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1. Introduction

Roseroot  (Rhodiola rosea L.) also commonly
known as golden root or arctic root, is a
perennial herbaceous plant of the family
Crassulaceae. This yellow-flowered taxon is
widely distributed and it can be found in the
mountainous regions of Central and Northern
Europe as well as in Russia, Asia and the Easter
coastal regions of North America at altitudes

between 1000 and 2700 m above sea level.
Rhodiola root is a multipurpose medicinal drug
with adaptogenic properties by increasing the
body’s non-specific resistance and normalizing
its functions (Panossian & Wikman 2014). It
has been traditionally used in Russia and
Mongolia for the treatment of long-term illness
and weakness caused by infections. Due to
its adaptogenic properties a great deal of
attention has been focused on Rhodiola root

Biomass and quality of natural and
cultivated roseroot Rhodiola rosea L.

originated from North Lapland
Bertalan Galambosi* & Zsuzsanna Galambosi

Due to the adaptogenic properties of the underground parts of roseroot (Rhodiola
rosea L.) during the last two decades a great deal of attention has been focused on its
medical properties with regard to memory and learning, immune response, organ
function, stress and cancer therapy. During the 90’s experiments for its domestication
have started in all European countries, where Rhodiola is a native species. This review
presents the results of a series of experiments, in which morphological,
agrobiological and phytochemical  features of Finnish roseroot populations were
studied aiming their biomass potential and quality for possible cultivation. The
observations were focused on plants, collected from the original habitats at Enontekiö
and Utsjoki regions and on the 6-10 years old plants, cultivated at Agrifood Research
Finland, Mikkeli. The native roseroot populations of these habitats were
morphologically quite similar. The habit of the plants is compact, the plant height in
the nature and in the cultivation were between 5-25 cm. The genetic variability in the
studied Lapland populations was quite low. The observations have confirmed the
optimum harvest age of perennial roseroot, being 5-7 years. The average total fresh
root weight of the 6 year old Kilpisjärvi populations (n=6) grown at Mikkeli was
630 g/plant (499-921), that of the close to Halti populations (n=3) was 415 g/plant
(362-476) and one Utsjoki population was 1200 g/plant. The average total rosavins
content of the 6 year old dried rhizome of Kilpisjärvi accessions grown at Mikkeli
was 1,94 % (1,52-2,39%), that of the Halti accessions was (2,50% (2,43-2,55%) and
that of the Utsjoki accession 2,77 %. The average salidrosid contents of the accessions
in the same order were 1,36 % (0,86-2,22 %), 1,11 % (0,63-1,66 %) and 1,44%,
respectively.  The phytochemical characteristics of the studied accessions showed
similarity to the North Ural roseroot accessions. On the base of the highest root
yields and high quality parameters the best accessions have been chosen for possible
cultivation and three accessions were included into the official Finnish Medical
Plant Gene Collection.

*bertalan.galambosi@surffi.fi, Kappalaisenkatu 2/25, 50170 Mikkeli.
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and its medical properties with regard to memory
and learning, immune response, organ function,
stress and cancer therapy (Brown et al. 2002,
Makarov et al. 2004, Panossian et al. 2014).

During the 90’s interest for domestication
and cultivation for Rhodiola rosea,  increased
in Europe and in Finland as well. According to
a recent overview the research activity have
been started in all European countries, where
Rhodiola is a native species and commercial
cultivation has been started in Bulgaria,
Poland, Switzerland, Germany, Norway, Finland
to some extent (Galambosi 2014).

The domestication experiments in Finland
started in MTT Agrifood Research Finland
Mikkeli from 1994. The first observation and
cultivation experiments started with plant
materials obtained from Finnish nurseries
(Jounin Taimisto, Rovaniemi, Särkän
Perennataimisto, Raahe).

The enlargement of these experiments got
inspiration from the medical industry, which
aims to obtain domestically grown raw material
for commercial processing. By the support of
a Finnish medical company, Hankintatukku Oy

several agronomical experiments have been
carried out between 1997-2001. The results of
these experiments were presented in a seminar,
organized in Mikkeli 18 June 2002 and the first
cultivation guide was given to the special plant
growers (Galambosi 2003). In these
experiments and in the first semi-large scale
cultivation a Norvegian origin accession was
cultivated (code B3), supplied by Särkän
nursery. The first Finnish-made Rhodiola
extract “Dynaforce” was developed by using
cultivated material in 2002 (Niskanen 2003).

The inspiration for starting to study
Finnish original roseroot accessions was
initiated by a project, carried out in the Nordic
Gene Bank during 2002-2005 (“Spice and
medicinal plants in the Nordic and Baltic
countries. Strategies for conservation of
genetic resources in minor crops /acronym:
SPIMED/“) (Asdal et al. 2006).

Although roseroot is not included into the
threatened medicinal plants in Europe and it is
not Red Listed in any Scandinavian countries,
it was chosen as model plant, since its
commercial collection and industrial use have

Figure 1. The origin of Rhodiola rosea accessions at Kilpisjärvi (K1-K6) and close to Halti (H1-H3)
collected during 2002.
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increased significantly and there were several
negative signs. According to Lange (1998),
roseroot is registered as an endangered plant
in the Czech Republic and Bosnia-Hercegovina
and vulnerable in Slovakia. Due to the
intensive collection, natural populations are
highly threatened in Russia. In the Republic
of Karelia and the Murmansk region roseroot
is listed in the Vulnerable threat category
(Kotiranta et. al. 1998). Therefore in the
SPIMED project Norway and Finland started
to collect and study Scandinavian original
populations of Rhodiola rosea, resulting
national collections, germplasm studies,
descriptor list for Rhodiola rosea (Elameen et
al. 2008, Asdal et al. 2006). The created
roseroot collection at MTT Mikkeli has served
as a basic material for several studies
(Galambosi & Valo 2006, Galambosi et al. 2007,
2009).

The aim of this review is to collect the
research activities and results related to
Rhodiola rosea accessions originated from
Northern Finland  and evaluate their biomass
potential and quality for possible cultivation,
first in Finland.

2. Material and methods
2.1 Study areas

The collection activity and observations in the
original habitats of Rhodiola rosea were
carried out mainly in Enontekiö municipality,
in the Kilpisjärvi and Halti regions. Additionally
there was one collection place in Utsjoki. The

origins of the accessions are presented in
Figure 1, Table 1 and Photos 1-3.

2.2 Collection trips
The collection trips were carried out three
times, in June 2002, in September 2003 and in
June 2006.

Collection in 2002. The aim of the first trip
was to collect alive transplantable plants from
original habitats for the Mikkeli collection. The
plants from Kilpisjärvi have been collected
during 24-26 June 2002 by Bertalan and
Zsuzsanna Galambosi. We have got local
advices from station manager Rauni Partanen,
Kilpisjärvi Biological Station, University of
Helsinki. The habitats were marked on maps,
where roseroot Rhodiola rosea were grown
abundantly. We have collected alive young
plants from six habitats (Figure 1, Table 1).

The plants from Halti region were collected
by gardener Aino Hämäläinen, University of
Oulu, Botanical Garden during august 2002.
During winter the plants were kept in cool room
of the Botanical garden and transferred to
Mikkeli during 19 May 2003.

Collection in 2003. Since all plants
collected in 2002 were transplanted, there were
no suitable root samples for chemical analyses.
Therefore during 16 September 2003 we
travelled again to Kilpisjärvi to collect old and
big-sized roots from the two abundant
populations (K1 and K5).

Collection in 2006. During June16-20 2006
we have carried out a new collection trip in
Kilpisjärvi and Utsjoki. The aim of this trip was

K1, Kilpisjärvi
K2, Kilpisjärvi
K3, Kilpisjärvi
K4, Kilpisjärvi
K5, Kilpisjärvi
K6, Kilpisjärvi
H1, Halti
H2, Halti
H3, Halti
U, Utsjoki

Jehkatsjärvi
Saana
Saananmaja
Tsahkaljärvi, South
Tsahkajärvi, North (bridge)
Marjajärvi
Jogasjärvi
Valttijoki
Somaslompolo
Goahppelasjoki

Accession Origin Coordinates

69°05’ N, 20°45’E
69°03’ N, 20°50’E
69°00’ N, 20°53’E
69°01’ N, 20°54’E
69°02´N, 20°58`E
69°00’ N, 21°00’E
69°15’ N, 21°46’E
69°21’ N, 21°57’E
69°25’ N, 21°55’E
69°55’ N, 26°35’E

Table 1.The origin and the ETRS89 geographic coordinates of the collection places.
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to collect sufficiently old plants for additional
chemical analyses and collect accession from
Utsjoki region. Additionally we carried out
some observations in the three larger
populations (K1 and K5) and Utsoki.

2.3. Observations in the original habitats
During the trips we have made observations
on the population density, on the flora in the
habitats and carried out some measurements
(shoot height, shoot number/individuals, root
length, rhizome diameter). Back to Mikkeli the
fresh and dry weight of the underground parts
were weighed. During 2006 we estimated the
proportions of the alive and dead (reddish,
brown) parts of the old rhizomes.

2.4. Cultivation and measurements in
Mikkeli
The plants were collected with full roots, saved
in moisture conditions during car transports.
The plants were potted, kept outdoor during
the winter and transplanted into observation
plots covered by plastic mulch in Mikkeli
(61°44’N, 27°18’E) in 2003 spring. The plant
number in the plots was 6-12 per accession,
with 30 x 30 cm plant distance. The soil was
fine sandy, before transplantation to each plant

30 g Biolan chicken manure were added. The
plots were weeded regularly during 2003-2008.
After the first root yield evaluation the plants
were replanted by root division and were grown
under the same conditions between 2009-2012.

In the Rhodiola collection at MTT Mikkeli
(Photo 4) there were several other accessions
obtained from different European countries
(Italy, Germany, Iceland, Norway, Russia).
Additionally there were some semi large scale
commercial cultivation from the accessions
Särkkä (Code B3) in Savonlinna (61°52’N,
28° 53’E), and Rovaniemi, Pekkala farm
(63°31’N, 26°45‘E). For comparison to the
Lapland accession we measured some of these
accessions and used their root samples.

