Ampong-Nyarko, 2010) and producing about 
15 MT (dry weight) annually (Radford, 2020). There are several R. rosea 
growers in Alaska (United States), with an estimated total planting area 
of 20–40 ha. While many of the growers are small family farms 
belonging to a cooperative, one of the more prominent operations is a 
certified organic farm, Alaska Rhodiola Enterprises, LLC, which also 
produces and markets their own finished products (capsules, teas, and 
tinctures). 

In Mongolia, cultivation guidelines for growing R. rosea, of a quality 
conforming to the Mongolian Rhodiola root quality standard (MNS 0949 
: 2006), were developed in 2008 through the Regional Economic 
Development Programme Mongolia, in a project funded by the German 
Agency for Technical Cooperation (GTZ) (Zimmermann and Dorjgotov, 
2008). From 2006 to 2008, the European Commission funded a project 
for the selection and commercial cultivation of R. rosea in Moldova 
(European Commission, 2006). As a result, R. rosea has reportedly 
become one of the most cultivated medicinal plant crops in Moldova 
(Duca, 2011). Researchers at the Institute of Genetics, Academy of Sci-
ences of Moldova, have also investigated properties of in vitro cultivated 
callus of R. rosea in a context of sustainable use of plant resources (Cauş 
et al., 2017). The named cultivar ‘Rhodiafarm’ (Plescher, 2011), owned 
by Martin Bauer GmbH (Vestenbergsgreuth, Germany), was released in 
2007 in Germany (Heine et al., 2009). Rhodiola rosea plants of the 
Mattmark population (Saas Fee, Valais) were selected and a polycross 
was performed to produce seeds of ‘Mattmark’, the first cultivar 
launched in Switzerland for commercial cultivation (Vouillamoz et al., 
2012). 

3.8. Adulteration and substitution 

According to Bejar et al. (2017), “The main concern regarding the 
authenticity and quality of R. rosea is the admixture of, or substitution 
with, rhizome/root material from other Rhodiola species. Because of the 
number of imports from Asia, mainly from China, to the United States 
and to the European herbal supplement industry, R. rosea raw materials 
are often mixed or interchanged with other Asian species, including 

J.A. Brinckmann et al.                                                                                                                                                                                                                         



Journal of Ethnopharmacology 269 (2021) 113710

12

R. crenulata, but also other Rhodiola species”. Rhodiola crenulata is the 
sole official species of the Pharmacopoeia of the People’s Republic of 
China (State Pharmacopoeia Commission of the P.R. China, 2015). In 
1977, an initial Rhodiola monograph specified R. algida and R. kirilowii as 
the official species for use in Chinese medicine (Tao et al., 2019). And, 
due to nomenclatural confusion between R. algida and R. tangutica, it is 
possible that R. tangutica had also been used in official pharmacopoeial 
preparations, at least until 1985 when R. algida and R. kirilowii were 
dismissed from the Chinese pharmacopoeia, replaced by R. crenulata. 
Admixture or substitution with other similar looking Rhodiola species is 
known to occur in trade. For example, analysed commercial samples 
labelled as containing R. rosea, have been found to contain other species, 
particularly R. crenulata, but also R. serrata (Booker et al., 2016a, 
2016b). It is difficult to detect adulteration in extracts of R. rosea where 
some amount of R. crenulata was admixed. It is possible, however, to 
detect such adulteration by quantifying the levels and ratios of rosavins, 
i.e. the rosavin to salidroside ratio in the genuine extract of R. rosea 
should be about 3:1 (Ghiorghiță et al., 2015). 