During the experimental period  (2003-2012)
the following observations and measurements
were carried out:

- in 2002 phenological observations and
the characteristics of  the aboveground parts
of the two year old plants (total shoot number,
length of shoot, diameter of shoot, length and
width of leaves, n=6 plants/accession)

- in 2008 we studied the ratio of the male-
female shoots in the 6-years old individual
plants, the height of male/female shoots and
the growth habit of plants.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
Mean

13
7
19
5
6
15
6
8
9
17
12
15
6
11
8
21
10
5
10,7±5,0

2

1

20
15
10
12
10
8
6
10
15
10
12
10
12
20
15
10
20
15
12,8±4,2

41,9
28,8
33,9
40,4
42,1
28,8
9,23
39,7
54,5
36,8
48,3
28,9
38,0
61,4
54,3
19,9
66,2
52,7
40,5±14,9

No Number of shoot Number of
flower stem

Length of
roots (cm)

Fresh weight of total plant
(g)/plant

Table 2. Characteristics of young Rhodiola rosea plants in Jehkatsjärvi population, 16.6.2006.



5

- in spring 2009 we have measured the
features of the underground parts (root length,
fresh weight, rhizome diameter, n= 6 plants/
accessions). The dry matter contents and the
dry weight of the rhizome were counted.

- in 2012  we have measured the features of
the roots of the 10 years old plants (fresh and
dry weight, dry matter content, percentage of
dead part of the rhizome). Only one plant was
measured, which represented the accession.

- in connection with the root measurements
2 x 200 g fresh root samples were dried at 40°C
for the chemical analyses. The dry samples
were stored in double (paper + plastic) sacks
for the analyses.

2.5. Chemical and genetic analyses
Due to the length of the research period, the
chemical analyses were carried out four times
by four laboratories (due to the official project
competition regulations). The laboratories
used officially accepted methods, which are
described in the different publications
(Kosman 2004, Galambosi 2007, 2009, 2010,
Hethelyi et al. 2005).

Chemical analyses in 2003. The first
chemical analysis of the Rhodiola rosea plants
has been carried out during 2003 in the
laboratory of IC Adaptogen, St. Petersburg.
The analyses was a part of an international
co-operative research, in which roseroot
samples were collected from four countries
(Russia, Norway, Italy, Finland). Contents
(mg/ml) of salidroside, rosavin, rosin,
Cinnamyc alcohol were determined. Besides
the Kilpisjärvi samples, two samples from a
cultivated plantation, Rovaniemi were
analyzed. The sample F3-A was only rhizome
and sample F3-B was the whole root, both
dried at 40° C (Kosman et al. 2004).

Chemical analyses in 2006. After
processing the samples collected from the
nature, they were analysed in the laboratory
of ILIS Company, Switzerland. Contents
(% dm) of salidroside, rosavin, rosin,total
rosavins and Cinnamyl alcohol was
determined. Additionally one sample of a semi
large scale cutivation of Norwegian accession
was analysed (Galambosi et al. 2007).

Chemical analyses in 2009. The analyses
were carried out in Germany by the laboratory
of Pharmaplant GmbH. Contents (% dw) of
salidroside, rosavin, rosin, Cinnamyc alcohol
and tyrosol were determined. With the Lapland
samples one commercial sample of the
Norwegian accessions from Savonlinna was
analysed (Galambosi et al. 2009).

Chemical analyses in 2012. The analyses
of the samples of the 10 year old roots were
carried out in the laboratory of Expert Bio
Company in St. Petersburg, Russia. Contents
(% dw) of salidroside, rosavin, sum of total
rosavins and cinnamyl alcohol were
determined (Galambosi et al. 2015).

Genetic diversity of the North-Lapland
accessions. The analysis was carried out
during 2009 in cooperation with Dept. of Genet.
and Plant Breeding, University of Budapest.
Six individuals were selected from all 6 years
old Lapland accessions, (except H1, due to lack
of individuals). Frozen leaf samples were used
for ISSR and SSR genetic marker analyses.For
the diversity of dominant marker data the
Shannon’s Information Index was calculated
(György et al.2012).

Statistical analyses.
The data presented are generally mean values
with standard deviation. The analytical results
presented are means of 2 or 3 replications.

3. RESULTS

3.1. Description of the collection places
K1. Kilpisjärvi, Jehkatsjärvi. The

collection site is situated near to the Norwegian
border, ca. 1 km to the east from the E8 main
road, at 560 m above sea level (69°05’N, 20°45’E).
The roseroot plant occur along the two banks
of a 1,5 km long stream flowing from the lake
Jehkatsjärvi. The habitat is moist, stony, covered
by meadow plants. The roseroot plants were
grown 0 - 20 m distance from the stream, their
size and age was very variable, from a single
shoot to 45 shoot/plant (Photo 1).

K2. Kilpisjärvi, Saana. The small (c. 40 m2)
population was situated on the Northern slope
of Saana mountain, c. 700 m asl. The plants
grew in a quite dry meadow, about c. 10 m
distance of a small stream.
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K3. Kilpisjärvi, Saananmaja. The
population was quite small, situated c. 200 m
from the E8 main road, on the both side of the
stream flowing down from the Tsahkaljärvi. The
plants were grown among the hay plants, in full
flowering, they were quite high c. 20-25 cm.

K4. Kilpisjärvi,Tsahkaljärvi South. The
population is situated on the Southern shore
of the Tsahkaljärvi, c.500 m high from the E8
main road. The plants were grown rarely and
disperse among the stones.

K5. Kilpisjärvi, Tsahkaljärvi North. The
collection site is at the eastern end of the lake
Tsahkaljärvi, up c. 2 km from the main road
about 500 m above sea level (69° 02’ N, 20°58’ E).
The roseroot population was most abundant
around a bridge, 100 m from the lake. The soil
is quite deep, therefore the plants were
stronger. The roseroot plants were growing
close to the stream (0-10 m). The main plant

species of the vegetation at K1 and K5 habitats
were: Dwarf birch Betula nana, Grey-leaf
willow Salix glauca, Alpine meadow-grass
Poa alpina, Sedges Carex sp, Crowerry
Empetrum nigrum, Mountain heather Phyllodocea
coerulea, Bearberry Arctostaphylos alpina,
Goldenrod Solidago virgaurea and Alpine
catsfoot Antennaria alpina (Photo 2).

K6. Kilpisjärvi, Marjajärvi. The plants
grew c. 500 m further to the east from the
previous collection site (K5), quite rarely in a
wet part close to the small stream from the lake.
In the dense Salix population the flowering
Rhodiola rosea plants were quite high.

H1. Halti, Jogasjärvi (587 m). The
collection place is situated in the shore of
Jogasjärvi, close to Metsähallitus open hut
(69°15’N, 21°46’E). Roseroot can be found
sporadic among Dwarf birch Betulan nana and
different willows Salix sp.

Plant no.

1
2
3
4
5
6
7
Mean

1
2
3
4
5
6
7
Mean

1
2
3
4
5
6
7
Mean

Habitat

K1

K5

U

Number
of shoots

42
46
45
44
35
36
22
38,6±8,48

27
33
37
68
32
58
23
39,7±15,33

76
35
99
214
133
75
216
121,1±70,5

Number of
flower stems

6

10

1

20

25

67

Fresh root
weight (g)

179,2
325,0
189,5
226,4
226,6
221,5
118,5
212,38±52,7
%

150,0
362,9
259,3
398,3
132,5
270
203,0
253,70±100,9
%

386,7
150,0
511,1
662,2
447,9
276,2
1286,1
531,40±370,9
%

Total

39,4
57,0
40,0
49,9
43,6
46,2
29,6
43,5
100

29,8
73,3
53,1
74,4
25,4
47,8
36,9
48,7
100

71,4
26,5
106,4
107,5

156,4
203,2
95,9
100

Alive part

36,3
35,7
35,1
26,1
37,2
40,7
25,1
33,7
77

27,2
9,7
37,8
37,9
22,1
26,3
21,3
26,1
53

55,9
13,8
24,8
17,7

31,3
73,1
30,9
32

Dead part

3,1
21,3
4,9
23,8
6,4
5,5
4,5
9,8
23

2,6
63,6
15,3
36,5
3,3
21,5
15,6
22,6
47

15,5
12,7
81,6
89,8

125,1
130,1
65,0
68

Dry matter
content (%)

22,0
17,5
21,1
22
19,2
20,8
24,0
20,5

19,8
20,2
20,4
18,7
19,1
17,7
16,2
19,2

18,5
17,6
20,8
16,2

21,6
15,8
18,1

Table 3. Characteristics of older Rhodiola rosea plants at three habitats in North Lapland,
16-20.6.2006. % = Distribution of alive-dead parts.

Dry root weight (g)
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H2. Halti, Valtijoki, (665 m). Roseroot
grows in several places on the river-side of
Valtijoki flowing from Somasjärvi to Poronjärvi.
The plants were collected in the westside of
the river (69°21’N, 21°57’E), where several low
growing mountain cloth species can be found,
like Alpine milvetch Astragalus alpinus, Alpine
bistort Bistorta vivipara and Alpine meadow-
rue Thalictrum alpinum.

H3. Halti, Somaslompolo. Somaslompolo
is situated close to the Norwegian border,
between Somasjärvi and Valtijoki. The plants
were collected on the eastern side of it (735m,
69°25’N, 21°55’E). The place is dry, stony
mountain cloth, dominating by Diapensia
Diapensia lapponica, Creeping Azalea
Loiseleuria procumbens and Mountain sorrel
Oxyria digyna species.

U.Utsjoki, Goahppelasjoki. The collection
site is situated between Kojamo and Osman
places on the right bank of the Teno river,
where the smaller Goahppelas river meet Teno
river, 110 m above sea level (69°55’N,
26°35’E).The roseroot population was much
smaller, than in the former K1 and K5 habitats
and the plants were grown on both banks of
the Goahppelas river , c. 100-150 m from the
road, towards the hill. Roseroots were growing
on the alluvial deposits. The flora was much
narrower: mainly Salix sp. and Betula sp. grew
on the riversides (Photo 3).

3.2. Biomass measurements in natural
habitats in 2006

Kilpisjärvi 1. (K1) We have collected and
measured smaller and bigger plants,
separately. The number of the bigger
individuals were much less, than that of the
smaller ones. The characteristics of the
younger plants are presented in Table 2 and
Photos 5a-5b. These plants generally did not
flower, the number of the shoots was 11 in
average (5-21). The plants did not have rhizome
yet. The underground parts consisted of one
or two 6-20 cm long (mean 13 cm), pale brown
roots and several fibrous roots. The average
fresh root weight was 40 g per plant (9-66 g).

The characteristics of the medium and big
roseroot plants at K1 habitat are presented in
Table 3 and Photo 6. The rhizome had formed
mainly above the soil surface, forming a
horizontal thick part, of which several
ascending stems erect. The average shoot
number was 38 (22-46) and nearly the half of
the bigger plants had flowers. The average
fresh root weight was 212 g/plant, ranged
between 112 g and 325 g/plant. In the old roots
we did not observe too many small hair-like
roots. After slicing the rhizomes, we have
observed 2-23 % reddish, dead parts. Some
plants had only 3-6 % red parts, but some of
them have contained 20-24 % reddish parts.

> > > > > > ¤ ¤ ¤ ¤ ¤ ¤ ¤ ¤ ¤ ¤ ¤ZZZZZZZZZoooooooooooooOOOO 

Accessions

Observation

Kilpisjärvi 1

Halti 1

Italy, Adanello

Särkkä, old plants

April

28.4.

May

12.5.

June

5.6.    28.6.

July

20.7.

August

1.-5.8.

September

20.9.

October

> >> >> >> >¤ ¤ ¤ ¤ ¤ ¤ ¤ ¤ ¤ZZZZZZZooooooooooooOOOOOOO  

 > > > > > > > > > > >¤ ¤ ¤ ¤ ¤ ¤ ¤ ZZZZZZZZooooooOOOOO- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

 > > > > > >¤ ¤ ¤ ¤ ¤ ¤¤ ¤ ¤ZZZZZZZooooooooooooooooooooOOOO- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -

Figure 2.  Phenological phases of Rhodiola rosea accessions at Mikkeli in 2004.

> > spring growth  ¤ ¤ buds, flowering  ZZ green seed capsules
oo brown seed capsules  OO seed harvest  - - - autumn secondary shoot growth
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These were supposed to be very old
individuals. The dry matter content of the
bigger roots was 20,5 % (17,5-24 %).

Kilpijärvi 5 (K5). The roseroot plants were
growing close to the stream (0-10 m) at a
density of 4-17-49 plants /10 m². The size of
the planta was very variable, from a single
shoot to a big individuals, having 68 shoots/
plant. We have collected bigger plants of
which the average shoot number was 39/plant
(Table 3, Photos 7-8). Only one big plant had
flowering shoot. Due to the deeper soil, the
fresh root weights were bigger by 10 %,
compared to the K1 habitat, being an average
of 253 g/plant. At the same time, the
percentages of the brownish, dead parts were
two fold higher (47 %). The dry matter content
was nearly similar (19 %).

Utsjoki, Goahppelasjoki (U). The plants
grew in clean sand, among stones not covered
by water at the time of collection. The plant
density in the most abundant places was 6-8
plants/10 m². There were a lot of young plants
in the alluvial soil.

According to the Table 3, the average
shoot number of five plants out of the seven
examined plants was 121 per plant, ranging
between 35 and 99 shoot, but there were two
very big sized individual, with 214 and 216
shoots. The average fresh root was 531 g/plant.
The weights of six plants (out of seven) ranged

between 150 and 662 g/plant, but the rhizomes
of the 7th plant weighed 1286 g, the biggest
found during this expedition. When the root
was cut along its length, the colour of the live
parts was white, whereas the dead parts were
brown and light. The percentage of the
brownish dead parts of the rhizomes were the
highest, 68 % in average. The bigger and older
the plants were the higher the proportion of
dead parts. Practically only one/third of the
rhizomes was alive and good quality.  See also
Photos 9-11.

3.3. Biomass measurements of the
cultivated plants at Mikkeli

3.3.1. Phenological phases of Rhodiola
rosea in Mikkeli during 2004
The growth of Kilpisjärvi accessions started
soon after snow melting and the first new
shoots appeared on the 28 April (Figure 2).
The shoot growth continued till 15th of May,
when the flower buds started to bloom. The
buds opened soon and the flowering ended
about 10th of June. The green seed capsules
started to turn to brownish color in the
beginning of July and the seeds were ripened
in the beginning of August. We harvested the
seeds during the first week of August.

The phenological rhytm of the other
accessions was quite similar, only with small

Region

Kilpisjärvi

Halti

Italy

Accession

1
2
3
4
5
6
mean

1 Jogasjärvi
2 Valtijoki
3 Somaslompolo
mean

1 Adanello
2 Valle d’aporte
mean

Plant
number

6
6
6
6
6
6

5
6
6

6
6

Shoot
no/plant

48
24
44
55
20
44
39,1

6
17
11
11,3

19
27
23

Length
of shoot (cm)

20
16,5
18,8
16,7
10,8
15,5
16,4

7,8
14,7
10,1
10,8

24,4
33,8
29,1

Diameter
of stem (mm)

2,0-5,5
1,8-4,2
2,1-4,2
1,8-3,5
1,6-3,9
1,9-4,2
1,8-4,2

1,8-3,1
2,1-4,3
2,3-4,1
2,0-3,8

2,8-6,8
3,0-7,7
1,9-7,2

Leaf length-width
(mm)

23,0 x 13,3
23,0 x 14,2
19,8 x 10,8
21,1 x 12,3
19,4 x 11,5
23,2 x 12,2
21,6 x 12,4

22,1 x 13,1
22,3 x 13,8
23,6 x 13,3
22,6 x 13,4

43,0 x 11,3
49,8 x 8,9
46,4 x 10,1

Table 4. Evaluation of shoots and leaves in 2004, Mikkeli.
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differences. The growth of the Halti
accessions started later by 10-14 days, but their
seed was ripened nearly the same time, in the
first half of August.

After seed ripening period a second shoot
growth has started and followed until middle
of October. The secondary shoots reached
only 5-10 cm height and were destroyed by
the autumn frost.

3.3.2. Evaluation of shoots and leaves in
June 2004
The characteristics of the aboveground parts
of the two year old plants are presented in
Table 4. The results shows that the
morphology of the Lapland accessions differ
significantly from the Central European
accessions. Generally the habit of the Lapland
accessions are low and compact, the Italian
accessions are much higher and loose.

The average heights of the Halti
accessions were 10,8 cm, of the Kilpisjärvi
accessions 16,4 cm, while of the Italian
accessions 29,1 cm. The growth dynamic of
the Halti accessions were much slower, than
that of Kilpisjärvi accessions. While the
Kilpisjärvi accessions have developed 39
shoots per plant in average (between 20 and
55), the Halti accessions only 11 shoots
(6-17). The biomass differences between the
Kilpisjärvi and Halti accessions have occurred
in the later measurements as well.

The thickness (shoot diameter) of both
Lapland accessions were quite similar
(1,8 - 4,2 mm) and that was the leave size as

well (12 x 22 mm). At the same time, the shoot
diameter of the Italian accessions was larger
(3 - 7 mm) and the length of the leaves was
twice longer (46 mm).

The differences in the leaf formation are
illustrated in Figure 3. Even there is some
variation between the leaves of the
accessions; the form of the leaves of the
Lapland accessions is roundish and oval, while
that of the Italian accessions is long-shaped
or pike-shaped. Their leaves are nearly 5 times
longer to the width. The average length:width
ratio of the Lapland accession leaves is 1,7:1,
while the Italian accessions is 4,6:1.

3.3.3. Sex -distribution of flowering
shoots during 2008
Nearly half of the shoots of the Lapland
accessions were clearly male or female. Only
one or two shoot was uncertain (Table 5). This
observation is similar to what was reported in
natural populations in Scotland (Richards
1988) and in cultivated plantation in Mikkeli,
Finland (Galambosi et al. 2009).

There was a clear difference in the shoot
length between the male and female shoots.
The female shoots were longer by 4-8 cm, then
the male shoots, due to upright seed capsules,
while the male flowers wither up after
flowering.

About 25-35 % of the plants were laying
habit, many of the shoots were horizontal or
growing close to the soil. The 2/3 of the plants
grew upright. Although the shoot number/
plant of the Halti accessions was lower

     K1   K2   K3               K4   K5   K6                  H1  H2  H3                    Italy: Adanello, Valle d’porte

Figure 3. Leaf forms of the Lapland and Italian Rhodiola rosea accessions.
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(11,3 per plant) than that of the Kilpisjärvi
plants (39 per plant, in Table 4), the percentage
of lying habit plants were higher (35 %) among
the Halti accessions. All shoots of the Central
European accessions grew upright.

3.3.4. Characteristics of 6 years old roots
In the beginning of May 2009, during the
beginning of shoot growth, we harvested the
roots (n=6). The results are presented in Table
6, see also Figure 4 and Photos 12 and 13.

According to the data, the plants of the
Kilpisjärvi accessions were bigger, than that
of the Halti accessions. The fresh shoot
weights were higher by 45 %, the roots were
longer by 17 %, and the fresh weight of the
total underground parts were more by 50 %.
(Kilpisjärvi mean 630,5 g, Halti mean 415,3 g).
The proportion of the root: rhizome in the 6
years old plants was 17:83 %.

During the evaluation process of the root
yield only the rhizomes were dried. The dry
weight of the rhizomes of the Kilpisjärvi
accessions were 55 % more (mean 137,3 g),
compared to Halti accessions (mean 88,1 g).
The biggest roots were measured in the K4
accession, being the total fresh root and dry
rhizome weight 921 g/plant and 217 g/plant,
respectively.