In the case of crudely processed, whole rootstocks, there are some 
macroscopic characters that help distinguish R. rosea from other Rho-
diola species, but definitive identification requires chemical analysis 
(chromatography) and/or molecular genetic analysis (DNA barcoding). 
Scientists at the United States Pharmacopoeia (USP) have developed a 
high-performance thin-layer chromatography (HPTLC) method that can 
be used to differentiate rootstocks as well as extracts of R. rosea from 
those of R. crenulata (Ma et al., 2018). The USP Herbal Medicines 
Compendium lists several Rhodiola species as potentially confounding 
species in the commercial supply of R. rosea including Rhodiola crenulata 
(Hook.f. & Thomson) H. Ohba, Rhodiola kirilowii (Regel) Maxim., Rho-
diola sacra (Prain ex Raym.-Hamet) S.H. Fu, Rhodiola sachalinensis Bor-
iss., and Rhodiola yunnanensis (Franch.) S.H. Fu (United States 
Pharmacopeial Convention, 2014). And, conversely, R. rosea is a 
potentially confounding species in the commercial supply of R. crenulata 
(United States Pharmacopeial Convention, 2016). We also suggest that 
in China, Rhodiola extracts may contain at least three species: 
R. crenulata, R. rosea and R. sachalinensis, but several other Rhodiola 
species are used in China (Cunningham et al., 2020). Rhodiola pamir-
oalaica Boriss., which occurs in the Pamir Mountains of Central Asia, in 
parts of Kyrgyzstan, Tajikistan, and Xinjiang Uyghur Autonomous Re-
gion of China, sharing habitat with R. rosea, is wild collected by ethnic 
minorities for preparation with vodka or as aqueous herbal tea infusions. 
Due to their very similar appearance, it is likely that the two species are 
also admixed in this region (Keusgen, 2018). While Kyrgyzstan is 
reportedly an exporter of R. rosea raw material to member countries of 
the Commonwealth of Independent States (iCAP Investment, 2008), we 
were informed by Kyrgyz scientific authorities that other species are 
harvested as substitutes, namely R. kirilowii (Regel) Maxim. and 
R. heterodonta (Hook. f. et Thomson) Boriss., but possibly also R. gelida 
Schrenk ex Fisch. & C.A. Mey., or R. litwinowii Boriss. DNA barcoding as 
a supervisory method is proposed to play a future role in product 
authentication or in import and export customs inspection processes. 
Methods have been developed to differentiate multiple Rhodiola species 
(Xin et al., 2015) and authentication studies have been implemented in 
the UK (Booker et al., 2016a; Ruhsam and Hollingsworth, 2018). 

4. Discussion and conclusions 

While other reviews of Rhodiola rosea pharmacognosy, pharma-
cology and traditional use exist, we have, for the first time, collated and 
assessed historical through up-to-date data from multiple disciplines. 
This novel approach covered species conservation status (national and 
regional), trade and utilization trends, the current state of experimental 
and commercial cultivation efforts, and current actions being taken by 
regional authorities to monitor, quantify, and control harvesting due to 
observations of uncontrolled massive exploitation, and reports of 
poaching and smuggling near border areas. The latter dataset included 

years of press releases issued by governmental border patrol authorities 
of Kazakhstan and Russian Federation that provided us with not only 
quantification but also photographic evidence of the seizures of illegally 
harvested R. rosea. These data, taken in total, coupled with unpublished 
information obtained from expert information providers, led to, what we 
believe, are urgent new findings, i.e. that the species is in trouble, which 
is of time-sensitive relevance to the fields of ethnobotany, ethno-
pharmacology, phytochemistry and phytomedicine. 

Rhodiola rosea has a wide (circumpolar) distribution, but at the same 
time wild populations face multiple threats: (i) unregulated or poorly 
regulated and destructive exploitation of the rootstocks on a massive 
scale to meet growing industrial demand; (ii) a growing risk of polli-
nation failure in this insect pollinated species, as the distance between 
male and female plants increases (in this dioecious species) due to 
destructive harvest; (iii) climate change and (iv) in some cases (such as 
Iceland), impacts of grazing or trampling by livestock. 

A positive factor is that R. rosea cultivation has been implemented at 
a small but growing commercial scale in some countries. Nevertheless, 
wild populations are still the primary source of commercial supply to the 
growing international market and conservation concern and/or declines 
in wild R. rosea populations is widespread. However, aside from normal 
phytosanitary requirements, no international instruments or controls 
are in place to either protect, regulate or monitor cross-border trade of 
R. rosea. 

However, the compiled data and information shows the need to 
control and monitor the international trade of wild R. rosea. The current 
data suggests that the historical primary supply obtained from wild 
populations of R. rosea should transition towards a significantly 
increased sourcing from farms that are implementing conservation ori-
ented sustainable agricultural methods, in order to supply the global 
need that exceed those quantities that can be harvested from wild 
populations on a sustainable basis. It is suggested that continued wild- 
collection could take place, at the very least, according to the risk- 
and resource-assessment and management plan requirements of a 
credible voluntary sustainability standard, one designed specifically for 
sustainable wild collection of medicinal plants. Examples of these 
resource management guidelines are the “Organic Wild-crop Harvesting 
Practice Standard” (United States Department of Agriculture, 2011), the 
“FairWild Standard” (FairWild Foundation, 2010) and the “Ethical 
BioTrade Standard” (Union for Ethical BioTrade, 2020). There are two 
important requirements for these resource management standards to 
succeed in practice. One is that many overexploited wild R. rosea pop-
ulations will need to recover from decades of unmanaged over-
exploitation. And second, that respect for land and resource tenure are 
essential for any sustainable use and resource management. Where 
effective “open access” areas occur or where private or common prop-
erty rights are absent, as in the Russian Federation, and State controls 
over remote mountain landscapes are weak, then managed wild harvest 
is very challenging. Increased cultivation of R. rosea can therefore also 
positively impact wild populations of other Rhodiola species, presently 
being harvested as substitutes for R. rosea, due to growing scarcity of the 
genuine article. 
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