3.3.5. Characteristics of roots of 10 years
old plants
According to the results presented in Table 7,
the relation of the fresh root weights between
the Kilpisjärvi and Halti accessions were
nearly similar, that we observed in their 6 years
age (Table 6). The average total fresh root weight
of Kilpisjärvi accessions (mean 788 g/plant) was
higher by 60 %, compared to Halti accessions
(mean 49 g/plant). The average dry rhizome
weight was higher by 50 % (Kilpisjärvi mean 21
g/plant, Halti  mean 14 g/plant).

Among the accessions the biggest weight
was measured in the K2 accession (fresh
weight: 1300 g/plant, dry: 339 g/plant). The 6
years old Utsjoki accession showed similar
weights (fresh: 1260 g/plant, dry rhizome:
350 g/plant). The root weight was also high in
the accessions K5 (fresh: 1170 g and dry
340 g/plant). The K4 accession showed quite
low fresh and dry weights (800 g and
175 g/ plant), due to the high percentage of
the dead parts in the rhizome (30 %).

In the Table 7 and Figure 5 the root weights
of the Italian accessions are presented as well.
These accessions are twice higher (48 cm high,
Table 6) and developed 2,5 times bigger roots,
than the Finnish accessions. Their fresh root

Male

2
5
3
7
6
7
30
5
54,6

2
2
3
7
2,3
41,2

Upright

8
8
7
4
7
8
42
7,0
76,4

4
3
4
11
3,7
65

Lie

1
2
1
4
3
2
13
21,6
23,6

1
3
2
6
2
35

Total
number
of plants

9
10
8
8
10
10
55
9,16
100

5
6
6
17
5,7

Accession

K1
K2
K3
K4
K5
K6
Total
Mean
%

H1
H2
H3
Total
Mean
%

Female

7
5
5
1
3
2
23
3,8
41,8

2
4
3
9
3
52,9

Uncertain

1
1
2

3,6

1

1

5,9

Male

19
19
13,7
19,6
17,7
20,6

18,3

19,7
16,5
16,7

17,6

Female

16,3
25,4
24,4
26
21,8
25,7

23,3
27,3

23,3
21,5
19,3

23,4

Table 5.  Height and distribution of male/female plants of 6 years old plants, Mikkeli 8 July 2008.

Sex of shoots Shoot height (cm) Plant habit
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weight in average was 2100 g/plant and the
dry rhizome weight was 530 g/plant. Only
5 % of the dead parts were observed in the
Adanello accession. See also Figure 5, and
Photos 14-18.

3.4. Phytochemical analyses

3.4.1. Analyses of Kilpisjärvi in 2003
The first analyses of roots of two roseroot
populations (K1 and K5) were a part of an
international co-operative research, in which

roseroot samples were collected from four
countries (Russia, Norway, Italy, Finland). The
studied samples and the analytical results are
presented in Table 8. The sample marked F1-A
is from K1 Jehkatsjärvi, dried at 35°C, while
F1-B dried at 75°C in air-forced dryer, type
Orakas. The sample F2-A from K5 Tshakaljärvi,
dried at 35°C and F2-B dried at 75 °C. The
sample F3-A was only rhizome and sample F3-
B was the whole root of the Norwegian
accession from Rovaniemi. Both samples were
dried at 40°C (Kosman et al.  2004).

Figure 4. Average root weight of six years old cultivated Rhodiola rosea accessions, 2009 Mikkeli
(n=6).

Root
length
(cm)

22,8±3,8
17,1±3,4
22,7±3,7
23,1±4,5
21,8±3,3
24,3±3,7
21,9

18,4±3,8
19,1±6,8
18,7±4,6
18,7

Fresh root
weight
(g/plant)

133,1±36,5
68,9±22,9
118,9±47,4
149,5±55,0
84,3±38,9
92,8±27,4
107,9

93,3±40,0
65,2±40,7
72,4±64,4
77

Fresh weight
of rhyzome
(g/plant)

602,9±115,4
430,1±117,1
422,4±118,3
772,1±250,3
428,5±206,6
479,4±117,4
522,6

313,9±141,4
403,4±247,7
290,2±217,3
335,8

Diameter
of rhyzome
(cm)

17,4±1,9
15,2±1,6
15,8±2,0
18,8±2,9
14,6±2,5
17,0±2,2
16,5

13,0±2,2
16,2±5,5
12,8±3,7
14

Total fresh
weight of root
(g/plant)

736,0±137,6
499,0±133,2
541,3±155,4
921,6±282,5
512,8±238,5
572,2±131,6
630,5

407,2±179,4
476,1±289,5
362,7±275,9
415,3

Accession

K1
K2
K3
K4
K5
K6
Mean

H1
H2
H3
Mean

Fresh weight
of shoots
(g/plant)

58,5±22,2
76,6±40,3
34,2±22,3
72,9±15,9
44,4±36,6
39,4±19,3
54,3

28,1±12,1
35,9±27,9
47,5±52,1
37,2

Table 6. Characteristics of 6 years old roots, Mikkeli 2009.

Dry weight
of rhyzome
(g/plant)

169,1±46,1
96,2±30,7
104,5±35,3
217,5±76,4
109,4±60,8
100,3±19,9
137,3

91,2±46,7
105,3±66,8
67,8±47,3
88,1
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According to the data presented, the contents
of the studied compounds of nearly all of the
Finish samples were lower, compared to the
samples from other countries or regions. The
only exception was the rosin content, which
was lower in the samples from Ural region
(samples U1-U2: 0,17 %).

The differences were important in the
contents of rosavin, being 2-5 times higher,
than in the Finnish samples. Only one Finnish

sample contained higher rosavin content
(2,20 % in  F1-B, Kilpisjärvi Jehkatsjärvi, dried
at 75°C). The salidroside contents of the Finnish
samples were only the half (mean 0,6 %)
compared to the others (mean 1,07-1,44%).

3.4.2. Analyses of 6 years old roots
The results presented in Table 9 and Figure 6
shows higher contents of the studied
compounds, compared to the previous

Total fresh weight
(g/plant)

520
1300
380
800
1170
560
788

640
520
320
490

1260
2080
2120
2100

Dry matter
(content %)

30
26,1
23,9
22,0
28,4
28,6
26,5

27,2
30,3
27,8
28,4

27,8
25,8
24,3
25,1

Dry weight of
rhizome (g/plant)

156
339
93
176
332
159
209

174
157
089
140

305
536
515
,526

Origin

Kilpisjärvi 1, Jehkatsjärvi
Kilpisjärvi 2, Saana
Kilpisjärvi 3, Saananmaja
Kilpisjärvi 4. Tsahkaljärvi South
Kilpisjärvi 5, Tsahkaljärvi, North
Kilpisjärvi 6, Marjajärvi
Mean

Halti 1, Jogasjärvi
Halti 2,Valtijoki
Halti 3, Somaslompolo
Mean

Finland, Utsjoki, 2006 (6y old)
Italia, Adanello
Italia, Valle d'aporte
Mean

Figure 5. Average root weight of 10 years old cultivated Rhodiola rosea accessions in 2012, Mikkeli
(n=1).

Code

K1
K2
K3
K4
K5
K6

H1
H2
H3

U
29
31

Table 7. Characteristics of the 10 years old roots, Mikkeli 2012.

Dead part
(%)

30

5
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analyses (Table 8). The salidroside contents
of the Kilpisjärvi accessions were 1,36 % and
that of the Halti accessions 1,11 %, on average.
The highest value (2,22 %) was detected in K4
accession.

The rosavin and total rosavins content
were especially high in the Halti accessions,
1,83 % and 2,5 % in average, respectively.
Nearly the same total rosavins content was
measured in the K4 and K5 accessions
(2,39 % and 2,21 %).The contents of the minor
compounds, tyrosol and cinnamyl alcohol were
quite stable.

The salidroside content of the commercial
samples of Norwegian samples cultivated in
Savonlinna was nearly the same as the
Kilpisjärvi accessions, but the contents of the
rosavin and the total rosavins were much lower.

3.4.3. Analyses of 10 years old roots

The average salidrosid contents of the 10
years old rhizomes were slightly lower, than
that of in the 6 years old rhizomes, but the
variation was high (Table 10). Some results
are opposite to the results obtained from the
analyses of 6 years old plants (Table 9). E.g.
the salidroside contents in the Kilpisjärvi
accessions 4 and 5 have changed on the
contrary. Its content in the  Norvegian
accession decreased by 50 %. High, 2,2 %
content was measured in the Adanello, Italian
accession.

At the same time, the rosavin and the total
rosavins content decreased more significantly.
The average contents decreased generally by
50 %. Independently from the decrease, the

Rosin

0,97±0,04
0,57±0,02
0,77

0,17±0,03

0,17±0,01

0,17

0,53±0,04
0,55±0,01

0,54

0,58±0,03
0,59±0,02
0,58

0,45±0,06
0,73±0,31
0,57±0,02
0,58

0,23±0,04
0,23±0,02
0,17±0,01
0,10±<0,01
0,41±0,03
0,24±0,03
0,23

Sample

A1 Altaj, Russia 2002
A2 Altaj, Russia 2003
mean

U1 Pachvog river, Ural, Komi, Russia,
alpine climate, rhizomata
U2 Pachvog river, Ural, Komi, Russia,
alpine climate, rhizomata+radices 7:3
mean

K1 Kogim vog river, subalpine climate
K2 Rhizomata+radices 7:3, introducent,
Ural, Komi, Russia
mean

I1 Italy N 1
I2 Italy N 2
mean

N1 Norway N 1
N2 Norway N 2
N3 Norway N 3
mean

F1 – A Finland N 1A
F1 – B  Finland N 1G
F2 – A Finland N 5A
F2 – B Finland N 5G
F3 – A Finland N 6,  rhizomata
F3 – B  Finland N 6, roots
mean

Salidrosid

0,86±0,01
1,63±0,09
1,24

1,26±0,19

1,63±0,17

1,44

1,82±0,48
0,56±0,05

1,19

0,45±0,01
2,19±0,20
1,32

0,71±0,01
1,62±0,02
0,90±0,02
1,07

0,62±0,01
0,37±0,01
0,86±0,02
0,66±0,01
0,79±0,02
0,31±0,01
0,60

Rosavin

6,46±0,17
4,30±0,13
5,38

1,99±0,02

2,08±0,12

2,03

2,79±0,16
2,73±0,05

2,76

2,45±0,32
5,44±0,15
3,94

1,64±0,15
4,00±0,42
4,00±0,11
3,21

1,08±0,03
2,20±0,13
1,27±0,05
0,92±0,03
1,45±0,18
0,91±0,03
1,30

Cinnamoyl
alcohol

0,35±0,02
0,32±0,01
0,33

0,095±0,006

0,072±0,004

0,083

0,12±<0,01
0,16±<0,01

0,14

0,095±0,008
0,13±<0,01
0,11

0,032±0,003
0,075±0,019
0,095±0,008
0,067

0,067±0,003
0,11±<0,01
0,028±0,006
0,036±0,009
0,012±0,001
0,031±0,003
0,047

Table 8. Content of the main compounds of Rhodiola rosea root samples from different regions
(Kosman et al. 2004).

Contents of main components (mg/ml)Humidity
of dried
root (%)

8,6
8,5
8,5

6

6,6

6,3

7,9
7,3

7,6

8,7
8,8
8,7

8,7
7,5
6,7
7,6

7,5
6,4
7,7
6,7
8,1
8,8
7,5
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content of the total rosavins contents of Halti
2 and 3 accessions was medium high level in
the 10 years old plants (1,98 % and 1,74 %,
respectively), demonstrating their potential for
good/stable quality. The highest total rosavin
content was detected in the 6-years old Utsjoki
accession.

4. Discussion
In this review we have collected the
experiences and results of those research
activities which were carried out during 2002-

2014 with Rhodiola rosea accessions
originated from North Lapland.

The studies of the natural roseroot
accessions were initiated by the Nordic Gene
Bank and the international Rhodiola research.
The aims of these research activities were to
describe and evaluate the natural roseroot
accessions in those countries, where roseroot
is original. Till the present study this kind of
evaluation was not carried out in Finland. The
most abundant occurrence of roseroot in
Finland is mainly in the Kilpisjärvi region,

Figure 6. Contents of the studied compounds in the rhizomes of 6-year old plants, 2009.

Figure 6. Contents of the studied compounds in the rhizomes of 6 years old plants, 2009.

Salidroside
      (%)

1,64±0,006
1,06±0,001
1,36±0,000
2,22±0,004
1,06±0,000
0,86±0,005

1,36

0,63±0,001
1,66±0,004
1,06±0,008

1,11

1,41±0,004

Rosavin
     (%)

1,14±0,003
1,37±0,003
0,80±0,005
1,40±0,002
1,71±0,013
1,07±0,006

1,24

1,85±0,001
1,77±0,004
1,88±0,015

1,83

0,93±0,001

Total rosavins
       (%)

1,66±0,002
1,89±0,003
1,99±0,002
2,39±0,015
2,21±0,008
1,52±0,007

1,94

2,55±0,001
2,43±0,012
2,53±0,023

2,5

1,30±0,002

Accession

K1, Jehkatsjärvi
K2, Saana
K3, Saananmaja
K4, Tsahkaljärvi South
K5, Tsahkaljärvi North
K6, Marjajärvi
Mean

H1, Jogasjärvi
H2,Valtijoki
H3, Somaslompolo
Mean

B3, Norwegian, Savonlinna

Table 9. Analytical results of Rhodiola rosea rhizomes originated from North Lapland. (% dm)

Tyrosol
    (%)

0,03±0,000
0,03±0,000
0,04±0,001
0,04±0,000
0,03±0,001
0,02±0,000

0,03

0,02±0,001
0,06±0,000
0,02±0,000

0,03

0,04±0,000

Cinamic alcohol
         (%)

0,09±0,000
0,07±0,000
0,10±0,000
0,07±0,001
0,04±0,000
0,05±0,000

0,07

0,04±0,000
0,09±0,001
0,11±0,001

0,08

0,02±0,000
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therefore our collection and studies focused
on these accessions.

The main focus of these studies was
production oriented. We wanted to have data
on the potential root biomass and quality of
the natural accessions in North Lapland.  The
final goal of our studies was to estimate the
available root yields of domestic accessions,
from the collection and mainly from field
cultivation.

4.1. Description of the Lapland
accessions
According to the obtained data during the last
decade, the native roseroot populations in Kil-
pisjärvi and Utsjoki regions morphologically are
quite similar. The plant height in the nature
ranged between 5-25 cm and in the cultivation
the 6-10 years old plants reached 15-25 cm
height.

The habit of the plants is compact, erect,
about 20-30 % of the shoots are lying. The
flowers are yellow. The leaves are generally
oval, their size is small with 18-23 mm length
and 10-14 mm width.

The Lapland accessions clearly differed
from the Central Europeans. The height of the
accessions from the European Alps (Italy,
German) cultivated in Mikkeli was 40-50 cm,
their habit is lose, the leaves are spike formed

and 3-5 times longer (43-50 mm) than their
width (9-11 mm). After seed ripening, during
August-October a secondary shoot growth
was observed, resulting 5-8 cm small shoots.

We have observed some differences in the
shoot length of the male and the female plants.
The female shoots were 4-8 cm higher, than
the male shoots. In a previous study (Galambosi
2009) in the cultivated accession the fresh root
weights of female plants were 18-29 % less
compared with male plants. The root
measurements was not the subject of this study.

In the natural habitats the fresh weight of
the bigger sized roots ranged between 150-
600 g/plant, in the cultivation the 6 year old
root weight ranged between 350-950 g/plant.
The fresh weight of the 10 years old plants
ranged from 350 g to 1250 g/plant. The root
weight of the high Italian accessions was more
than 2000 g in average.

Compared to the wild plants, the root
formation of the cultivated plants was
different. After 5-6 years growth, they  formed
a big strong rhizome and 10-20 cm roots.
Different to wild grown plant, more than 80 %
of the rhizome was situated above ground, its
diameter being 12-25 cm. The diameter of the
roots ranged between 0,5- 3,0 cm. The ratio of
the rhizome and rots in the 5- 6-year old plants
was 70:30 but in the 10 years old roots was 85:15.
.

Salidroside
(%)

1,41
1,72
0,78
0,77
2,02
0,81
1,25

1,01
1,85
1,19
1,35

1,44
0,79
2,2
1,07

Origin

K1, Jehkatsjärvi
K2, Saana
K3, Saananmaja
K4, Tsahkaljärvi South
K5, Tsahkaljärvi North
K6, Marjajärvi
Mean

H1, Jogasjärvi
H2, Valtijoki
H3, Somaslompolo
Mean

U, Utsjoki, 2006
S, Savonlinna (Norway) commercial
IA, Italy, Adanello
IV, Italy, Valle d’aporte

Table 10. The content (% dm) of the studied compounds of the 10 years old Rhodiola rosea
accessions in 2012.

Rosavin
(%)

0,64
0,90
0,54
1,00
0,80
0,96
0,80

0,63
1,35
0,81
0,93

1,41
0,61
0,93
0,72

Total rosavins +
Cinnamin alcohol (%)

1,02
1,44
0,87
1,66
1,32
1,42
1,28

1,05
1,98
1,74
1,59

2,77
0,99
1,26
0,97
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4.2. Genetic diversity

The genetic variability in the studied Lapland
populations was quite low. The accessions
from the two regions  differed only slightly.
The Shannon –index in the Kilpisjärvi
population was 0,3129 while in the Halti
populations was 0,2316.

In the dendogram (Figure 7) the two
populations separated in three different
clusters. The individuals from the Halti
populations grouped into one cluster and the
individuals from Kilpisjärvi area were grouped
in another separated cluster. However the
individuals from the K6 habitat from the

Kilpisjärvi region formed a totally separated
cluster. This separation and the lower
glycoside contents of these individuals can
be explained by habitat isolation, which might
cause genetic differentiation (György et al.
2012). The plants were collected c. 500 m from
the population K5 at a higher elevation in the
area.

4.3. Quality of root yield
The quality of the roseroot root yield is
characterized by the contents of the
secondary metabolites (essential oil,
salidroside, phenylpropanoids) and the visual
quality of the rhizomes.

Figure  7. Dendrogram obtained with unweighted pair group method with arithmetical averages
clustering algorithm for 44 roseroot individuals from North Finland, Kilpisjärvi and Halti regions
(György et al. 2012).
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4.4. Essential oil content and composition

The essential oil content of Kilpisjärvi
accessions did not differ from the data
presented in the literature (Rohloff 2002). The
oil content of the dried rhizomes was generally
low. In the roots collected during 2003 autumn
the oil content was 0,08 % and in the 6 years
old cultivated roots harvested 2009 was 0,027-
0,032 % (Galambosi et al. 2010).

There were no significant differences in the
quantity of the main compounds of the oil
between K1 and K5 accessions during 2003.
The quantities of the main components were
nearly the same: octanol-1: (K1=19,1 %,
K5=20,9 %) geraniol: (K1=31,5 %, K5=21,3 %),
cuminaldehid: (K1=13,2 %, K5=9,6 %).

During 2006 similar results were obtained.
The essential oil of the Kilpisjärvi accessions
contained 29,7 % octanol-1, and 43,4 %
geraniol. The composition of the oils of the
Kilpisjärvi accessions has shown similarities
to the North Ural Rhodiola rosea accession,
in which the content of octanol-1 was 31,1 %
and the geraniol content was 43,7 %. The
composition of the cultivated accession from
Norway, close to the Finnish border have
shown less similarity , since its octanol content

was 13,6 % and the geraniol content was only
12,7 %. Its main compound was myrtenol,
36, 9 % (Hethelyi et al. 2005). The composition
of the oil of the Utsjoki accession was different.
Its octanol content was very low (0,9 %), while
the geraniol content was high (65,1 %)
(Galambosi et al. 2010).

4.5. Contents of salidrosid and
phenylpropanoids
The phenylpropanoids: rosavin, rosin, rosarin
and phenylethanol derivates, salidroside and
tyrosol are considered as the main compounds
of Rhodiola rosea. The Sate Pharmacopeia of
the USSR requires 1 % salidroside and 3 %
rosavin contents for the standardized extract
(State Farmacopeica, 1990). For the dry root
yield the medical industry prefers 0,3-1,5 %
salidroside and 1-5 % rosavin contens (Panos-
sian 2014a, 2014b). During the research period
these were measured three times, presented in
tables 8-10.

During the first analyses (Kozman 2004)
the uniformity of the collected samples was
questionable, because of the uncertain plant
age and the diverse growing sites. The
measured contents were significantly lower,
compared to the samples of other countries.

Table 11. The salidroside and total roasvins contents of the 6 and 10 years old Rhodiola plants.
*total rosavins + cynn. alcohol together.

Region

Kilpisjärvi

Halti

Utsjoki

Italy

Accession

K1, Jehkatsjärvi
K2, Saana
K3, Saananmaja
K4, Tsahkaljärvi South
K5, Tsahkaljärvi North
K6, Marjajärvi
Mean

H1, Jogasjärvi
H2, Valtijoki
H3, Somaslompolo
Mean

U, Utsjoki, 2006

Adanello
Vallegato
Mean

6 years old

1,64
1,06
1,36
2,22
1,06
0,86
1,37

0,63
1,66
1,06
1,11

6 years old*

1,75
1,96
2,09
2,46
2,25
1,57
2,01

2,64
2,52
2,34
2,5

2,5

10 years old

1,41
1,72
0,78
0,77
2,02
0,81
1,25

1,01
1,85
1,19
1,34

1,44

2,20
1,07
1,63

10 years old

1,02
1,44
0,87
1,66
1,32
1,42
1,28

1,05
1,98
1,74
1,59

2,77

1,26
0,97
1,11

Salidrosed content % (dm) Total rosavins content % (dm)
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No clear explanation was found for these
differences. Several unknown factors could
effect the quantity of the compounds, like the
geographical origin, plant age, part of the
roots. E.g. there was large variation in the
rosavin contents in the Italian and Norvegian
samples (Table 10). The different drying
temperature (35 and 70°C) may effected the
rosavin content of the samples F1-A, and F1-
B. There were differences in the contents of
the rhizomes and of the whole roots as well
(samples F3A and F3B). Additionally the
newest research results demonstrate high
infraspecific variation of Rhodiola rosea
which indicates that the large variation is a
natural phenomenon in case of Rhodiola
rosea (Mirmazloum et al. 2014).

The results of the second and third
analyses are more reliable, due to the similar
plant age and similar growing conditions. In
Table 11 we compare the contents of the main
compounds of the 6 and 10 year sold plants.
According to the results, the average
salidroside content of the 10 years old
rhizomes were slightly lower, than in the 6
years old rhizomes, but the variation was high.
The highests salidroside content in the 6 years
old plants was measured in the K4 accession,
but in the 10 years old plants in the K5
accession. At the same time the total rosavins
content decreased significantly and  its
contents in the 10 years old plants were only
the half (1,59 % in average), that that of in the
6 years old plants (2,5 % in average).

4.6. High quality of several accessions
Among the North Lappland accessions, some
of them showed high content of both studied
compounds. The salidroside content of the
K4 and K5 accessions were high, being
2,22 % and 2,02 %, similarly to the Italian
Adanello (2,20 %). The total rosavins content
of the 6 years old plants of the North Lapland
accessions are very promising. Its content of
all Halti accessions were high, between 2,3 %
and 2,6 %, and three of the Kilpisjärvi
accessions contained 2-2,4 %. These values
meet well  the requirements of the medical
industry.

These values are much higher, than what

was measured in the Norwegian origin
accession, cultivated commercially (Photo 19).
During 2006 its salidroside content was very
low (0,80 %), the total rosavins content was at
medium level (1,61 %, Table  9 and 10). These
results indicate the we have a better quality
accessions for the future cultivation.

4.7. The effect of plant age on the quality
of root yield
This comparison underlines the importance of
aging phenomenon of roseroot root yield.
After 5-7 years of growth in cultivation, the
aging results dead, brownish parts in the
rhizomes. The aging decreases the quantity
of both aromatic and the phenypropanoid
compounds.

We have reported dramatic differences in
the quantities of phenylpropanoid compounds
of the alive and dead parts of the Norwegian
accession. The salidroside contents of the
alive and dead parts decreased from 0,753 %
to 0,027 %, and the total rosavins content from
0,894 % to 0 % (Galambosi et al. 2009).

The decrease of the aromatic compunds
were not so big, since the reddish dead parts
have rose-like scent as well. The geraniol
content of the alive, yellow rhizome of the
Kilpisjärvi accessions was 43,4 %, while the
reddish parts was only 21,6 %. The geraniol
content in the alive rhizome of the Utsjoki
accession have decreased from 65,1 % to
40,9 % (Galambosi et al. 2010).

These observations are in harmony of the
results of Przybyl et al. (2008) and resulted
proposals for the optimum harvest time in field
cultivation being 4-6 years.

4.8. Considerations regarding collection
of wild plants
Presently the raw material of Rhodiola rosea
products mostly are originated from the
collection of wild growing populations
worldwide. From the collectors point of the
view the precondition for the attractive
economical collection is the sufficient dense
population and the suitable sized plants.

On the base of our observations, we may
state, that the studied natural habitats in
Finland have quite weak biomass potential for
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commercial collection of roseroot. The
populations were quite small sized and they
were dispersed widely in the area. The
observed plants in the habitats were generally
young and having only small roots. From the
six studied habitats only two had quite dense
populations. In the K5 habitat the density of all
size roseroot plants was 0,4-1,7-4,9 plant/m2 and
most of the plants were small. Although some
of the collected individual root weights in
Utsjoki habitat were quite big, their density
was low as well (0,6-0,8 plant/m2).

The collectible root size needs several
years growth, since the formation of the active
metabolites in sufficient quantities requires
longer period. In cultivation this period is c. 4-
6 years, but in the nature it is longer. As we
have reported above, the old individual roots
had high proportion (25-70 %) of dead parts
with lower quality. Since in this area no any
collection activity was carried out till now, the
collectable big size plants could be of different
age. It is expected, that the collected old, big
size plants requires quite much labour for
separating the alive and dead parts. For the
regular collection additional aspects is the time
of the repeated collection in some habitats. In
the case of collection of big plants, the next
collection time seems to be possible after 4-6
years, since this period is necessary for the
regeneration of the root yield potential.

The populations are situated in Enontekiö
municipality in such areas, where no roads

exist and the transport of the collected fresh
roots needs human forces. E.g. the experimental
samples from Halti populations were
transported in rucksack.

Although our observations related only to
a few roseroot habitats, the above mentioned
factors makes the commercial collection in
Kilpisjärvi region uneconomic and
unattractive. Therefore the only realistic
possibility to obtain larger quantities of
roseroot raw material for industrial processing
is the field cultivation.

4.9. Yield potential of the North-Lapland
accessions
Rhodiola rosea is a really new cultivated
medicinal plant and not much information
exists on its market potential. In practice the
situation may arise, that the grower cannot
harvest its actual yield in its optimum age 4-6
years due to the fluctuation of market demand.
In this case it is worth to know the yield
potential and quality of the over-aged
plantation. Since such measurements are quite
rare, we present these data.

On the base of these measured root
weights we calculated the potential root yields
for kg/m2 of the 6 and 10 years old plantations.
In the calculation we used 6 plant/m2 densities.
The results are presented in Table 12.

We like to underline, that the results of this
calculation are only informatory, since the
weight of 10 years old plants represent only

Table 12. Calculated root yield (kg/m²) of the North Lapland Rhodiola accessions.

Region

Kilpisjärvi

Halti

Utsjoki

Italy

Accession

K1, Jehkatsjärvi
K2, Saana
K4, Tsahkaljärvi South
K5, Tsahkaljärvi North
Mean (n=6)

H2,Valtijoki
Mean (n=3)

U

Mean (n=2)

Total fresh

3,78
4,41
3,00
5,52
3,01

2,49
2,82

7,56

Total fresh

4,73
3,12
7,80
4,80
7,02

2,94
3,12

7,26

12,60

Dry rhizome

0,82
1,00
0,58
1,3
0,66

0,53
0,63

2,1

Dry rhyzome

1,25
0,94
2,03
1,06
1,99

0,84
0,94

2,10

3,10

6 years old plants 10 years old plants



20

one plant per accession. Therefore these
results do not show the real yield potential of
the given accessions.

The calculated fresh and dry root yield
potential of the 6  years old Kilpisjärvi
accessions was 3,78 kg/m2 and 0,82 kg/m2 in
average, respectively. The calculated yield
potential of the Halti accessions was lower by
35 %, being 2,5 kg/m2 and 0,53 kg/m2,
respectively. It can be observed, that the yield
potential did not decreased by aging of plants,
contrary. The average fresh and dry root yields
of the 10 years old Kilpisjärvi accessions were
higher by 25 and 52 % compared to the 6 years
old plants, and that of the Halti accession were
by 18 and 58 %.

There were big differences in the yield
potential among the Kilpisjärvi accessions
(Table 12). The calculated highest yield
potential in the 10 years old plants was for
accessions K2 and K5 (fresh=7-7,8 kg/m2 and
dry=2 kg/m2). Similar high root yield was
calculated for the 6 years old Utsjoki accession,
being 7,56 and 2,1 kg/m2 respectively. This fact
emphases once more the optimum harvest time
in cultivation for Rhodiola rosea.

Naturally the highest yield was calculated
for the tall and big sized root Italian accessions
(fresh=12,6 kg/m2 and dry=3,1 kg/m2).

5. Summary
As a final result in the evaluation of the North
Lapland accessions we may state, that among
the accessions the highest root yield and high
quality parameters occurred in the Kilpisjärvi
2 and Kilpisjärvi 5 accessions (Table 13). Their
potential fresh root yield ranged between 3-7
kg/m2, the salidroside contents of the rhizomes
ranged between 1,0-2,2 % and the total
rosavins content ranged between 1,4-2,5 %.

The K1 and K4 accessions have similar good
quality features  but their root yield potential
was less, 3-5 kg/m2.

The highest total rosavins content was
measured in the Utsjoki accession, with high
fresh yield (6-7 kg/m2). All Halti accessions
had high contents of total rosavins, but their
root yield is generally low. The highest root
yield was calculated for Halti 2 accesions
(3 kg/m2), wich is only the half of the
productivity of other accessions.

On the base of these results during 2013
three accessions from North Lapland were
included into the official Finnish Medicinal
Plant Gene Collection. Four-four mother plants
of the accessions K5, H2 and Utsjoki were
transplanted into the collection, which are
situated in North Finland, in MTT Kainuu
research station, Sotkamo (64° 06’N, 28° 20’E)
and in South Finland, in the Kouvola Region
Vocational College, Natural Resources and the
Environment, Anjala (60° 41’N, 26° 48’E). The
seed yields of these accessions for further
propagation are available from the office of
MTT Genetic Resources.
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Table 13. The promising North Lapland Rhodiola rosea accessions for further cultivation.

Accession

K1, Jehkatsjärvi
K2, Saana
K4, Tsahkaljärvi South
K5, Tsahkaljärvi North
H2,Valtijoki
Utsjoki

Salidroside

1,4-1,6
1,0-1,7
0,8-2,2
1,0-2,0
1,6-1,8
1,4

Total rosavins

1,75
1,4-2,0
1,6-2,5
1,3-2,3
2,0-2,5
2,5-2,7

Fresh root yield
(kg/m2)

3-4
3-7
4-5
3-7
2,5-3
6-7

Contents (%) of
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7. Photos

Photo 1. Collection in K1 habitat in 2002.

Photo 2 (above). The bridge in the Northeastern
part of Tsahkaljärvi, K5, 2006.

Photo 3 (left). Stony and sandy growing place
at Utsjoki, Goahppelasjoki U, 2006.

Photo 4. North Lapland accessions in the gene collection of MTT Mikkeli, 2007.
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Photo 5a. Smaller size plants in K1 habitat, Kilpisäjrvi 2006.

Photo 5b. Young  plants with small rhizomes, K1 2006.
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Photo 6. Medium size plant in Kilpisjärvi 1
habitat, 2002.

Photo 8. Medium and bigger size plants after digging at K5, 2006.

Photo 7. Medium and bigger size plants close
to the stream in deeper soil K5 2006.
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Photo 9. Big individuals in suitable places, Utsjoki 2006.

Photo 10.  The rhizome of big individuals consisted of several  parts, Utsjoki 2006.
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Photo 11. Alive (yellow) and dead (brown) parts of old an big individuals, Utsjoki 2006.

Photo 12. 6 years old plants of K1 accession, May 2009, Mikkeli.



26

Photo 13. 6 years old plants of H3 accession, May 2009, Mikkeli.

Photo  14. 10 years old K1 accession in June 2012, Mikkeli.



27

Photo 15. 10 years old K5 accession in June 2012, Mikkeli.

Photo 16. 10 years old H2 accession June 2012, Mikkeli.



28

Photo 17.  Harvest of  10 years old accessions
on 30 September, 2012 Mikkeli.

Photo 18. 10 years old roots with small part of
dead rhizome.

Foto 19. Cultivation field of Rhodiola in plastic mulch, Mikkeli. 4 years old, B3 Särkkä, Norwegian
accession.



29

8. References

Asdal, A., Galambosi, B., Olsson, K.,
Wedelsbäck-Bladh, K. & Þorvaldsottir,
E. 2006. Rhodiola rosea L.(Roseroot).
- In: Spice and medicinal plants in the
Nordic and Baltic countries.
Conservation of genetic resources:
report from a project group at the
Nordic Gene Bank. Alnarp: Nordic Gene
Bank. p. 94-104, 150-152.

Brown, R.P., Gerbard, P.L. & Ramazanov, Z.
2002. Rhodiola rosea. A Phyotmedicinal
Overview. herbalGram,56:40-52.

Elameen, E., Klemsdal, S.S., Dragland, S.,
Fjellheim, S. & Rognl, I.O. 2008.  Genetic
diversity in a germplasm collection of
roseroot (Rhodiola rosea) in Norway
studied by AFPL. – Biochemical
Systematics and Ecology 36:706-15.

Galambosi, B. 2003. (ed.) Adaptogeenikasvien
viljelytutkimus ja käyttö Suomessa.
Maa- ja  Elintarviketalous  37:97 p. http:/
/www.mtt.fi/met/pdf/met37.pdf

Galambosi, B. 2005. Ruusujuuri - kansain-
välisesti hyödynnetty rohdos-kasvi
 – Luonnontuote 1: 16-18. www.luonto-
yrittaja.net/luonnontuoteala

Galambosi, B. 2006. Demand and availability
of Rhodiola rosea L. raw material. – In:
Bogers, R. J., Craker, L. E. and Lange,
D.(eds.): Medicinal and Aromatic
Plants: Agricultural, Commercial,
Ecological, Legal, Pharmacological and
Social Aspects. Wageningen, UR
Frontis Series, Volume 17. 223-236.
Springer. (http://library.wur.nl/frontis).

Galambosi, B. 2008. Ruusujuuri on
muotirohdos. – Puutarha & Kauppa 12,
1: 28-29.

Galambosi, B. 2014. Cultivation of Rhodiola
rosea in Europe. – In: Cuerrier, A.,
Ampong-Nyarko, K. (eds.): Rhodiola
rosea. CRC Press, Taylor & Francis
Grouop. pp. 87-124.

Galambosi, B. & Valo, R. 2006. Ruusujuuri
(Rhodiola rosea). – In: Ahokas, H.,
Galambosi, B., Kairikko, H., Kallela, M.,
Sahramaa, M., Suojala-Ahlfors, T., Valo,
R., Veteläinen, M. (eds):  Suomen
kansallisten kasvigeenivarojen
pitkäaikaissäilytysohjeet: Vihannes-,
yrtti- ja rohdoskasvit. Maa- ja
elintarviketalous 85: 73- 81.http://
www.mtt.fi/met/pdf/met85.pdf

Galambosi, B., Galambosi, Zs., Valo, R.,
Kantanen, S. & Kirjonen H. 2003.
Elaboration of cultivation methods for
roseroot (Rhodiola rosea L.) in Mikkeli,
1994-2002. – In: Galambosi B.
( e d . ) : A d a p t o g e e n i k a s v i e n
viljelytutkimus ja käyttö Suomessa.
Maa- ja Elintarviketalous, 37:47-62.,
http://www.mtt.fi/met/pdf/met37.pdf

Galambosi, B., Galambosi, Zs. & Slacanin I.
2007. Comparison of natural and
cultivated roseroot (Rhodiola rosea L.)
roots in Finland.. – Zeitschrift für Arznei-
& Gewürzpflanzen. 2007;12:141-147.

Galambosi, B., Galambosi, Z., Uusitalo, M.,
Heinonen, A. & Siivari, J. 2008.
Ruusujuurta viljelyyn. – Maaseudun
Tiede 65, 3(13.10.2008): 14. http://
www.mtt.fi/maaseuduntiede/pdf/mtt-
mt-v65n03s14.pdf

Galambosi, B., Galambosi, Zs., Uusitalo, M. &
Heinonen, A. 2009. Effects of plant sex
on the biomass production and
secondary metabolites in roseroot
(Rhodiola rosea L.) from the aspect of
cultivation. – Zeitschrift für Arznei- &
Gewürzpflanzen 14, 3: 114-121.

Galambosi, B., Galambosi, Zs., Hethelyi, E.,
Szöke, E., Volodin, V., Poletaeva, I. &
Iljina, I. 2010. Importance and quality
of rosenroot (Rhodiola rosea L.)
growing in the European North.– Z.
Arznei Gewurzpflanzen 15(4):160-169.



30

Galambosi, B., Galambosi, Zs., Kirakosian, G..
M., Alexandrova,O.A., Morozova,
M.A., Trusov, S.A. & Enikeev, A.H.
2015. Evaluation of the Finnish
Rhodiola rosea gene collection from
different geographical origin. ( in press)

György, Z., Derzso, E., Pedryc, A. & Galambosi,
B. 2012. Genetic diversity of Finnish
Rhodiola rosea populations based on
SSR and ISSR analysis. – Acta
Horticulturae. 955:197-202.

Hethelyi, É. B., Korany, K., Galambosi, B.,
Domokos, J. & Palinkas, J. 2005.
Chemical composition of the essential
oil from rhizomes of Rhodiola rosea L.
grown in Finland. – Journal of Essential
Oil Research 17, 6: 628-629.

Kosman, V. M,, Shikov, A. N., Makarov, V. G.,
Galambosi, B., Dragland, S. & Vender,
C. 2004. Comparative analysis of
European and Russian Rhodiola rosea
samples. – In: Proceedings of the 8th
International congress Phytopharm
2004. Mikkeli, Finland. June 21-23,
2004; 268-274.

Kotiranta, H., Uotila, P., Sulkava, S & Peltonen,
S.L. 1998. (eds.) .Red data Book of East
Fennoscandia. Ministry of the
Environment, Finnish Environment
Institute & Botanical Museum, Finnish
Museum of Natural History, Helsinki,
351 p.

Lange, D. 1998. Europe’s medicinal and
aromatical plants: their use, trade and
conservation.
– TRAFFIC International. 7.

Makarov, V. G., Zenkevich, I. G., Shikov, A. N.,
Pimenov, A. I., Pozhariskaya, O.N. ,
Ivanova, S.A. & Galambosi , B. 2003.
Comparative analyses of Rhodiola
rosea of Scandinavian and Russian
origin. – In: Proceedings of the 7th
International congress Phytopharm
2003, St.-Petersburg-Pushkin, Russia
.July 3-5, 2003. pp. 390-396.

Mirmazloum, I., Ladanyi, M. & György, Zs.
2014. Changes in the content of the
glycosides, aglycons and their possible
precursors of Rhodiola rosea L. during
the vegetation period. – Natural
Products Communication, Vol 9.No 1-
2. (in press)

Niskanen, A. 2004. Ruusujuuri “Pohjolan
Ginseng” Dynaforce – tuotekehityksen
tieteellinen pohja. – In:  Galambosi, B.
(ed.): Adaptogeenikasvien viljely-
tutkimus ja käyttö Suomessa. Maa- ja
Elintarviketalous , 37: 41-46. http://
www.mtt.fi/met/pdf/met37.pdf

Panossian, A. & Wikman, G. 2014. Evidence-
based Efficacy and Effectiveness of
Rhodiola SHR-5 Extract in Treating
Stress- and Age-Assicated Disorders.
– In: Cuerrier, A., Ampong-Nyarko, K.
(eds.). Rhodiola rosea. CRC Press,
Taylor & Francis Grouop. pp. 205-223.

 Panossian, A., Hamm, R., Wikman ,G., Efferth,T.
2014. Mechanism of action of
Rhodiola, salidroside, tyrosol and
triandrin in isolated neurologlial cells:
An interactive pathway analysis of the
downstream effects using RNA
microarray data.  – Phytomedicine
21:1325-1348.

Richards, A. J. 1988. Male predominant sex
ratios in Holly (Ilex aquifolium L.
Aquifoliaceae) and Roseroot
(Rhodiola rosea L. Crassulaceae).
– Watsonia 17: 53-57.

Przybyl, J., Weglarz,Z. & Geszprych, A. 2008.
Quality of Rhodiola rosea cultivated
in Poland. – Acta Horticulturae, 765:
143-150.

Rohloff, J. 2002. Volatiles from rhizomes of
Rhodiola rosea L. – Phyochemistry 59:
655-61.

State Pharmacopoeia of the USSR. 1990. Vol.2
Moscow, Medicina, 364-366.



Seppo Lahti: Vertebrates of Northwestern Lapland (Luoteis-Lapin selkärankaiset).

Heikki Henttonen: Pohjois-Suomen pikkujyrsijöiden lajien välisistä suhteista (Interspecific
relations among small rodents in northern Finland).

Antero Järvinen: Kololinnut subarktisessa kesässä (Hole-nesting passerines under subarctic
summer conditions at Kilpisjärvi, Finnish Lapland).

Kari Laine: Piirteitä kukinnan sekä marja- ja siemensatojen vuotuisista vaihteluista
Kilpisjärvellä (Aspects of annual variations in the number of flowers, berries and seeds in
the Kilpisjärvi area).

Heikki Henttonen, Antero Järvinen & Kari Laine: Mallan luonnonpuiston kasveista,
linnuista ja nisäkkäistä (Plants, birds and mammals in the Malla nature reserve).

Antero Järvinen & Mikko Pryl: Nesting habits of the bluethroat Luscinia svecica at
Kilpisjärvi, Finnish Lapland (Sinirinnan pesinnästä Kilpisjärvellä).

Johan Tast: Breeding season and litter size of the field vole Microtus agrestis at Kilpisjärvi,
Finnish Lapland (Peltomyyrän Microtus agrestis lisääntymiskausi ja poikuekoko
Kilpisjärvellä).

Asko Kaikusalo: Kilpisjärven seudun päästäiset (The shrews of the Kilpisjärvi area, Finnish
Lapland).

Katriina Metsänheimo: Kilpisjärven suursienistä ja syyssienisadosta (Larger fungi and their
autumn yields at Kilpisjärvi, Finnish Lapland)

Seija Väre: Matkailun aiheuttamat häiriötekijät Kilpisjärven seudulla (Environmental effects
of tourist traffic in NW Finnish Lapland).

Olavi Kalela: Movements of the Norwegian lemming Lemmus lemmus in 1970, a year with
extremely large populations (Tunturisopulin vaelluksista poikkeuksellisen runsaan kannan
vuotena 1970).

Seppo Eurola, Hannu Kyllönen & Kari Laine: Kilpisjärven Jehkatstunturin luonnosta. I.
Kasvipeite, korkeusvyöhykkeet ja maanpäällinen biomassa (The nature of the fjeld Jehkats
(Kilpisjärvi, NW Lapland, 69°01’N, 20°50’E). I. The belts, vegetation types and above
ground biomass).

Johan Tast: Ornithological reports (Lintutiedonantoja).

Antero Järvinen & Hannu Pietiäinen: (eds.) Research activities at Kilpisjärvi Biological
Station.

Antero Järvinen: The breeding ecology of hole-nesting passerines in extreme northern
conditions. PhD Thesis.

Olavi Kalela: Origin of mammal colonies and herds (Nisäkkäiden yhteiskunta- ja
laumaelämän kehityksestä).

Seppo Eurola, Hannu Kyllönen & Kari Laine: Kilpisjärven Jehkatstunturin luonnosta. II.
Lämpö-, lumi- ja maaperäekologiaa (The nature of the fjeld Jehkats (Kilpisjärvi, NW Lapland,
69°01’N, 20°50’E). II. The temperature, snow and soil conditions.

Johan Tast: Occurence of the water vole Arvicola terrestris at Kilpisjärvi, NW Finnish
Lapland (Vesimyyrän esiintymisestä Kilpisjärvellä).
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Antero Järvinen: Basic climatological data on the Kilpisjärvi area, NW Finnish Lapland.

Rauni Partanen & Aulikki Tervonen: Torografiakartan 1:50000 nimistö Enontekiön
Käsivarressa Lätäsenosta pohjoiseen yhtenäiskoordinaatiston mukaan (The nomenclature of
the topography maps 1:50000 in Northwestern Finnish Lapland north of the river Lätäseno
according to the uniform grid system).

Seppo Eurola & Risto Virtanen: Key to the vegetation of the northern Fennoscandian
fjelds.

Antero Järvinen: Sinirinta - Kilpisjärven lintu (The bluethroat Luscinia svecica, a
charasteristic bird of NW Finnish Lapland).

Antero Järvinen & Arto Muinonen: Luoteis-Lapin selkärankaiset (Vertebrates of
Northwestern Finnish Lapland).

Milla Rautio: Ecology of zooplankton in subarctic ponds, with a focus on responses to
ultraviolet radiation. PhD Thesis.

Sanna Sorvari: Climate impacts on remote subarctic lakes in Finnish Lapland: limnological
and paleolimnological assessment with a particular focus on diatoms and lake Saanajärvi. PhD
Thesis.

Seppo Eurola, Sanna Huttunen & Pirjo Welling: Enontekiön suurtuntureiden (68°45’-
69°17’N; 20°45’ - 22°E) paljakkakasvillisuus [(Vegetation of the fjelds of NW Enontekiö,
Finnish Lapland (68°45’- 69°17’N; 20°45’- 22°E)].

Seppo Eurola, Sanna Huttunen & Pirjo Welling: Enontekiön suurtuntureiden (68°45’-
69°17’N; 20°45’ - 22°E) paljakan kasvilajistosta [(Floristic statistics of the fjelds of NW
Enontekiö, Finnish Lapland (68°45’ - 69°17’N; 20°45’ - 22°E)].

Laura Forsström: Phytoplankton ecology of subarctic lakes in Finnish Lapland. PhD Thesis.

Marjut Nyman: Distribution of non-biting midges (Diptera, Chironomidae) in subarctic lake
in Finnish Lapland - applications in lake classification and palaeolimnology. PhD Thesis.

Antero Järvinen & Rauni Partanen: Stand dynamics of mountain birch, Betula pubescens
ssp. czerepanovii (Orlova) Hämet-Ahti, in NW Finnish Lapland.

Johan Tast, Asko Kaikusalo & Martti Lagerström: Diet and breeding biology of the
Rough-legged Buzzard Buteo lagopus in Northern Finnish Lapland.

Heikki Häkkilä & Pekka Kauppila: Kilpisjärven matkailukeskuksen sosioekonominen
rakenne ja kehityksen seuranta: paikkatietonäkökulma.

Henna Pihlajaniemi, Marja Uusitalo & Rauni Partanen: Kilpisjärven kyläympäristön
kestävät kasvit.

Bertalan Galambosi & Zsuzsanna Galambosi: Biomass and quality of natural and
cultivated roseroot Rhodiola rosea L. originated from North Lapland.
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Kilpisjärven biologinen asema
Helsingin yliopisto

Kilpisjärven biologinen asema (perustettu 1964) on Helsingin yliopiston luonnon-
tieteellinen tutkimusasema. Asema (69°03’N, 20°50’E) sijaitsee subalpiinisessa
tunturikoivuvyöhykkeessä. Koivuvyöhyke ulottuu noin 600 metrin korkeuteen.
Suomessa ainoastaan Kilpisjärven seudulla on yli 1000 metrin korkeuteen kohoavia
tuntureita. Tammikuun keskilämpötila on -13,3°C, helmikuun -13,0°C, kesäkuun
+7,5°C ja heinäkuun +11,1 °C. Vuoden keskilämpötila on -2,1°C ja vuotuinen sadanta
453 mm (luvut vuosien 1952-2014 keskiarvoja). Lumi sulaa tunturikoivikosta
kesäkuun alussa. Kilpisjärven luonto on monipuolinen, mikä johtuu alueen sijainnista
ilmastollisella ja geologisella rajavyöhykkeellä. Erityisesti muusta Suomesta
poikkeava eläimistö ja kasvisto ovat houkutelleet biologeja Kilpisjärvelle.

Kilpisjärvi Biological Station
University of Helsinki

Kilpisjärvi Biological Station (founded in 1964) is a scientific research station belonging to the
University of Helsinki. The station (69°03’N, 20°50’E) is situated in the subalpine birch forest
zone in Finnish Lapland. The upper boundary of the birch forest lies at about 600 m. Kilpisjärvi
is the only part of Finland with altitudes of 1000 m or more. Mean temperature in January is
-13,3°C, in February -13,0°C, in June +7,5°C and in July +11,1°C. Yearly mean temperature is
-2,1°C and annual mean precipitation 453 mm (mean values of 1952-2014). The snow in the birch
forest melts in early June. The situation of Kilpisjärvi in a climatic and geologic border zone results
in a great variety of habitats within a restricted area. The unique fauna and flora, which differ from
those of any other part of Finland have made the region especially attractive to biologists.
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